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About the INDOT Land & Aerial Survey Office

The Land and Aerial Survey Office (LASO) has the primary role
within the Construction Management & District Support of
providing support for the design, planning, construction,
maintenance and operation of a superior transportation
system enhancing safety, mobility and economic growth for
the state of Indiana. LASO is committed in its support of
INDOT central and district offices, as well as contracted
consultants, in delivering quality, environmentally sensitive
transportation projects as efficiently as possible, on scope, on
schedule and on budget.

LASO is comprised of two primary functional areas: the Land
Surveying Section and the Aerial Survey Section. Together,
they work as a team to provide high quality aerial imaging
products and ground survey support. In addition to the two functional areas, LASO is also responsible for
the maintenance and administration of the Indiana Statewide GNSS-GPS Real Time Network, known as
the InCORS Network.

Our office is located in the Materials and Tests Division Building on the East side of Indianapolis, one
block south of the intersection of Shortridge Rd. and Washington St. (US40).

Disclaimer

The contents of the Indiana Geospatial Coordinate System (InGCS) Handbook and User Guide are made
available by the Indiana Department of Transportation (INDOT) for the convenience of the reader. This
Handbook and User Guide is provided on an “as is” basis without any warranties of any kind.

While every possible effort has been made to ensure the accuracy of information contained in this
Handbook and User Guide, INDOT assumes no responsibilities for any damages or other liability
whatsoever (including any consequential damages) resulting from your selection or use of the contents
provided in this Handbook and User Guide.
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Abstract

This document contains the history, development, best practice methods, and technical creation of a
new coordinate reference system for the state of Indiana. The Indiana Geospatial Coordinate System
(InGCS) is based on a series of “low distortion” map projection zones whose parameters have been
defined so that linear distortion is negligible within each zone. Distances computed between points in
the grid coordinate system will nearly equal the actual horizontal distance between the same points on
the ground. The InGCS has been designed such that it can be readily used with a wide variety of
software platforms for surveying, engineering, GIS, construction, cartographic mapping applications,
agriculture, emergency medical, etc. It is important to realize that rectangular grid coordinates for all of
the InGCS zones may be calculated with formulas through computer programs that would have seemed
too complicated in the past, but now may be considered routine. These same computer programs also
make it a relatively simple procedure to perform transformations, that is, to change the coordinates of
points from one coordinate system to another. While having numerous coordinate system zones for the
state of Indiana may seem cumbersome, actual user application through highly precise GNSS and ground
measurement devices provide for a level of mapping accuracy that is beneficial to all geospatial
professionals.
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Chapter 1 introduction
1.1 Background

The explosion in the use of geospatial technologies — in particular, Global Navigation Satellite System
(GNSS)(umbrella term for the collection of multiple countries’ satellite positioning systems), imaging
systems, and Geographic Information Systems (GIS) — have made a sound understanding of spatial
reference systems critical to successful use of these technologies.

Thanks to advances in the usability and sophistication of many common GIS and computer mapping
programs, coordinate reference systems and coordinate values can be stored, computed, and
transformed with relative ease. But, without an understanding of basic concepts, system designs, and
limitations, erroneous data can easily result.

This Handbook and User Guide describes coordinate reference systems commonly used in the state of
Indiana, the rationale behind these systems, the parameters used to define them, and data conversion
and transformation among systems. The remainder of this Section summarizes the fundamentals
required to understand more complex concepts described later.

(Wisconsin SCO 2015)

1.2 Map Projections and Coordinate Reference Systems

Geographic coordinates (latitude and longitude) are perhaps the best known method for describing a
horizontal position on the surface of the Earth. Latitude and longitude are expressed in angular units,
typically degrees, minutes, and seconds (e.g., 90° 45’ 15”’) or decimal degrees (e.g., 90.7541667°).

Measurements, computations, and computer applications are more difficult to manage using angular
units; thus, latitude and longitude values are commonly converted to a rectangular coordinate system of
“northings” (Y-axis) and “eastings” (X-axis) that can be expressed and easily understood in linear units
such as meters or feet.

Converting a position from geographic to rectangular coordinate values requires the point to be
projected from an ellipsoid (a mathematical representation of the Earth) to a “developable” map
projection that can be made into a flat surface.

The Earth’s quasi-spherical surface cannot be transformed to a flat map without creating significant
distortions. Distortion is unavoidable. Distortion can affect shape, area, scale (distance), or direction
depending upon the projection used. Many unique map projections exist, each intended to minimize a
particular distortion. The conic projection and cylindrical projection are examples. However, no single
projection can give an exact representation of the surface of the Earth.
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The two most common projections used as reference surfaces for rectangular coordinate systems are
the Lambert conformal conic (Figure 1.2-1) and the transverse Mercator (Figure 1.2-2).

Imaginary Standard
Cylinder \ Lines

l \Ellipsoid

Imaginary Cone
Scales are exact
Standard — at standard lines

Parallels

v\Ellipsoid
| i

Scale Less Than True

Scales are exact
at standard parallels

Scale Greater Than True
Scale Greater Than True

Figure 1.2-2: Transverse
Mercator projection.

(Images courtesy of Wisconsin SCO.)

Figure 1.2-1: Lambert
conformal conic projection.

These projections are designed to have varying scale, but retain the correct shape of the mapped area.
Scale variation is greatest in north-south directions for Lambert conformal conic projections, and in east-
west directions for transverse Mercator projections. For these reasons, Lambert conformal conic
projections are typically used for geographic areas having larger east-west extents, while transverse
Mercator projections are used for areas with larger north-south extents.

(Wisconsin SCO 2015)
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1.3 Principles of Rectangular Coordinate Reference Systems

By itself, a map projection simply defines how the ellipsoid model of the Earth is transformed to a flat
surface. By comparison, a rectangular coordinate reference system is defined by three elements:

1. A geodetic datum (and any adjustments to that datum)
2. Map projection referenced to the specified datum by a point of origin and orientation
3. Unit of measurement

Note that a map projection makes up only one part of the definition of a rectangular coordinate
reference system. Also, a coordinate reference system may use more than one map projection. The
State Plane Coordinate System, for example, uses both the transverse Mercator and Lambert conformal
conic projections in the 48 conterminous states.

(Wisconsin SCO 2015)

1.4 Origin and Orientation

All coordinate reference systems must have a point of origin, typically expressed as a latitude and
longitude coordinate pair. The true or natural origin of a rectangular coordinate system is often shifted
by assigning a “false” easting and/or northing to the intersection of the central meridian and latitude of
grid origin and assuring that all points within the

region covered by the system will have positive Horfhpble'(trdehorth)
coordinate values. This results in a “false origin”, P NN
which is typically located west and south of the PDZANNN
projection area, and has a coordinate value of 0,0. )4 NN\ \

S V1/ 1N\ \
The orientation of the most common coordinate T / / WA\ \ T
reference systems is established through a central § west cdst] <
meridian. Only at the central meridian does a 2 2
coordinate reference system’s “grid north” line 2 \ 'S / =
coincide with true north. Unlike the latitude- v \\ N \ ’L\ /CentraI/ v
longitude system, the north-south lines of a grid NONNNT/ Meridian
system never converge toward the poles. The N \%’ P
angular difference between grid and true north is ™ |
known as the convergence angle. The convergence ISOL-”hx

angle is typically a factor only for land surveying
applications requiring a high degree of accuracy
over long distances. See Figure 1.4-1.

Figure 1.4-1: Relationship of True North
and Map Coordinate Grid North.

(Image courtesy of Wisconsin SCO.)
(Wisconsin SCO 2015)
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1.5 Unit of Measurement

Another key piece of coordinate system information is the linear unit of measurement applied to the
system. While the definition of the coordinate system requires formal specification of linear units, users
often convert coordinate values to other units of measure that better match the information with which
they are working.

Rectangular coordinate systems typically use the meter, International Foot, or U.S. Survey Foot as the
unit of measurement. Most surveying and mapping work conducted at the local level in the United
States is based on the U.S. Survey Foot. States vary as to which “meters to feet” conversion method has
been legislatively adopted for NAD 83 State Plane Coordinates. Some states have not yet elected to
adopt a conversion method.

When a conversion from one of these units to the other is performed, it is important to determine
which standard foot (U.S. Survey or International) is involved. The definitions of the U.S. Survey Foot
(based upon the U.S. Metric Law of 1866) and the International Foot (based upon a redefinition of the
meter on June 25, 1959), which are different by exactly 2 ppm (1 foot in every 500,000 feet), are as
follows:

e U.S. Survey Foot: One meter = 39.37 inches “exact”

— Stated differently: 1,200 meters = 3,937 U.S. Survey Feet “exact”
e International Foot: One foot = 0.3048 meters “exact”

- Stated differently: One inch = 2.54 centimeters “exact”

- Stated differently: 381 meters = 1,250 International Feet “exact”

Conversions between the U.S. Survey Foot, the Meter, and the International Foot that coincide at
integers for all three units occur at increments of the following values:

e 499,999 U.S. Survey Feet = 152,400 Meters = 500,000 International Feet “exact”

(Wisconsin SCO 2015)

1.6 Scale Factor

Distances on the ellipsoid surface, called “geodetic distances,” differ from corresponding grid distances
projected onto the map projection surface. The ratio of projected distance to geodetic distance is known
as the grid scale factor.

The design of a map projection often results in one or more places where the grid scale factor is held
constant (equal to 1.0) and geodetic distances are the same as grid distances. The grid scale factor is
equal to 1.0 along “standard lines”. When project data does not lie at a point where the scale factor is

1.0, scale factors must be applied to obtain accurate grid distance values.

(Wisconsin SCO 2015)
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1.7 Ground-to-Grid Ratio

A limitation of coordinate systems covering large areas, such as the state plane coordinate system, is
that distances computed on the grid surface are not equivalent to actual ground distances. Surveying
measurements are made on the surface of the Earth, while engineering designs and computer
applications are referenced to the rectangular grid surface. Understanding the ground-to-grid ratio is
crucial. To properly relate ground and grid distances, the grid scale factor and elevation scale factor,
(together known as the “combined scale factor”) must be applied.

Ground-to-grid conversions are dependent on elevation, with differences between ground and grid
values being more significant in areas of higher elevation. In Indiana, grid distances and ground
distances can vary upwards of 80 ppm when using the State Plane Coordinate System and by more than
400 ppm when using the Universal Transverse Mercator system, zone 16. Ground-to-grid differences are
negligible in the Indiana Geospatial Coordinate System.

Specifying whether coordinate values are grid or ground-based is another critical piece of coordinate
system information.

(Wisconsin SCO 2015)
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Chapter 2 Geodetic systems

2.1 Introduction

Geodetic systems describe the size and shape of the Earth, and are used to translate real positions on
the Earth to positions shown on maps and in survey records. Geodetic systems are also referred to as
“geometric reference systems” (i.e., “geodetic datums”). A geometric reference system is a
mathematical model approximating the surface of the Earth and is physically referenced through a
network of monumented survey points with precisely known coordinate positions.

A geometric reference system is used to locate and measure positions on the Earth. It is the basis for
two-dimensional referencing in latitude/longitude or other (north/south and east/west) coordinate
systems. Depending on the geometric reference system, a position on the Earth can have very different
coordinates. Literally hundreds of different geometric reference system exist around the world.

These systems range from simple “flat Earth” models where the dynamics and curvature of the Earth are
ignored due to the small geographic area covered by the system, to very complex systems that are

intended to support global applications.
(Wisconsin SCO 2015)
2.2 Horizontal & Geometric Control Datums

The most basic expression of a horizontal position is
through latitude and longitude, also known as geographic
coordinates. These coordinates are expressed in the angular
units of degrees, minutes and seconds (for example, 45° 15’
00”), or may be expressed in decimal degrees (for example,
45.25°).

These coordinates are referenced to an approximate
mathematical model known as an ellipsoid of revolution, or
simply “ellipsoid” (sometimes referred to as a spheroid), of
the surface of the Earth (see Figure 2.2-1). An ellipsoid is a
geometric figure generated by the revolution of an ellipse
about one of its axes.

When the ellipsoid model is oriented and positioned in
space, it forms a “geometric reference system” (i.e.,

Line of N

Line of
Longitude

S

Figure 2.2-1: Location of Point “X” shown
as a latitude/longitude coordinate point.
(Image courtesy of Wisconsin SCO.)

“geodetic datum”). The system is physically referenced (i.e., accessed, or “realized”) through a geodetic
network of measurements and monumented points that are recoverable and usable for field
applications, and for which formally adjusted and published coordinate values are available.
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Geometric reference systems are designed and N
established differently depending on use and the extent
of coverage. The selection of a particular ellipsoid as the <
Earth model and the fixation of that ellipsoid with §'
respect to the Earth’s surface are key elements in <
defining a geometric reference system. Ellipsoids are
generally chosen to “best fit” the area of the Earth that
the geometric reference system will cover (see Figure N
222y T -

Following are brief descriptions of commonly used
horizontal and geometric control datums in the United
States.

El\'\(><>"""g\c,‘<>e
Best Fit £OF
(Wisconsin SCO 2015)

Figure 2.2-2: “Best fit” ellipsoids.
2.2.1 North American Datum of 1927 (Image courtesy of Wisconsin SCO.)

The North American Datum of 1927 (NAD 27) is a national geodetic control network published in the
1920s based on the Clarke 1866 ellipsoid. This ellipsoid model “best fit” the United States and Canada.
The origin of this datum which fixes it with respect to the surface of the Earth is a single point, Station
MEADES RANCH in Kansas.

Field observations for NAD 27 were
performed through massive
triangulation networks. Astronomical
observations were performed at
triangulation stations both near
ground level (typical heights of the
personnel performing the
observations) as well as atop wooden
and (later) steel towers. Noteworthy
to Indiana, these steel towers were
designed by Jasper Bilby from Osgood, BILBY Station Mark
Indiana. These steel towers, later (Osgood, Indiana)
referred to as “Bilby Towers” in honor

of Mr. Bilby, significantly reduced the time involved with erecting
and dismantling the previous wood-constructed towers. This, in
turn, increased the efficiency of the field crews and the speed at
which they could perform their duties.

Bilby Tower

(Osgood, Indiana) NAD 27 is considered a horizontal datum because ellipsoidal heights
are not available from this datum.

Over the decades, massive amounts of measurements and mapping by local, state, and federal agencies,
and the private sector, have been referenced to NAD 27. As an example, all federally-produced
topographic maps are based on this datum.
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Over the years, subsequent geodetic control work was “made to fit” the horizontal network as it existed
in 1927. This, coupled with improved technology and expanded knowledge of the shape of the Earth,
caused measurement differences to accumulate resulting in a lesser quality system overall. Eventually,
this led to the decision by the National Geodetic Survey (NGS) to redefine and readjust the datum.

(Wisconsin SCO 2015)
2.2.2 North American Datum of 1983

The North American Datum of 1983 (NAD 83), a fundamentally different datum, has for the most part
replaced NAD 27. NAD 83 is a horizontal control datum common for the United States, Canada, Mexico,
and Central America. It is based on a (nearly) geocentric origin and the Geodetic Reference System 1980
(GRS 80) ellipsoid, rather than the older, non-geocentric Clark 1866 ellipsoid used in NAD 27. The
completion of NAD 83 removed significant local distortions that had accumulated over the years in NAD
27, making NAD 83 much more compatible with modern survey technologies and practices.

Since NAD 27 and NAD 83 were computed from differing sets of measurements referenced to different
ellipsoids, there is no exact mathematical correlation between them. However, transformation software
has been developed based upon models that can interpolate differences and apply that information to
other data. The federal government has officially adopted NAD 83 as the nation’s legal horizontal
datum, and NAD 83 is likewise recognized in legislation in nearly all states, including Indiana.

(Wisconsin SCO 2015)
2.2.3 North American Datum of 1983 (1986)

Data related to the North American Datum of 1983 was generally published and made available in 1986,
thus the published adjustment is referred to as NAD 83(1986). This realization of NAD 83 was based
mainly on triangulation, trilateration and doppler data; therefore, NAD 83(1986) was still considered
only a horizontal datum as ellipsoidal heights were not available from this datum. Several datum
adjustments have been applied to the NAD 83 datum since its initial 1986 definition and adjustment.

(Wisconsin SCO 2015)
2.2.4 North American Datum of 1983 (1997)

The NAD 83(1986) adjustment was published just as Global Positioning System (GPS) technology was
coming into widespread use. The National Geodetic Survey (NGS) realized the potential for increased
network accuracy through the use of GPS and undertook an effort to use the technology to establish a
High Accuracy Reference Network (HARN) in each state. The cooperative network upgrading program
began in Tennessee in 1986. The last field observations were completed in Indiana in September 1997.

In the span of these years, NGS performed multiple official network adjustments which resulted in new
variations or “realizations” of NAD 83. The HARN realizations are named NAD 83(1987), NAD 83(1988),
..., NAD 83(1997) where the number in parentheses usually identifies the year when the GPS
observations were performed, otherwise known as the datum tag. Thus, Indiana’s HARN was referred to
as NAD 83(1997).
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Thanks to GPS, values of latitude, longitude and ellipsoidal heights are able to be obtained relative to
NAD 83. Therefore, these and future realizations of NAD 83 are now considered 3Dimensional reference
systems (or Geometric Reference Systems), rather than merely horizontal (2Dimensional) datums.

(NGS, Wisconsin SCO 2015)
2.2.5 North American Datum of 1983 (NSRS2007)

Upon completion of the state HARNs in 1997, the states now had geodetic control networks that were
consistent within themselves, but the nation as a whole was somewhat lacking in consistency across
state lines. The next step would be to pursue a national readjustment to "better match" the HARN
networks, regardless of state lines, as well as to take advantage of GPS technology advances with regard
to ellipsoid heights, and to respond to national geopositioning standard requirements for individual and
network accuracy estimates for all stations in the national geodetic network.

In the mid-1990s, NGS began to establish a national network of continuously operating reference
stations (CORS) to support the use of GPS technology. These CORS soon proved to be what would later
be referred to as the very foundation of the National Spatial Reference System.

Upon embarking upon this endeavor, it was decided to only include GPS data collected from the CORS
and the various campaign-style geodetic surveys performed from the mid-1980s through 2005. The
NAD 83(CORS96) positional coordinates for roughly 700 CORS were held fixed (predominantly at the
2002.0 epoch for the stable North American plate, but 2007.0 in Alaska and western CONUS) to obtain
consistent positional coordinates for the roughly 70,000 passive marks.

As a result of the NAD 83(NSRS2007) adjustment, the nation had, for the first time since 1986, a single
harmonized adjustment.

Note: On NGS Datasheets, NGS decided to use the "NAD 83(2007)” tag as the permanent identifier of
points with an NSRS2007 coordinate.

(Armstrong et al. 2014, NGS, Wisconsin SCO 2015)
2.2.6 North American Datum of 1983 (2011) epoch 2010.00

At the initial release of this Handbook and User Guide, NAD 83(2011) epoch 2010.00 was the current
realization of NAD 83.The introduction of the epoch date behind the datum tag refers to the date for
which published positional coordinates are valid. So for NAD 83(2011) epoch 2010.00, the published
positional coordinates were valid as of midnight, January 01, 2010. An epoch date is a necessary part of
a complete datum or reference frame name, because coordinates can change with time (i.e., they often
have non-zero velocities relative to some chosen, stable coordinate reference).

Following is NGS’s report on NAD 83 (2011) epoch 2010.00: www.ngs.noaa.gov/web/surveys/NA2011/
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The National Adjustment of 2011 Project
Alignment of passive control with the latest realization of the North American Datum of 1983:
NAD 83(2011), NAD 83(PA11), and NAD 83(MA11) Epoch 2010.00

The mission of NOAA's National Geodetic Survey (NGS) is to define, maintain, and provide access to the
National Spatial Reference System (NSRS). The NSRS is the official reference system for latitude,
longitude, height, scale, gravity, and orientation throughout the United States and its territories. It is the
foundation for the nation's transportation, mapping, and charting infrastructure, and it supports a
multitude of scientific and engineering applications.

As part of continuing efforts to improve the NSRS, on June 30, 2012, NGS completed the National
Adjustment of 2011 Project. This project was a nationwide adjustment of NGS "passive" control
(physical marks that can be occupied with survey equipment, such as brass disk bench marks) positioned
using Global Navigation Satellite System (GNSS) technology. The adjustment was constrained to current
North American Datum of 1983 (NAD 83) latitude, longitude, and ellipsoid heights of NGS Continuously
Operating Reference Stations (CORS). The CORS network is an "active" control system consisting of
permanently mounted GNSS antennas, and it is the geometric foundation of the NSRS. Constraining the
adjustment to the CORS optimally aligned the GNSS passive control with the active control, providing a
unified reference frame to serve the nation's geometric positioning needs.

Current NAD 83 CORS coordinates were determined by re-processing all CORS data collected from
January 1994 to April 2011 in the NGS initial Multi-Year CORS Solution (MYCS1) project. The resulting
CORS coordinates were published by NGS in September, 2011, and constitute a new realization referred
to as NAD 83(2011), NAD 83(PA11), and NAD 83(MA11) Epoch 2010.00. The realization name has two
parts: the datum tag in parentheses after NAD 83, and the epoch date in decimal years. The datum tag
refers to the year the realization was completed (2011) and the tectonic plate to which the coordinates
are referenced (2011 refers to the North America plate, PA11 to the Pacific plate, and MA11 to the
Mariana plate). The epoch date indicates that the published coordinates represent the location of the
control stations on January 1, 2010 -- an important consideration in tectonically active areas (such as the
western U.S.). In this way, the CORS coordinates (and thus the passive marks constrained to the CORS)
are consistent across both space and time. Additional information on the MYCS1 realization of NAD 83 is
available on the NGS CORS Coordinates web page.

To create the passive control network, 4267 individual GNSS survey projects (stored in the NGS
database) were combined into an overall network of 81,055 stations, including 1195 CORS used as
constraints. The stations were connected by 424,711 GNSS vectors observed between April 1983 and
December 2011. Because of a lack of vector connections between the conterminous U.S. (CONUS),
Alaska, and the Pacific, these three regions were each adjusted separately: CONUS with 79,546 stations
(including 1113 CORS), Alaska with 968 stations (including 58 CORS), and the Pacific with 541 stations
(including 24 CORS). The entire Pacific was adjusted as two individual networks, one referenced to the
Pacific tectonic plate and the other to the Mariana plate. CONUS was further split into a Primary and
Secondary network based mainly on the age of the observations, as described below. The CONUS
Primary network consisted of 62,364 stations (including 1097 CORS) and the Secondary network 22,503
stations (including only 45 CORS), where 5321 stations (including 29 CORS) were common between the
two networks. Because of the large size of the two CONUS networks, they were adjusted using a
Helmert blocking strategy. The Helmert approach breaks a large network into separate (but connected)
smaller "blocks" to reduce computation time. The blocks are each adjusted individually and combined to
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give results identical to what would be obtained if the entire adjustment were performed
simultaneously.

For the final constrained adjustments, the median network accuracy for all stations was 0.9 cm
horizontal and 1.5 cm vertical (i.e., ellipsoid height) at the 95% confidence level. The median change in
coordinates from the previous published values was about 2 cm horizontally and vertically. However,
some station coordinates changed by more than 1 meter horizontally and 60 cm vertically. Although
some of the large coordinate changes resulted from new data and adjustment strategies, most
horizontal changes greater than about 6 cm occurred in geologically active areas and were likely due to
tectonic motion.

Results of the 2011 national adjustment for 79,677 passive control marks are available on NGS
Datasheets, including their network and local accuracies. Of these passive marks, 79,161 are referenced
to the North America tectonic plate as the 2011 realization (including CONUS, Alaska, and the
Caribbean); 345 are referenced to the Pacific plate as the PA11 realization (the central Pacific, including
Hawaii, American Samoa, and the Marshall Islands); and 171 are referenced to the Mariana plate as the
MA11 realization (the western Pacific, including Guam, Palau, and the Commonwealth of the Northern
Mariana Islands). Although the passive marks are referenced to three different tectonic plates, all refer
to a common 2010.0 epoch date. With the completion of the national adjustment, all passive marks on
NGS Datasheets with NAD 83(2011), NAD 83(PA11), and NAD 83(MA11) Epoch 2010.00 coordinates will
be consistent with results obtained using CORS and the NGS Online Positioning User Service (OPUS).
Note that 183 stations were excluded from the final national adjustments due to lack of enabled vector
connections; where possible, these stations will be reconnected to the network in subsequent individual
adjustments.

A new NGS hybrid geoid model, GEOID12A, was developed by combining NAD 83(2011), NAD 83(PA11),
and NAD 83(MA11) Epoch 2010.00 ellipsoid heights on leveled bench marks with a new gravimetric
geoid model, USGG2012. The GEOID12A model is for converting between NAD 83(2011), NAD 83(PA11),
and NAD 83(MA11) Epoch 2010.00 ellipsoid heights and orthometric heights in the respective vertical
datums for different regions, such as the North American Vertical Datum of 1988 (NAVD 88) for CONUS
and Alaska. Previous hybrid geoid models (such as GEOID09) should not be used to convert

NAD 83(2011), NAD 83(PA11), and NAD 83(MA11) Epoch 2010.00 ellipsoid heights to orthometric
heights.

A number of technical challenges were confronted in performing the 2011 national adjustment. One, as
mentioned previously, was that the networks were referenced to three different tectonic plates (North
America, Pacific, and Mariana plates, as mentioned above). In some cases, stations referenced to one
plate were located on a different plate (e.g., stations in coastal California and the Caribbean were
referenced to the North America plate). This was handled by modeling tectonic motion (including
earthquakes) using the NGS Horizontal Time Dependent Positioning (HTDP) software to transform the
GNSS vectors to NAD 83 at the common 2010.00 epoch date. For the 2011 national adjustment, HTDP
version 3.1.2 was used for CONUS, Alaska, and the Caribbean, and version 3.2.2 was used for the Pacific.

Other technical issues addressed in the project include 1) appropriate down weighting of the up
component of GNSS vectors to account for subsidence in the northern Gulf Coast region of CONUS; 2)
use of variable weighted (stochastic) constraints for CORS based on formal accuracy estimates derived
from the NGS MYCS1; 3) scaling of GNSS vector error estimates for all projects to ensure consistent
weighting of observations; 4) use of down weighting (rather than removal) for vector rejections; 5)
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splitting the conterminous U.S. into a Primary and Secondary network, as mentioned above, such that
vectors observed prior to about 1994 were assigned to the Secondary network. This allowed the Primary
network to be adjusted separately without the problems associated with older observations (e.g., single
frequency receivers, no antenna phase center models, poor orbit accuracy, incomplete satellite
constellation, lack of CORS, etc.). Each of these technical challenges (and others) was satisfactorily
resolved, and completion of the National Adjustment of 2011 Project represents a significant step
toward a more integrated, consistent, and accurate NSRS.

For example, NAD 83(1986) is significantly different than NAD 83(CORS96), but NAD 83(CORS96) usually
only differs by a few centimeters from NAD 83(HARN/HPGN), and NAD 83(CORS) only differs from
NAD 83(2007) in the western US (they are considered functionally the same elsewhere in the US)

NAD 83(1986) was officially (according to the National Geospatial Intelligence Agency (NGA)
http://Earth-info.nga.mil/GandG/coordsys/datums/NATO DT.pdf) a ‘zero transform’ from WGS 84
although the Earth center and parameters for the two datum are slightly different. This ‘zero transform’
is commonly accepted by software vendors. This effectively made NAD 83(1986) and WGS 84(original)
identical, except for extremely small difference in ellipsoid shape (maximum difference of 0.1 mm at the
poles). This was referred to as NAD 83 “CONUS” (code NAR-C), and the “CONUS” designation continues
to be used in various commercial software packages (although it is not used by the NGS). At the time
this relationship was defined (1987), the location of Earth’s center of mass was only known to about +2
m, so these datums were considered the ‘same’, to within £2 m. Presently, the Earth’s center of mass is
known to the centimeter level, and it is recognized that current realizations of NAD 83 and WGS 84
actually differ by about 1-2 m (depending on location). This legacy ‘zero transform’ is still commonly
used by commercial software vendors, even though it is not actually correct, which has become a
persistent source of confusion. Part of this confusion stems from the fact that “WGS 84" is the name of
the ellipsoid and the datum, which is not typical geodetic practice (e.g., both NAD 83 and ITRF use the
GRS 80 ellipsoid). Also, software vendors may have slight variations in datum naming conventions,
especially those programs developed in foreign countries.

(NGS)
2.2.7 NAD 83(realization) Summary

Any particular “realization” of NAD 83 results in an associated set of coordinates on the stations that
provide access to the datum, without changing how the datum is related to the Earth. In other words,
given the same physical mark in the ground, each realization yields different coordinate values. The
magnitude of these differences vary, both regionally for a common realization as well as from realization
to realization on the same mark, but have typically been decreasing with each successive realization.

Like the Indiana East and West zones of the SPCS of 1983, the InGCS zones’ parameters and reference
ellipsoid (GRS 80) are identical for all realizations of NAD 83. In principle, lines of latitude and longitude
are the same, but the coordinates of stations differ due to the how they are determined, as well as to
motion (such as plate tectonics). The NAD 83 realization is therefore associated with the data. If the data
are referenced to NAD 83(2011) epoch 2010.00, that will result in coordinates at a point that differ from
other realizations. The realization is a critical part of the metadata, but it has no effect on the map
projection parameters. That is, the relationship between latitude and longitude and the InGCS (or State
Plane) northings and eastings is the same for all NAD 83 realizations.
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Consider as an example how different realizations will result in different coordinates at a specific NGS
survey control station in Indiana. Control station HATFIELD (PID HAQ727) has provided surveyors access
to the NAD 83 datum since its inception in 1986 (and to the NAD 27 datum for several decades prior).
The NAD 83 geographic (geodetic) coordinates for this station have been updated four times relative to
different NAD 83 datum realizations.

From Appendix D, the geographic coordinates of HATFIELD referenced to NAD 83(2011) epoch 2010.00
are 37°54'11.18210"(N), 87°14'32.43551"(W). These geographic coordinates yield InGCS "Spencer" zone
coordinates (in U.S. survey feet) of N 173,921.638, E 731,900.029. Because of changes in the way the
position of this station was determined (including different observation types, amount of data,
computation methods, adjustment constraints, tectonic motion, etc.), the geographic coordinates were
different for earlier realizations of NAD 83. From the NGS Datasheet, the coordinates of HATFIELD
referenced to the original NAD 83(1986) realization were 37°54'11.19182"(N), 87°14'32.43972"(W),
which give InGCS coordinates of 173,922.622 N, 731,899.694 E. The difference in coordinates between
these two realizations of NAD 83 is 0.984 feet in the northing and 0.335 feet in the easting. It can be
seen by this example that including datum realization information in database metadata and coordinate
system definition files is a critical part of maintaining accurate coordinates for geospatial data.
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Station HATFIELD (Hatfield, Indiana)
Table 2.2.7-1: Changes in coordinates for station HATFIELD throughout NAD 83 realizations.

NAD 83 NAD 83 InGCS “Spencer” Zone Changes in
Geodetic Coordinates Grid Coordinates (U.S. Ft) Grid Coordinates
Datum - "
Tag Nc:')rth W?St Northing Easting Hz Dist. ?rld
Latitude Longitude (U.S. Ft) | Azimuth
2011 37°54'11.18210" | 87°14'32.43551" | 173,921.6380 | 731,900.0293
0.065 94°
2007 37°54'11.18214" | 87°14'32.43632" | 173,921.6422 | 731,899.9644
0.062 76°
1997 37°54'11.18199" | 87°14'32.43707" | 173,921.6272 | 731,899.9043
0.310 171°
1993 37°54'11.18501" | 87°14'32.43770" | 173,921.9328 | 731,899.8544
0.708 167°
1986 37°54'11.19182" | 87°14'32.43972" | 173,922.6220 | 731,899.6939

Coordinate transformations between the various realizations of NAD 83 have been developed by NGS
(such as NADCON). However, these transformations are not appropriate for all applications, and the
documentation for each should be reviewed to ensure suitability. Typically, these transformations are
not of sufficient accuracy for surveying and engineering applications. In such cases, more rigorous
methods are necessary and can be done with respect to the desired NAD 83 reference coordinates, such
as reprocessing data, recomputing coordinates, or performing custom local transformations.

(Dennis et al. 2014)
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2.2.8 World Geodetic System (1984)

The WGS 84 geodetic referencing system was developed by the Department of Defense and is used by
military and homeland security agencies and the National Geospatial Intelligence Agency (NGA). It is also
the system used to describe orbits of GPS satellites.

When first established in 1987, the original realization of “WGS 84” was, for all practical purposes,
identical to the original realization of NAD 83(1986). According to the NGA, there was a "zero transform"
from the original WGS 84 to NAD 83(1986). In other words, both of these datums shared the same
physical center of mass of the Earth (or position in space), as it was known at that time. See
http://earth-info.nga.mil/GandG/coordsys/datums/NATO_DT.pdf for numerical details, noting that
NAD 83(1986) is referenced therein as code "NAR-C," name "NORTH AMERICAN 1983," and region "US -
CONUS," from which the nickname/handle for NAD 83(1986) of "NAD 83(CONUS)" surfaced. This
"CONUS" designation continues to be used in various commercial software packages (although it is not
used by the NGS). The exceedingly small distinguishing characteristic of these two datums lie in their
ellipsoid parameters, i.e., their shapes. Refer to Table 2.2.8-1 to compare these parameters. Although
their semi-major axes are identical, the minuscule difference in their flattening factor results in a mere
maximum difference of 0.1 mm at the poles.

Table 2.2.8-1: Comparison of WGS 84 and GRS 80 Ellipsoid Parameters.

Ellipsoid Semi-Major Axis Semi-Minor Axis Flattening
Model (exact by definition) (computed) (exact by definition)
WGS 84 6378 137 6 356 752.314245 1/298.257223563
GRS 80 6378137 6 356 752.314140 1/298.257222101

The technology available at the time that the relationship between these datums was defined (1987)
made it possible to determine the location of the Earth’s center of mass to an accuracy of +2 m. Parallel
with the increasing accuracy of land surveying equipment, advances in technology has since led to the
determination of the Earth's center of mass to be presently (2016) known to the centimeter level. As the
leaps in accuracy of Earth center determination increased, WGS 84 itself has undergone a number of
realizations. Table 2.2.8-2, from the National Geospatial-Intelligence Agency (NGA) (http://earth-
info.nga.mil/GandG/publications/NGA STND 0036 1 0 0 WGS84/NGA.STND.0036 1.0.0 WGS84.pdf),
lists these realizations, their effective dates, and estimated accuracies. Note that "G" indicates that GPS
measurements were used to obtain the coordinates while the number following the "G" indicates the
GPS week number during which the coordinates were approved for implementation by NGA. The
original TRANSIT realization of WGS 84 has no such designation.
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Table 2.2.8-2: WGS 84 Reference Frame Realizations.

Implementation Date
Name (i NGS Precise Epoch Accuracy
Broadcast e
Orbits
WGS 84 — Original/Transit 1987 1Jan 1987 N/A +2m
WGS 84 (G730) 29 Jun 1994 2Jan 1994 1994.0 +10cm
WGS 84 (G873) 29 Jan 1997 29 Sep 1996 1997.0 *5cm
WGS 84 (G1150) 20 Jan 2002 20 Jan 2002 2001.0 *lcm
WGS 84 (G1674) 8 Feb 2012 7 May 2012 2005.0 <lcm
WGS 84 (G1762) 16 Oct 2013 16 Oct 2013 2005.0 <lcm

As a result of these realizations, the origins of the NAD 83 and WGS 84 datums have three-dimensionally
drifted apart from one another. Today, it is recognized that the origins of the current realizations of

NAD 83 and WGS 84 (i.e., NAD 83(2011) epoch 2010.00 and WGS 84(G1762) actually differ by +2 m, yet
the legacy "zero transform" is still commonly used by commercial software vendors (though it is not
actually correct). This has become a persistent source of confusion. Part of the confusion stems from the
fact that "WGS 84" is both the name of the ellipsoid and the datum, which is not typical geodetic
practice (e.g., NAD 83 uses the "GRS 80" ellipsoid). Also, software vendors may have slight variations in
datum naming conventions, especially those programs developed in foreign countries.

This confusion can also lead to positioning errors on the part of the user segment, particularly since GPS
satellites broadcast their positions respective to the current WGS 84 realization, not the original.
Depending upon the global positioning method used, the incorrect selection of an otherwise
"seemingly" correct datum (because of naming convention) may result in positioning errors in the
magnitude of the difference between the correct and incorrect datums. This is discussed in greater
detail later in Chapter 6.

All of this underscores the importance of properly identifying datums used in projects. Merely
identifying "NAD 83" or "WGS 84" is not specific enough to adequately define the reference frame of
geodetic data. Additional information is needed that defines the realization or version of a particular
datum, such as appending a datum tag and epoch, e.g. NAD 83(2011) epoch 2010.00 and

WGS 84(G1762) epoch 2016.50.

(Armstrong et al. 2014, Wisconsin SCO 2015)
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2.2.9 International Terrestrial Reference Frame (ITRF)

“The International Terrestrial Reference Frame (ITRF) is a set of points
with their 3Dimensional cartesian coordinates which realize an ideal
reference system, the International Terrestrial Reference System (ITRS),
as defined by the IUGG resolution No. 2 adopted in Vienna, 1991.

According to the new structure of IERS implemented in 2001 three ITRS
Combination Centres are responsible for the computation of ITRS
realizations. After a validation procedure, one realization is defined to be
the official ITRF solution. To the ITRF2008, IGN and DGFI contribute by
computing ITRS realizations.

The International Terrestrial Reference System (ITRS) constitutes a set of
prescriptions and conventions together with the modelling required to
define origin, scale, orientation and time evolution of a Conventional (Image courtesy of IERS.)
Terrestrial Reference System (CTRS). The ITRS is an ideal reference

system, as defined by the IUGG resolution No. 2 adopted in Vienna, 1991. The system is realised by the
International Terrestrial Reference Frame (ITRF) based upon estimated coordinates and velocities of a
set of stations observed by VLBI, LLR, GPS, SLR, and DORIS. The ITRS can be connected to the
International Celestial Reference System (ICRS) by use of the IERS Earth Orientation Parameters (EOP)."

(Note: Information from the International Earth Rotation and Reference Systems Service website,
https://www.iers.org/IERS/EN/Home/home_node.html)

2.3 Vertical Reference Datums

2.3.1 Introduction

As previously discussed, a horizontal control datum provides the basis for two-dimensional referencing.
A vertical geodetic datum provides the basis for developing heights and depths. Developing heights and
depths involves another Earth model and reference surface critical to geodetic systems — the geoid. The
geoid is an equipotential surface of the Earth’s gravitational field that best fits the global equivalent of
"mean sea level" (see Figure 2.3.1-1).

Earth
/Surface

Ellipsoid Surface

Sea Level

Geoid Surface

Figure 2.3.1-1: Relationship of “Heights” (Image courtesy of Wisconsin SCO.)
(Geoid, Ellipsoid, and Orthometric).
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A geoid [hybrid geoid model i.e., currently GEOID12B(Conus)] used in geodetic adjustments is comprised
of a gravimetric scientific model constrained to a ‘best fit’ of a current monumented bench mark
network (currently GPSBM2012B). This hybrid model is updated by the National Geodetic Survey (NGS)
approximately every three to six years as more gravity and bench mark data becomes available, and as
new computational methods are developed. When measuring with GNSS equipment, a geoid model
such as GEOID12B(Conus) must be applied (geoid height ‘N’) to allow for the conversion of measured
NAD 83 ellipsoid heights (h) to orthometric heights (H) [equation H=h-(N)] in the vertical datum

NAVD 88.

GRAV-D (Gravity for the Redefinition of the American Vertical Datum) is a proposal by the National
Geodetic Survey to re-define the vertical datum of the U.S. by 2022
(http://www.ngs.noaa.gov/GRAV-D/).

(Armstrong et al. 2014, NGS, Wisconsin SCO 2015)
2.3.2 Mean Sea Level and the Geoid

Mean sea level is determined over time by averaging the level of the seas including such factors as wind-
created waves and changes due to tides. This imaginary sea level surface conforms to the Earth's
gravitational field, which is similar, but much smoother, than the Earth’s land surface.

The mean sea level surface can be conceptually extended under the continents, and as such, is a close
approximation of the geoid. However, due to measurement inconsistencies and non-periodic changes in
sea level, the relationship between the geoid and mean sea level is not exact or consistent.

(Wisconsin SCO 2015)
2.3.3 Elevation and Heights

An elevation of a point is the distance the point is above or below a datum. An orthometric height of a
point is the distance the point is above or below the geoid. Traditionally called “elevation,” the
orthometric height is the mathematical combination of the ellipsoid height minus the geoid height at a
point (see Figure 2.3.1-1). The mathematical models of the geoid heights are continually updated and
refined as additional measurements are incorporated. In Indiana, the geoid generally lies about

33 meters below the GRS 80 ellipsoid, the ellipsoid for NAD 83. In Indiana, geoid heights are always a
negative value.

Modeled geoid heights vary according to the mathematics used to produce them. Some modeled
heights are accurate to a few centimeters. Since geoid models vary and are frequently updated, knowing

the specific model used in computations is a critical piece of elevation information.

(Wisconsin SCO 2015)
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2.3.4 National Geodetic Vertical Datum of 1929

Until 1973, the National Geodetic Vertical Datum of 1929 (NGVD 29) was known as the Sea Level Datum
of 1929, or more commonly, "mean sea level." For this vertical datum, mean sea level was determined
by continuously measuring the rise and fall of the ocean at 26 tide gage stations along the U.S. and
Canadian coastlines. Highs and lows of tides, caused by changing effects of gravitational forces from the
sun and moon, are averaged out over a tidal "epoch," a period of at least 19 years. This information,
together with a national network of level lines, formed NGVD 29.

(Wisconsin SCO 2015)
2.3.5 North American Vertical Datum of 1988

By the 1980s, thousands of in-ground monuments (bench marks) across the nation were either damaged
or destroyed, thousands of new bench marks had been added, and many existing bench marks had
moved due to the effects of crustal motion, post-glacial rebound, subsidence, or frost. Distortions of as
much as two meters nationally required a need for new leveling data and a new vertical datum.

The North American Vertical Datum of 1988 (NAVD 88) was established in 1991 from a simultaneous,
least squares, minimally-constrained adjustment of Canadian, Mexican, and United States leveling
observations. It was held "fixed" on a single existing bench mark elevation at Father Point/Rimouski
located in the mouth of the St. Lawrence River, Quebec, Canada. The selection of this point was made
primarily to ensure consistency between NAVD 88 and the International Great Lakes Datum of 1985
(IGLD 85), but it also minimized the impact of NAVD 88 on U.S. Geological Survey mapping products,
such as the 7.5-minute quadrangle series. Additional tidal bench mark elevations were not held because
the tide gauges themselves do no measure “true” mean sea level, but rather local mean seal level
(which does not define a surface of constant geopotential). Constraining to tide gauges for NGVD 29
distorted that adjustment. In addition, thousands of U.S. Geological Survey third-order bench marks
were not included in the adjustment because NGS did not have complete data on the marks.

NAVD 88 replaces NGVD 29 as the national standard geodetic reference for heights and is the only
current vertical datum that works seamlessly with GNSS observation measurements and NAD 83.
Additionally, NGVD 29 is no longer supported by NGS, and published heights for NGVD 29 on NGS bench
marks will not be updated. The Federal Emergency Management Agency (FEMA) attempts to base all
digital flood insurance map modernization projects on NAVD 88 unless there is significant local
opposition to changing the mapping from the previously-used NGVD 29 datum.
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In Indiana, the difference between the NGVD 29 and NAVD 88 datums is minimal. The difference ranges
from approximately 0.1 to 0.7 feet with an average difference of approximately 0.4 feet (see Figures
2.3.5-1 and 2.3.5-2). The National Geodetic Survey's "VERTCON" and the U.S. Army Corps of Engineers'

"Corpscon" computer programs are capable of computing modeled transformations between NGVD 29
and NAVD 88 heights.

. High: 0.7 ft pe

Low: 0.1 ft - |

Figure 2.3.5-1: Approximate Height Change
(NGVD 29 & NAVD 88) throughout Indiana.
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VERTCON
NAVD 88 minus NGVD 29 Datum Shift Contours
130°W  120°W  110°W 100°W 90°W 80°W  70°W  60°W

Contours at 20 cm interval T50°N
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Height Difference (cm)

Figure 2.3.5-2: Approximate Height Change
(NGVD 29 & NAVD 88) throughout the contiguous U.S.
(Image courtesy of NOAA’s National Geodetic Survey.)

(Armstrong et al. 2014, NGS, Wisconsin SCO 2015)
2.3.6 Vertical Calibration

A complete 3D coordinate system definition must include a vertical “height” component. Yet the InGCS
pertains exclusively to horizontal grid coordinates. So although the vertical component is essential for
most applications, it is not part of the INnGCS and must be defined separately. Typically, the vertical
component consists of ellipsoid heights relative to the current geometric datum, such as

NAD 83(2011) epoch 2010.00 (when using GNSS) and/or orthometric heights relative to the North
American Vertical Datum of 1988 (NAVD 88).

These two types of heights are related (at least in part) by a hybrid geoid model, such as GEOID12B.
Enhancements to the portion of the hybrid geoid model that covers Indiana are currently under way (as
of 2016) through what’s known as a height modernization project. This will improve the link between
published NAVD 88 orthometric heights on NGS bench marks and ellipsoidal heights, allowing users to
more accurately tie their local project to NAVD 88 without having to conduct extensive differential level
circuits and site calibrations, localizations, etc.

Still yet, there will inevitably be projects that are written with scopes requiring ties to local vertical
control that may or may not be relative to NAVD 88. In those cases, some sort of vertical adjustment,
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calibration, or transformation to properly match the local vertical control will need to be performed. The
approach used for the vertical component usually varies from project to project and requires
professional judgment to ensure it is defined correctly. Providing such recommendations is beyond the
scope of this Handbook and User Guide.

(Dennis et al. 2014)
2.4 Future U.S. National Datums

Efforts are currently underway by the National Geodetic Survey to replace NAD 83 and NAVD 88 circa
2022.

“NAD 83 and NAVD 88, although still the official horizontal and vertical datums of the National
Spatial Reference System (NSRS), have been identified as having shortcomings that are best
addressed through defining new horizontal and vertical datums.

Specifically, NAD 83 is non-geocentric by about 2.2 meters. Secondly, NAVD 88 is both biased
(by about one-half meter) and tilted (about 1 meter coast to coast) relative to the best global
geoid models available today. Both of these issues derive from the fact that both datums were
defined primary using terrestrial surveying techniques at passive geodetic survey marks. This
network of survey marks deteriorate over time (both through unchecked physical movement
and simple removal), and resources are not available to maintain them.

The new reference frames (geometric and geopotential) will rely primarily on Global Navigation
Satellite Systems (GNSS) such as the Global Positioning System (GPS) as well as an updated and
time-tracked geoid model. This paradigm will be easier and more cost-effective to maintain.”
(NGS, http://www.geodesy.noaa.gov/datums/newdatums/index.shtml)
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Figures 2.4-1, 2.4-2, and 2.4-3 reflect the approximate horizontal and height changes that will occur
when the new reference frames are adopted.

Approximate Approximate Horizontal Change
Horizontal Change North American Plate

Mariana Plate
(Meters)

. High: 1.4 m

lLow: im

North American Plate
(Meters)

l High: 2 m

S Low:Om
Pacific Plate

(Meters)
High: 4.3 m

Low:2.3m

Tectonic Plate
Boundaries

Figure 2.4-1: Approximate Horizontal Change-North American Plate.
(Image courtesy of NOAA’s National Geodetic Survey.)

Figure 2.4-1 assumes the same epoch of 2022.0 for both NAD 83 and the New Geometric Datum. It gives
a general idea as to the change, but more realistic estimates can be created but using 2010.0 for NAD 83
and 2020 or 2022 for the New Geometric Datum.

Figure 2.4-2 also assumes the same epoch of 2022.0 for both NAD 83 and the New Geometric Datum.
Ellipsoid height change is not as sensitive to epochs as is horizontal change.
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Estimated Ellipsoid
Height Change
(meters)

High: 2.2 m

Low: -2.2 m

’\‘A Tectonic Plate

Boundaries
Figure 2.4-2: Approximate Ellipsoid Height Change.

(Image courtesy of NOAA’s National Geodetic Survey.)

=

;roximate predicted change from NAVD 88 to new vertical datum

‘Predicted change estimated as NAVD 88 “zero” (datum) surface minus NGS gravimetric geoid et
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0
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Figure 2.4-3: Approximate Orthometric Height Change.
(Image courtesy of NOAA’s National Geodetic Survey.)
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So what does/might this mean for the existing NAD 83-based SPCS, modified SPCS, the InGCS, other
LDPs, or other NAD 83-based local coordinate reference systems and the projects that are based upon
them? To answer that question, we should review “what happened” to NAD 27-based coordinate
reference systems and projects after NAD 83 was introduced.

At the definition level, the East and West zones of the Indiana State Plane Coordinate System incurred
the following changes, listed in Tables 2.4-1 and 2.4-2:

Table 2.4-1: Indiana SPCS Parameters: NAD 27.

ontal Da AYD,
West Zone (1302)

East Zone (1301)

Projection Type

Transverse Mercator

Transverse Mercator

Reference Ellipsoid

Clarke 1866

Clarke 1866

Central Meridian

87°05”00” (W)

85°40”00” (W)

Central Meridian Scale Factor

(1-(1/30,000))

(1-(1/30,000))

Latitude of Grid Origin

37°30700” (N)

37°30700” (N)

False Northing

0 (U.S. Feet)

0 (U.S. Feet)

False Easting

500,000 (U.S. Feet)

500,000 (U.S. Feet)

Table 2.4-2: Indiana SPCS Parameters: NAD 83.

ontal Da AD 8

West Zone (1302)

East Zone (1301)

Projection Type

Transverse Mercator

Transverse Mercator

Reference Ellipsoid

GRS 80

GRS 80

Central Meridian

87°05”00” (W)

85°40”00” (W)

Central Meridian Scale Factor

(1-(1/30,000))

(1-(1/30,000))

Latitude of Grid Origin

37°30”00” (N)

37°30”00” (N)

False Northing

250,000 (Meters)

250,000 (Meters)

False Easting

900,000 (Meters)

100,000 (Meters)

While the GRS 80 ellipsoid is the global reference ellipsoid for NAD 83, the Clarke 1866 ellipsoid was
used as NAD 27’s regional (not global) reference ellipsoid. Their origins differ by more than 230 meters.

As can be seen in Tables 2.4-1 and 2.4-2, the numeric values of each zones’ Central Meridian, Central
Meridian Scale Factor, and Latitude of Grid Origin remained the same from NAD 27 to NAD 83, while the
False Northings and False Eastings changed significantly. This was done so as to minimize confusion as to
which horizontal datum a set of grid coordinates would be respective to.

Many projects in Indiana that were originally based upon survey control marks with positions relative to
NAD 27 are still active and are based upon the same values yet today, even though three decades have
passed since NAD 83 was released. Examples include manufacturing facilities, coal mines, power plants,
etc. Once the master survey control network for a site such as one of these has been established (i.e.,
control monuments have been set and allowed time to cure/pass a full freeze/thaw cycle, etc., field
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observations have been made, least squares adjustments have been performed, and the results
published to the necessary parties), the grid coordinates and/or orthometric heights (“elevations”)
associated with those monuments typically serve that site in perpetuity, regardless of advances in
regional, national, or global geometric and/or geopotential datums. In essence, these local survey
markers and their associated values become the local realization (provide access) to the horizontal and
vertical components of the project site.

The primary and simple reason being that all associated initial and future physical improvements to the
site are based upon the numerical values associated with the physical survey marks local to the site as
determined when the project began. Examples of initial improvements include auger cast displacement
piles, finished floor elevations, steel columns, wall lines, anchor bolts for machinery, piping systems,
utility lines (under and above ground) and associated features (manholes, shutoff valves, fire hydrants,
light poles, etc.), drainage structures, curbs, etc.

When the corresponding initial design plans are prepared,

. . . . N 179,835.9499

grid coordinates and/or elevations may be cited for E 780.232.85/4

certain column line and/or arc intersections, pier or floor !

elevations, perimeter road centerlines and/or profiles,

etc., as shown in Figure 2.4-4., so as to communicate the @ )
~

planned positions of these features to the layout and —~
construction crews.

When future design plans are prepared for improvements,
such as facility expansion (horizontally and/or vertically), @ _
new machinery and assembly lines in existing space, o
rerouting piping systems, etc., the most intuitive workflow @ .
would be to simply perpetuate the horizontal and vertical ‘\\\
datums as originally determined. By doing this, the

coordinates and elevations listed on both old and new
design plans for common column line intersections, wall
lines, etc. will match. It would not only be impractical but Figure 2.4-4: Column lines and arcs.

also uneconomical to “update” these sites to a newer

horizontal or vertical datum just for the sake of being on the most current datum or realization thereof.
(That being said, being able to produce the values associated with the most current datum and
realization for the survey control network marks may have its advantages at a facility such as this, e.g.,
being able to properly align aerial photography relative to both the NSRS and the project datum,
communicating georeferenced data to public agencies’ GIS, etc.)

Consider the changes in grid coordinates for NGS control station HATFIELD (PID HA0727) from the
original NAD 83(1986) realization to the current realization, NAD 83(2011) epoch 2010.00 and the
potential impact that magnitude could incur on a manufacturing facility. If a survey crew were to
mistakenly layout column lines or other position-critical features respective to the

NAD 83(2011) epoch 2010.00 realization when all original features were designed and built respective to
NAD 83(86), all features would be in error/misconnected with existing features by approximately 0.71
feet. Depending upon construction tolerances for the specific application, this error may reveal itself
later if it results in the misalignment of new and existing features.
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The same concept applies vertically as it does horizontally. Citing the same mark, the difference
between station HATFIELD’s NGVD 29 and NAVD 88 values differ by 0.31 feet. Selecting the incorrect
vertical datum on the same manufacturing facility would result in earthwork volumetric errors, possibly
directing water to flow in the wrong direction, could set a finished floor below flood protection grade,
vertically misalign critical features, etc.

The potential horizontal and vertical discrepancies that could result from using the incorrect datum or
realization for this site reinforces the importance of properly tying a robust, 3Dimensional, master
survey control network to the National Spatial Reference System (NSRS) and preparing a thorough
metadata table that lists not only the adjusted grid coordinates and orthometric heights of the survey
control marks, but also the controlling horizontal and vertical datums, realizations, epochs, date of
fieldwork, projection, foot definition, etc. and including it on survey plats, design plans, as-builts
(record documents), etc., as the same concept is true for almost every local project site. With proper
metadata, practitioners may have the ability to properly convert or transform georeferenced data
(e.g., boundary corners, utility lines, aerial photography, etc.) to or from earlier or later datums,
realizations, epochs, etc.

“Local project sites” are not limited to manufacturing facilities with columns lines, building lines, etc.
They can include Department of Transportation projects (highways, bridges, etc.), public utility facilities,
county GIS, control networks for County Surveyor Section Corner perpetuation, commercial sites,
residential subdivisions, boundary surveys, precision agriculture, etc.; however, this manufacturing
facility provides an example of how projects based upon NAD 27 are still “active” yet today, and how
projects based upon the InGCS, the SPCS, UTM, etc. today per the current realization of NAD 83 could
very well still be valid and “active” even after the New Geometric Datum (NGD) is released circa 2022.

Concerning the SPCS, it will most likely be up to a consortium between the states and the National
Geodetic Survey as to what changes are made, and even then, it may be on a state-by-state basis. Some
states may elect to simply change the controlling datum from NAD 83 to the New Geometric Datum
(whatever the official name) as well as their existing zones’ False Northings and False Eastings. Other
states may opt to reduce the number of SPCS zones until a maximum distortion threshold is met, or opt
for a single zone covering the entire state. Depending upon the size, shape, terrain relief and terrain
characteristics of a particular state, a single-zone LDP may rival or exceed the linear distortion
performance of the existing, multi-zone SPCS for that state.

This approach could conceivably prove beneficial for certain statewide or regional GIS applications and
statewide orthophotography projects that place more emphasis on geodata being properly and
accurately georeferenced than the selected projection exhibiting the grid vs. ground performance
preferred in land surveying and civil engineering projects; whereas geographically smaller, more
numerous LDPs defined by county boundaries would primarily serve the local, design level of surveying,
civil engineering, and GIS activities and applications where both accurately georeferenced data and
grid vs. ground performance come into play. The end result could provide satisfactory results for both
levels of industry as well as a seamless workflow between the two.
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Concerning the parameters of the InGCS’ zones, a simple and practical solution may be to conceptually
mimic the changes that were made to the parameters of the East and West zones of the Indiana State
Plane Coordinate System between NAD 27 and NAD 83, as follows:

e Change the controlling geometric datum from the current realization of NAD 83 to the current
realization of the New Geometric Datum.

e With the NGD’s origin expected to be approximately 2.2 meters different than NAD 83’s origin,
the False Northings and False Eastings of the INnGCS’ zones should be changed significantly;
otherwise, there would only be +4’ difference in grid coordinates between datums, which would
doubtlessly cause needless confusion.

- The existing False Northings and False Easting for all (NAD 83) InGCS zones are as
follows:
= False Northing: 36,000 m (118,110 U.S. Survey Feet) “exact”
= False Easting: 240,000 m (787,400 U.S. Survey Feet) “exact”
— Aplausible alternative for the False Northings and False Northings of future (NGD)
InGCS zones that would again likely satisfy the “Design Criteria for the INnGCS” set forth
in Chapter 5 is as follows:
= False Northings: 152,400 m (499,999 U.S. Survey Feet) “exact”
= False Eastings: 72,000 m (236,220 U.S. Survey Feet) “exact”
e Like the Indiana SPCS, all other parameters could remain the same.

These minimal changes would likely expedite inclusion in geospatial software systems and the EPSG
Geodetic Parameter Dataset.

Users are encouraged to visit the URL listed near the beginning of this Section and attend education

seminars, workshops, webinars, etc. for more information concerning the “New Datums” coming circa
2022.
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Chapter 3 map Projections

3.1 Flat Earth versus Spherical Earth and Map Projections
3.1.1 Flat Earth

Disregarding the fact that the Earth really is round (oblate spheroid), envision for a moment that the
Earth were actually flat, i.e., not just conceptually or as projected on a flat map, but truly, realistically,
(etc., etc.,) flat. This (alternate) reality would exhibit the following characteristics, in regards to
“coordinate systems”:
o With the Earth already flat, there would be no need to design map projections as there would be
no spherical shape to project from.
e Since there would be no map projections, there would be no associated map distortions.
- Directions...
- Distances...
- Areas...
— Shapes would ALL BE TRUE!
e Without zero map distortions:
- “Grid=Ground” would be a reality.
- Grid, elevation, and combined scale factors would not apply.
e There would potentially be no need for more than one, three-dimensional Cartesian coordinate
system assigned (not “projected”) to cover the Earth.
- One horizontal datum
=  One bearing system
=  One system of grid coordinates
- One vertical datum
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3.1.2 Spherical Earth and Map Projections

Returning to reality, the Earth is not flat; rather, somewhat spherical and is thus best represented on a
globe. Map projections portray the curved surface of all or part of the Earth on a flat surface.

Seeing the proverbial glass half empty, all map projections misrepresent (or distorts) the Earth’s curved
surface in some form or fashion, i.e., map distortion is unavoidable. An example of distortion can be
seen reviewing the relative sizes of Greenland, Mexico, and South America as projected onto Geradus
Mercator’s Mercator projection. It would appear that Greenland and South America are nearly the same
size, when in fact Greenland’s true area is much closer to that of Mexico.

However, seeing the glass half full, a map projection can preserve one or more of the following
characteristics: directions, distances, areas, and shapes. Selecting the appropriate projection type for a
specific purpose is in the hands of the practitioner. In the case of Mercator’s projection, comparing
relative sizes was never the intent of this projection. The Mercator projection was developed for
navigation purposes, as any line drawn across the map would show a constant compass direction.

Map projections have a seemingly infinite number of applications, including world-wide navigation using
a single map (as in the case of the Mercator projection), state-wide aerial photography, regional or
county-wide low distortion projections and localized projects for design and construction.

3.2 Conformal Map Projections

In conformal map projections, linear distortion is the same in every direction. That is, the scale at any
particular point is the same in any direction and figures on the surface of the Earth tend to retain their
original form on the map.

Low distortion map projections (like those within the InGCS) are based on true conformal projections
designed to cover specific portions of urban and rural areas of the state. The term “low distortion”
refers to minimizing the linear horizontal distortion from two affects: 1) representing a curved surface
on a plane, and 2) departure of the elevated topography from the projection surface due to variation in
topographic height of the area covered.

The U.S. State Plane Coordinate System made sole use of the following three conformal map
projections: transverse Mercator, oblique (Hotine) Mercator, and Lambert conformal conic, explained in
the following three sections.

(Dennis et al. 2014)
3.2.1 Lambert Conformal Conic Projection

The Lambert conformal conic projection (created in 1772 by Johann Heinrich Lambert), is one of the
most commonly used low distortion projections. As the name implies, the Lambert projection is
conformal (preserves angles with a unique scale at each point). This projection superimposes a cone
over the sphere of the Earth, with either one reference parallel tangent (or above the globe in the case
of a low distortion projection) or with two standard parallels secant (a straight line that intersects with
the globe in two places). Specifying a ‘central meridian' orients the cone with respect to the ellipsoid.
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Scale error (distortion with respect to the ellipsoid) is constant along the parallel(s). Typically, it is best
used for covering areas long in the east—west direction, or, for low distortion applications, where
topographic height changes more-or-less uniformly in the north-south direction. The Lambert conformal
conic projection for relatively large regions, such as counties or groups thereof, is designed as a single
parallel Lambert projection. The cone of the projection is typically scaled up from the ellipsoid to ‘best
fit’ an area and range of topographic height on the Earth’s surface.

(Armstrong et al. 2014)
3.2.2 Transverse Mercator Projection

The transverse Mercator (ellipsoidal) map projection was originally presented by mathematician Carl
Friedrich Gauss in 1822. It is a conformal projection with a developable surface that can be visualized as
a cylinder superimposed over the reference ellipsoid in a “transverse” orientation, i.e., with the cylinder
axis in the equatorial plane. The curved surface of the cylinder coincides with a “central meridian” along
which the scale is constant. This projection is used for many State Plane zones and the familiar UTM
(Universal Transverse Mercator) map projection series, and it is probably one of the most commonly
used projections for large-scale mapping. This projection works particularly well for areas long in the
north—south direction, and for low distortion applications where topographic height changes more-or-
less uniformly in the east-west direction.

(Armstrong et al. 2014)
3.2.3 Oblique Mercator (RSO) Projection

Various forms of the oblique Mercator (OM) projection have been developed, and the ellipsoidal form
used for the OCRS (as well as State Plane) was published by Martin Hotine in 1947(8). Hotine called it
the Rectified Skew Orthomorphic (RSO) projection, and it still goes by this name in some publications
and software. It is an oblique form (rotated cylinder) of the Mercator conformal map projection. The
‘Initial Line’ is the centerline (projection skew axis) and is specified with one point and an azimuth (or
skew angle) which may be positive or negative (right or left).

This projection is typically used for long linear features that run at an 'angle' to what would otherwise be
normal north-south or east-west conventions. Here, the projection centerline is along a geodesic, at an
oblique angle (rotated cylinder), and the process is to specify the projection local origin latitude and
longitude together with the centerline (Initial Line) azimuth to be the line that runs parallel and centered
near the alignment of the key object or landform such as a coast line, river, or island chain feature of the
Earth. Along this Initial Line the scale is true (one) much like the normal Mercator projection and
perpendicular from this line the scale varies from one.

This projection works well when the areas of study are relatively close to this line. The specified 'grid
origin' is located where north and east axes are zero. In contrast, the 'natural origin' of the projected
coordinates is located where the 'Initial Line' of the projection crosses the ‘equator of the aposphere’ (a
surface of constant total curvature), which is near (but not coincident with) the ellipsoid equator. The
ellipsoid is conformally mapped onto the aposphere, and then to a cylinder, which ensures that the
projection is strictly conformal. However, unlike the TM projection, where the scale is constant along
the central meridian, the scale (with respect to the ellipsoid) is not quite constant along the Initial Line
(rather it is constant with respect to the aposphere). But the variation in scale along the Initial Line is
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small for areas the size of those states that have made use of the oblique Mercator projection for their
SPCS or their LDPs, such as Alaska (SPCS) and Oregon (LDPs).

(Armstrong et al. 2014)

3.3 Two General Types of Map Projection Distortion

3.3.1 Linear distortion

The difference in horizontal distance between a pair of grid (map) coordinates when compared to the
true (ground) horizontal distance is shown by & in Tables 3.3.1-1 and 3.3.1-2 (and schematically in
Figures 3.3.1-1 and 3.3.1-2). This may be expressed as a ratio of distortion length to ground length: E.g.,
feet of distortion per mile; parts per million (= mm per km). Note: 1 foot / mile = 189 ppm = 189 mm /
km.

Linear distortion can be positive or negative:
Negative distortion means the grid (map) length is shorter than the “true” horizontal (ground) length.
Positive distortion means the grid (map) length is longer than the “true” horizontal (ground) length.

Ellipsoid Grid length greater

Proiecti surface than ellipsoidal length

rojection (distortion > 0)
surface

| Grid length less than
| ellipsoidal length
: (distortion < 0)
|
|

Maximum projection zone
|~e————— width for balanced positive —

and negative distortion

Figure 3.3.1-1: Linear Distortion due to Earth curvature.
(Image courtesy of Michael Dennis.)
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Table 3.3.1-1: Maximum linear distortion for various projection zone widths.

Maximum zone width for secant Maximum linear horizontal distortion,
projections Parts per Million T s Ratio
(km and miles) (mm/km) (absolute value)
25 km (16 miles) +1 ppm +0.005 ft/mile 1:1,000,000
57 km (35 miles) +5 ppm +0.026 ft/mile 1:200,000
81 km (50 miles) +10 ppm +0.05 ft/mile 1:100,000
114 km (71 miles) +20 ppm +0.1 ft/mile 1:50,000
180 km (112 miles) 150 ppm +0.3 ft/mile 1:20,000
255 km (158 miles) e.g., SPCS* +100 ppm +0.5 ft/mile 1:10,000
510 km (317 miles) e.g., UTM" +400 ppm +2.1 ft/mile 1:2,500

*State Plane Coordinate System; zone width shown is valid between ~0° and 45° latitude
TUniversal Transverse Mercator; zone width shown is valid between ~30° and 60° latitude

Horizontal distance between
points on the ground
(at average height)

Local
projection
surface

Ground surface

Grid distance in project area

greater than
"ground" distance
(distortion > 0)

Grid distance

less than
"ground" distance
(distortion < 0)

Ellipsoid
surface

Typical published
"secant" projection

surface (e.g., Distortion < 0
State Plane, UTM) \

for almost all cases

Figure 3.3.1-2: Linear Distortion due to Earth curvature.
(Image courtesy of Michael Dennis.)

Table 3.3.1-2: Linear distortion at various heights with respect to projection surface.

Height below (-) Maximum linear horizontal distortion, &
and above (+) Parts per Million T aeie Ratio
projection surface (mm/km) (absolute value)
+30 m (+100 ft) 4.8 ppm +0.025 ft/mile ~1:209,000
+120 m (400 ft) 119 ppm +0.10 ft/mile ~1:52,000
+300 m (£ 1,000 ft) 148 ppm +0.25 ft/mile ~1:21,000
+600 m (+ 2,000 ft)* -96 ppm -0.50 ft/mile ~1:10,500
+1,000 m (+ 3,300 ft)** -158 ppm -0.83 ft/mile ~1:6,300
+4,400m (+ 14,400 ft)" -688 ppm -3.6 ft/mile ~1:1,500

*Approximate mean topographic height of North America (US, Canada, and Central America)
**Approximate mean topographic height of western coterminous US (west of 100° longitude)
TApproximate maximum topographic height in coterminous US
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Rule of Thumb: A 30 m (100-ft) change in height causes a 4.8 ppm change in linear distortion

Creating an LDP and minimizing distortion by the methods described in this document only makes sense
for conformal projections. For conformal projections (e.g., transverse Mercator, Lambert conformal
conic, Stereographic, oblique Mercator, regular Mercator, etc.), linear distortion is the same in every
direction from a point. For all non-conformal projections (such as equal area projections), linear
distortion generally varies with direction, so there is no single unique linear distortion (or “scale”) at any
point.

(Dennis et al. 2014)

3.3.2 Angular Distortion

For conformal projections, this equals the convergence (mapping) angle (v). The convergence angle is
the difference between grid (map) north and true (geodetic) north. Convergence angle is zero on the
projection central meridian, positive east of the central meridian, and negative west of the central
meridian, as shown in Table 3.3.2-1.

The magnitude of the convergence angle increases with distance from the central meridian, and its rate
of change increases with increasing latitude.

Table 3.3.2-1 shows “convergence angles” at a distance of one mile (1.6 km) east (positive) and west
(negative) of projection central meridian (for both transverse Mercator and Lambert conformal conic
projections).

Table 3.3.2-1: Convergence angle 1 mile from central meridian at varying latitudes.

nvergen ngl nvergen ngl
Latitude o Latitude e
0° 0° 00’ 00” 50° +0° 01’ 02”
10° +0° 00’ 09” 60° +0° 01’ 30”
20° +0° 00’ 19” 70° +0° 02’ 23”
30° +0° 00’ 30” 80° +0° 04’ 54”
40° +0° 00’ 44” 89° +0° 49’ 32”

Usually, convergence is not as much of a concern as linear distortion, and it can only be minimized by
staying close to the projection central meridian (or limiting surveying and mapping activities to
equatorial regions of the Earth). Note that the convergence angle is zero for the regular Mercator
projection, but this projection is not suitable for large-scale mapping in non-equatorial regions. In
topographically-rugged areas (such as much of the western U.S.), distortion due to variation in ground
height is greater than that due to curvature. The total linear distortion of grid (map) coordinates is a
combination of distortion due to Earth curvature and distortion due to ground height above the
ellipsoid.

(Dennis et al. 2014)
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3.4 Six Steps for Designing a Low Distortion Projection (LDP)

The following “Six Steps” are from Michael Dennis’ (2016), “Ground Truth — Optimized Design of Low
Distortion Projections Version 23 (rev 2)” (p. 12-17).

1. Define distortion objective for area of interest and determine representative ellipsoid height, ho

(not elevation)

Note: This is just to get the design
process started. Ellipsoid height by
itself is unlikely to yield the final
design scale, except for small areas,
due to curvature and/or systematic
change in topographic height.

e A common objective for “low
distortion” is £20 ppm (+0.1
ft/mile), but this may not be
achievable due to range of
topographic height and/or size of
design area. The following “rules
of thumb” can help guide the
initial design. However, often it is
possible to achieve better results
than these guidelines indicate,
because both height and areal
extent affect distortion
simultaneously, and one can be
used to compensate for the
other.

Local grid coordinate system designed for specific project
location, showing extent of low-distortion coverage

Extent of
low-distortion
coverage
Ground Local
surfface N\, | 4 ______ projection
—————————————————————————— [ surface

s e L et e L 7[ T~
e T ~< tHeight limits
- '\ S T for low
Representative “‘\‘ I S distortion
ellipsoid height | | /
for project area | H /

) Ellipsoid
surface

Local projection axis
|— (central meridian for
H Transverse Mercator)

Effect of scaling the projection to a
representative height above the ellipsoid.
(Image courtesy of Michael Dennis.)

o Size of design area. Distortion due to curvature is within £5 ppm for an area 35 miles
wide. Note that this width is perpendicular to the projection axis (e.g., east-west for TM
and north-south for LCC projections. The effect is not linear; range of distortion due to
curvature increases rapidly with increasing zone width and is proportional to the square
of the zone width, i.e., doubling the zone width increases the distortion by about a
factor of four (for this case, doubling zone width to 70 miles quadruples the distortion

range to about +20 ppm).

o Range in topographic ellipsoid height. Distortion due to change in topographic height is

within about 15 ppm for a £100 ft range in height. Note that this is essentially linear,
i.e., a range of +400 ft in height corresponds to a range of about +20 ppm distortion.
e The average height of an area may not be appropriate (e.g., for projects near a mountain).
o There is no need to estimate height to an accuracy of better than about £20 ft (6 m);
this corresponds to about 1 ppm distortion. In addition, the initial projection scale
determined using this height will likely be refined later in the design process.
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2. Choose projection type and place projection axis near centroid of project area

NOTE: This is just to get the design process started. In cases where the topography generally changes in
one direction, offsetting the projection axis can yield substantially better results.

e Select a well-known and widely-used conformal projection, such as the transverse Mercator
(TM), Lambert conformal conic (LCC), or Oblique Mercator (OM).

o When minimizing distortion, it will not always be obvious which projection type to use,
but for small areas (< ~35 miles or ~55 km wide perpendicular to the projection axis),
usually both the TM and LCC will provide satisfactory results. However, significantly
better performance can be obtained in many cases when a projection is used with its
axis perpendicular to the general topographic slope of the design area (more on this
below).

o Innearly all cases, a two-parallel LCC should not be used for an LDP with the NAD 83
datum definition (but note that some software may not support a one-parallel LCC). A
two-parallel LCC should not be used because the reason there are two parallels is to
make the projection secant to the ellipsoid (i.e., the central parallel scale is less than 1).
This is at odds with the usual objective of scaling the projection so that the developable
surface is at the topographic surface, which is typically above the ellipsoid, particularly
in areas where reduction in distortion is desired.

o The OM projection can be very useful for minimizing distortion over large areas,
especially areas that are more than about 35 miles (55 km) long in an oblique direction.
It can also be useful in areas where the topographic slope varies gradually and more-or-
less uniformly in a direction other than north-south or east-west. The disadvantage of
this projection is that it is more difficult to evaluate, since another parameter must be
optimized (the projection skew axis azimuth). In addition, this projection is more
complex, and may not be available in as many software packages as the TM and LCC
projections.

o The oblique stereographic projection can also be used, but it is highly unlikely that it will
perform better than the TM, LCC, or OM projections since it does not curve with the
Earth in any direction.

o When choosing a projection, bear in mind that universal commercial software support,
although desirable, is not an essential requirement for selecting a projection. In the rare
cases where third parties must use a coordinate system based on a projection not
supported in their software, it is possible for them to get on the coordinate system
implicitly, for example by using a best-fit procedure based on coordinate at common
points (i.e., “calibration” or “localization”).

e Placing the projection axis near the design area centroid is often a good first step in the design
process (or, for the OM projection, parallel to the long axis of the design area).

o In cases where topographic height increases more-or-less uniformly in one direction,
dramatically better performance can be achieved by offsetting the projection axis from
the project centroid. In such cases a projection type should be chosen such that its
projection axis is perpendicular to the topographic slope (e.g., for topography sloping
east-west, a TM projection should be used; for slope north-south an LCC projection
should be used. The axis is located such that the developable surface best coincides with
the topographic surface.

o Often the central meridian of the projection is placed near the east-west “middle” of the
project area in order to minimize convergence angles (i.e., the difference between
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geodetic and grid north). The central meridian is the projection axis only for the TM
projection; its location has no effect on distortion for the LCC projection.
3. Scale projection axis to representative ground height, ho

NOTE: This is just to get the design process started. Ellipsoid height by itself is unlikely to yield the final
design scale, except for small areas, due to curvature and/or systematic change in topographic height.

. . . “" ” h
e Compute map projection axis scale factor “at ground”: ko =1 + R—°
G

o For TM projection, ko is the central meridian scale factor.
o For one-parallel LCC projection, ko is the standard (central) parallel scale factor.
o For OM projection, ko is the scale at the local origin.

avi—e?

————— , where
1-e2 sinZ2¢ ’

e Rgis the geometric mean radius of curvature, R =

@ = geodetic latitude of point, and for the GRS 80 ellipsoid:
a = semi-major axis = 6,378,137 m (exact)

e? = first eccentricity squared = 2f - f 2

f = geometric flattening =1 / 298.257222101

e Alternatively, can initially approximate Rg since ko will likely be refined in Step #4:

Table 3.4-1: Geometric mean radius of curvature at various latitudes for the GRS 80 ellipsoid.

Latitude Re (meters) Re (feet) Latitude Rc (meters) Re (feet)
0° 6,357,000 20,855,000 50° 6,382,000 20,938,000
10° 6,358,000 20,860,000 60° 6,389,000 20,961,000
20° 6,362,000 20,872,000 70° 6,395,000 20,980,000
30° 6,367,000 20,890,000 80° 6,398,000 20,992,000
40° 6,374,000 20,913,000 90° 6,400,000 20,996,000

4. Compute distortion throughout project area and refine design parameters

e Distortion computed at a point (at ellipsoid height h) as § =k (RRih) -1
G

o Where k = projection grid point scale factor (i.e. distortion with respect to ellipsoid at a
specific point). Note that computation of k is rather involved, and is often done by
commercially available software.

o Multiply 6 by 1,000,000 to get distortion in parts per million (ppm).

e Best approach is to compute distortion over entire area and generate a distortion map (this
ensures optimal low-distortion coverage).

o Often requires repeated evaluation using different ko values.

o May warrant trying different projection axis locations and different projection types.

e General approach for computational refinement:

o Compute distortion statistics, such as mean, range, and standard deviation.

o Changing the projection scale only affects the mean distortion; it has essentially no
effect on the variability (standard deviation and range).

o The only way to reduce distortion variability is by moving the projection axis and/or
changing the projection type. The usual objective is to minimize the distortion standard
deviation and range. Once this is done, the scale can be changed so that the mean
distortion is near zero.
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o Finally, check to ensure the desired distortion is achieved in important areas, and also
check to ensure overall performance is satisfactory (using a map showing distortion
everywhere in the design area).

5. Keep the definition SIMPLE and CLEAN!

e Define ko to no more than SIX decimal places, e.g., 1.000175 (exact).

o Note: A change of one unit in the sixth decimal place (+1 ppm) equals distortion caused
by a 20 ft (6 m) change in height.

o For large areas with variable relief, scale defined to five decimal places (10 ppm) is
often sufficient.

e Define the central meridian and latitude of grid origin to nearest whole arc-minute; for
moderate to large areas they can often be defined to the nearest five arc minutes (e.g., central
meridian = 121°15’00” W).

e Define grid origin using whole values with as few digits as possible (e.g., false easting = 50,000
for a system with maximum easting coordinate value < 100,000). Note that the grid origin
definition has no effect whatsoever on the map projection distortion.

o Itisstrongly recommended that the coordinate values everywhere in the design area be
distinct from other coordinate system values for that area (such as State Plane or UTM)
in order to reduce the risk of confusing the LDP with other systems. For multi-zone LDPs,
it could similarly be helpful to keep coordinates between the zones distinct, if possible.

o Oftenitis desirable to define grid origins such that the northings and eastings do not
equal one another anywhere in the design area.

o In some applications, there may be an advantage to using other criteria for defining the
grid origin. For example, it may be desirable for all coordinates in the design area to
have the same number of digits (such as six digits, i.e., between 100,000 and 999,999).
In other cases it may be useful to make the coordinates distinct from State Plane by
using larger rather than smaller coordinates, especially if the LDP covers a very large
area. In multi-zone systems, it may also be helpful to define grid origins such that the
values correlate to zone numbers (e.g., a false easting of 3,000,000 m for a zone
designated as #3). This approach was used for the lowa Regional Coordinate System
(Dennis et al., 2014).

6. Explicitly define linear unit and geometric reference system (i.e., geodetic datum)

e Linear unit, e.g., meter (or international foot, or US survey foot, or...?)

o Theinternational foot is shorter than the US survey foot by 2 ppm. Because coordinate
systems typically use large values, it is critical that the type of foot used be identified
(the values differ by 1 foot per 500,000 feet).

o Because of the possibility of confusion between the international and US survey foot, it
is recommended that the design parameters for the LDP be in meters (this approach is
used in most State Plane zones). Output coordinates can then be specified for which
type of foot is desired. It can be difficult to detect an implementation that used the
incorrect type of foot, since they differ by only 2 ppm.

e Geometric reference system (geodetic datum), e.g., North American Datum of 1983 (NAD 83)

o The reference system realization (i.e., “datum tag”) should not be included in the
coordinate system definition (just as it is not included in State Plane definitions).
However, the datum tag is an essential component for defining the spatial data used
within the coordinate system. For NAD 83, the NGS convention is to give the datum tag
in parentheses after the datum name, usually as the year in which the datum was
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“realized” as part of a network adjustment. Common datum tags for NGS control are
listed below:
= “2011” for the current NAD 83 (2011) epoch 2010.00 realization, which is
referenced to the North America tectonic plate.
= “2007” for the (superseded) NSRS2007 (National Spatial Reference System of
2007) realization. Functionally equivalent to the superseded “CORS” datum tag
and referenced to an epoch date of 2002.00 for most of the coterminous US.
= “199x” for the various supersede HARN (or HPGN) realizations, where x is the
last digit of the year of the adjustment (usually done for a particular state).
HARN is “High Accuracy Reference Network” and HPGN is “High Precision
Geodetic Network”.

e The objective of LDP design is to cover the largest area with the least distortion possible. These
goals are at odds with one another, since distortion increases as the size of the projected area
increases. Thus LDP design is an optimization problem that does not typically yield a single
unique “best” solution. Because of this, it is important that LDPs be designed collaboratively to
allow input of all stakeholders affected by the design. This allows stakeholders to work together
and resolve conflicting objectives and select optimal designs before a system is finalized. An
added benefit to this approach is that the participants gain “ownership” over the design which
leads to greater satisfaction in the final product. This is all important because once a design is
implemented, it can be very difficult to change, especially since the design can be incorporated
into project plans, software, and even state statute.
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Chapter 4 History of Coordinate Systems at the Indiana DOT
4.1 Alignments

Prior to the introduction of electronic distance measuring instruments (EDMls, or EDMs), total stations,
electronic data collection devices, Global Positioning Systems (GPS), Global Navigation Satellite Systems
(GNSS), LiDAR, and computerized mapping on INDOT projects, most plans and maps were prepared
using 2D (horizontal) alignments based upon arbitrary directions or directions based upon north (from
magnetic, solar, or Polaris observations) by employing transits or theodolites, engineer’s steel tapes,
dumpy levels, right angle prisms, and other survey equipment. The field notes and sketches were then
manually reduced while calculations were performed with slide rules, curve tables, etc. The final
products were hand drafted using the stations and offsets from the horizontal alighnments. There was no
real geographic basis to this system.

(Dennis et al. 2014)
4.2 Arbitrary Plane Coordinate Systems

Soon after the introduction of electronic data collection devices and computerized mapping on INDOT
projects, it was realized that utilizing plane coordinate systems made mapping easier than solely using
alignments with curves and angles. While it made mapping easier, there was still no geographic basis,
i.e., there was no direct tie between project coordinates and values of latitude and longitude. Each
project had its own coordinate system that had an arbitrary origin and an estimated relationship to
north.

For example, a physical survey marker at the extreme
southwest corner of a project’s limits could have been
arbitrarily assigned project coordinates of North
5,000.000 East 5,000.000, while “project north” could
have been based upon the direction from this marker to
another marker somewhere else in the project, a bearing
continued from a previous DOT project, Polaris
observation, recorded deed, etc. There was also no quick
way of tying these projects together, so all these various
projects could be thought of as independent pieces of a
geographic puzzle that future practitioners would be
burdened with by having to spend additional time _ . .4
determining how they correctly fit together (see Figure Figure 4.2-1: Fitting surveys with arbitrary
4.2-1). plane coordinate systems together.

(Dennis et al. 2014)
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4.3 Indiana State Plane Coordinate Systems

In a paper presented before the Surveying and Mapping Division of the American Society of Civil
Engineers in 1935, it was reported that during 1932 and 1933, at the request of an engineer employed
by the North Carolina Highway Commission, the Coast and Geodetic Survey cooperated with the State of
North Carolina to develop a system of plane coordinates. This led to development of state plane
coordinate systems for the 48 states and was completed in 1934.

In September 1936, the Federal Board of Surveys and Maps made a recommendation that its member
organizations adopt the system of plane coordinates devised for each state by the Coast and Geodetic
Survey. It was also recommended that, wherever practicable, they show the appropriate State Plane
Coordinate Systems as supplementary projections on all maps and charts produced by them which may
have value and use for engineering purposes, but which because of their nature or extent require a
geographic base.

When INDOT began considering the National Geodetic Survey's state plane coordinate systems for
Indiana (East and West zones) as foundations for survey control on its projects, design engineers and
surveyors were concerned that differences in length would be too noticeable when compared with
computed inverses between state plane coordinate pairs and distances measured using modern survey
equipment.

Although not preferred for use on INDOT survey projects, the Indiana State Plane Coordinate System still
maintains some limited advantages for general mapping and aerial imagery applications at a statewide
level. Examples include:

e Depicting physical, cultural, and human geography over large areas of the state.

o Works well for mapping long linear facility lines such as highways, electrical
transmission, and pipelines, which crisscross the state.

e Provides for a common reference (map projection) for conversions and transformations
between other coordinate systems (including the zones of the InGCS).

(Dennis et al. 2014)

4.3.1 Indiana State Plane Coordinate Systems Definitions

INDIANA EAST ZONE (Designation 1301)
Indiana State Plane East — North American Datum of 1983 (NAD 83)
Transverse Mercator Projection

Central Meridian: 85° 40’ 00" W
Central Meridian Scale Factor: (1-(1/30,000))
Latitude of Grid Origin: 37°30°00” N
False Northing: 250,000 m
False Easting: 100,000 m
Max scale error: 130 ppm

Note: The above listed maximum scale error is distortion with respect to the ellipsoid, occurring along
the central meridian, not the topographic surface. The actual linear distortion at the topographic surface
is typically greater, with an approximate ceiling of 80 ppm for the Indiana East zone, and it changes at a
rate of +4.8 ppm per 100-ft change in height.
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East Zone County Coverage:

Adams, Allen, Bartholomew, Blackford, Brown, Cass, Clark, Dearborn, Decatur, DeKalb, Delaware,
Elkhart, Fayette, Floyd, Franklin, Fulton, Grant, Hamilton, Hancock, Harrison, Henry, Howard,
Huntington, Jackson, Jay, Jefferson, Jennings, Johnson, Kosciusko, LaGrange, Madison, Marion, Marshall,
Miami, Noble, Ohio, Randolph, Ripley, Rush, St. Joseph, Scott, Shelby, Steuben, Switzerland, Tipton,
Union, Wabash, Washington, Wayne, Wells, Whitley

INDIANA WEST ZONE (Designation 1302)
Indiana State Plane West —North American Datum of 1983 (NAD 83)
Transverse Mercator Projection

Central Meridian: 87° 05’ 00" W
Central Meridian Scale Factor: (1-(1/30,000))
Latitude of Grid Origin: 37°30°00” N
False Northing: 250,000 m
False Easting: 900,000 m
Max scale error: 130 ppm

Note: The above listed maximum scale error is distortion with respect to the ellipsoid, occurring along
the central meridian, not the topographic surface. The actual linear distortion at the topographic surface
is typically greater, with an approximate ceiling of 70 ppm for the Indiana West zone, and it changes at a
rate of +4.8 ppm per 100-ft change in height.

West Zone County Coverage:

Benton, Boone, Carroll, Clay, Clinton, Crawford, Daviess, Dubois, Fountain, Gibson, Greene, Hendricks,
Jasper, Knox, Lake, LaPorte, Lawrence, Martin, Monroe, Montgomery, Morgan, Newton, Orange, Owen,
Parke, Perry, Pike, Porter, Posey, Pulaski, Putnam, Spencer, Starke, Sullivan, Tippecanoe, Vanderburgh,
Vermillion, Vigo, Warren, Warrick, White

4.4 Modified State Plane Coordinate Systems

One solution to this problem, although geodetically “messy” (so to speak), is to create a “Modified State
Plane Coordinate System (MSPCS)” for each project. There are several technical variations of MSPCS
(some of which are listed below), but they all involve modifying the native SPCS so that horizontal
ground distances match very closely to project grid coordinate inverses of the modified system within
the limits of the specific projects, otherwise known as “scaling to ground.” Other than horizontal ground
distances matching very closely to project coordinate inverses within these projects, this solution retains
the orientation (a.k.a. “basis or bearings”) of each project to the native state plane coordinate system
zone’s grid bearings. The MSPCS has been the most prevalent approach conducted on INDOT survey
projects, particularly since GNSS use has become more widespread on survey projects, and even more
so after the publication of the Indiana High Accuracy Reference Network (HARN) by the National
Geodetic Survey as NAD 83(1997).

MSPCS Method #1: One method of creating a MSPCS is to scale all the project coordinates about the
true or natural origin or the SPCS (i.e., North 0.000, East 0.000) by a factor that will closely agree with
survey measurements. This method provides project coordinates that closely agree with survey
measurements, but it also causes confusion. Although the project coordinates may indeed “look” like
valid state plane coordinates for the project region, they can vary from the “true” state plane
coordinates in the magnitude of several feet.
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MSPCS Method #2: Another method is to select a point central to the project limits, hold it fixed to its
actual state plane coordinate values, and then scale all other project coordinates about it by a factor
that will closely agree with survey measurements. While this gives each project a true geographic basis
at one central point (state plane coordinates = project coordinates), it creates the potential for causing
confusion. One concern is that scaled project coordinates can be mistaken for true state plane
coordinates, as they may be “relatively” close to one another, e.g., less than a foot.

In either of these first two methods, if subsequent users were to assume that these projects’ “project
coordinates” were state plane coordinates and then use other survey control that in fact have “true”
state plane coordinates to collect supplemental survey data or perform constructing staking activities,
there could be very costly mistakes made. In the case of construction staking, features such as a building
structure, levee wall, underground pipeline, etc. could be constructed in the incorrect location relative
to the original project control and coordinates that the design or construction plans were based upon.

MSPCS Method #3: Yet another method is to select a point somewhat central to the project limits,
truncate the numerically-large state plane coordinates of that point to smaller values, and then scale all
other project coordinates about it by a factor that will closely agree with survey measurements. Take for
example Station HATFIELD in Table 4.4-1:

Table 4.4-1: Truncated values of Station HATFIELD.

NGS Station “HATFIELD” (PID “HA0727")

NAD 83(2011) epoch 2010.00 Truncated
Indiana State Plane, West Zone Coordinates Project Coordinates
U.S. Survey Feet U.S. Survey Feet
North 967,030.61 North 67,030.61
East 2,906,870.43 East 6,870.43

Like the first two methods, this provides project coordinates that will closely agree with survey
measurements, but there is now a substantially-reduced chance of confusing project coordinates with
state plane coordinates. A drawback of this method is in its defining characteristic, i.e., none of the
points within the project limits have a true geographic basis (state plane coordinates # project
coordinates), making it more difficult to quickly and seamlessly overlay geographic imagery.

Although the basic concept of creating MSPCS may be advantageous to very closely match horizontal
ground distances with project coordinates on a project-to-project basis, it has historically impeded
workflows and been the culprit of confusion, frustration, and errors by subsequent practitioners. The
exact details of how the native state plane coordinates were modified would need to be reproduced for
each new user agency or company when working on these projects. MSPCS created for local projects
are, by their very design, local in usefulness. The “closeness” of horizontal ground distances matching
project grid coordinate inverses can quickly diminish as the horizontal limits of the original project
region are increased. This is particularly the case if the terrain heights change significantly or if the
project is long in a direction perpendicular to the SPCS projection axis (e.g., central meridian of
transverse Mercator systems).
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In addition, once a native SPCS is “modified,” it is no longer truly geographic (native coordinates #
project coordinates # latitude and longitude), which causes problems when combining with other
datasets. For example, geographic imagery overlays would only be approximate, and properly tying
adjacent projects together that have differently-created MSPCS would be unnecessarily difficult.

(Dennis et al. 2014)

Retaining the direct tie between project coordinates as
determined from the native (published) map projection
parameters and the underlying geometric datum’s
positions of latitude and longitude goes hand in hand
with referencing the project to the NSRS and is a
critical element in creating a seamless workflow
between users in various geospatial industries, as well
as utilizing legacy project data in future projects.

4.5 Site-Specific Low Distortion Projections (Micro-LDPs)

Though seldom used to conduct INDOT survey projects, Site-Specific Low Distortion Projections are
another approach to provide project grid coordinate inverses that match very closely to horizontal
ground distances. Site-Specific LDPs, like SPCS, should be based upon conformal map projections, such
as the transverse Mercator, Lambert conformal conic and the oblique Mercator. Similar to MSPCS,
Site-Specific LDPs should yield project coordinates that do not resemble SPCS within the same local area.

Site-Specific LDPs can offer both the convenience of retaining the tie between project coordinates and
the underlying geometric datum’s positions of latitude and longitude, along with providing project grid
coordinate inverses that match very closely to horizontal ground distances; however, there are two
major drawbacks associated with Site-Specific LDPs. Like MSPCS, Site-Specific LDPs are by their own
design, local in usefulness. Also like MSPCS, because Site-Specific LDPs are
designed for specific local projects, their projection parameters are
typically only available by specifically submitting requests to the
appropriate local public agencies (if in the cases of public projects),
researching local courthouses for survey plats pertaining to those projects,
or contacting those who were involved in those projects. For future users
to properly work on these projects or make use of legacy data contained
within them, they will need these parameters to input into their geospatial
software systems.

Future users in different geospatial industries would have a seamless workflow if the geodetic
parameters of a Site-Specific LDPs were officially approved and adopted by the proper governing
entity, such as a state’s DOT, and then made available in commercial geospatial software.
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4.6 Proliferation of Local Project Coordinate Systems

In addition to the disadvantages listed in the previous sections for local project coordinate systems, all
of these approaches conceivably have no limit in the proliferation of dissimilar coordinate systems,
regardless of size, shape, or in proximity to or overlapping of other local projects (even if they are all
based on the same geometric datum). Moreover, the chances are exceedingly slim that any of these
dissimilar local systems would ever be officially approved and adopted by a local, state, or federal
agency and/or be made available in commercially-available geospatial software. Take for example Figure
4.6-1 below.

Several different industries and
land developments are shown in
this graphic. There is a
corresponding multitude of
diverse planning, surveying,
engineering, construction, etc.
projects that could occur either
simultaneously or sequentially
within this relatively small
geographical region.

Consider in nearly all of the
surveying projects involved in
this close vicinity that the
decisions had been actively and
purposefully made to decline the
use of available UTM or State
Plane Coordinate Systems
because of their poor grid vs. ground performance. In lieu of these predefined systems, a combination of
the aforementioned local project coordinate systems had instead been custom designed for each
project; all with the same individual goals of minimizing the differences between their projects’ grid
coordinates and horizontal ground distances within their respective project limits. The following notable
workflow hindrances would then result:

Figure 4.6-1: Various industries and land developments.

e No common grid coordinate system, i.e., northings and eastings.

e No common bearing system

e Unnecessary difficulties in relating one system to another or to the appropriate city or county
GIS system (which may have been based upon UTM or State Plane simply because they were
predefined in the GIS software)
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4.7 Regional Low Distortion Projections

Somewhat of a combination of the most attractive

characteristics of State Plane Coordinate Systems {
and Site-Specific LDPs are Regional Low Distortion 9
Projections (LDPs). Regional LDPs are, for the most ‘

part, designed to cover regions larger than MSPCS

or Site-Specific LDPs, and are usually defined
nominally by political boundaries, such as counties,
but can be designed to complement a specified
terrain region, with no consideration of political
boundaries. Prior to the InGCS, there were but few | \
LDPs used on INDOT projects, most of which were e o .- w -
seated in southwestern Indiana. —

Regional LDPs (like those within the InGCS) should be based on true conformal map projections
designed to cover specific portions of urban and rural areas of the state. As stated elsewhere in this
document (and again here for emphasis), for conformal projections (e.g., transverse Mercator, Lambert
conformal conic, Stereographic, oblique Mercator, regular Mercator, etc.), linear distortion is the same
in every direction from a point. That is, the scale at any particular point is the same in any direction and
figures on the surface of the Earth tend to retain their original form on the map. The term “low
distortion” refers to minimizing the linear horizontal distortion from two affects: 1) representing a
curved surface on a plane and 2) departure of the elevated topography from the projection surface due
to variation in topographic height of the area covered.

The advantages of Regional LDPs include:

e Grid coordinate distances closely match
horizontal distances measured on the ground,
satisfying the grid vs. ground performance
preferred on land surveying and civil
engineering projects.

e Allows for larger areas to be covered with less
distortion.

e Reduced convergence angle (depending upon
the location of the central meridians being
compared).

e “Clean” zone parameter definitions compatible
with common surveying, engineering, and GIS
software.

e Ease in converting between other coordinate
reference systems of the same geometric
datum and transforming between other datums.

e Retains the direct tie between project coordinates and the underlying geometric datum’s
positions of latitude and longitude.

e Maintains a relationship to the National Spatial Reference System (NSRS)

e Can cover entire cities, counties, and states (in some instances), making them useful for regional
mapping and GIS.
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An LDP or set of LDPs is most successful when they are made available in most, if not all, geospatial
software platforms. Without being made easily accessible in software by the appropriate vendors, it is
likely that many users would just as well keep to the status quo of creating modified state plane systems
or employing other methods for project coordinate systems.

(Dennis et al. 2014)

If an LDP or set of LDPs (such as the InGCS) is officially
approved and adopted by the proper governing agency
(such as INDOT) they may very likely be considered for
inclusion in the International Association of Oil & Gas
Producer’s (IOGP) EPSG Geodetic Parameter Dataset
and in future versions of proprietary geospatial
software vendors’ platforms.

With these important milestones, an LDP system is set
to be a mechanism for a seamless workflow between
users within different geospatial industries.
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Chapter 5 emergence of the InGcs
5.1 Additional Map Projections in the Hoosier State

With map projections being in practice for centuries, many may wonder why new maps projections are
being added and what is the “best” number of map projections? The answer? Well, it depends.

If the intent is simple navigation
without respect to areas or shapes of
large areas, then the single, world-
wide Mercator projection as shown in
Figure 5.1-1 may work best. If areas
and shapes of large areas were a
desired characteristic, then the
Mercator projection would not be the
best choice, as distortion increases
away from the Equator. A simple
example is to compare the portrayed
areas of Greenland (G), Mexico (M),
and South America (SA) in Figure
5.1-1. The Mercator projection makes
it appear that Greenland is larger
than South America, when in fact it is
much closer to size of Mexico.

Figure 5.1-1: Mercator map projection.

If the intent is to simply show the
contiguous United States on a single map,
with only minimal or reasonable
distortion of areas and shapes, then the
U.S.A. Contiguous Lambert conformal
conic (LCC)(Figure 5.1-2) will probably
work best.

If the intent is to serve GIS applications or
statewide orthophotography projects
that place more emphasis on the geodata
being properly and accurately
georeferenced than the selected
projection exhibiting the grid vs. ground
performance preferred in land surveying Figure 5.1-2: USA Contiguous LCC.

and civil engineering projects, then

employing a single or minimal number of map projections across an entire state with reasonable linear
distortion would suffice.

But if the intent is to utilize a published map projection throughout a particular geographical region
(such as a county) for land surveying projects ranging from a residential boundary retracement survey to
a commercial ALTA survey to an industrial construction project for a new manufacturing facility with
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prefabricated materials and systems (steel columns, piping systems, assembly lines, etc.) to a
Department of Transportation’s highway project stretching over several miles of new terrain, then
practitioners should strongly consider selecting a conformal map projection that delivers the

grid vs. ground performance that satisfies the needs of these projects and others.

126°W 120°W 114°W 108°W 102°W 96°W 90°W 84°W 78°W 72°W 66°W . . . .
. 3 TR T | WL Within Indiana, the Universal transverse
IR R RS

iy 4 W Mercator zone 16 (see Figure 5.1-3) provides
= PagSs -\ \J “\' | gridvs. ground differences, on average, of
[ — I AT approximately 2.1 feet per mile (+400 ppm),
o/.. /| M BN R ACN while the East and West zones of the Indiana
/11 iz 13 | W 16 17\ + State Plane Coordinate System (Figure 5.1-4)
| imat v o A provide differences, on average, of £0.25 feet

=

Figure 5.1-3: UTM zones 10-189.
(Image courtesy Chrismurf at English Wikipedia.)

per mile (£50 ppm)(upwards of +0.4 feet per mile

(76 ppm)). This performance has historically been
acceptable for general mapping applications, GIS
applications, statewide orthophotography projects, etc., but
has by and large been deemed undesirable or unacceptable
in cases such as the residential boundary surveys, industrial
construction projects, and DOT projects listed above. As
stated in Chapter 4 (History of Coordinate Systems at the
Indiana DOT), INDOT projects have also historically opted to Figure 5.1-4: Indiana SPCS zones.
develop alternative, project-based coordinate systems that

exhibit grid vs. ground performance exceeding the performance of UTM16 and both Indiana State Plane
Coordinate System zones. But without being made easily accessible in geospatial software platforms by
the appropriate vendors, these (numerous) systems may never be used beyond the geographical limits
of each project site or for no longer a period of time than the life of the particular project.
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As discussed at the end of Chapter 4, LDPs that (1) exhibit the grid vs. ground performance preferred in
land surveying and civil engineering projects, (2) have been approved and adopted by the proper
governing agency (such as INDOT), and (3) have been included in EPSG’s Geodetic Parameter Dataset
and in proprietary geospatial software are poised to be successful mechanisms for seamless workflows
between users within different geospatial industries.

The number and size of LDPs neighboring one another in a particular region and the “preferred”

grid vs. ground performance are dependent upon the collaborative efforts of a Technical Development
Team, an LDP Developer, the LDP Design Criteria, and the actual terrain characteristics of the region.
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5.2 Background

While engaged in many different types of surveys (Location Control Route Surveys, boundary surveys,
topographic surveys, ALTA surveys, construction staking projects, control surveys, aerial photography
projects, etc.) across Indiana for clients in both the public and private sectors, it became apparent to the
Lead Author and Bernardin, Lochmueller and Associates, Inc. (now Lochmueller Group) that there should
be a better system to base these types of projects on, rather than nearly always developing an arbitrary
or modified (scaled-to-ground) State Plane Coordinate Systems (SPCS) for each project to minimize

grid vs. ground differences.

Use of arbitrary (e.g., “N 5,000.000 E 5,000.000”) and modified SPCS provided the desired

grid vs. ground relationship for survey project requirements, but provided persistent inefficiencies in
attempting to drape aerial photography behind the survey data for surveying, civil engineering, and GIS.
They also provided difficulties in attempting to share data back and forth between other adjacent
projects that were based upon other coordinate systems. Across the board, “inefficiency” was the
common theme being echoed by geospatial practitioners.

To be considerably more effective, the new system would need to (1) retain the grid vs. ground
relationship that the arbitrary and modified SPCS offered so as to satisfy project guidelines and/or
preferences, (2) retain the direct tie between published grid coordinates and the underlying geometric
datum’s values of latitude and longitude that SPCS offered, and (3) create a seamless workflow between
land surveying, civil engineering, and GIS using the project coordinates used in surveying projects.

Personal research by the Lead Author in 2006 then led to the concept of Low Distortion Projections
(LDPs) that the states of Minnesota and Wisconsin had already embraced, developed, and put into place
for practitioners in those states to utilize in their everyday activities. Further research led to the handout
entitled “Ground Truth — Low-distortion map projections for surveying and GIS” presented by Michael
Dennis of Geodetic Analysis, LLC at the August 2006 ESRI Survey and GIS Summit. After further
discussing the concept of LDPs with Mr. Dennis and many others who were experienced in using LDPs in
their everyday practice, it was determined to actively pursue bringing LDPs to the Hoosier state.

In 2007, rather than using multiple scaled-to-ground systems for the various Sections and Segments of
the 1-69 “Evansville to Indianapolis” project, two LDPs were developed by the Lead Author and
Lochmueller Group and proven successful for all design-level activities involved in the project.

In 2009, a state-wide, county-based LDP concept was introduced to the (now) IGIC/ISPLS Geodetic
Control Workgroup.

Through the support of the IGIC/ISPLS Geodetic Control Workgroup, the Indiana Department of
Transportation, and the Federal Highway Administration, Lochmueller Group was awarded the contract
in 2014 to develop what is now referred to as the Indiana Geospatial Coordinate System (InGCS).

In July of 2015, the InGCS was approved and adopted by the Indiana Department of Transportation.

In September of 2015, a notice was sent out to many geospatial software vendors informing them of the
approval and adoption of the InGCS by INDOT, as well as providing them with the InGCS’ URL
(http://in.gov/indot/InGCS.htm) where the files containing the InGCS parameters are located, should
they choose to incorporate the InGCS in future versions of their platforms.
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5.3 Design Criteria for the InGCS

The "Design Criteria" guidelines agreed upon by the InGCS Technical Development Team that led to the
resulting successful character of the InGCS are listed as follows:

1. Geometric Datum
a. Reference all projections “generically” to NAD 83
b. By default, the reference ellipsoid will be GRS 80
c. AslIndiana State Plane East or West references no realization or datum tag, so no
reference system realization or datum tag will be associated in any of the coordinate
reference system definitions
2. Linear Units
a. Actual definition of grid coordinate False Northings and False Eastings will be in meters
b. “Working” linear units will be the U.S. Survey Foot definition (1 meter = 39.37 inches)
3. Projection Type(s)
a. AsIndiana users have experience with transverse Mercator projections (Indiana State
Plane East and West zones and UTM 16), all zones will be based upon this projection
type.
4. Linear Distortion Budget
a. Aslegacy INDOT project Guidelines for Measurement Techniques and Coordinate
Systems were written with the purpose of minimizing linear distortion for each project,
the attempt will be made to design zones that would preferably not exceed linear
distortion in the amount of 5 ppm’s at the 95% level and 10 ppm’s at the 99% level
within each zone.
5. Zone Limits/Boundaries
a. The smallest zone shall be that of the boundary of a particular Indiana county.
b. The constraining factor for combining of counties into particular groups will be that of
the Linear Distortion Budget (see above).
6. Numerical Definitions of Each Zone
a. Central Meridian Scale Factor
i. Setto exactly six decimal places, e.g., “1.123 456"
b. Central Meridians and Latitudes of Grid Origins:
i. Round to the nearest three arc-minutes for “clean” decimal conversions, e.g.
86°03'00”=86.05°(exact)
c. False Northings and Eastings:
i. All positive values, preferably set to provide adequate working to the south and
west of zone boundaries to prevent negative values

ii. Non-overlapping of northing and easting values within each zone to aid in
components not being mistakenly switched

iii. Values that do not mimic either Indiana State Plane East or West Zone or UTM
zone 16.

iv. When practical and sensible, keep values under 1,000,000 (U.S. Survey Feet) for
simplicity in manual calculations, readability, and consumption of space in
coordinate tables on published documents, such as survey plats, engineering
and construction plans, etc.

d. For future national geometric datums, it may be best to keep the same numerical
definitions for each zone, except for the False Northings and Eastings, and to change
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them by values significant enough that most prudent geospatial users will be able to
easily distinguish between datums.

5.4 Sample Data Source, Spacing, and Quantity

The digital elevation models utilized for this project (including the colorized linear distortion raster
images on the InGCS Individual Zone Data Sheets in Appendix C) originated from the United States
Geological Survey’s National Elevation Dataset (NED) and were reduced to 5 arc-second spacing both in
latitude and longitude. In central Indiana, this provided a sample point approximately every 390 feet
east/west and 505 feet north/south.

For each county and composite/group of counties analyzed, an offset of approximately 1,000 meters
(3,280 feet) of the corresponding perimeter was generated to create an artificial boundary for
trimming excess data. This provided somewhat of a buffer zone, so to speak, of surplus data in each area
analyzed when developing the corresponding LDP and for addressing instances of future projects
crossing from one InGCS zone to another.

The 5 arc-second spacing and 1,000 meter offset/buffer zone mentioned above lent to an abundance of
sample data for each area analyzed. Three examples are provided below for the varying sizes of counties
and their corresponding datasets:

1. Ohio County (smallest): +/-17,000 points
2. Marion County (typical): +/-67,000 points
3. Allen County (Largest): +/-106,000 points

5.5 Selecting INnGCS Zones’ Central Meridians and Scale Factors

When utilizing the transverse Mercator projection for a given geographical region, minimized linear
distortion occurs when a meridian of longitude and associated scale factor are reckoned that best
harmonizes the resulting developable surface with the terrain embraced within the focus region. Given
the behavior of linear distortion intrinsic to the transverse Mercator projection, the linear distortion for
a given geographical region changes each time a new central meridian is entertained either east or west
of the prior meridian attempted bearing the same scale factor. This characteristic is particularly
advantageous in regions that have a generally-constant slope in either an east or west direction across
the entirety of its terrain, as the developable surface can act more like a best-fit line through the sloping
terrain rather than a secant cutting through the curvature of the Earth.

This can somewhat be envisioned conceptually in a 2D, latitudinal cross section sense as a fulcrum and
lever, with the reference ellipsoid (GRS 80) being the fulcrum and the transverse Mercator’s developable
surface being the lever. The more the terrain throughout a region slopes downhill in either an east or
west direction, the farther towards the downward-sloping direction the central meridian should be
placed to act as a counterbalance.

In Figures 5.5-1, 5.5-2, and 5.5-3, the “Ground” represents the general surface terrain slope for the
particular terrain region (in the case of the InGCS, these “regions” are counties) and the blue arrows
represent the approximate separation from the terrain surface to the projection’s developable surface.
In general, the smaller the arrows, the less the linear distortion.

In Figure 5.5-1, the central meridian was placed along a meridian of longitude that is near the eastern
edge of the region, whereas in Figure 5.5-2, the central meridian was placed near the centroid of the
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region, while in Figure 5.5-3, the central meridian was placed near the western edge of the region. As
can be seen, the arrows (linear distortion) are the smallest when the central meridian is placed near the

western edge of the region and a scale factor is reckoned to best-fit the projection’s developable surface
to the terrain surface.

—s— \West —=—-- ——m e e e e ——--— East —==

Figure 5.5-3: Transverse Mercator Latitudinal Cross Section #3.
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In this fashion, the meridians of longitude and respective scale factors that were employed for the InGCS
zones were selected as a result of an iterative process to determine where and by what scale would best
minimize linear distortion for a given county or group thereof. One of the better examples of this effect
can be seen by the placement of the central meridian for the “Decatur” and “Rush” zones (counties).

Figure 5.5-4 is a colorized
elevation relief map of these two
counties. In an east-west sense, it
can be seen that the terrain
slopes downward in a westerly
direction throughout most of
these two counties. Because of
this characteristic, the location
for the central meridian (and
associated scale factor) that
minimized linear distortion for
these two counties was
determined to lie west of the
western boundary of Rush
County and came somewhat
close to approximating the
western boundary of Decatur
County.
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Disregarding local terrain
anomalies as encountered in
smaller regions, the general
curvature of the Earth bends
away from the developable
surface of a transverse Mercator
projection with increasing
east-west departures from the central meridian. It is for this reason that as the east-west span of a
particular region increases that a transverse Mercator projection is meant to embrace, the more it
becomes apparent that the developable surface should become increasingly more secant to the Earth’s
surface rather than ttangent at the central meridian. This characteristic is a controlled by the
designation of the central meridian’s scale factor. A scale factor of “1” drapes the developable surface of
the projection onto the ellipsoidal surface along the central meridian. Scale factors greater than “1”
raises the developable surface above (and parallel with) the ellipsoidal surface at the central meridian,
whereas scale factors less than “1” lowers the developable surface.

Origin Latitude

i Figure 5.5-4: Rush and Decatur Counties — Terrain Relief.

Figures 5.5-5 and 5.5-6 provide examples of transverse Mercator LDPs that are approximately tangent to
the local terrain surface and that cut through the regional terrain surface. Figure 5.5-5 can somewhat be
envisioned as a Site-Specific (Micro) LDP because the geographical extents of a typical project site (e.g.,
residential subdivision, manufacturing facility, road intersection improvement, airport, etc.) are small
enough that, when compared to larger regions (e.g., an entire county, group of counties, state, etc.), the
developable surface of the LDP is nearly tangent to the local surface of the Earth. The larger the
geographical extents of an LDP becomes (particularly perpendicular to the projection axis), the more the
developable surface begins to descend beneath the Earth’s surface.
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Figure 5.5-6: Transverse Mercator LDP, Beneath Regional Terrain Surface (Latitudinal Cross Section).

The behavior of linear distortion along longitudinal cross sections of transverse Mercator projections is
quite different than it is along latitudinal cross sections. Linear distortion values are constant along the
central meridian for a given offset of the ellipsoidal surface. Because global ellipsoids (e.g., the GRS 80
ellipsoid) are developed to approximate the geoid (a model of global mean sea level), the developable
surface of a transverse Mercator projection, in turn, bends with the general curvature of the Earth along
the central meridian. Longitudinal cross sections in close proximity to the central meridian still generally
bend with the Earth’s curvature, but become increasingly more oblique as east-west departures from
the central meridian correspondingly increase. Figure 5.5-7 provides an example longitudinal cross
section of a transverse Mercator LDP’s developable surface along the central meridian.

Ground
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Figure 5.5-7: Transverse Mercator along Central Meridian (Longitudinal Cross Section).

Indiana Department of Transportation / Land & Aerial Survey Office ﬂ



Handbook and User Guide Indiana Geospatial Coordinate System

5.6 InGCS Grid Coordinates # Indiana State Plane or UTM zone 16 Grid Coordinates

Somewhat similar to the efforts made by the National Geodetic Survey when developing the SPCS of
1983 to supersede NAD 27, the origin of each InGCS zone was assigned specific numeric grid values so as
to make at least one, but preferably both, of the two

coordinate components (Northing and/or Easting) appear

clearly and significantly different than the NAD 27 or NAD 83 InGCS-NAD 83
definitions of the East and West zones of the Indiana SPCS, COMPILATION OF ZONES
within the nominal limits of each InGCS zone. Additional effort

{U.S. SURVEY FEET)

was also made to avoid similarities between the grid **T[*F*D**’**ﬂ 530,000
coordinates of the InGCS zones and UTM zone 16. et -+t -1 500,000

- p- 1 450,000
No potential conflicts/grid overlaps were determined between N BN r} 77777 | 400,000
the InGCS and the Indiana SPCS, per NAD 83 or UTM zone 16, i i ’
per NAD 83. IR o 350,000

ST B R R '\ 300,000
Although the northing components of Perry County’s perimeter i B U 250000
as depicted in the InGCS, Perry zone and the Indiana SPCS, 1B U 1 '
West zone (per NAD 27) are within 8,000 feet of one another, S Tt 200,000
the easting components of its perimeter as depicted between F—1 77L7H77~77H 150,000
the two zones are separated by +176,000 feet. Likewise, = i" _Aci"E;NORTO"’fNG% 118,110
although the easting components of the perimeters of 88 8% 8 8
Dearborn, Ohio, and Switzerland Counties as depicted in the § § ﬁ § § §

InGCS, Dearborn, Ohio, and Switzerland zones and the Indiana
SPCS, East zone (per NAD 27) are within +68,000 feet of one
another, the northing components of their perimeters are
separated by £301,000 feet. No smaller potential grid
coordinate conflicts/grid overlaps were discovered between
the InGCS and the East and West zones of the Indiana SPCS, per NAD 27.

Figure 5.6-1: InGCS-NAD 83,
Consumed Grid Coordinate Range
Consumption.

Refer to Figures 5.6-1 through 5.6-6 for coordinate grid illustrations of (1) the InGCS per NAD 83, (2) the
East and West zones of the Indiana SPCS per NAD 27 and NAD 83, and (3) UTM zone 16 per NAD 83.

Figure 5.6-1 illustrates the effective range of grid coordinates (in the northing and easting components)
consumed/occupied by county boundaries within the associated InGCS zones (per NAD 83), in U.S.
Survey Feet. For example, the largest grid northing value of £523,000 (rounded up to 530,000 as shown)
is consumed/occupied by the northern boundary of Elkhart County of the Elkhart zone. The largest grid
easting value of £906,000 (rounded up to 910,000 as shown) consumed/occupied is consumed/occupied
by the eastern boundary of Greene County of the Greene zone; whereas the smallest easting of
1663,000 is consumed by the western boundary of Floyd County/zone. The smallest northing of 118,110
is the value assigned for the False Northing of all InGCS zones.
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Figure 5.6-2 illustrates the effective range of grid coordinates consumed/occupied by county boundaries
within the associated Indiana SPCS zone, per NAD 27, in U.S. Survey Feet.
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Figure 5.6-2: Indiana SPCS-NAD 27,
Consumed Grid Coordinate Range.
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Figure 5.6-3 illustrates the effective range of grid coordinates consumed/occupied by county boundaries
within the associated Indiana SPCS zone, per NAD 83, in U.S. Survey Feet.
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Figure 5.6-3: Indiana SPCS-NAD 83,
Consumed Grid Coordinate Range.
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Figure 5.6-4 illustrates the effective range of grid coordinates consumed/occupied by county boundaries
within UTM zone 16, per NAD 83, in U.S. Survey Feet.
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Figure 5.6-4: UTM zone 16-NAD 83,
Consumed Grid Coordinate Range.
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5.7 InGCS Design Summary and Performance Statistics
The characteristics and linear distortion performance of the InGCS’ zones are summarized below.

Zones Limits/Boundaries

The nominal limits of each zone of the InGCS are the boundaries of Indiana counties. As in the case with
State Plane Coordinate Systems, the mathematical projections do not “stop” at the nominal limits of the
zones, i.e., office and field software will still compute positions beyond the nominal limits of the zones.

(Note: An exception to this occurs in some software systems when attempting to perform operations
outside the software’s defined limits of the datum, e.g., determining Indiana State Plane coordinates per
NAD 83(2011) epoch 2010.00 at the equator.)

Zones Count

Primarily for intuitive use by the end user community, each county was designated as its own zone.
Since Indiana has 92 counties, the InGCS accordingly has 92 zones.

Zone “Groups”

Disregarding the 92 unique zone names and then comparing the remaining numerical projection
parameters (central meridian, central meridian scale factor, latitude of grid origin, false northing and
easting) of adjacent zones, it is apparent that there are but 57 distinct sets/groups of projection
parameters, in which each set/group contains identical numerical values.

Zones with Common Basis of Bearings

Of these 57 distinct groups, there are several adjacent groups that share the same central meridians,
and thus basis of grid bearings; yet they have different central meridian scale factors and latitudes of
grid origins, resulting in different grid coordinates. For a graphical summary of this, please refer to the
INGCS Zones Overview Map in Appendix C.

False Northings and Eastings of Zones

As part of the approach detailed in the "Design Criteria for the INGCS" for the design of these zones, all
of the false northings and false eastings were defined in meters, while the “working” units (values
shown on survey plats, design plans, etc.) are to be in U.S. Survey Feet, as Indiana is legislatively a U.S.
Survey Foot state.

So as to further minimize the possibility of manual entry errors or rounding errors either by geospatial
software vendors or individuals entering the parameters of the InGCS zones into their respective
software platforms, all of the false northings and false eastings were set at increments of 1,200 meters
(exact). Upon conversion, this results in increments of 3,937 U.S. Survey Feet (exact). All false northings
were set at 36,000 meters (118,110 U.S Survey Feet), while all false eastings were set at 240,000 meters
(787,400 U.S. Survey Feet). These InGCS zone grid coordinate values do not conflict with State Plane grid
coordinate values of either NAD 27 or NAD 83 within the nominal limits of each InGCS zone.
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Central Meridian Scale Factors

All central meridian scale factors were set to a precision of “exactly” six decimal places (e.g., 1.123 456)
at values that harmonized with the locations of the central meridians so as to minimize the

grid vs. ground differences within the corresponding counties or groups thereof.

Central Meridians and Latitudes of Grid Origin

All central meridians were placed at intervals of three arc-minutes (for “clean” decimal conversions, e.g.,
86°03'00”=86.05°(exact)) that harmonized with the corresponding central meridian scale factors so as to
minimize the grid vs. ground differences within the corresponding counties or groups thereof. The
“clean” decimal conversion criteria was set forth in an effort to minimize the possibility of manual entry
errors or rounding errors either by geospatial software vendors or individuals entering the parameters
of the InGCS zones into their respective software platforms.

Linear Distortion Performance

Throughout all 92 zones of the InGCS:

e The average linear distortion is less than 3 ppm (0.016’/mile)

e Approximately 95% of the linear distortion is less than 13 ppm (0.069’/mile)
e Approximately 99% of the linear distortion is less than 18 ppm (0.095’/mile)
e The maximum sampled linear distortion is less than 24 ppm (0.127’/mile)

Statistics and graphical representations of the linear distortion for each zone (county) of the InGCS can
be found in Appendix C.

In revisiting the example land surveying

projects from Section 5.1 (residential boundary

retracement survey, commercial ALTA survey,

industrial construction project, DOT project), it v [ )
is believed that the InGCS provides the

preferred grid vs. ground performance for

these and nearly all other land surveying and

civil engineering projects, while also providing

for a seamless workflow between users in

different geospatial industries. R > y ‘
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5.8 InGCS at the “Evansville Calibration Base Line”

Thanks to the volunteer effort of members from the Southwest Chapter of the Indiana Society of
Professional Land Surveyors, an EDMI Calibration Base line was constructed in northern Vanderburgh
County in 2013, observed by the National Geodetic Survey and members of the SW Chapter in 2015, and
published on NGS’ CBL web page (http://www.ngs.noaa.gov/CBLINES/calibration.html) later that year.
Refer to Figure 5.8-1 for an aerial view of the Evansville CBL and the arrangement of the corresponding
survey monuments and Figure 5.8-2 for the List of Adjusted Distances published by NGS, found at
http://www.ngs.noaa.gov/CBLINES/BASELINES/in .

it LE 4
1830 M |
GBADGER f . =%

Figure 5.8-1: Evansville CBL (aerial view).

US DEPARTMENT OF COMMERCE - NOAA CALIBRATION BASE LINE DATA QUAD: N380873
NOS - NATIONAL GEODETIC SURVEY BASE LINE DESIGNATION: EVANSVILLE CBL INDIANA
SILVER SPRING MD 20910 PROJECT ACCESSION NUMBER: 15838 VANDERBURGH COUNTY

NEAREST TOWN: EVANSVILLE

LIST OF ADJUSTED DISTANCES ( 5/10/2015)

ADJ. DIST.(M) ADJ. DIST.(M) STD.
FROM STATION ELEV.(M) TO STATION ELEV.(M)  HORIZONTAL MARK - MARK  ERROR(MM)
2] 139.640 150 137.933 149.9993 150.0090 .2
2] 139.640 430 134.227 430.0004 430.0344 «3
2] 139.640 1830 128.838 1829.9939 1830.0257 5
150 137.933 430 134.227 280.0011 280.0256 .2
150 137.933 1830 128.838 1679.9944 1680.0191 .3
430 134.227 1830 128.838 1399.9931 1400.0035 42

Figure 5.8-2: Evansville CBL: List of Adjusted Distances.

To test the InGCS’ “Vanderburgh” zone at the Evansville CBL, a static GNSS survey was performed
(independent of the EDMI observations performed by the NGS) using NGS’ OPUS utility, Trimble Business
Center, and MicroSurvey’s Star*Net to determine the InGCS “Vanderburgh” zone grid coordinates (per
NAD 83(2011) epoch 2010.00) at the 0-Station and the associated grid azimuth to the 1830-Station.
Using this grid azimuth (271°01’42.4"), the horizontal distance as listed on the Evansville CBL data sheet
from the 0-Station to the 1830-Station (6,003.905 U.S. Feet (1,829.9939m)), and the “elevation” values
(approximating NAVD 88 via Geoid12A, as determined by the SW Chapter) listed on the Evansville CBL
data sheet, the resulting InGCS “Vanderburgh” zone grid coordinates were then calculated at the 1830-
Station. Refer to Table 5.8-1 for the results of this test.

n Indiana Department of Transportation / Land & Aerial Survey Office



Indiana Geospatial Coordinate System Handbook and User Guide

Table 5.8-1: Independent Surveyed Values of “Evansville CBL” 0-Station and 1830-Station.
Independent Surveyed Values of “Evansville CBL” 0-Station and 1830-Station
0-Station

1830-Station |
Geometric Datum: NAD 83(2011) epoch 2010.00

Latitude 38°10°02.706277” (N) Latitude 38°10°01.70087” (N)
Longitude 87°39'14.288105” (W) Longitude 87°37°59.12283" (W)
Grid System: Indiana Geospatial Coordinate System (InGCS), Vanderburgh zone (U.S. Feet)

Northing N 251,927.8301 Northing N 251,820.0676

Easting E 757,507.7228 Easting E 763,510.6587
Grid Inverse (0-Station to 1830-Station)

Azimuth | 271°01'42.4” | Distance | 6,003.903’

Refer to Table 5.8-2 for a grid vs. ground comparison of the different grid systems noted in Section 5.1
(Additional Map Projections in the Hoosier State) with the NGS’ published horizontal distance between
the O-Station and 1830-Station.

Table 5.8-2: Grid vs. Ground comparisons at the “Evansville CBL.”
o 0 0 3 e a e B

Grid System Grid Distance Grid vs. Ground PPM
World Mercator 7,626.6 +1,622.7 +270k
USA Contiguous LCC 5,971.8’ -32.1 -5.3k
UTM zone 16 6,001.642’ -2.26’ -377
Indiana State Plane, West zone 6,003.786’ -0.12 -20
InGCS, Vanderburgh zone 6,003.903’ -0.002’ -0.3
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Chapter 6 InGCS in Geospatial Software Programs

6.1 Adding InGCS Coordinate Reference System Definitions to Software

To use the InGCS in geospatial software platforms for surveying, engineering, GIS, and other geospatial
applications, it must first be defined within the respective platforms. InGCS zone parameters are
entered into the appropriate “coordinate system management/definition” module of the software.
Because of the number and variability of commercial software packages and the frequency of software
updates, this Handbook and User Guide does not give specific instructions for defining the InGCS in
vendor software.

Eric Banschbach, PS, Manager of the Land and Aerial Survey Office of the Indiana Department of
Transportation proactively notified, via email, many geospatial software vendors of INDOT’s approval
and adoption of the InGCS in 2015. This notification also provided them with the URL of the InGCS’
webpage where the zone names, parameters, projection methods, and other specifications could be
retrieved. With this information, these vendors can, in turn, include the InGCS in future releases,
patches, updates, etc. within their respective platforms.

If your particular software vendor has not already included the InGCS into their platform(s), you are
encouraged to contact the vendor and request that the InGCS be included in their future official
releases, as well as requesting technical support from them for manually defining the InGCS’ parameters
until the official release has become available. Otherwise, it is recommended that you consult the “help”
documentation and tutorials of the particular vendor software you plan to work with.

Over time, most commercial software manufacturers are likely to add the InGCS to their standard
coordinate system libraries. When that occurs, there will be no need to manually enter the zone
parameters. But in some cases, it may still be necessary to change the NAD 83 realization in commercial
software coordinate system definitions (such as *.prj files) if a dataset is referenced to the wrong
realization. This can occur, for example, if a dataset is referenced to “NAD 83” (without any modifier),
which is often interpreted by software as original NAD 83(1986). Another example is an existing project
referenced to an earlier realization, such as NAD 83(2007), rather than the current 2011 realization.
Although changing the NAD 83 realization can be done, such changes should only be made after it has
been verified that the change is necessary, appropriate, and correct.

Note regarding the relationship between NAD 83 and WGS 84: For the purposes of entering the InGCS
projection parameters into particular vendor software, the datum should be defined as NAD 83 (which
uses the GRS 80 reference ellipsoid for all realizations). Some commercial software implementations
assume there is no transformation between WGS 84 and NAD 83 (i.e., all transformation parameters are
zero). Other implementations use a non-zero transformation, and in some cases both types are available
in a single software package. The type of transformation used will depend on specific circumstances,
although often the zero transformation is the appropriate choice (even though it is not technically
correct). Check with software support to ensure the appropriate transformation is being used for your
application.

(Dennis et al. 2014)
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6.2 Validating Software Output

To ensure that a certain geospatial software platform has the InGCS zones correctly included into its
“coordinate system management/definition” module, users are encouraged to compare the geodetic
datum and projection parameters therein against the values published in this Handbook and User Guide,
which can also be found on the InGCS webpage, prior to beginning work within a particular zone.

After ensuring that the InGCS zones are correctly included into a particular coordinate system
management/definition module, users may wish to confirm that their geospatial software platforms are
correctly performing geodetic computations to derive InGCS zone grid coordinates (northings and
eastings, in U.S. Survey Feet) from positions of latitude and longitude (or vice-versa).

Once the project file has been configured with the correct preferences and parameters (especially the
particular InGCS zone and linear units set to U.S. Survey Feet), this can be accomplished by entering a
known position of latitude and longitude into the software and comparing the resulting grid coordinates
with the corresponding pair of known InGCS grid coordinates.

Since this exercise merely requires the software to I . .

. . . . "Validation Point" Location
mat.h_emat/callly calculate a palr of grid .coordlnates frorr_1 a North American Datum of 1983
position of latitude and longitude (or vice versa), there is 42°00'00" North Latitude
no need to provide a unique point located within each 85°00'00" West Longitude
zone or at a physical survey marker, such as an NGS
control mark. Thus, for simplification purposes, a pair of
grid coordinates for each InGCS zone was calculated for a
single, common position of latitude and longitude of 42°
North and 85° West (approximately 19 miles northwest of
the northeast corner of Indiana). This position, known as
the “Validation Point” (shown in Figure 6.2-1) yields
positive grid coordinates for all INGCS zones. The resulting
grid coordinates (in meters) for each InGCS zone can be
found in the “Validation Point” fields in Appendix A. The
values listed were derived using MicroSurvey’s Star*Net
Version 7.2 and were compared to values determined
from Trimble Business Center Version 3.40 and Topcon
Magnet Tools Version 1.2.1. The numerical differences in
grid coordinates found between these vendors’ platforms
were approximately 1 millimeter or less.

If INGCS zone definition errors are found within your
coordinate system management/definition module or the
respective software is not correctly performing geodetic
computations between positions of latitude and longitude

and grid northings and eastings, users should contact their

particular software vendor to report the issue(s). Figure 6.2-1: Validation Point for Software.

Users are also encouraged to perform field validations to ensure that their system is performing
satisfactorily. Appendix D contains InGCS grid coordinates on available NGS control marks with
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ADJUSTED NAD 83(2011) epoch 2010.00 for each InGCS zone. Station "GLASGOW RM 2" (PID=)Z1879)
was not included as NGS replaced/updated it with "GLASGOW RM 2 DISTURBED" (PID=AH8172). Marks
with “NAD 83(2011) NO CHECK” values were not included. Note that the datasheets for these marks
were harvested using NGS’ DSWorld program (by Malcom Archer-Shee, LS) Version 3.00.47 on
2015/09/03 and the reported InGCS grid coordinates were generated using Trimble Business Center
Version 3.70. Users should double-check these values with their own geospatial software before using
them on projects.

In researching NGS’ datasheets for passive marks to include on projects that employ the InGCS for
project coordinates, it is important to note that the mere appearance of extended decimal precision for
values of latitude and longitude in the “CURRENT SURVEY CONTROL” section for certain marks doesn’t
necessarily imply that they were derived from GPS/GNSS static observations, nor does it imply that
those values are respective to the “CURRENT” geometric datum’s realization. Figure 6.2-2 is an excerpt
from NGS’ datasheet for Station “MT VERNON 3” to serve as an example.

The NGS Data Sheet

See file dsdata.txt for more information about the datasheet.

PROGRAM = datasheet95, VERSION = 8.8
1 National Geodetic Survey, Retrieval Date = MAY 2, 2016
HA1083 KA AR AR A AR A A A A A A A AR A AR AR A AR A AR AR A AR A AR AR AR KA AAAR A A KRR AN A AAA AR AR AR A A A A AA A ANk K

HA1083 DESIGNATION - MT VERNON 3

HA1083 PID - HA1083

HA1083 STATE/COUNTY- IN/POSEY

HA1083 COUNTRY - US

HA1083 USGS QUAD - MOUNT VERNON (1981)

HA1083

HA1083 *CURRENT SURVEY CONTROL

HA1083

HA1083* NAD 83(1997) POSITION- 37 56 13.90144(N) 087 53 29.30813 (W) ADJUSTED
HA1083* NAVD 88 ORTHO HEIGHT - 126.362 (meters) 414.57 (feet) ADJUSTED
HA1083

HA1083 LAPLACE CORR - -2.16 (seconds) DEFLEC12B
HA1083 GEOID HEIGHT - -30.585 (meters) GEOID12B
HA1083 DYNAMIC HEIGHT - 126.276 (meters) 414.29 (feet) COMP
HA1083 MODELED GRAVITY - 979,947.5 (mgal) NAVD 88
HA1083

HA1083 HORZ ORDER - SECOND

HA1083 VERT ORDER - FIRST CLASS II

HA1083

HA1083.The horizontal coordinates were established by classical geodetic methods
HA1083.and adjusted by the National Geodetic Survey in May 1999.

Figure 6.2-2: NGS IDB Datasheet for Station “MT VERNON 3” (PID: HA1083).

The values of latitude and longitude for Station “MT VERNON 3” are shown to 5-decimal places of a
second in each component, respective to the NAD 83(1997) realization, rather than the realization
current at the original data of this document (i.e., NAD 83(2011) epoch 2010.00). The inclusion of the
“HORZ ORDER - SECOND” line along with the note at the bottom of the excerpt, “The horizontal
coordinates were established by classical geodetic methods and adjusted by the National Geodetic
Survey in May 1999.” informs users that the “horizontal coordinates” were obtained with classical
methods (e.g., triangulation, trilateration, baselines, traverses, etc.) rather than GPS observations.
Beginning with the 2007 readjustment (NAD 83(NSRS2007)) of all GPS survey control in the United
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States by NGS, classical observations have not been included in readjustments; hence, the position of
“MT VERNON 3” has not advanced with successive realizations.

Had GPS observations been performed and the Station been elected to include in successive
realizations, the datasheet would have included fields for an ellipsoidal height, epoch date, ECEF XYZ
coordinates, statement of network and local accuracies, a note similar to “The horizontal coordinates
were established by GPS observations and adjusted by the National Geodetic Survey in June 2012.”
along with other related information, as shown in Figure 6.2-3 for Station HATFIELD.

The NGS Data Sheet

See file dsdata.txt for more information about the datasheet.

PROGRAM = datasheet95, VERSION = 8.8

1 National Geodetic Survey, Retrieval Date = MAY 2, 2016

HAO727 KA A KA AR AR A A A A A A A A A AR A A A AR A AR A A A AR A AR A A AR AR A A A A A AR A A A A A AR A A A A A A AR Ak AR kK
HAO0727 CBN - This is a Cooperative Base Network Control Station.
HAO0727 DESIGNATION - HATFIELD

HA0727 PID - HAO0727

HAQ727 STATE/COUNTY- IN/SPENCER

HA0727 COUNTRY - Us

HAO0727 USGS QUAD — RICHLAND CITY (1980)

HA0727

HAO0727 *CURRENT SURVEY CONTROL

HA0727

HAQ0727* NAD 83(2011) POSITION- 37 54 11.18210(N) 087 14 32.43551(W) ADJUSTED
HAQ0727* NAD 83(2011) ELLIP HT- 86.318 (meters) (06/27/12)  RDJUSTED
HAO0727* NAD 83(2011) EPOCH - 2010.00

HAQ0727* NAVD 88 ORTHO HEIGHT - 117.379 (meters) 385.10 (feet) ADJUSTED
HAO0727

HAO0727 NAD 83(2011) X - 242,439.774 (meters) COMP
HA0727 NAD 83(2011) Y - -5,033,276.108 (meters) COMP
HAO0727 NAD 83(2011) z - 3,897,016.512 (meters) COMP
HAQ0727 LAPLACE CORR = -0.65 (seconds) DEFLEC12B
HAO0727 GEOID HEIGHT - -31.063 (meters) GEOID12B
HA0727 DYNAMIC HEIGHT - 117.299 (meters) 384.84 (feet) COMP
HAQO727 MODELED GRAVITY - 979,946.5 (mgal) NAVD 88
HAO0727

HA0727 VERT ORDER - FIRST CLASS II

HA0727

HAO0727 Network accuracy estimates per FGDC Geospatial Positioning Accuracy
HA0727 Standards:

HRAOQ727 FGDC (95% conf, cm) Standard deviation (cm) CorrNE
HAO0727 Horiz Ellip SD_N SD E SD_h (unitless)
ERQ727 e e e e e e s e e e e e e e e e e e S e T e e e e e S e e e
HAO0727 NETWORK 0,57 1.02 0.26 0.20 0.52 -0.05427504
U e
HAO0727 Click here for local accuracies and other accuracy information.
HA0727

HAO0727

HAO0727.The horizontal coordinates were established by GPS observations
HA0727.and adjusted by the National Geodetic Survey in June 2012.

Figure 6.2-3: NGS IDB Datasheet for Station “HATFIELD” (PID: HA0727).

An eight-hour GNSS static session was performed on this mark in 2015 and submitted to OPUS Shared
Solutions to demonstrate the horizontal difference between the OPUS Shared Solution’s position
relative to NAD 83(2011) epoch 2010.00 and the NAD 83(1997) position listed on the datasheet from
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NGS’ Integrated Data Base (NGSIDB) as a result of classical geodetic methods. Refer to Figure 6.2-4 for
an excerpt of the resulting OPUS Shared Solution. Although results will vary between marks of the same
Order as well as marks from different Orders, the horizontal difference observed at this particular mark
was approximately 0.39 feet, as shown in Table 6.2-1.

Table 6.2-1: Horizontal difference between geodetic methods at Station “MT VERNON 3.”
Horizontal difference between geodetic methods at Station “MT VERNON 3”

Geodetic Method: Classical Geodetic Method: GNSS (OPUS Shared Solutions)
Geometric Datum: NAD 83(1997) Geometric Datum: NAD 83(2011) epoch 2010.00
Latitude 37°56'13.90144” (N) Latitude 37°56'13.89756" (N)
Longitude 87°53'29.30813” (W) Longitude 87°53'29.30823” (W)
Grid System: Indiana SPCS, West zone (1302)
Northing 298,831.169m Northing 298,831.050m
Easting 828,960.268m Easting 828,960.265m
Grid Inverse
Azimuth | 182° | Distance | 0.120 m (0.39)

This difference is significant enough that users who regularly employ sound geodetic positioning
techniques and properly tie to the NSRS with centimeter-grade accuracy GNSS receivers via OPUS,
appropriate NGS passive marks, RTNs, etc. could quickly determine that the NAD 83(1997) position of
“MT VERNON 3” does not accurately fit with geodetic control that is relative to later realizations of
NAD 83 (which did not include classical observations). These users would most likely either not include
the mark in their project network or determine project-based values and use it accordingly.

More information concerning the information found in NGS’ Datasheets can be found in their Digital
Survey DATA text file (DSDATA.txt) on the following NGS webpage: http://www.ngs.noaa.gov/cgi-
bin/ds lookup.prl?ltem=DSDATA.TXT
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Shared Solution

PID: TIA1083
Designation: MT VERNON 3
Stamping: MT VERNON 3 1964
Stability: May hold commonly subject to ground movement
Setting: Set in top of concrete monument
Mark Condition: G
Description:
Observed: 2015-06-02112:20:00Z  See Also 2007-04-10
Source: OPUS - page5 1209.04

— L —

Close-up View

REF_FRAME: EPOCH: SOURCE: NAVDS88 (Computed using UNITS: SET
INAD_83(2011) 2010.0000 GEOID12B) PROFILE DETAILS

37°56' 13.89756" = 0.014 m

LON: -87° 53'29.30823" + 0.012 m

ELL HT: 95.795 + 0.027 m

X: 185315.763 + 0.012 m

Y: -5033383.521 + 0.029 m

Z: 3900007.105 = 0.006 m

ORTHO HT: 126.380 + 0.048 m

UTM 16 SPC 1302(IN W)
NORTHING: 4199221.266m 298831.050m
EASTING: 421663.435m  828960.265m
CONVERGENCE: -0.54810399° -0.49686377°
POINT SCALE: 0.99967558  1.00002880
COMBINED FACTOR: 0.99966055  1.00001377

Figure 6.2-4: NGS OPUS Shared Solution for Station “MT VERNON 3” (PID: HA1083).

Note concerning the InGCS and U.S. Survey Feet: As stated elsewhere in this document, the InGCS’
working linear units are U.S. Survey Feet. The definitions for the U.S. Survey Foot and International Foot
were provided in the “Unit of Measurement” Section in Chapter 1, but are provided here as well for
further discussion.
e U.S. Survey Foot: One meter = 39.37 inches “exact”
- Stated differently: 1,200 meters = 3,937 U.S. Survey Feet “exact”
e International Foot: One foot = 0.3048 meters “exact”
— Stated differently: One inch = 2.54 centimeters “exact”

These two definitions provide the following approximate results (to seven decimal places):
e U.S. Survey Foot: One meter = 3.280 833 3 feet
e International Foot: One meter = 3.280 839 9 feet
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At face value, the 2 ppm difference between these two definitions may seem negligible, but because
grid coordinate system (such as the InGCS, SPCS, UTM, etc.) typically use large values, it is significant.
For example, the False Northings and False Eastings of each InGCS zone are defined as 36,000 meters
and 240,000 meters, respectively. Using the two different definitions of the foot leads to the following
values and resulting differences:

e U.S. Survey Foot: N 118,110 (exact) E 787,400 (exact)

e International Foot: N 118,110.236 E 787,401.575 (to three decimal places)

e Differences: East 1.575’

North 0.236’ I///
1.59

Selecting the incorrect foot definition could lead to positioning errors of similar magnitude in software,
on plats, plans, in the field, etc. depending upon coordinate values. Certain geospatial software
platforms may have the International Foot set as the default linear units. Great care should be exercised
to ensure that the linear units within and throughout all geospatial software platforms have been set to
U.S. Survey Feet when working on projects based upon the InGCS. Not only is this critical for users
performing work within their own organization, it is also critical that users in collaborating organizations
select the correct foot definition so all data shared back and forth will not be unintentionally converted
to the incorrect definition. Users are encouraged to contact their software vendors to determine if
templates can be prepared that use the correct foot definition in all applicable option fields for particular
projects.

LandXML Files Sharing: The sharing of LandXML files between organizations has dramatically increased
as new proprietary geospatial software platforms enter the marketplace and as more users become
proficient in working with LandXML files. Though a non-proprietary data standard, LandXML files should
still be reviewed before importing them into a user’s platform or sharing them with others. Some
proprietary platforms may not issue warnings when conversions (such as between International Feet and
U.S. Survey Feet) are performed upon importing LandXML files.

(PASSED

L

&L Proprietary LandXML Proprietary g4
Platform files Platform
Il/qll IIBII

-

Before importing or exporting LandXML files, users should verify that all units (area, linear, volume,
temperature, pressure, diameter, angular, direction, etc.) and their respective precisions have been set
correctly and that the correct “Coordinate System” and associated meters, U.S. Foot, or International
Foot definition has been selected. While some proprietary platforms may allow users to adjust the
precision of units, others may not. For platforms that do allow users to adjust the precision of units,
users should set the respective precisions small enough so as to not lose precision (due to
double-precision rounding) with round trip exchanges of LandXML files between various platforms
before or after the course of a project.
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After importing/exporting a LandXML file into/from a certain proprietary platform, checking a
“sufficient” number of grid coordinates and elevations of individual data points as well as the vertices of
alignments, surface models, etc. in both the LandXML file and the proprietary platform’s file is a step in
the right direction towards validating that the corresponding settings are correct and that no
unintentional conversions have been performed. Refer to www.landxml.org for more information
regarding LandXML files.

6.3 Low Distortion Projects in GIS

Modern GIS software incorporates on-the-fly reprojections. This allows users to simultaneously display
data from differing coordinate systems in a common coordinate system on the computer screen. Low
distortion projection systems can thus be easily and seamlessly incorporated for display of GIS
databases. An advantage to LDPs is the fact that the historical data need not be modified. Past data can
still reside in its original coordinate system and merely be reprojected in real time into the new
coordinate system for use with new LDP data. Thus, as future LDPs are developed, multiple round-off
error will not propagate with each time a new projection is applied. This will allow cities and counties to
adopt the new LDPs while still using their original data without modification. New data can be
acquired in the best LDP for the area and still be used with the historical data or other data collected by
other agencies in different coordinate systems with minimal effort by the user.

Many cities and counties in Indiana use GIS data to manage their resources. Because the InGCS zones
are defined by county boundaries, the InGCS will usually provide excellent coverage for the entire
service area of an agency.

GIS calculations of route distances, cut/fill volumes, etc. will be more accurate with use of LDPs because
of the minimized distortion. Existing coordinate systems may be adequate for large, statewide analyses
where data resolution is low (e.g. large grids cell sizes > 30m). The development of LDPs allows for new
high resolution data (e.g. small grid cell sizes 0.1m to 2m) and digital terrain models (DTM) from LIDAR
and other new technologies to be analyzed with minimal distortion in GIS environments when studies
are performed on a localized county or city areas. Existing coordinate systems would provide a
substantial amount of distortion when analyzing these DTMs. Hence, LDPs will allow for the
development of more accurate GIS databases and help bridge the gap between GIS and Surveying for

mapping.

(Dennis et al. 2014)
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6.4 Managing GIS Data

Geographic Information System managers INFORMATION

administer data. Data includes spatial and GEUGRAPHIG i
E INFORMATION

attribute information that is provided from
many sources. The spatial data locates

features across the landscape while the 0
attributes provide characteristics of the CAPTURE "
features. GIS managers use the same SPATIAL = =
reference frameworks as surveyors to define MANAGE E
positions in space. MODELING >- — TECHNULOGY 7]

(F ) LOCATION

Nearly all GIS operations require accurate locations of
geographic features. Accurate locations allow GIS users to
integrate and/or combine information from various sources.
Critical to the accurate locations of features is a record of the
coordinate system and associated projection parameters. GIS managers often incorporate surveyed data
into geographic databases. Conversion of coordinate information into a different map projection system
from which it was collected is usually necessary. Critical to this process is a well-defined set of existing
and desired map projection parameters.

MAPPI

The newly defined InGCS low distortion projections provide another reference system in which data will
be collected. By having detailed descriptions of properties of the map projection, GIS software can re-
project and transform the geographic locations of dataset elements into any appropriate coordinate
system. This allows the integration of multiple GIS layers, a fundamental GIS capability.

A GIS or mapping project based on one of the new low distortion coordinate systems has significant
advantages. The design of the coordinate system allows field based measurements (data collection) to
be directly utilized in the GIS without translation, saving time and reducing error. The size, position and
orientation of features in the system can match ground conditions, increasing confidence and reducing
the need for repetitive observation.

(Dennis et al. 2014)
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Chapter 7 inGcs in Practice
7.1 General Use

Before users or organizations elect to utilize the InGCS for a particular project or establish its use as
standard practice for all projects that emanate from them, they should first verify that it satisfies the
requirements of their projects.

As stated throughout this document, each zone of the InGCS was designed to minimize the differences
in distances between pairs of projected coordinates when compared to the ground-measured horizontal
distances within a specific county or group of counties, while simultaneously maintaining a direct tie
between project coordinates and the underlying values of latitude and longitude of the controlling
geometric datum. By including the InGCS into commercial software, users across various industries have
the ability to seamlessly share data that may be referenced to a different projected coordinate system,
such as a State Plane system. This system’s grid vs. ground performance and seamless workflow is
anticipated to satisfy the requirements in the vast majority of land surveying and civil engineering
projects.

However, if a user’s project does require greater grid vs. ground
performance than achieved by the InGCS zone embracing the project site
and the user therefore resolves to modify that zone’s parameters (as is the
case in “modified State Plane systems”), the intended seamless workflow
of the InGCS would, by definition, be broken as all subsequent users of
data within that project would need the modification parameters to
reproduce the results. It is for this reason that the InGCS be used in
practice strictly on an “as-is” basis, i.e., do not modify the InGCS zones’
parameters. Rather than modifying the InGCS zone’s parameters, the user
should alternatively consider developing a site-specific LDP.
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But before proceeding with the development of a site-
specific LDP, the user is encouraged to first reconsider using
the appropriate InGCS zone by quantifying and analyzing its
grid vs. ground performance across the project site and
gauge that against the project’s requirements, particularly
the stated precision of the local, ground-measured
horizontal spatial correlations between various specific
features. In other words, how precisely are certain features
actually needed to physically fit together, be set apart from
one another, or their existing horizontal spatial relationships
reported? Example data collection and lay out features
include:

- Survey boundary, control, alignment, right-of-way,

etc. monuments/markers

- Plotting and compiling deeds along linear routes

- Fire hydrants

- Areadrains

— Curb and gutter inlets

— Curb lines

- Manholes

- Utility lines and poles

— Auger cast piles

— Building footer and foundation corners or center lines

- Column lines and anchor bolts

- Walllines

- Control lines for production/assembly lines

— Bridge piers and beams

- Raillines

- Building Information Modeling features

- FAA Runway lengths

LINEAR
90 DISTORTION
GAUGE

FEET/MILE
PPM

Low DISTORTION
PROJECTIONS®

While approximately 99% of the sampled linear distortion throughout all INGCS zones is less than 18
ppm (0.095’/mile), the average grid vs. ground difference is less than 3 ppm (0.016’/mile), which rivals
the stated accuracies of many (survey-grade) total stations’ EDMs. With LDPs exhibiting both positive
and negative linear distortion across their design regions, terrain conditions on project sites can
frequently exhibit opposing distortion values nearly balance/cancel out.

Second, the user should compare the grid vs. ground performance of the InGCS zone across the project
site against that of a site-specific LDP. Depending upon terrain characteristics, the magnitude of the
difference in grid vs. ground performance between the site-specific LDP and the appropriate InGCS zone
may not be significant enough to warrant the use of a site-specific LDP, or justify the time (already)
involved in developing the LDP, along with the additional time for field and office testing, reporting,
coordination, and dissemination of the parameters to all parties involved.
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7.2 Positioning Projects Relative to the NSRS

The InGCS was developed with the focus of serving land surveying and civil engineering projects and
being able to be seamlessly share them with other geospatial industries, such as GIS, construction, etc.
By definition, the InGCS is referenced to the National Spatial Reference System (NSRS), which is
currently defined geometrically as NAD 83 (based on the GRS 80 ellipsoid); therefore, surveying and civil
engineering projects that are based upon the InGCS should be properly referenced to the NSRS. When
the InGCS was approved and adopted by the Indiana Department of Transportation in 2015, the most
current realization of NAD 83 at that time was NAD 83(2011) epoch 2010.00. Regardless of the
realization “current” at the date of work performed on a particular project, the burden of identifying the
datum tag (realization) in metadata for such project will be upon the practitioner.

7.2.1 GNSS Observations

NGS CORS and Passive Marks: Since the National Geodetic Survey’s active network of Continuously
Operating Reference Stations (CORS) is the foundation of the NSRS, it should be considered as the top of
the chain of command in the hierarchy of control relative to the NSRS, especially so for positions of
latitude, longitude and ellipsoidal height. All other mechanisms used for tying projects to the NSRS for
positions of latitude, longitude, and ellipsoidal heights, such as NGS passive control marks with
“ADJUSTED” positional values of NAD 83(2011) epoch 2010.00 (or later) or proprietary Real-Time (GNSS)
Networks (RTN), can be considered junior to the NGS CORS as they themselves derive their 3D positions
(either wholly or in part) from the CORS. For positioning the orthometric heights of projects in Indiana
relative to the North American Vertical Datum of 1988 (NAVD 88), the inclusion of undisturbed NGS
bench marks yielding such “ADJUSTED” heights remains as the recommended procedure at the initial
public release date of this Handbook and User Guide.

The NGS’ CORS are considered “active” because the NGS has the ability to monitor their positions in 4D
from GNSS data being collected from each CORS site and streamed to the NGS via the internet in regular
increments (hourly, daily, etc., depending upon each site’s availability). The NGS’ “passive” marks are
considered so because they are not being “actively” monitored as the CORS. From the moment which
ends the last observation session for a particular passive mark that will eventually be included in the
NGS Integrated Database (IDB) with “ADJUSTED” positional values of the then-current realization, the
values associated with that mark starts to become “stale” as it is not being “actively” monitored. The
region within which the mark resides may experience subsidence, uplift, or other geological events or
the mark itself may be disturbed, either slightly or greatly, due to construction or other events caused
by man. Many of these instances may not be perceptible upon visual inspection of the area surrounding
the mark, leaving the user to believe the mark is otherwise undisturbed. Of the styles of passive marks
constructed by the NGS, those with a stability rating of “A” (such as a disk set in bedrock or 3D
monument driven to refusal) are the least likely to be disturbed as a result of subsidence or uplift. Unlike
many “C” stability monuments (such as a disk set in a concrete cylinder projecting several inches above
grade), these are typically set flush with the surrounding grade and are less susceptible of being struck
from mowing operations or other activities.
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Real Time Networks (RTNs): Utilization of RTNs requires the user to have internet access at their GNSS
rovers so as to contact the RTN provider’s server. While in some cases an RTN user can access the
internet from a local Wi-Fi source, the majority of RTN users rely on cellular networks to access the
internet to receive corrections from their RTN provider(s). This limits RTN use to geographical regions
that have “adequate” cellular coverage. In regions that that have adequate cellular coverage, users are
encouraged to perform validations that the RTN(s) they are using provides positions that are within
acceptable tolerances when compared to positions provided by use of NGS’ CORS.

Be aware that field personnel should exercise particular caution when working
with RTNs. The following excerpt is from “The Ever Moving Datum, Ever
Changing Earth Conundrum” article written by Michael Mclnnis, System
Dividends, LLC concerning this topic:

CAUTION

"Being “star” based, one of the many things GPS has reinforced is the fact
that the physical Earth is a dynamic structure, continually changing shape
and dimension over time. This means of course that any given
measurements of the Earth must be considered not in three dimensions
(XYZ) but in four (XYZ and Time). Since the satellites in the GPS system are not conditional on the
local movement of the Earth, that presents surveyors with a relatively new set of problems
when using established coordinate system s such as State Plane and UTM or even user defined
systems based on “accurate” global values (latitude, longitude and ellipsoid height). As more
and more spatial information is integrated into our daily lives (GIS, location based services, etc.)
the disparities between a “fixed” measuring platform and a constantly changing target become
more acute. This document will be confined in a general way to the two most basic Earth
changes (the movement of the center of mass of the Earth and shifts in the “local” Earth
surface) and specifically how this movement is realized and dealt with in the Trimble Business
Center (TBC) software.

To begin, in the context of this document the word accuracy is meant to describe how well a
position on the Earth is known and can be repeated (global coordinates like
latitude/longitude/height) and the word precision is meant to describe how well the
relationships between several points on the Earth are known and can be repeated within
themselves (delta XYZ). At the end of the day, a boundary surveyor is more concerned with
property corners relative to the Section or legal monuments that control the survey (precision)
as opposed to their global accuracy. However, if the surveyor publishes a boundary survey
purported to be on an accurate basis (required for State Plane/UTM) or wants to make the
survey portable across a multitude of coordinate systems (highly recommended), then both
accuracy and precision are in play.

The datum discussed here will be generally the basic WGS84 which is the foundation of the GPS
system and GRS 80 which is the basis for NAD83....in the original realization of the NAD83
datum, both NAD83 and WGS84 shared the same physical center of mass of the Earth which is
why when using the NAD83 (Conus) datum in TBC the Local and Global |at/longs/hts will be
identical (the Molodensky transformation values are set to zero). Over time however, the center
of the WGS84 ellipsoid shifts with the current dynamic center of mass of the Earth which means
that the WGS84 and NADS83 lat/long/hts are no longer the same. To account for the differences
there have been new realizations of NAD83. This is evidenced by using the NAD83 CORS96 and
NADS83 2011 datum transformation in TBC wherein a seven parameter transformation performs
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the shift between the two datum (NAD83 and WGS84) and the Local and Global lat/long/ht
values are not the same. Since its inception, the NGS OPUS utility has been based on the NAD83
CORS 96 2002.00 realization but on July 15th, 2012 that changed to NAD83 2011 2010.00 (the
last number in the name, 2002.00 and 2010.00 refers to the epoch date in time). The new
realization of NAD83 also includes adjustment of the CORS stations themselves...

...As of Survey Controller Version 12.49 and Access Ver 2012.20 — when using a VRS system the
Trimble data collectors ASSUME that the broadcast position is WGS84. If that is NOT the case
(many VRS systems are now broadcasting a NAD83 2011 position) AND the controller
coordinate system/datum transformation is using the seven parameter transformation (as
referenced above in the NAD83 COR96 and NADS83 2011 systems), ALL VALUES WILL BE

Plane NAD83 2011 is used as the coordinate system, the Trimble data collector will interpret the
broadcast lat/long/height as WGS84 (which is incorrect) and the transformed Local value and
projected Grid coordinates will also be incorrect.

The work around is to use the original NAD83 (Conus) coordinate systems in the controllers and
then transform the values using HTDP as necessary."

The complete article by Mr. Mclnnis can be found at on-line at the following URL:
http://www.neigps.com/wp-content/uploads/2014/03/NAD83-CORS96-vs-NAD83-2011.pdf .

The following Figures help illustrate this issue. Figures 7.2.1-1 and 7.2.1-2 were adapted from the
Upcoming Changes to the National Spatial Reference System — The Upcoming Changes in National
Datums — presentation given by Dave Minkel (former NGS Geodetic Advisor to Arizona), at the 2011
ACSM Survey Summit.

Figure 7.2.1-1 illustrates a basic Z A XY 7
geodetic reference frame that ECEF Coordinates ( AN A’)
uses the GRS 80 ellipsoid. Here, Latitude, Longitude, (@, A, h)
the position of point “A” can be & Ellipsoid Height o Ellipsoid
expressed in terms of Earth-

Centered, Earth-Fixed (ECEF) XYZ

values or by values of latitude,

longitude, and ellipsoidal height

relative to the Earth Mass Center -Y
of this reference frame.

Earth Mass
Center

Equator

Y
-Z

Figure 7.2.1-1: Geodetic Reference Frame.
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Figure 7.2.1-2
illustrates the
approximate shift
between the Earth
Mass Centers of
NAD 83 and ITRF and

NAD 83 vs. ITRF

h N7 the corresponding
ANy A v effect on ECEF XYZ
A GRS 80 coordinates.

T / Ellipsoid

ITRF Earth Mass/Center €
NAD\83 Earth Mass Center

Figure 7.2.1-2: NAD 83 vs. ITRF XYZ.

Figure 7.2.1-3 illustrates the approximate A
shift between the Earth Mass Centers of A
NAD 83 and ITRF and the corresponding A
effect on ellipsoidal heights.

ITRF Origin

Figure 7.2.1-3: NAD 83 vs. ITRF Ellipsoidal Heights.
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Example Exercise #1: The following example exercise describes and illustrates (see Figure 7.2.1-4) the
potential horizontal error associated when an RTN user’s field software transforms coordinates received
from an RTN that were already in the correct geometric reference frame.

Figure 7.2.1-4: Horizontal difference of potential correction errors with RTNs.

The two physical survey marks in this example are known as “DR.JEKYLL” and “MR.HYDE.” The static GPS
files, photographs, descriptions, and other pertinent data for these stations were submitted to NGS’
OPUS-DB (Shared Solutions) and are archived with the Designations “DR.JEKYLL” (PID: BBDX25) and
“MR.HYDE” (PID: BBDX24). Refer to Table 7.2.1-1. for the corresponding results.

Table 7.2.1-1: Horizontal difference of potential correction errors with RTNs.
OPUS-DB (Shared Solutions) Values of Stations “DR.JEKYLL” and “MR.HYDE”

Station Designation: DR.JEKYLL Station Designation: Mr.Hyde
PID: BBDX25 PID: BBDX24
Geometric Datum: NAD 83(2011) epoch 2010.00
Latitude 37°57'38.67220"(N) £0.014m Latitude 37°57'38.69839"(N) £0.004m
Longitude 87°40'41.49061"(W) £0.017m Longitude 87°40'41.50968"(W) £0.024m
Grid System: Indiana SPCS, West zone (1302)
Northing 301,303.642m Northing 301,304.452m
Easting 847,725.785m Easting 847,725.325m
Static GPS Schedule
Start 2015/07/16 10:37:30 (UTC) Start 2015/07/16 10:37:30 (UTC)
Stop 2015/07/16 21:10:45 (UTC) Stop 2015/07/16 21:10:45 (UTC)
Duration 10:33:15 Duration 10:33:15
Grid Inverse
Azimuth | 330°24’ | Distance | 0.932m (3.06)
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If a user were to (1) set up a daily job file in their field software with a NAD 83 datum bearing a seven
parameter transformation (such as “United States/ITRF to NAD83"”), (2) input the Indiana SPCS, West
zone grid coordinates listed above for station DR.JEKYLL, (3) select either INDOT’s InCORS, Trimble’s VRS
Now, or Topcon’s TopNET Live RTN (all of which broadcast relative to NAD 83(2011) epoch 2010.00), and
(4) stake out the grid coordinates of DR.JEKYLL listed in Table 7.2.1-1, the user would be incorrectly
directed to the MR.HYDE mark, falling £3’ northwest of the DR.JEKYLL mark.

None of this implies that users should avoid using NGS passive marks, Real-Time Networks, other
mechanisms to tie their projects to the NSRS, or to avoid using them as a means for QA/QC. On the
contrary, proper combinations of these mechanisms will provide increased confidence to the user that
their project(s) have been sufficiently tied to the NSRS. It may also help isolate possible inconsistencies,
such as a passive mark having subsided, the user selecting the incorrect antenna type or submitting the
incorrect measurement to the Antenna Reference Point (ARP) when submitting solutions to the NGS’
Online Positioning User Service (OPUS), or positional differences lying outside of project-specific
tolerances between an RTN and the NGS’ CORS.

Users should always exercise sound judgement in deciding when to use which mechanism (or a
combination thereof) to achieve the optimal results necessary to satisfy the specific requirements of
each project while meeting or exceeding the minimum standards for competent practice of land
surveying set forth by the appropriate governing body. In Indiana, these minimum standards are
established in Title 865 of the Indiana Administrative Code, Article 1, Rule 12. Should a particular project
or client require standards higher than those outlined in Rule 12’s minimum standards, those higher
standards should be followed.

Geospatial Field Software Quality Control: A series of RTN field observations were collected on two
separate days on Station “PERCH” with some of the proprietary field software platforms more widely-
utilized in Indiana as a limited means of ensuring that they were positioning correctly relative to

NAD 83(2011) epoch 2010.00 and to compare the average RTN values of each platform with the position
derived for Station “PERCH” using NGS’ OPUS utility. Refer to Appendix E for more information on
Station “PERCH” and the results of the RTN observations.

GPS+Space-Based Augmentation Systems (SBAS): Nearly the opposite effect of the potential correction
errors associated when using RTNs is encountered when using GPS+SBAS (Wide Area Augmentation
System (WAAS) within the U.S.) and selecting a NAD 83 datum with a zero transformation in the user’s
field software. Refer to Figures 7.2.1-5. and 7.2.1-6 for graphics of this example. This problem is even
more acute with more accurate SBAS solutions, such as Trimble’s CenterPoint RTX (< 4 cm accuracy).
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Example Exercise #2: In this exercise,
Station “PERCH” was occupied on
2015/12/14 with a Trimble R8
Model 3 GNSS unit. In the field data
collector’s (Trimble TSC3) software
(Access version 2015.22 (9930)),
“NAD 1983 (Conus)(Mol)” and
“Indiana West 1302” were selected
for the geometric datum and SPCS
zone. An “RT differential” with
“SBAS” broadcast format survey was
then allowed to continuously record
positions at 1-second intervals for
24-hours. The results are shown in
Figure 7.2.1-5.

The grid lines shown in Figure
7.2.1-5 are respective to

NAD 83(2011) epoch 2010.00,
Indiana SPCS, West zone (1302), in
U.S. Survey Feet. The Trimble R8
Model 3 is positioned at the grid
coordinates of Station “PERCH” as
determined from the mean of five, Figure 7.2.1-5: GPS+SBAS positioning.

24-hour static GPS sessions

submitted to OPUS after the corresponding precise ephemerides were available. Each of these sessions
were collected using a different Trimble GNSS unit in unique GPS weeks. The 0.5-meter radius circle with
scatterplot of GPS+SBAS data inside illustrates where the positions were recorded, while the center of
the circle represents the mean position of the GPS+SBAS data.

|
|
-

e ———

E 2,781,451
_E 2781452

Note (1) the offset from the mean position of the GPS+SBAS data to the

NAD 83(2011) epoch 2010.00 position of “PERCH” and (2) that none of the data
overlaps “PERCH’s” physical location. As a result of selecting a NAD 83 datum
with a zero transformation (and given the accuracy of the GPS+SBAS positions,
epoch differences, etc.), the center of the circle more closely represents the
coordinates “PERCH” would have on a grid system based upon the same
numerical map projection parameters as Indiana West 1302, but relative to the
(then) current realization of WGS 84, rather than NAD 83.

Station PERCH
(top view)
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Example Exercise #3: In this exercise, Station “PERCH” was occupied on 2016/04/20 with a Trimble R8
Model 2 GNSS unit. In the same field data collector, the “Indiana West 1302” was again selected as the
SPCS zone, but the “ITRF to NAD 1983 (2011)(7P)” was selected for the geometric datum. An

“RT differential” with “SBAS” broadcast format survey was then allowed to continuously record
positions at 3-second intervals for 24-hours. The results are shown in Figure 7.2.1-6.

The grid lines shown in Figure 7.2.1-6 are
again respective to

NAD 83(2011) epoch 2010.00, Indiana SPCS,
West zone (1302), in U.S. Survey Feet. The
Trimble R8 Model 2 GNSS unit is positioned at
the same values of “PERCH” from Example
Exercise #2. The scatterplot of data illustrates
where the positions were recorded, while the
center of the 0.5m circle represents the mean
position of the data.

»
|
-
|
|

E 2,781,453

E 2,781,454

Figure 7.2.1-6: GPS+SBAS positioning.

Note (1) the lesser offset from the mean position of the GPS+SBAS data to
the NAD 83(2011) epoch 2010.00 position of “PERCH” and (2) that some of
the data overlaps “PERCH’s” physical location. As a result of selecting a
NAD 83 datum with the aforementioned seven parameter transformation
(and given the accuracy of the GPS+SBAS positions, epoch differences, etc.), the center of the circle is
much closer to the coordinates of Station “PERCH” mentioned in Example Exercise #2.

Station PERCH (side view)
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(Summary) Example Exercise #4: This example exercise brings the potential positioning errors associated
with RTNs and GPS+SBAS from Example Exercises #1 - #3 as well as the “U.S. Survey Feet vs.
International Feet” difference from Chapter 6 together for an all-inclusive summary.

Note: All Stations shown in the photograph below and their geographic values of latitude and
longitude are the resultant locations of different GNSS users marking what they thought were the
correct locations for NAD 83, Indiana SPCS West zone, grid coordinate values of
N 998,305 E 2,838,803 (in “feet”)
on the ground, using different project settings in their respective field software
(geometric datum, transformation, foot definition, etc.) and global positioning techniques.

Station “A”
Received RTN Transformed
NAD 83(2011) epoch 2010.00
37°59'18.36607 N
87°28'43.43972” W
International Feet

Station “B”

NAD 83(2011) epoch 2010.00
37°59'18.34013” N
87°28'43.42050” W

International Feet

e Station “C”

" WGS 84(G1762) epoch 2016.50
37°59'18.34013” N
87°28'43.42050” W

International Feet

Station “Red”
4 Received RTN Transformed
.. NAD 83(2011) epoch 2010.00
37°59'18.38604” N
87°28'43.36891” W
U.S. Survey Feet

: __ Station “White”
. /*.. - Correct Project Position -
' NAD 83(2011) epoch 2010.00
37°59'18.36010” N
87°28'43.34969” W
U.S. Survey Feet

g Station “Blue”
' WGS 84(G1762) epoch 2016.50
& 37°59’18.36010” N
87°28’43.34969” W
U.S. Survey Feet

Figure 7.2.1-7: Multiple locations yielding

identical grid coordinate values.
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Referring to Figure 7.2.1-7...

Station “Red”: This incorrect location was marked as a result of the RTN user selecting a NAD 83 datum
in their field software that is associated with a 7-parameter transformation, while receiving real-time
corrections from an RTN provider that were already in the correct geometric reference frame. The

NAD 83(2011) epoch 2010.00 values of Station “Red” were presented merely as information to indicate
the location of Station Red’s location, relative to NAD 83(2011) epoch 2010.00.

Station “White”: This is the correct location (correctly using OPUS, NGS passive marks, RTNs) for the
depicted “Indiana West 1302” grid coordinates of N 998,305 E 2,838,803 per
NAD 83(2011) epoch 2010.00, in U.S. Survey Feet. Its correct orthometric height is 383.9.

Station “Blue”: This incorrect location was marked as a result of the user selecting a NAD 83 datum in
the field software associated with a “zero” transformation while receiving SBAS (WAAS) corrections, a
more accurate SBAS, or of mistakenly selecting the IGS08 positional values (latitude, longitude, and
ellipsoid height) reported on an OPUS submission from an observation on the selected epoch date
(2016.50) on a project control point (rather than the NAD 83(2011) epoch 2010.00 values) for a local RTK
base and staking Station “Blue” using the local RTK corrections accordingly. The

WGS 84(G1762) epoch 2016.50 values were shown at Station “Blue” to indicate that, at that epoch, the
numerical values of latitude and longitude at this location were the same as the

NAD 83(2011) epoch 2010.00 values for Station “White,” but will change over time.

Stations “A,” “B,” and “C”: All incorrect locations, all the results of the user incorrectly selecting the
International Foot, rather than the U.S. Survey Foot, for the same techniques used to derive the
locations of Stations “Red,” “White,” and “Blue,” respectively.
- Like Station “Red,” the NAD 83(2011) epoch 2010.00 values of Station “A” were presented
merely as information to indicate the location of Station A’s location, relative to
NAD 83(2011) epoch 2010.00.
— Like Station “Blue,” the WGS 84(G1762) epoch 2016.50 values were shown at Station “C” to
indicate that, at that epoch, the numerical values at this location were the same as the
NAD 83(2011) epoch 2010.00 values for Station “B,” but will change over time.

There are, of course, other scenarios that would incorrectly mark the desired location of

N 998,305 E 2,838,803 on the ground. For example, using Trimble’s CenterPoint RTX (SBAS) along with a
mixture of selecting a NAD 83 datum with the zero or 7-parameter transformations and U.S. Survey Feet
or International Feet to stake out the example grid coordinates will result in four different locations than
shown in Figure 7.2.1-7. The bottom line of this example is that field users need to be well aware of how
the project settings in their field software can impact the 3D locations of collected data and points
marked in the field, but more importantly, how to correctly configure the project settings and employ
varied positioning techniques (OPUS, RTN, local base RTK, SBAS (WAAS, Trimble CenterPoint RTX, etc.),
etc.). Users are thus encouraged to field test Example #4 in their local area so as to see firsthand how
their field software performs and how to avoid making these types of positioning mistakes.

This example also underpins the importance of including physical monuments (chiefly, survey control
points, but also includes other similar types of points, such as boundary, alignment, etc.) inside of or
within close proximity to project limits and providing their associated metadata relative to the project
and its pertinent features in the course of a surveying and mapping project. This is true regardless if
the project features were surveyed or mapped with total stations, local RTK base stations, RTN
networks, high-accuracy SBASs, LIDAR (airborne and/or terrestrial), survey-controlled
orthophotography (classical or UAS), or other industry-acceptable methods for topographic mapping.
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Should a mistake be unknowingly made in the project settings or elsewhere in the process of completing
a surveying and/or mapping project which causes a consistent error in reporting the correct project
coordinates and/or values of latitude and longitude, the act of including physical monuments and their
associated metadata on survey plats and design plans provides subsequent users a means by which to
either follow in the digital and physical footsteps of that survey so all future project-related features yet
to be surveyed/mapped for that project remain relative to that system or engage in the process of
correcting that survey and associated data. This is especially important in construction projects. If no
physical monuments were noted on the plat of survey or design plans and subsequent users merely
assume that the project coordinates were determined correctly, and they then determine their own
coordinate values from their project settings and positioning source, the improvements to the project
may be built in error, by whatever magnitude the original survey and subsequent surveys or
construction activities differ from one another. Such an error may not be realized on a construction
project until the time comes for the designed features to tie/match into existing features, which may
not occur until late in the civil infrastructure staging process. As the saying goes, “The proof of the
position is in the testing.” Therefore, practitioners should always perform field tests to verify that they
are in sync with the project’s horizontal (and vertical) basis prior to commencing any field activities.

Survey control monuments are not to be confused with centerline control monuments, such as those
found in location control route surveys. Survey control monuments are typically set in user-selected
locations that facilitate total station or GNSS base station setups or for photo-identifiable targets in
orthophotography projects. For example, an area may be selected for a survey control point that is safe,
easily accessible 24/7, is free of or has minimal sky obstructions for GNSS base station locations or for
aerial photo targets, etc., but is not strictly based upon the calculated geometry of an existing or future
route’s centerline.

The distribution and amount of survey control monuments justified for a project will vary from site to
site, depending upon the size, shape, and character of the site itself. In the most general sense, their
distribution should be as reasonably uniform as site conditions permit, with emphasis being placed
along the exterior limits of the site or strategically beyond the anticipated construction limits, rather
than most or all of the reported project control points being grouped together towards the center of the
project (where they will most likely be destroyed during construction). This provides both for potentially
strong survey network geometry as well as the perpetuation of a project’s control basis. Title 865 of the
Indiana Administrative code states that (centerline) control points in route surveys are to be
monumented at each angle point and at intervals that typically do not exceed 1/4 mile. This may prove
to be a good minimum standard for survey control monument distribution. For project sites that
generally span less than a quarter mile in radius, diligent effort should be made to provide a preferred
minimum of four survey control monuments distributed as previously described.

Example characteristics of acceptable physical monuments for perpetuating the horizontal positions of
survey control points include 5/8 inch diameter or larger iron or steel rods, reinforcement bars, or
galvanized pipes weighing a minimum of one pound per foot and being at least 24
inches long with a substantial, center-punched plastic or metal tag or cap
permanently affixed. Other preferred monuments include those made of

material of similar or greater durability, size, character, and can be found by a
device capable of detecting ferrous or magnetic objects, such as a two inch or
longer, 1/4 inch or larger diameter, magnetic concrete nail, or similar magnetic
monument. When those types of monuments cannot be set, other suitable
monuments include drill holes, cut crosses, notches, or other similar mark.
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Measuring GNSS Antenna Heights: Although projected coordinate systems such as the UTM, SPCS, and
INGCS are regarded primarily as horizontal/2D systems, positioning with GNSS also includes the vertical
component, which elevates it to a 3D system, while plate tectonics, deformation studies, etc. moves it

into a 4-D (time variable) system.

Equally important to accurately measuring GNSS antenna heights is correctly reporting which antenna
was used and where on the physical antenna assembly the accurate measurements were respective to
when using a given software platform. Incorrect selection of the GNSS antenna used and/or incorrect
GNSS antenna heights not only impact orthometric and ellipsoidal heights, but they also impact ECEF
XYZ coordinates and can impact latitude, longitude and corresponding projected grid coordinates. The
following image and two paragraphs are excerpts from NGS’ “About OPUS” page
(http://www.ngs.noaa.gov/OPUS/about.jsp) concerning submitting GNSS static files to OPUS:

Antenna

Selecting your antenna will engage the
appropriate antenna calibration model, to counter
the unique measurement biases inherent in each
antenna's design. Take care! Choosing an incorrect
antenna may result in a height error as large as 80
cm vertical, 1 cm horizontal. Tip: Browse antenna
calibrations to find an exact match.

|
|
>
o
)

Antenna Height

Enter the vertical height in meters of your
Antenna Reference Point (ARP) above the mark you
are positioning, as shown in the image at right. The
ARP for your antenna, usually the center of the base
or tripod mount, is illustrated within antenna
calibration drawings, along with the North
Reference Point (NRP), which should be oriented to
true north during your observation.

antenna height

s

“ —mark

(Image courtesy of NOAA’s
While OPUS uses the Antenna Reference Point National Geodetic Survey.)

(ARP) as the physical location on GNSS antennas as
the antenna height, this is not necessarily the same location or value that is entered in the field to

begin the GNSS static session within all vendor platforms. When starting GNSS static sessions, users
might select the option in their field software to vertically measure to the ARP, but their particular field
software may also offer alternative locations to measure to, either vertically or along a slant from the
survey mark being occupied, that may be a more sensible option for their particular workflow.

For example, the Trimble R10 GNSS receiver shown in Figure 7.2.1-8 has a 5-centimeter “quick release
adapter” that attaches to the center of the base. Users are unable to attach the R10 to a rod, tripod, etc.
via a standard 5/8-11 without this quick release adapter, so it becomes an integral part of everyday field
activities that includes the R10. Since many GNSS rover rods and fixed-height tripods are manufactured
so that the height graduations marked on the rod are respective to the distance measured from the
bottom tip of the rod to the center of the surface plane/base of the 5/8-11 thread near the top of the
rod, the more functional approach for recoding GNSS antenna measurements with this receiver might
be to reference the bottom of the quick release, rather than other locations on the antenna. Since
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Trimble, along with other proprietary geospatial software platforms, program their respective software
to correct from the entered antenna heights and entered reference marks to the location where
geodetic calculations are performed (many times the antenna phase center), there’s not usually any
problems associated with software-dependent calculations and antenna heights.

The rub occurs if users mistakenly enter the same numerical values into OPUS’ input field for “meters
above your mark” that represents the “antenna height of your antenna’s reference point” they did in
their field software to start the GNSS static session, rather than entering the actual ARP height above
the mark. In the Trimble R10 example, if the user were to have a 2-meter fixed-height tripod to set up
over a mark and select the “Bottom of quick release” option, the height entered in the field software
would then be 2-meters (provided the tripod and tip are in good condition). Should users enter the
same value of “2-meters” in the appropriate OPUS input field that they entered in their field software
without regard to where the measurement was respective to, they have done so in error. Any solutions
returned by OPUS to the users would be suspect to error of at least the difference between the correct
and incorrect antenna heights.

Some proprietary geospatial software platforms may offer an upload service that users
can employ to submit GNSS static files to OPUS. This service may automatically

detect which height measurement was entered for their antenna, correct it to the

ARP if needed, and then submit it to OPUS for processing.

If R10 users with 2-meter fixed-height tripods were to instead select the “Bottom of
antenna mount” option to start their GNSS surveys, the height entered in the field
software would then be 2.050-
meters. This would also be the
correct value to enter in OPUS’
input field for “meters above your mark”

that represen:cs the antennz?l h?lght of Manufacturer’s “Bottom of quick release” ’_>
your antenna’s reference point” for this

particular integrated antenna/receiver. Users are

strongly encouraged to browse NGS’ “Antenna Calibrations” webpage
(http://www.ngs.noaa.qov/ANTCAL/) to find the exact match of the particular antenna
used during an observation and determine the location of the ARP that OPUS references
for that antenna. The Antenna Calibration page also contains (amongst other items) a
column entitled “Images” that typically contains a drawing from the antenna
manufacturer on which NGS adds a leader arrow and note entitled “Reference Surface
For NGS Offset Measurements,” “Reference surface for NGS vertical offset
measurements,” “Point used for IGS vertical offset measurements,” etc. Should a
user’s particular antenna or associated “Drawing” not be included on NGS’ Antenna
Calibration webpage, they are encouraged to contact their vendor and request

that it be provided to NGS for inclusion on that page in the future.

Point used for IGS vertical offset measurements (ARP)
Manufacturer’s “Bottom of antenna mount”

Figure 7.2.1-8: Trimble
R10 GNSS Receiver.
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Performing GNSS Observations: Because project goals, schedules, specifications, characteristics, etc. vary
so widely, it is well beyond the scope of this document to thoroughly outline recommended guidelines
for GNSS observation procedures that might otherwise be misconstrued as trying to pigeonhole users
into conducting ALL field surveys in the same manner, regardless of task or required accuracy. However,
the following condensed list is provided as food for thought or general “tips and tricks” for routine field
operations.

e Check all equipment for wear and tear and repair and/or replace as necessary.

- Tripods (fixed height and slip leg), rods, tribrachs, bipods, etc. that are damaged,
warped, worn out, etc. provide poor foundations from which GNSS units are attached
(or supported) and all subsequent measurements are conducted.

- Rod tips wear down as a result of general use. The greater the wear, the greater the
potential resulting height discrepancies of all measurements.

e Validate fixed height tripod and rod height graduations.

— The simple fact that a particular survey
rod/pole/staff is graduated in feet and/or meters
doesn’t necessarily mean that it was marked so for a
specific GNSS antenna, much less a GNSS antenna at
all. Some survey rods that were manufactured for
GNSS antennas and were graduated relative to the
antenna reference point (ARP) look very similar to
rods that were manufactured so as to be used with
retro reflective prisms and total stations and are
graduated relative to the center of the prism, which
may NOT be the same height as GNSS unit’s ARP.
Using the incorrect rod/pole/staff in this case will
result in incorrect GNSS-based height
measurements.

e Check tribrach and rod bubbles for level.

- Tribrach and rod bubbles can come out of
adjustment through normal everyday use,
sometimes quicker than others, even if proper care
is taken. In the case of real-time observations of
survey markers (control points, boundary corner
monuments, alignments points, etc.), it is
recommended to perform a series (discussed later)
of observations for each point, rotating the tribrach
or rod 180° between each observation and
averaging the results. If the tribrach or rod has
unknowingly came out of adjustment during the
course of a work day, the horizontal residuals
between the first and second observation may be
significant enough to be detected by trained
personnel. Depending upon the accuracy
requirements of the project and the rank of the
point(s) themselves, rotating the tribrach or rod
180° between observations may tolerably cancel out Rotate Rod 180°
the horizontal errors caused from not being plumb
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over the point(s). It is recommended to discuss this procedure within an organization
prior to its execution in the field.

e Check optical plummets of tribrachs (for tribrachs without rotating optical plummets).

Optical plummets can also come out of adjustment in the same manner as bullseye
bubbles. Implementing the same “rotate 180°” procedure suggested for bullseye
bubbles may tolerably cancel out the horizontal errors caused from not being centered
over the point(s). It is likewise recommended to discuss this procedure within an
organization prior to executing it in the field.

e Strive for clear views of the sky.

The less sky obstructions and multipath present, the better the chances of having
minimal multipath in GNSS observations. The more sky obstructions and multipath, the
more apt the GNSS observations will be wrought with multipath and the more probable
the solutions will be degraded. These statements should be in the forefront of all GNSS
users’ minds when performing field operations. They should echo loudest when users
attempt to push the limits of GNSS units and dive deeper and deeper in “challenging”
environments, such as within heavy tree canopy or close to metal buildings or
structures.

e QOperate in low-latency cellular network environments when working with RTNs.

As stated in NGS’ “Guidelines for Real Time GNSS Networks,” “For the RTN software to
successfully synchronize the epochs of data from multiple stations a latency in
transmission from a station to the CPC (Central Processing Centers) of under 1 second is
desired; with an upper, highly undesirable limit of 2.5 seconds” (Henning et al.,
“Guidelines for Real Time GNSS Networks” 25).

e Collect more than one real-time epoch, reinitialize, restart, rotate, reobserve, average, return on
another day (or later in the same day), and repeat (continued from “series of observations”
discussed above).

The “series of observations” mentioned above emphasizes the importance of collecting
more than just a single epoch for survey markers (control points, boundary corner
monuments, alignments points, etc.) that will either be used for subsequent survey
observations (e.g., beginning or ending 3D traverses, additional RTK base stations,
boundary control monuments, etc.) or reported on survey plats with quantified
positional uncertainties.

Collecting a mere single real-time epoch on a point provides the user with little more
confidence in the position returned than the statistics returned by the software for that
singular observation. Collecting multiple epochs, say 60 (for a 1-minute real-time
observation), while under one initialization will provide the user with a bit more comfort
with the position returned; but if the rod’s bullseye

bubble had come out of adjustment during the course

of the day, this single observation set would only
return results for somewhere else than over the mark
itself.
If the GNSS software had incorrectly solved for integer
ambiguities, the horizontal position returned could be

in error by several feet. Reinitializing (preferably by

temporarily clearing/restarting all satellite vehicles

tracking) allows the field software the opportunity to

solve for integer ambiguities again and obtain a new

. - Cellular Network
fix/lock/solution.
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— Rotating the tribrach or rod 180° may tolerably cancel out plumb and centering errors
for the point(s) being occupied.

- Restarting and/or rebooting the GNSS receiver and field software’s real-time survey
routine typically clears the last stored ephemerides and, in the case of real-time
networks, typically restarts the network connection altogether, which allows for a new
network solution altogether. The short time typically involved in this step also allows for
the geometrical arrangement of satellite vehicles (SVs) in view to change slightly
enough to provide additional confidence in solving for integer ambiguities.

- Depending upon the field software, averaging the resulting positions allows field
personnel to review the residuals between all observed series. Returning to the point(s)
either later in the day (¥4 hours) or on another day (and time) allows for the
geometrical arrangement of the SVs in view to be dramatically different and for
different SVs to be available (see Figure 7.2.1-16, courtesy of Hiroaki Yamada, from the
GPS Plan app, Version 2.5.0.0). Users may not see a dramatic difference in observation
performance when occupying marks having a wide-open view of the sky (i.e., optimum
SV visibility), but may notice so when occupying marks in “challenging environments,”
e.g., a mark very near a woods line that blocks a clear view of the sky in that quadrant
(i.e., poor SV visibility). For static GNSS work, reoccupying marks on another GPS week
allows for different IGS Final Orbits to be used in post-processing.

2016/07/02 08:00 (184) (UTC-4) 2016/07/02 12:00 (184) (UTC-4) 2016/07/02 16:00 (184) (UTC-4)
Lat:39°46'7.0" N, Lon:086°09'29.0" W Lat:39°46'7.0" N, Lon:086°09'29.0" W Lat:39°46'7.0" N, Lon:086°09'29.0" W

GPS 8 GLO 7 MGal 2 Qzs 0 GPS 10 GLO 7 Gal 4 QzSs 0 GPS 9 GLO 7 MGal 2 QzZS 0

Figure 7.2.1-16: GNSS Planning Application.

e Change setup heights between observations.

- If afixed height tripod or rod is not used for GNSS observations, changing setup heights
between observations may help isolate height measurement reading or software entry
errors.

e  Minimize local RTK base station setups.

- When working close to a projection zone boundary that segregates a project into two
zones, users may be able to use a single, local RTK base station to work/rover in both
zones, rather than change setups or have bases setup simultaneously in both zones. Like
RTNs, local RTK base stations do not transmit “Northing, Easting, and Orthometric
Height” corrections to the rover units; thus, like RTNs, the corrections sent by the
reference station is not impacted by which projection zone it is located within. A
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primary concern in using a single, local RTK base station to work in multiple zones is that
the project was based upon the same network adjustment and parameters, i.e., the
underlying values of latitude, longitude, and ellipsoid height used for the control marks
are identical for both zones. If this is indeed the case, the user should be able to start
the local RTK base station respective to Zone “A” or “B” (regardless whether or not the
base station is physically located within the selected Zone) and then work within either
Zone from the corrections received from the base. It is recommended to first discuss
this procedure in detail within an organization prior to its execution in the field. Field
personnel are then strongly encouraged to perform thorough check measurements to

ensure that the field software is yielding satisfactory results before proceeding with
related work.

Users are encouraged to visit NGS’ website for further information relating to GNSS positioning.
e Pages focusing on “Publications on Global Positioning Systems: Technology, CORS/OPUS and
Orbits” can be found at http://www.ngs.noaa.gov/PUBS LIB/pub GPS.shtml
- Guidelines for Real Time GNSS Networks (PDF):
http://www.ngs.noaa.gov/PUBS LIB/NGSGuidelinesForRealTimeGNSSNetworks.pdf
- User Guidelines for Single Base Real Time GNSS positioning (PDF):

http://www.ngs.noaa.gov/PUBS LIB/UserGuidelinesForSingleBaseRealTimeGNSSPositio
ningv.3.1APR2014-1.pdf

National Geodetic Survey Pc erica for the Future

= - o

National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

National Geodetic Survey
Guidelines for Real Time GNSS Networks

User Guidelines for Single Base
Real Time GNSS Positioning

December 2013
v.2.2

William Henning. Lead Author

Version 3.1, Aprl, 2014

NGS Guidelines-RTNs

NGS Guidelines-Single Base RTK
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7.2.2 Total Station Observations

Amongst other features, total stations measure slope distances as well as
horizontal and vertical or zenith angles. The slope distances on most (if
not all) platforms are internally measured in meters, which can then be
converted and displayed to the user in a chosen format, such as U.S.
Survey Feet or International Feet. Horizontal distances are then

performing up to the specifications reported by the manufacturer, it is
recommended that the user visit one of NGS’ Electronic Distance
Measurement Instrument (EDMI) Calibration Base Lines (CBL), make the
necessary measurements in accordance with NOAA Technical
Memorandum NOS NGS-10, “Use of Calibration Base Line,” input their
observations into NGS’ “CALIBRAT” program and calculate their total
station’s scale and constant corrections. NGS CBLs available in each state
can be found at http://www.ngs.noaa.gov/CBLINES/calibration.html .

computed as a result of measured slope distances, vertical angles, user- " I
defined atmospheric corrections (temperature, barometric pressure, d.
curvature, and refraction) and prism (target, reflector, etc.) 3 |
offsets/constants (if any). To field verify that a total station’s EDM is . “f

The measurements made by a total station are independent of a project
being based upon a projected coordinate system, e.g., InGCS, State
Plane, UTM, etc. In other words, these observations are ground-based
and have not yet been reduced to a projected grid coordinate system. If
a project is indeed based upon a projected coordinate system, these ground-based observations will
need to be reduced to the appropriate grid system to properly calculate the resultant grid coordinates.
Most total station manufacturers have either on-board data collection systems, external data collectors,
or offer their software to be included in other physical devices, e.g., laptops, toughbooks, tablets, etc.,
all of which typically includes their proprietary software platform that will perform the necessary
geodetic calculations to reduce the ground-based observations to projected grid coordinates.

Leica Robotic Total Station
(Image courtesy of
Leica Geosystems.)

Once the InGCS has been properly embedded in a user’s field software platform, it should be able to
perform the necessary geodetic calculations for the user to perform field operations on-the-fly. Users
should contact their geospatial equipment provider for technical assistance should they experience
troubles with their platform in carrying out field operations.

7.3 Checking Distortion Using Computed Distances (Grid vs. Ground)

Once again, each InGCS zone was developed so that grid and ground distances match very closely (less
than 3 ppm on average). If you are working near the fringe of a zone, or at elevations significantly (more
than about a hundred feet) above or below the elevation limits of the zone’s low distortion area, then
you may want to check the ppm result between control points in your project. The following tests can
be performed to calculate distortion.

Test #1: Pick the two farthest points in your project that you can directly measure between with a total
station’s EDM. With the total station occupying a mark with known InGCS zone grid coordinates,
properly orient/sight the total station along a known InGCS zone grid bearing toward a target, measure
the horizontal ground distance between the points and record it with a compatible data collector with
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software capable of performing the necessary geodetic calculations and determine the resultant InGCS
zone grid coordinates for the other point. Then inverse between the determined grid coordinates of
these points to determine the InGCS grid (map) distance. Subtract the grid distance from the ground
distance, divide this difference by the ground distance, and multiply it by 1 million to determine the
distortion in parts per million. For example:

Horizontal ground distance (from EDM) = 1,776.704 sft
Inversed InGCS grid distance (computed) = 1,776.717 sft
Inversed minus measured distance = +0.013 ft

(+0.013 / 1,776.704) x 1,000,000 = 7.3 parts per million (ppm)

PwnNPE

Test #2: This Test is similar to Test #1, but is performed using GNSS data. A simple but reasonably
accurate way to do this is to use a delta XYZ GNSS vector to estimate the horizontal ground distance
between points. Neglecting curvature, this can be computed as:

H =+VAX?2 + AY2 + AZ? — Ah?

Where: AX, AY, AZ are the GPS vector components (as ECEF Cartesian coordinate deltas)
Ah = change in ellipsoid height between vector end points

Accounting for curvature increases this horizontal ground distance, but for distances of less than 20
miles (about 30 km), the increase is less than 1 ppm (i.e., less than 3 cm).

The curvature correction factor can be approximated as:

C = (2Rsin"Y(H +2R)) +H
where R is the Earth radius. A value of 20,914,000 feet (6,374,600 m) works well for Indiana. The
(straight) horizontal distance is multiplied by the correction factor to get the curved horizontal ground

distance. Note that there is no need to account for refraction, because the GPS vector is computed, not
observed.
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A more rigorous method for computing the ground distance is to first accurately compute the ellipsoid
distance, and then scale it by the ellipsoid height of the endpoints to determine the ground distance.

Step 1. Ellipsoid Distance. The Vincenty method can be used for computing an accurate ellipsoid
distance. This computation is beyond the scope of this document, but it can be done using the NGS
Geodetic Toolkit at www.ngs.noaa.gov/TOOLS/Inv_Fwd/Inv_Fwd.html.

In addition, many surveying and mapping software programs can perform this calculation (although
it is recommended that commercial software be checked against the NGS version).

Step 2. Ground Distance = (((h1+h2)/2) + Rs)/ R x [Vincenty ellipsoid distance from step 1]
Where:

h; & h; are the ellipsoid heights of the endpoints.
avi-e?

Rs is the geometric mean ellipsoid radius of curvature: R = ————
1—e4sin“ ¢

a = semi-major axis = 6,378,137 m (exact) (= 20,925,604.474 sft)
e? = first eccentricity squared = 2f — f
f = geometric flattening =1 / 298.257222101

(Dennis et al. 2014)
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7.4 Projects Spanning Multiple Zones
7.4.1 Historical Examples

The concept of a project spanning multiple coordinate reference system zones or of changing the basis
of spatial calculations somewhere within a project is not new to geospatial practitioners. Take the
following Interstate 64 (southern Indiana) design plan sheet from 1967 as an example.

4 IND. |]-64-3(33)86 | 1967 | 47 P

:! FiscaL | sh ToTAL
i ‘ o, | sTave | eaoscrno. | ISR | PRETT.) SU

LINE ."Bt'
- gror00E

#i5.0 A
N7es64 B

STATION _EQUATION.
Sto. 629+ 27.39 (Bock) Line A"
Sta: 7+27.39 (Ahcod) Line B

[T e R/W-on 15 sheetHaken From
Lo Lines - A%¢°8" except as noted.:

I T
- \POT 62942739 Line A" (Back)|
L RaT 22239 Line "B Ahéad,

Figure 7.4.1-1: Interstate 64 Design Plan Sheet.

As discussed in Chapter 4, projects such as this were prepared using 2D (horizontal) alignments based
upon arbitrary directions or directions based upon north (from magnetic, solar, or Polaris observations).
There was no real geographic (either latitudes and longitudes or northings and eastings with respect to a
projected coordinate reference system) basis to this system. In this example, both the basis of bearings
and stationing was changed via a “BEARING EQUATION” and “STATION EQUATION” (see bold text and
graphics in Figure 7.4.1-1), which effectively changed the project’s “coordinate system” at that location
in the project.

Other, more recent examples may include projects that span SPCS zones, state lines, or local projects
that either neighbor or overlap one another occurring either simultaneously or sequentially by different
surveyors.
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7.4.2 General Recommendations and Considerations

The General Recommendations listed in this Section and shown graphically in Figures 7.4.2-1 through
7.4.2-7 were adapted from the Wisconsin Department of Transportation’s WisDOT Facilities
Development Manual (FDM), FDM 9-20-27 (2009/07/22), and also appear in similar form within the
INDOT Design Manual for INDOT projects. They are likewise presented in this Handbook and User Guide
for consistency with other agencies, organizations, and industries that may or may not reference the
INDOT Design Manual.

As projects have historically risen that span state lines or SPCS zone lines, the same will be true for
projects that span InGCS zone lines. Likewise, as it has been more practical to utilize a single SPCS zone
for projects that cross into another zone by reasonably small distances, the same will most likely prove
true for projects that will also cross into another INnGCS zone by reasonably small distances. Therefore, it
is believed most practitioners would likely agree that unless it is clearly obvious that a project would in
fact benefit from being based upon more than one zone, the more common sense approach would be to
only segregate the project into multiple zones if the project is to advance in stages. In this case, the
geographical extents of each stage could be strategically positioned to align with the appropriate zone
boundaries or other sensible ownership lines.

When a project does arise that spans multiple InGCS zones with different grid coordinates and the
decision is made to base the project on more than one of the underlying zones, the following General
Recommendations are offered to provide guidance to determine which InGCS zone(s) will be used and
where to make the change from one zone to another. As there are a seemingly infinite number of
different scenarios for projects crossing zone lines, along with the varying complexity of projects, these
General Recommendations are not meant to be strict rules to unnecessarily burden projects. They are
only meant to act as guidelines. Instances will, with little doubt, arise where more logical solutions could
be determined that may contradict these guidelines.

When using the InGCS for a project in multiple InGCS zones, it is important to consider linear distortion
and legal requirements as data are acquired near or across an InGCS zone or county line. Usually,
increase in linear distortion will not be critical unless there is a great difference in elevation between the
InGCS zones. Legally, there may be a requirement to file documents using the zone of the resident
county. Specific requirements should be checked for each project.

General Recommendations:

1. For projects that are continuous throughout more than one InGCS zone, the InGCS zone used
should change at the zone line, as INGCS zones are nominally bounded by county lines. Design
plans and survey plats should be completed in the respective InGCS zone/county.

2. Projects that extend more than roughly 1-mile into the next zone should follow the guidance in
the previous paragraph.

3. For projects that extend into an adjacent InGCS zone approximately 1-mile or less, the InGCS
zone used should remain that of the primary zone.

4. For projects that tend to lie within roughly 1-mile of a zone line, the InGCS zone used should be
the zone for County “A” (which will usually be the county with the majority of the project).
Examples include, but are not limited to, (a) bridge or small structure projects straddling county
lines, road rehabilitation projects running along a zone line, (b) interchange projects at the
intersection of multiple zones, or (c) projects that zigzag a zone line. The InGCS zone for County
“A” may be used on the plat to be recorded in County “B” zone. It is crucial to document the
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InGCS zone used and to clearly label the InGCS zone on plans, plats, computer files, and all other
documentation.

5. For projects that would otherwise seemingly satisfy the criteria of one of these “General
Recommendations,” but because of specific design considerations, modifications as to where in
those projects changing to the neighboring zone would make much more functional sense, it is
recommended to consult with the appropriate project manager and seek the most practical
solution aligned with the spirit of these “General Recommendations.”

Take for example a project that is continuous
throughout two neighboring zones but has a massive C?'ur'm'ty
bridge structure straddling the zone/county line (refer A
to Figure 7.4.2-1, noting that the project limits are
depicted by the red polygon). General
Recommendation #1 would normally call for this
project to change zones at the zone/county line, but it
may not be practical to design, prepare design plans,
or stage construction for such a structure in two
zones.

County

In this scenario, it would make more functional and
practical sense to make the change from one zone to
another at a different location, such as beyond the Figure 7.4.2-1: Project divide-GR#5.
limits of structure-related features and at a sensible

ownership line (PLSS, Grant, Donation, Location, etc.). Project-related land descriptions
(particularly for INDOT Parcel Descriptions (Exhibit “A”) and accompanying Parcel Plats (Exhibit
“B”)) could then call to such ownership line, rather than project coordinates or project-related
station and offset geometry.

6. When other instances arise that are more complex than those listed in this "General
Recommendations" Section for selection of INGCS zones for projects, it is again recommended
to consult with the appropriate project manager and seek the most practical solution aligned
with the spirit of these “General Recommendations.”
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The following graphics illustrate these General Recommendations. Note again that project limits are
depicted by the red polygons.

Figure 7.4.2-2: Project divide-GR#1.
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Figure 7.4.2-4: Project divide-GR#3.

Figure 7.4.2-6: Project divide-GR#4b.
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Figure 7.4.2-3: Project divide-GR#2.
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Figure 7.4.2-5: Project divide-GR#4a.
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Figure 7.4.2-7: Project divide-GR#4c.
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General Considerations: Along with the General Recommendations listed above for dividing a project
between zones in respect to a zone/county line or other type of on ownership line, these General
Considerations are geared more towards linear/route projects and dividing them with respect to their
horizontal geometry.

It is important to mention that when working on linear/route projects in Indiana, a Location Control
Route Survey (LCRS) (or simply “Route Survey”) plat that is filed in the appropriate County Recorder’s
Offices serves as a publically-available document that provides (amongst other items) detailed graphical
depictions, 2D (horizontal) geometry, and tabular listings of survey control point metadata relative to
physically-monumented horizontal alignments. In tandem with publishing the project coordinates and
geometric dimensions of the alighments on the LCRS plat, the act of setting physical survey markers at
the corresponding points shown on the plat, in essence, officially affixes the plat and the associated
alignments to the respective locations on the Earth. Once the plat has been recorded, a monumented
alignment can then serve as the mathematical backbone from which right-of-way can be calculated,
described, and shown in project-related land descriptions and plats for acquisition purposes. This right-
of-way, in turn, provides a geographical corridor from which future design and associated construction
activities are limited to.

Though it may be advantageous to synchronize the location and stationing of alignments shown on the
LCRS plat with the alignments created during the design phase of a project, they by no means have to be
coincident with one another. Many times, the alignments shown on LCRS plats are derived from
preliminary design calculations and are merely meant to represent the best estimate of where the
center of the route’s final footprint might be. When the locations of the final design alignments differ
from the locations of the LCRS plat alignments, the associated design plans should then include
adequate information to correctly relate them to one another.

Accordingly, should it be determined that a project is to be divided into multiple InGCS zones, the
locations where the project is segregated on the LCRS plat(s) doesn’t necessarily mean that they must be
in concert with where it is segregated on the design plans. For LCRS plats, right-of-way plans, parcel
plats, parcel descriptions, etc., sensible locations may include zone/county lines or other ownership
lines, without regards to any design-related features (such as bridge structures, circular curves, etc.);
whereas designers may elect to choose locations that are sensible to design features, without regards to
ownership lines.

To try and simplify reprojections of horizontal geometry typically encountered in a linear/route
surveying and civil engineering project and minimize possible confusion, a preferred location for project
segregation would likely occur (1) absent from structure-related features (such as a bridge, railroad
crossing, culverts, etc.), (2) along a tangent section, (3) at a typical cross section, (4) at a full-foot station
(and preferably where it would be included in future cross-section sheets, e.g., 316+00, 316+50, etc.)*,
and (5) along a straight vertical** grade.

Segregating a project within an area containing structure-related features, in a superelevation,
elsewhere along a circular curve, in a transition section, at an odd station, in a vertical** curve, etc.
would potentially lead to increased considerations on how to properly reproject the appropriate
horizontal elements.
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* Note: It may prove to be advantageous to assign a beginning stationing value in the subsequent zone
that does not match the stationing in the prior zone, so as to make it even more obvious to practitioners
that a geometric change in the project occurred at this location. For example, if the ending (“Back”)
stationing west of the segregation line was 316+00.00, the beginning (“Ahead”) stationing east of the
segregation line could be assigned either a value that is somewhat similar, such as 16+00, 416+00, etc.,
or is very dissimilar, such as 100+00.

** Note: Reprojections of horizontal geometry does not impact the vertical component of associated
project data. The comments of “straight vertical grade” and “vertical curve” only relate to concerns of
mistakenly associating the incorrect stationing from reprojected horizontal alignments with vertical
alignment calculations.

Vendor Software: As user interfaces and internal programming differs greatly between proprietary
geospatial software platforms, users are encouraged to contact their vendor(s) for technical advice on
the proper procedure(s) for correctly reprojecting both vector and raster data associated with their
projects.

7.4.3 Zone-to-Zone Considerations
7.4.3.1 Zones with Identical Projection Parameters

When a project spans multiple InGCS zones, it does not necessarily mean that the underlying grid
coordinates change when crossing the zone boundary. When cases arise where the different zones have
identical projection parameters (which includes grid coordinates), such as Marion and Johnson zones,
the “changing” of zones is in name alone. Refer to the INnGCS Zones Overview Map and the individual
zone data sheets in Appendix C for graphical references as to which InGCS zones have identical or
different projection parameters.

7.4.3.2 Zones with Different Projection Parameters

When it is deemed necessary to segregate a project into InGCS zones bearing different projection
parameters, careful judgement should be made on how to properly convert the appropriate data, as is
the case for projects that span state plane systems. Basic characteristics of zone-to-zone conversions are

listed below. In these examples, zones “A” and “B” have different projection parameters.

Field-Observed Data Points

Example #1: In this example, zones “A” and “B” have different grid coordinates and basis of bearings
(i.e., their central meridians lie at different longitudes).

When individual data points in zone “A” are observed in the field and zone “A” coordinates are
computed, these points can then be properly reprojected to zone “B” without the loss of positional
accuracy, i.e., their locations on the Earth.

The grid distances between reprojected data points will vary between zones.

As grid distances change, computed areas will change accordingly.
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The grid bearings between data points will vary between zones since the zones have different basis of
grid bearings.

Calculated Data Points

Example #2a: In this example, zone “A” is the Indiana State Plane N G
Coordinate System, West zone, while zone “B” is the Indiana State Plane
Coordinate System, East zone.

e

Bearing-Bearing Intersections: Consider sample data Points #1 through #4
in zone “A” lying grid north-south and east-west of one another in a “+”
configuration and being separated by multiple counties, with Point #5
being calculated at the bearing-bearing intersection of the first four iR
Points. Refer to Figure 7.4.3.2-1 for a graphical view of these Points and
their positions relative to the counties that are designated for use with
the Indiana SPCS, West zone. Refer to Table 7.4.3.2-1 for the grid gl
coordinate values of these Points.

>

After reprojecting Points #1 through #5 from zone “A” to their zone “B”
equivalents (Points #1-RP through #5-RP) and calculating a new
bearing-bearing intersection between Points #1-RP through #4-RP (at
Point #5-RC), it is obvious that Point #5-RC is not coincident with Point #5-
RP. Point #5-RP lies £114.5’ westerly of Point #5-RC. Refer to

Table 7.4.3.2-1 for the grid coordinate values of Points #1-RP through #5-
RP and #5-RC and Figure 7.4.3.2-2 for a detailed graphical view of these
six points.

Figure 7.4.3.2-1: Indiana
SPCS Regional
Reprojection Example.

Table 7.4.3.2-1: Indiana SPCS Regional Reprojection Example.
Indiana SPCS Regional Reprojection Example
Zone “A” (Original Zone) Zone “B” (Reprojected “RP” or Recalculated “RC” Data)
East Zone (1301), U.S. Survey Feet

West Zone (1302), U.S. Survey Feet

Point # Northing Easting Point # Northing Easting
1 2,000,000 3,000,000 1-RP 2,002,405.1223 -17,243.0034
2 1,500,000 2,850,000 2-RP 1,504,753.1343 -175,212.4547
3 1,500,000 3,150,000 3-RP 1,500,047.3677 124,792.6911
4 1,000,000 3,000,000 4-RP 1,002,387.9890 -32,927.2343
5 1,500,000 3,000,000 5-RP 1,502,399.9459 -25,199.5798
5-RC 1,502,398.2936 -25,085.0916
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Figure 7.4.3.2-2: Indiana SPCS Regional Reprojection vs.
Bearing-Bearing Recalculation Example.

Example #2b: Similar to example #2a, zone “A” is

the Indiana State Plane Coordinate System, West " OCAL" REPROJECTION
zone, while zone “B” is the Indiana State Plane / EXAMPLE
Coordinate System, East zone.

Bearing-Bearing Intersections: Rather than the four CLAY

points used for a bearing-bearing intersection lying COUNTY /

multiple counties apart, Point pairs #6/#9 and #7/#8 OWEN

in zone “A” in this example lie but one mile apart COUNTY

and, again, at cardinal directions in a “+”

configuration. Point #10 is calculated at the bearing-

bearing intersection of the other Points. Refer to

Figure 7.4.3.2-3 for a general location view, Figure Figure 7.4.3.2-3: Indiana SPCS Local
7.4.3.2-4 for a project limits view relative to zone Reprojection Example.

“A,” and Table 7.4.3.2-2 for the grid coordinate
values of these Points.
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After reprojecting Points #6 through
AL #9 from zone “A” to their zone “B”
T\/ equivalents (Points #6-RP through
#9-RP) and calculating a new
bearing-bearing intersection from

i

5 'g Points #6-RP through #9-RP at Point
Sls #10-RC, it can be determined
98 ! -3'1 (though not as readily apparent as in
= Example #2a) that Point #10-RC is

@\ N 90°00'00" E | N 90°00'00" E ( Eg?nics)Igtl:l(ieRrétaV:\I;h#igl—;L?rz "

3 _2,640—.000_' - E — _Z,MO_' ~ separated by £0.003’. Refer to Table
: \ 7.4.3.2-2 for the grid coordinate

ot 5 values of Points #6-RP through #10-
_§ § RP and #10-RC and Figure 7.4.3.2-5
g | E for a detailed graphical view of these
o six points.
=

Figure 7.4.3.2-4: Indiana SPCS
Local Reprojection Example.

Table 7.4.3.2-2: Indiana SPCS Local Reprojection Example.
Indiana SPCS Local Reprojection Example

Zone “A” (Original Zone) Zone “B” (Reprojected “RP” or Recalculated “RC” Data)
West Zone (1302), U.S. Survey Feet East Zone (1301), U.S. Survey Feet
Point # Northing Easting Point # Northing Easting

6 1,502,640 3,000,000 6-RP 1,505,039.9910 -25,158.1662

7 1,500,000 2,997,360 7-RP 1,502,441.3563 -27,839.6282

8 1,500,000 3,002,640 8-RP 1,502,358.5356 -22,559.5377

9 1,497,360 3,000,000 9-RP 1,499,759.9005 -25,240.9869

10 1,500,000 3,000,000 10-RP 1,502,399.9459 -25,199.5798
10-RC 1,502,399.9459 -25,199.5766
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Figure 7.4.3.2-5: Indiana SPCS Local Reprojection vs.
Bearing-Bearing Recalculation Example.

Example #2c: In this example, zone “A” is the Indiana Geospatial Coordinate System, Owen zone, while

zone “B” is the Indiana Geospatial Coordinate
System, Clay zone. " OCAL" REPROJECTION
/ EXAMPLE

Bearing-Bearing Intersections: Similar to example
#2b, Point pairs #11/#14 and #12/#13 from zone
“A” in this example lie but one mile apart and,
again, at cardinal directions in a “+” configuration.
Point #15 is calculated at the bearing-bearing OWEN
intersection of the other Points. Refer to Figure COUNTY
7.4.3.2-6 for a general location view (same as
Example 2b), Figure 7.4.3.2-7 for a project limits
view relative to zone “A,” and Table 7.4.3.2-3 for
the grid coordinate values of these Points. Figure 7.4.3.2-6: InGCS Local

CLAY
COUNTY

Reprojection Example.
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After reprojecting Points #11
through #14 from zone “A” to
their zone “B” equivalents
(Points #11-RP through
#14-RP) and calculating a new
bearing-bearing intersection
from Points #11-RP through
#14-RP (at Point #15-RC), it
can be determined (though
not as readily apparent as in
Example #2a) that Point
#15-RC is not coincident with
Point #15-RP. Points #15-RC
and #15-RP are separated by
+0.001’. Refer to Table
7.4.3.2-3 for the grid
coordinate values of Points
#11-RP through #15-RP and
#15-RC and Figure 7.4.3.2-8
for a detailed graphical view
@ of these six points.
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12 15 13
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N 00°00'00" |
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Figure 7.4.3.2-7: InGCS Local Reprojection Example.

Table 7.4.3.2-3: InGCS Local Reprojection Example.
Indiana Geospatial Coordinate System Local Reprojection Example
Zone “A” (Original Zone) Zone “B” (Reprojected “RP” or Recalculated “RC” Data)
Clay zone, U.S. Survey Feet

Owen zone, U.S. Survey Feet

Point # Northing Easting Point # Northing Easting
11 199,624.0869 | 782,816.7620 11-RP 199,709.0560 853,494.8523
12 196,984.0869 | 780,176.7620 12-RP 197,061.7518 850,862.1621
13 196,984.0869 | 785,456.7620 13-RP 197,076.3646 856,142.1576
14 194,344.0869 | 782,816.7620 14-RP 194,429.0605 853,509.4651
15 196,984.0869 | 782,816.7620 15-RP 197,069.0582 853,502.1593
15-RC 197,069.0582 853,502.1587
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Figure 7.4.3.2-8: InGCS Local Reprojection vs.
Bearing-Bearing Recalculation Example.

Summary of Examples #2a-#2c: The magnitude of positional variances between reprojections and 2D
(horizontal) recalculations (such as bearing-bearing intersections) of data in transverse Mercator
projections (such as the Indiana SPCS East and West zones and all zones within the InGCS) depends
primarily upon the distribution of the appropriate data points and the difference in longitude of the
central meridians of the underlying zones. Examples #2a-#2c included zones with central meridians
ranging from 0°15’ in longitude apart (InGCS Clay and Owen zones) to 1°25’ in longitude apart (IN SPCS
East and West zones) and sample data points ranging from one mile apart to +189 miles apart, resulting
in positional variances ranging from +0.001’ to £114.5’. As the separation of the central meridians and
distances between sample points increases, so the corresponding positional variances between
reprojections and 2D recalculations will increase.
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In revisiting Example #2a, reprojected
Point #5-RP fell £114.5" westerly of Point
#5-RC as a result of zone “B” (Indiana
SPCS East zone) being east of the original
zone “A” (Indiana SPCS West zone). But if
the lllinois SPCS East zone (1201), being
west of the original zone “A”, was chosen
as zone “B” rather than the Indiana SPCS
East zone, Point #5-RP (as reprojected to
Illinois SPCS East zone) would fall +101.0°
easterly of Point #5-RC. The reason for
this can be conceptually thought of as
changing the perspective from the source
projection (zone) selected for performing
the original bearing-bearing intersection
to the destination projection where the
subsequent reprojections and
recalculations can be performed. Refer to
Figure 7.4.3.2-9 for a general location
view and Table 7.4.3.2-4 for the grid
coordinate values of the appropriate
Points.

<

Illinois SPCS Indiana SPCS Indiana SPCS
East zone (1201) West zone (1302) East zone (1301)

Figure 7.4.3.2-9: Indiana & Illinois SPCS
Regional Reprojection Example.

Table 7.4.3.2-4: Indiana and Illinois SPCS Regional Reprojection Example.

one “A” (Original Zo one “B” (Reprojected “RP” or Reca ated “RC” Data
e one 0 e ee a one 0 e of -
Point # Northing Easting Point # Northing Easting

1 2,000,000 3,000,000 1-RP 1,486,353.2319 1,377,896.5965

2 1,500,000 2,850,000 2-RP 984,233.4203 1,234,912.9552

3 1,500,000 3,150,000 3-RP 988,386.0369 1,534,941.0243

4 1,000,000 3,000,000 4-RP 486,259.6908 1,391,737.1887

5 1,500,000 3,000,000 5-RP 986,309.4588 1,384,917.8987
5-RC 986,308.2044 1,384,816.8685
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Example #3: In this example, zones “A” and “B” again have different grid coordinates and basis of grid
bearings.

Circular Curve Geometry: The same concept of 2D
(horizontal) geometric dependency not only applies to < w »
bearing-bearing intersections, but also to circular
curve elements in highway alignments, particularly for
Points of Curvature (P.C.) and Tangency (P.T.). A
circular curve is the by-product of the two tangent
lines that form its Point of Intersection (P.l.)(and thus
its delta angle) and whichever other appropriate curve
element the practitioner elects to use to determine
the curve’s geometry.

For INDOT projects, this second element is typically Circular Curve Geometry

the radius, particularly in the design of new

alignments. However, in reestablishing existing alignments on Location Control Route Surveys (LCRSs) at
P.L.s with deflection angles approaching zero, many have found that honoring the record Tangent length
tends to match constructed pavement centerlines much closer than the record radius values (primarily
because, prior to radial traversing and layout with total stations and EDMs or the advent and
widespread use of real-time GNSS positioning, the tangents were historically measured in the field),
particularly as the reestablished deflection angle increases in variance from the record value.

CAD systems can easily detect extremely small inconsistencies in reprojected geometry. For example, if a
curve’s P.C. and P.T. were originally calculated relative to zone “A” and then reprojected to zone “B,”
these reprojected points (P.C. and P.T.) may not lie exactly on the tangent lines as determined from
reprojections of the !
corresponding P.l.s. Therefore, |
a best practice approach for Zone !
users to recalculate the curve |
and associated elements in :
zone “B” may be to use the @®- |L
reprojected tangent lines (P.l. to L_\_\

|

!

|

upn

Zone “B”

P.l. to P.l., see Figure /;/—/
7.4.3.2-10), using the exact
same value of the second curve e
element chosen (e.g., radius, /’\)/
tangent length, arc length, etc.) &
when calculating the curve in P |

zone “A.” Figure 7.4.3.2-10: Circular Curve Reprojection.

For instance, if a radius of (exactly) 3,000 feet was used in zone “A” to calculate the appropriate curve,
this same (exact) value of 3,000 feet should be used in zone “B.” This will harmonize values shown on
LCRS plats, R/W Parcel Plats, design plans, etc. produced in both zones; otherwise, instances might arise
where a survey plat or set of design plans prepared respective to zone “A” would depict a curve having a
radius of 3,000.00’ and another survey plat or set of design plans prepared respective to zone “B” would
depict the recalculated curve in zone “B” having a radius of 2,999.99’ or some other value very close to
the original curve designed in zone “A.”
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Reprojection Mechanics: Figures 7.4.3.2-11 through 7.4.3.2-14 graphically illustrate the mechanics of
this zone-to-zone reprojection and 2D (horizontal) geometric relationship concept. Refer to Section 7.5.3
(Conversion Mechanics) for further discussion on this topic.

In Figure 7.4.3.2-11, the

triangles represent the \ /
data points as observed . ,
on the terrain surface, \ RN Ground -7 /
the dots represent the
respective positions of
the triangles as projected
to the Indiana State
Plane, West zone (1302)
grid, while the circles
represent the positions of
the triangles as projected
to the East zone (1301)
grid. This exaggerated
graphic makes it visually
apparent that the
projected grid distances
between the three data
points on 1302’s grid are Figure 7.4.3.2-11: Reprojection from Indiana SPCS zone 1302 to 1301.
not equal to the distances

as projected to 1301’s

grid.

North Pole

In Figure 7.4.2-12, the red dots are
placed along 15° parallels of latitude,
beginning south at the Equator and
ending north at the North Pole, and
spans 60° in longitude, centered on

87° west longitude. This line of
longitude is the central meridian (and
UTM zone 16 projection axis) of UTM zone 16.
Central Meridian
(87°W)
Equator

Figure 7.4.3.2-12: 15° Graticules of Latitude and Longitude.
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In Figure 7.4.2-13, the red dots from Figure 7.4.2-12 have been projected to the UTM zone 16 grid.
(Note that the sample points in this example extend from UTM zone 11 to zone 21.) By definition, all
points along the central meridian of a transverse Mercator projection (87°West in this instance) not only
have the same values of longitude, but also the same values of grid Eastings (X). When projected to the
grid, all points along similar lines of longitude lying east or west of the central meridian concave towards
the central meridian, while all points along similar parallels of latitude concave towards the North Pole
(in the northern hemisphere), except at the Equator, where they have the same grid northings (Y).
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Figure 7.4.3.2-13: UTM zone 16-Projected Grid vs. Lat/Long.
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The red dots from Figure 7.4.3.2-13 in UTM zone 16 have been reprojected to UTM zones 11 and 21 as
shown in Figure 7.4.3.2-14. UTM zone 11 and 21’s central meridians are 117° and 57° west longitude,
respectively. Note that, when projected to the appropriate zone, the points along that zone’s central
meridian have the same grid eastings, and all other points that lie along similar lines of longitude
concave towards the central meridian. Though on a much larger scale than the previous examples of the
Illinois East zone along with the Indiana State Plane West and East zones, the general mechanics of
reprojection from one zone to another is the same.
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Figure 7.4.3.2-14: UTM zones 11 and 21-Projected Grid vs. Lat/Long.
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Reprojection Summary: The geographically-vast examples in Figures 7.4.3.2-13 and 7.4.3.2-14 depict
how horizontal relationships between points are distorted in reprojections. Essentially, the larger the
region being reprojected and the farther apart the projection axes are from one another, the greater the
distortion. Conversely, the smaller the region being reprojected and the less the source projections are
different, the less the distortion.

These examples, along with all the other examples in this Section (7.4.3 Zone-to-Zone Considerations),
were provided to bring to the attention of geospatial practitioners that (1) reprojections do not exactly
preserve the 2D (horizontal) geometrical relationships of data points, lines, arcs, etc. from one map
projection zone to another, but they do retain the spatial positions of individual points,

(2) horizontally-recalculated positions in a destination system yield different spatial positions than
reprojections of individual points do, and (3) minuscule differences detected between reprojected and
horizontally-recalculated positions of data points in small areas (such as in Examples #2b and #2c) are
(most likely) not the result of errors in geospatial software, but simply the nature of reprojecting data
from one map projection zone to another.

Depending upon positional accuracy goals, horizontal geometric dependency, project scope, etc., the
decision to either simply reproject the positions of all data points from a source grid system to a
destination system, or to recalculate new positions in the destination system so as to retain certain
horizontally geometric-dependent components (e.g., bearing-bearing intersections, circular curves,
parallel offsets, etc.), should either be based upon project-specific standards or left up to professional
judgement on a project-to-project or case-by-case basis. Whatever the case may be, practitioners
should report the method selected in each instance.

7.5 Coordinate Conversions and Transformations
7.5.1 Introduction

The need to integrate, analyze and visualize geographically-referenced information in a common
coordinate reference system is often necessary. Converting or transforming data from disparate sources
into a common system for analysis is a frequent requirement.

Most current mapping and survey computer programs allow for fast and easy transformation of data
between rectangular coordinate systems and geographic (latitude/longitude) systems, though end users
may not be aware of the subtleties involved in the storage, manipulation, and presentation of the
integrated data. Converting and integrating data has also become more complicated due to an
increasing number of geodetic datums, adjustments, and coordinate systems in use. This reality requires
the need for a basic understanding of data conversion and transformation principles, in addition to the
need for quality data documentation to make the most effective use of geographically-referenced
information.

(Wisconsin SCO 2015)
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7.5.2 Geographic Data Conversion and Transformation

In the truest sense of the word, conversion refers to an exact process of moving data from one
mathematical system into another (in a reproducible fashion), while transformation is used to refer to
modeled or “best fit” data.

Geographic coordinates of latitude and longitude can be precisely converted into a rectangular
coordinate system. Geodetic datum transformations, however, generally use interpolative models that
apply approximations to the transformation. Many of these models have been encoded in standard
software libraries (e.g. NADCON) and re-used in various GIS software applications.

Increasingly, positional differences between successive datum adjustments (e.g., NAD 83 (1997) and
NAD 83 (2011) epoch 2010.00) may be smaller than the accuracy of the underlying transformation
models. If so, these data cannot be accurately converted except by using field survey information. Also,
the positional differences may be unimportant if within the accuracy requirement of a particular
mapping application.

When data requires transformation to another spatial referencing system, consideration should be given
to the future use or applications of the transformed data, including accuracy and quality requirements,
and the limitations of the source data and the transformation methods. This requires close attention to
significant digits, units of measurement, and perhaps most importantly, the details of the coordinate
reference system of the source information. These and other details of data transformation should be
captured and encoded in a metadata record for reference in the future.

(Wisconsin SCO 2015)
7.5.3 Conversion Mechanics
7.5.3.1 Two-Dimensional Conversions

As depicted in Figure 7.4.3.2-11 (Reprojection from Indiana SPCS zone 1302 to 1301), the developable
surfaces (grids) of the Indiana SPCS West (1302) and East (1301) zones are neither coplanar nor parallel
with one another. Because of this geometry, attempts to “convert” between these or other similar
zones, systems, etc. via a simple two-point, 2D (horizontal/planar) similarity transformation or a more
involved multi-point (three or more), 2D similarity transformation (best-fit by scale, rotation and
translation in North (Y) and East (X)) approach will almost exclusively result in approximations, and is
why its practice is generally discouraged.

The magnitude of these approximations vary depending upon many factors. These factors include, but
are not limited to, the following:

e (Horizontal) size of the geographical region

e Distribution of the data

e Similar or different map projection types

e Proximity of the map projections’ projection axes
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Tables 7.5.3.1-1 lists the residuals of a two-point, 2D similarity transformation and 7.5.3.1-2 lists the
residuals of a five-point, 2D similarity transformation, both of which use data from the Indiana SPCS
Regional Reprojection Example from Table 7.4.3.2-1.

In Table 7.5.3.1-1, Points #1 through #5 (in the Indiana State Plane Coordinate System, West zone) have
been two-dimensionally transformed in an attempt to match the five reprojected points in the Indiana
State Plane Coordinate System, East zone, from Table 7.4.3.2-1, holding Point pairs “1 and 1-RP” and “4
and 4-RP” (Table 7.4.3.2-1) as “fixed” and allowing the other three points to float. The coordinates
shown in Table 7.5.3.1-1 in the “...2D Transformed...” group are the results of this transformation. The
zero-value residuals indicate that the coordinates of “1-RP” and “4-RP” from Table 7.4.3.2-1 are equal to
the values listed in Table 7.5.3.1-1 for “1-X” and “4-X,” respectively. The remaining residuals are the
differences between the properly reprojected positions shown in Table 7.4.3.2-1 with the

2D Transformed positions shown in Table 7.5.3.1-1. Note that this changes the 2D scale and rotation of
these points from the original system.

Table 7.5.3.1-1: Indiana SPCS Regional Two-Point 2D Similarity Transformation.
Indiana SPCS Regional Two-Point Similarity Transformation Example

Zone “A” (Original Zone) Zone “B” (2D Transformed)
East Zone (1301), U.S. Survey Feet

Trans. Residuals
U.S. Survey Feet

West Zone (1302), U.S. Survey Feet

# Northing Easting # Northing Easting North East

1 2,000,000 3,000,000 1-X | 2,002,405.1223 | -17,243.0034 +0.000 +0.000
2 1,500,000 2,850,000 2-X | 1,504,749.1903 | -175,087.6888 +3.944 | -124.766
3 1,500,000 3,150,000 3-X | 1,500,043.9210 | 124,917.4511 +3.447 | -124.760
4 1,000,000 3,000,000 4-X | 1,002,387.9890 | -32,927.2343 +0.000 +0.000
5 1,500,000 3,000,000 5-X | 1,502,396.5557 | -25,085.1189 +3.390 | -114.461

In Table 7.5.3.1-2, Points #1 through #5 (in the Indiana State Plane Coordinate System, West zone) have
again been two-dimensionally transformed in an attempt to match the five reprojected points in the
Indiana State Plane Coordinate System, East zone, from Table 7.4.3.2-1, using a unity factor (equal
weight) for all point pairs, i.e., “1 and 1-RP,” “2 and 2-RP,” etc. The coordinates shown in Table 7.5.3.1-2
in the “...2D Transformed...” group are the results of this transformation. The residuals shown are the
differences between the properly reprojected positions shown in Table 7.4.3.2-1 with the

2D Transformed positions shown in Table 7.5.3.1-2. Note that this changes the 2D scale and rotation of
these points from the original system.

Table 7.5.3.1-2: Indiana SPCS Regional Five-Point 2D Similarity Transformation.

Uid P 510 d e-PO D d d O d O d PDI1E
one “A” (Original Zone one “B D Transformed 3 Resid

e one 0 e of - a one 0 e of e of
# Northing Easting # Northing Easting North East
1 2,000,000 3,000,000 1-X | 2,002,407.2793 | -17,315.7323 -2.157 +72.729
2 1,500,000 2,850,000 2-X | 1,504,751.3670 | -175,160.4865 +1.767 -51.968
3 1,500,000 3,150,000 3-X | 1,500,046.0567 124,844.6540 +1.311 -51.963
4 1,000,000 3,000,000 4-X | 1,002,390.1444 -33,000.1001 -2.155 +72.866
5 1,500,000 3,000,000 5-X | 1,502,398.7118 -25,157.9162 +1.234 -41.664
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Should a user wish to convert from one system to another, and the two systems being “converted” are
geometrically parallel with one another, a two-dimensional conformal transformation should produce
satisfactory results. A base SPCS and its Modified State Plane Coordinate System counterpart serve as a
good example. Figure 7.5.3.1-1 illustrates three transverse Mercator projections with parameters that
differ only in their Central Meridian Scale Factors and their False Northings and Eastings.

Central Meridian
(Common to all three grid systems)

Modified Grid System
(Scale increased)

Original Grid System

Modified Grid System
(Scale decreased)

Figure 7.5.3.1-1: Parallel Cylinders.

7.5.3.2 Three-Dimensional Conversions

Converting geographic latitude/longitude coordinates to a rectangular coordinate system (such as the
State Plane Coordinate System) is referred to as a direct conversion, while the reverse direction
(rectangular to geographic) is referred to as an inverse conversion. Direct and inverse conversions
involve a series of mathematical equations that relate two sets of coordinates, the reference ellipsoid,
and the map projection surface.

Coordinate conversions from one rectangular system to another on the same datum are done in a two-
step process that is generally hidden to the user by most geospatial software programs. For example,
the first step would involve converting State Plane coordinates to geographic coordinates
(latitude/longitude), while the second step would then convert from geographic coordinates to InGCS
coordinates. The underlying mathematical equations of direct and inverse plane map projections are
precise, so resultant data accuracy is primarily related to the positional accuracy of the source data and
the inherent distortions in the target map projection. Refer to Figure 7.5.3.2-1 for a graphical illustration
of this workflow.

Indiana Department of Transportation / Land & Aerial Survey Office n



Handbook and User Guide Indiana Geospatial Coordinate System

State Plane InGCS
system system
Step 1 4 Step 2
Coordinate Coordinate
Conversion Conversion
(exact) (exact)

N

Figure 7.5.3.2-1: Conversion process from one rectangular
system to another on the same datum.

latitude/longitude

NAD 83 (2011)
epoch 2010.00
datum

It is also possible to transform geographic coordinates from one datum to another (e.g., NAD 27 to

NAD 83 (2011) epoch 2010.00), or from one adjustment of a datum to another adjustment of the same
datum (e.g., NAD 83 (1997) to NAD 83 (2011) epoch 2010.00). Refer to Figure 7.5.3.2-2 for a graphical
illustration of this workflow. The recent geodetic datum adjustments in the United States are not
perfectly related to older datums (NAD 27) because the new adjustments removed errors and
distortions in the geodetic network while at the same time redefining the mathematical model. The only
way to perform an exact datum transformation is to recalculate the point’s position using the original
survey measurement observations that produced the latitude/longitude position.

State Plane InGCS
Coordinate &~ \ Coordinate

coordinate coordinate
system system
Step 1 Conversion Conversion  Step 3

(exact) (exact)

! !

latitude/longitude Datum Transformation
(approximate)

Step 2

latitude/longitude

NAD 83 (2011)
epoch 2010.00
datum

Figure 7.5.3.2-2: Coordinate transformation based on “best fit” transformation models.

(Wisconsin SCO 2015)
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7.5.4 Transformation Methods

Datum transformations are performed by various methods. Some of these methods support highly
accurate geodetic and surveying work, and others are approximate and more suitable for mapping,
visualization, and other purposes. Datum transformation methods may be categorized as follows:
(Wisconsin SCO 2015)

7.5.4.1 Exact Transformation

The only exact method of datum transformation requires the original survey measurement information,
using it to geodetically recompute positions in the new reference system.

(Wisconsin SCO 2015)

7.5.4.2 Best-fit Transformation

Another method of datum transformation uses a least squares approach to apply a “best fit” to the data
for a region. The quality of the fit is dependent upon the number, distribution, and quality of geodetic
control points in the area. Exact transformation and least squares adjustments most often require
geodetic and mathematical expertise to effectively produce and analyze results.

(Wisconsin SCO 2015)

7.5.4.3 Modeled Transformation

A third transformation method uses a set of gridded data models to interpolate approximate correction
values, which are then applied to produce the transformed coordinate values. Federally-produced
software programs such as NADCON, CORPSCON, and VERTCON are based on this commonly-used
method of addressing datum-to-datum transformations.

(Wisconsin SCO 2015)

7.5.5 Transformation Considerations

Transformations of geographic data should be based on thoughtful evaluation and assessment of
desired use and future applications of the data, requirements for accuracy and quality, known

limitations of the source data, and appropriate transformation methods.

Back-and-forth data transformation should be avoided as this process may result in unpredictable
changes in data accuracy.
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When planning your approach to transforming project data, the following questions should be
considered to help guide the process:

Coordinate System

e What coordinate system is used for the source data? What coordinate system is desired for the
transformed data?

e How large a geographical area does the project data cover? Does the coordinate system need to
support data outside of its designed geographic extent?
Note: small project areas may not require a geodetically-referenced coordinate system; Large
project areas may exceed coordinate system design extents.

Geodetic System

e What datum is used for the source data? What datum is desired for the transformed data?
Data

e Does the source data meet or exceed the desired accuracy for the transformed data?
Transformation cannot improve data accuracy.

e What are the linear and angular units of measure of the source and transformed data?
Use standard conversion factors and the appropriate number of significant figures.

e |s the source data original or was it previously transformed?
Data documentation (metadata) should describe how the source data was collected, adjusted,
processed, and prepared for publication and use.

Transformation Tools & Process

e Does the use of the data require it to be transformed?

e Does the accuracy of the data exceed the accuracy of the transformation method?
Coordinate differences between same systems (e.g., NAD 83(1997) and
NADS83 (2011) epoch 2010.00) are smaller than the limitations of standard modeled
transformation software such as NADCON.

e What is the distribution, quantity and quality of the points common to both the source and
transformed data?
Select the transformation method most appropriate for the available source data.

It is useful to point out in this section that some current desktop GIS software packages have
incorporated methods for “reprojections on the fly,” allowing for integrated viewing of data in different
coordinate systems in a common view. This type of transformation may be appropriate when neither
high accuracy analysis nor data change is required.

(Wisconsin SCO 2015)
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7.5.6 Accuracy and Precision

Accuracy is defined as how well a represented feature matches the actual object on the ground and
often describes the quality of both input and resultant data. Precision is the measure of the
reproducibility of a given process or procedure. Precise data processing and conversion is still inherently
subject to the original accuracy of the data inputs. The procedures used to produce a map may be very
precise, but if the data or methods used are not accurate, the results will be inaccurate. Precise
transformation processes cannot improve the accuracy of data.

Imprecise transformation can reduce the accuracy of results. Transformation methods should be
evaluated for appropriateness based on data requirements and use. For example, in the past,
transformation process errors were often overshadowed by the accuracy of the data and considered
negligible. Today, GNSS-based and sensor-based technology allow for increasingly accurate data
collection and requires attention to procedures and differences that were negligible in the past.

Formal accuracy standards have been established to guide the collection and production of geographic
data such as GNSS surveys, aerial imagery and geodetic networks. These guidelines outline specific field
methods and adjustment procedures that must be followed to assure the final data meets or exceeds a
stated accuracy.

(Wisconsin SCO 2015)
7.5.7 Significant Figures

Significant figures represent the number of digits in a number that can reliably be used. This is important
in the context of measurements and mathematics operations because computed solutions are limited
by the least accurate data items. For example, a measurement of 101 feet is significant only to the one
foot level, even though computer software may display this value as 101.000 feet. Data cannot be
improved after transformation, therefore attention to significant figures helps qualify the end result.

Significant figures are particularly important in coordinate systems and mapping because some software
give a false sense of precision by displaying many digits to the right of the decimal point (whether
significant or not) leading to a false sense of accuracy by subsequent users.

(Wisconsin SCO 2015)
7.5.8 Metadata

Lack of accurate and thorough documentation (metadata) is the most common source of error or
ambiguity when converting or transforming geographic data. Without good metadata, assumptions may
be made about the data that are not correct.

It is important to know the lineage of source data, from collection through processing and publication
for use. Data originally collected at a low accuracy level cannot be improved by integration with high
quality data or coordinate system conversion. Subsequent data conversions, transformation, and
processing can preserve or deteriorate the quality of data depending on the methods used.

(Wisconsin SCO 2015)

Indiana Department of Transportation / Land & Aerial Survey Office m



Handbook and User Guide

Indiana Geospatial Coordinate System

7.5.9 Test, then Transform

Most importantly, transformation methods and software tools should be thoroughly and independently
tested before transforming project data. Software vendors implement coordinate and geodetic system
algorithms slightly different. While these implementations are based on federal standards and
conversion algorithms where available, different software implementations have previously resulted in
differing coordinate results. The best way to be confident in one’s results is to test transformations first.

(Wisconsin SCO 2015)
7.6 Survey Plats, Surveyor’s Reports, and Basis of Bearings

Survey Plats: Rule 12 (Land Surveying; Competent Practice), Section 13 (Retracement and Original
Survey Plats) of the Indiana Administrative Code specifies that land surveyors are to show (amongst
other items) angles or bearings on their plats of survey, together with the accompanying Surveyor's
Reports. When bearing are shown, they are to indicate their basis. Grid bearings in transverse Mercator
projections are based upon the central meridian of the particular zone. Examples of transverse Mercator
projections include all zones within the InGCS and UTM systems as well as both of the Indiana State
Plane zones.

Although Rule 12 does not currently include listing/tabulating project coordinates on Survey Plats as
part of the minimum requirements for the competent practice of land surveying in Indiana, making that
part of a Land Surveyor’s routine practice (particularly when working in a published grid system, such as
the InGCS) could be of benefit not only to that Surveyor, but also to the rest of the geospatial
community. Providing tabulations of survey control points, alignment points, Section Corner
monuments, and other notable points observed during Route Surveys for INDOT has been standard
practice for many years.

Figure 7.6-1 provides a template that addresses Rule 12’s Section 22 (stated below in the Basis of
Bearings discussion), items #1-4, 6-8, and 10. Because various methods (static, post-processed
kinematic, local base RTK, RTNs, etc.) of global positioning can be employed on a single project, it is
recommended to address items #5 and 9 within the body of the Surveyor’s Report.

REPORTED PROJECT POINTS METADATA TABLE

GEOMETRIC DATUM: NAD 83(2011) EPOCH 2010.00 GRID SYSTEM-ZONE: InGCS-CRAWFORD NSRS TIE MECHANISM: OPUS (STATIONS: INFC, INPA, INTC)

VERTICAL DATUM: NAVD 88 GEOID MODEL: GEOID12B DATE FIELDWORK BEGAN: 2015/06/22 DATE FIELDWORK ENDED: 2015/08/25

POINT #/ GRID GRID NORTH WEST PURPOSE CHARACTER FOUND/SET/ | ABOVE/FLUSH/
NAME NORTHING EASTING LATITUDE LONGITUDE CALC'D (NOT SET) | BELOW GRADE
1203 |173,572.6790 |851,516.1910 | 38°15'07.49487" | 86°16'36.26427" | RANDOM CONTROL POINT 3/4" REBAR W/"POINT REFERENCE" CAP SET FLUSH
6201 |173,352.8350 |838,073.2610 | 38°15'05.60868" | 86°19'24.78405" | P.T. 360+40.3 LINE "B" (1967) 8" SQUARE CONC MARKER (NO PIN/PLUG) FOUND FLUSH
6202 |173,568.0550 |838,858.1470 | 38°15'07.72123" | 86°19'14.93991" | P.O.T. 368+54.20 LINE "B" (1967) 8" SQUARE CONC MARKER (NO PIN/PLUG) FOUND FLUSH
6203 |174,022.1400 |840,505.8580 | 38°15'12.17782" | 86°18'54.27355" | P.O.T. 385+63.95 LINE "B" (1967) 1" COPPER PLUG-CONC PAVED DITCH FOUND FLUSH
6205 |172,529.1820 |851,688.2120 | 38°14'57.17580" | 86°16'34.13954" | LOCAL BOUNDARY MONUMENT 7"X7" LIMESTONE WITH SCRIBED "X" FOUND 7"A.G.
6206 |175,020.8890 |851,724.0560 | 38°15'21.80544" | 86°16'33.61463" | EAST 1/4-CORNER, SEC.15,T3S,R2E 7"X7" SANDSTONE (NO MARKINGS) FOUND 20"A.G.
6207 |172,308.3990 |851,684.0450 | 38°14'54.99346" | 86°16'34.19847" | SOUTHEAST CORNER, SEC.15,T3S,R2E 1/2" REBAR W/"PRIMAVERA S0131"CAP W/SIGN FOUND 4"A.G.
6208 |173,707.1380 |851,845.7850 | 38°15'08.81612" | 86°16'32.12855" | NORTH R/W 501+00, 225'LT (1967) CONC R/W MARKER FOUND AG.
6209 |174,159.3710 |851,190.5730 | 38°15'13.30206" | 86°16'40.32841" | NORTH R/W (P.T.) 493+04.62, 225'LT (1967) CONC R/W MARKER FOUND AG.
6210 |173,154.1720 |851,653.0650 | 38°15'03.35467" | 86°16'34.56117" | SOUTH R/W CONC R/W MARKER FOUND A.G.

Figure 7.6-1: Example Metadata Table for Survey Plats.
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Surveyor’s Reports: As a successful result of Rule 12, Section 13, it has become common practice for
Indiana Professional Surveyors to indicate on their plats of surveys and write in their Surveyor’s Reports
what their project’s bearing system was based upon, i.e., how they determined “north” for that project.
Examples of “north” on projects can include an assumed bearing, a record bearing between two physical
monuments, the applicable projected grid coordinate system, etc. For projects based upon a projected
coordinate system, these surveyors have been able to properly and succinctly identify their project’s
bearing system by simply citing the official name of the specific zone itself, rather than having to
numerically list the value of the central meridian or provide additional technical jargon related to the
zone. By citing the official zone name, subsequent users are easily able to obtain all of the numerical
values associated with the zone (not just the central meridian and thus the basis of bearings) as they are
readily available in publications such as NOAA’s Manual NOS NGS 5 (State Plane Coordinate System of
1983), state websites containing coordinate reference system manuals or Handbooks and User Guides,
embedded within most geospatial software platforms, etc.

The official names and numerical values defining the 92 zones of the InGCS were made available to the
public via INDOT’s website (www.in.gov/indot/InGCS.htm), within the IOGP’s EPSG Geodetic Parameter
Dataset (www.epsg-registry.org), and in a few geospatial platforms prior to the publication of the first
draft of this Handbook and User Guide. For projects based upon the InGCS, this has paved the way for
Indiana Professional Surveyors to continue the practice of simply citing specific zone names to
sufficiently indicate their basis of bearings, should they choose to do so. Should they choose or need to
provide expanded descriptions of the zones, example templates are provided later in this Section as well
as in Appendix F.

Basis of Bearings: It is important to compare the basis of grid bearings for adjacent zones within the
INGCS. As mentioned earlier in this document, the nominal limits of each zone of the InGCS are the
boundaries of Indiana counties. For intuitive use by end users, each Indiana county was designated its
own InGCS zone bearing the respective county’s namesake. Since Indiana contains 92 counties, there
were by default 92 zones. Disregarding the 92 unique zone names and then comparing the remaining
numerical projection parameters (central meridian, central meridian scale factor, latitude of grid origin,
false northing and easting) of adjacent zones, it is apparent that there are but 57 distinct sets, or groups,
of projection parameters, in which each group contains identical numerical values. Of these 57 distinct
groups, there are several adjacent groups that share the same central meridians, and thus basis of grid
bearings; yet they have different central meridian scale factors and latitudes of grid origins, resulting in
different grid coordinates. In other words, there are several adjacent zones throughout the InGCS that
have identical grid bearings yet different grid coordinates. For a graphical summary of this, please refer
to the INnGCS Zones Overview Map in Appendix C.

Rule 12 further specifies in Section 22 (Measurements for Route Surveys) that “If the route survey
references or is based on state plane coordinates or utilizes the Global Positioning System (GPS), the
written surveyor's report shall identify the following:

1. The datum and projection.

2. The year of applicable datum adjustment.

3. The originating or controlling monuments.

4. The GPS base stations or positioning software used, for example, the Online Positioning User

Service (OPUS).

5. The source and format of the corrections if real time kinematic GPS was used.

6. The Geoid model used, if applicable.

7. The scale, elevation, and combination factors used in the coordinate calculations.
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8. Information on any translation to or from a local system.
9. The collection processes and methodology of final positioning.
10. Whether the distances shown are grid or ground.”

The recommended templates in this Section and in Appendix F for the Basis of Bearings statement
within a surveyor’s report satisfies Rule 12’s Section 22, items #1, 2, 8, and 10.

The following Basis of Bearings statements are provided as recommended templates for Indiana
Professional Surveyors to include on their plats of surveys and within their Surveyors Reports.
Appendix F contains these formats for of all 92 zones of the InGCS.

InGCS “Adams” zone (no adjacent zone having identical projection parameters):

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based
upon the Indiana Geospatial Coordinate System's (InGCS) "Adams" zone per

NAD 83(2011) epoch 2010.00 and are reported in U.S. Survey Feet and decimal parts thereof.
The “Adams” zone was developed to minimize the differences between ground-measured
horizontal distances and the corresponding grid coordinate (map) distances within the county
bearing this zone’s name.

INGCS "Adams" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 84°57'00" west longitude
Central Meridian scale factor: 1.000034

Latitude of Grid Origin: 40°33’00” north latitude
False Northing: 36,000.000 m (118,110.00 U.S. Ft)
False Easting: 240,000.000 m (787,400.00 U.S. Ft)

InGCS “Pike” zone (one adjacent zone having identical projection parameters):

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based
upon the Indiana Geospatial Coordinate System's (InGCS) "Pike" zone per

NAD 83(2011) epoch 2010.00 and are reported in U.S. Survey Feet and decimal parts thereof.
The “Pike" and “Warrick” zones have identical parameters. These zones were developed to
minimize the differences between ground-measured horizontal distances and the corresponding
grid coordinate (map) distances within the counties bearing these zones’ names.

InGCS "Pike" and "Warrick" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°18'00" west longitude
Central Meridian scale factor: 1.0000°

Latitude of Grid Origin: 37°51'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S. Ft)
False Easting: 240,000.000 m (787,400.00 U.S. Ft)

m Indiana Department of Transportation / Land & Aerial Survey Office



Indiana Geospatial Coordinate System Handbook and User Guide

InGCS “Orange” zone (two adjacent zones having identical projection parameters):

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based
upon the Indiana Geospatial Coordinate System's (InGCS) "Orange" zone per

NAD 83(2011) epoch 2010.00 and are reported in U.S. Survey Feet and decimal parts thereof.
The “Orange," “Crawford,” and "Lawrence” zones have identical parameters. These zones were
developed to minimize the differences between ground-measured horizontal distances and the
corresponding grid coordinate (map) distances within the counties bearing these zones’ names.

InGCS "Crawford," "Lawrence," and "Orange" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 86°30'00" west longitude

Central Meridian scale factor: 1.000025

Latitude of Grid Origin: 38°06’00” north latitude

False Northing: 36,000.000 m (118,110.00 U.S. Ft)

False Easting: 240,000.000 m (787,400.00 U.S. Ft)

For a project that spans multiple InGCS zones with different grid coordinates and the decision is made to
base the project on more than one of the underlying zones (i.e., segregating the project into multiple
zones), it is critical to highlight where the change(s) occurs and to provide adequate information on the
plat of survey, design and construction plans, in surveyors reports, etc. so that future users can
reproduce the work in the appropriate zone(s).

Switching a project from one InGCS zone to another can change the grid coordinates, their scale (and in
turn (though very slightly), grid distances and areas), and orientation (azimuths and bearings), but does
not change the underlying ellipsoid positions (latitude, longitude, ellipsoid height) or orthometric
heights. For a linear project (such as a highway or utility transmission line project) with 2D (horizontal)
alignments, switching from one InGCS zone to another at a certain geopolitical location (county line,
PLSS, Grant, Donation, Location, etc.) may also make for a plausible case to introduce a “Station
Equation” so as to further highlight that a change has occurred.
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Figure 7.6-2 provides an example coordinate, bearing, and station equation for changing the associated
project and horizontal alighments from the “Crawford” zone to the “Harrison” zone. In stark contrast to
a station equation “defining” the relationship between two horizontal alignments, the coordinate and
bearing equations listed in this example does NOT “define” the differences between the two zones.
However, the act of highlighting where the change occurs in the project alerts future practitioners as to

how and where to relate the horizontal alighment(s) in the two zones to one another, within the
displayed decimal precision.

514 Indiana Geospatial Coordinate System
(InGCS) Zone Change

Note: The grid coordinate system basis for this project
changes along the Crawford/Harrison County line.

Crawford zone (Back) Harrison zone (Ahead)
N 173,451.9579 N 228,024.8036
E 851,700.9132 E 751,186.7607

Line "A" (Back) Line "A" (Ahead)
561°00'34"E \/<S60°47’3’4 "E -
180°00'00"

P.O.T. 345+67.89 "A" (Back)=P.0.T. 10+00.00 "A" (Ahead)
3/4" Rebar with Cap in Concrete Stamped
"LOCH GROUP FIRM 0030"

Figure 7.6-2: Example coordinate, bearing, and station equation.
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7.7 Boundary Surveys

\\\\\\\\““"”’”I/,/, The traditional definition of Land Surveying states that it is the science,
\\‘\\\o\'\..-N'---E-'«.DO "/,,, art, and technology of determining the relative positions of points on,
§ \‘,.-'”QG‘STE;F;\‘@ ’g above, or below the surface of the Earth, or of establishing such points.

=S / < NO O\\__ ’:_ While the explosion of advancements in positioning technology have
= —_ = dramatically increased the accuracy and precision of measurements and
’=;$ Y STATE OF / §= Ehe spelcled by which they are conducteq in bogndary suryeys, these
Z < v\v-'."l‘?' $ bet'Fer measurements and the resuIt!ng pro;gct coordmat.es only
”/,,,{q “~«.9___[_ﬁ:..-—’;lo \\\‘ provide a better picture of the respective spatial relationships to the
“u, /,l,),,f':f‘?‘}{f\’\ \\‘\ controlling features involved in boundary surveys than before.

In other words, even though advances in measurement
technology have certainly provided professional surveyors with
the tools to more accurately and precisely report the distances
and bearings between points, angles between lines, and areas
embraced within the bounds of surveyed tracts, all based upon
grid coordinates from coordinate reference systems that can be
related to a global reference frame and can be transformed across
time and between other spatial reference frames, the original
controlling features that they observe and base many of their
boundary surveys upon today were, in most cases, set and
accepted as true with equipment such as the Gunter’s Chain in
Figure 7.7-1 long before the advent of the laser (EDM) or GPS.

Figure 7.7-1: Gunter’s Chain used
in early U.S. Public Land Surveys.

AR NERT AR v .

-
-

Examples
include metes
and bounds
surveys, U.S. Stone Wall

Public Land (Boundary Evidence)
Surveys,

military grants, donations, etc. Measurements of
the controlling features provide boundary
surveyors with the spatial relationships of points
from which they can begin evaluating boundary
control evidence gathered during the course of
boundary surveys.

S —
e ax -
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7.7.1 InGCS Grid Coordinates and Priority in Boundary Control

When used correctly, the INnGCS’ zones provide excellent
canvas’ for professional land surveyors to portray their
boundary survey plats upon and to seamlessly share the
results with other geospatial practitioners. But keep in mind
that, in the landscape of boundary surveying, the “project
coordinates” reported on survey plats nearly always rank at
the bottom of priority compared to other elements
encountered when applying proper boundary surveying
principles to arrive at prudent decisions. These “project
coordinates” can range from a local/arbitrarily-based
coordinate system, to a scaled-to-ground (modified SPCS), to
a Site-Specific LDP, to a state-sanctioned set of LDPs, such as
the InGCS. In other words, a projected grid coordinate system
does not relieve the boundary surveyor from performing the
multitude of tasks involved with properly performing
boundary surveys. Amongst other tasks, a short list of
activities engaged in when performing boundary surveys
includes:
e Public records research (deeds, recorded survey plats,
legal surveys, etc.)
e Evaluation of recorded documents
e Coordination with local land owners
e Field reconnaissance
e Analyzing field evidence
e Applying proper boundary surveying principles to arrive
at prudent decisions
e Calculate boundary corners, lines, curves, etc.
e Set survey monuments at the necessary boundary
corners or at offsets thereof
e Prepare boundary survey plats, boundary descriptions,
Surveyor’s Reports
e Provide the client with plats, descriptions, and reports
e Record the plats, descriptions, and Surveyor’s Reports
at the appropriate County Recorder’s Office
e Etc,, etc.

GNSS unit observing a
boundary marker.

M Initial Point

3 o

2" Principal Meridian’s Initial Point
(Orange County, Indiana).
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A general summary of the priority in the rules of authority/construction in evaluating boundary control
evidence gathered during the course of a boundary survey is as follows:
e Unwritten rights
e Senior rights
e Written Intentions of Parties
- Call for a Survey
- Call for a Monument
= Natural
= Artificial
= Record
- Distance
- Direction
- Area
- Coordinates

The bottom four (distance, direction, area, and
coordinates) items relate most closely to measurements
and byproducts of those measurements (area and
coordinates). What does this mean for the “explosion of
advancements in positioning technology” and LDPs such
as the InGCS? It simply means that professional land
surveyors and other geospatial practitioners should not
let current or future measurement technologies give us a
false sense of overconfidence in digital data over the
intent of the parties, controlling calls in deeds, physical
monuments, etc.

Reciting the (unofficial) Boundary Surveyor’s mantra: U.S. Public Land Survey
“Monuments over Measurements.” Section Corner Stone.

To again provide an excerpt from Michael Mclnnis’ “The Ever Moving
Datum, Ever Changing Earth Conundrum” article, but on the topic of
boundary surveying: “At the end of the day, a boundary surveyor is
more concerned with property corners relative to the Section or legal
monuments that control the survey (precision) as opposed to their
global accuracy. However, if the surveyor publishes a boundary survey
purported to be on an accurate basis (required for State Plane/UTM) or
wants to make the survey portable across a multitude of coordinate
systems (highly recommended), then both accuracy and precision are in
play.” This brings us back to the InGCS and the importance of thoroughly
documenting metadata about the project, but also to what controls the
Cast Iron U.S.P.L.S local boundary survey, i.e. the true location of the boundary corners,
Quarter-Corner Marker. not the project coordinates, which in this discussion, are InGCS grid
coordinates. But, good project coordinates tied to the NSRS (such as the
InGCS) along with good project metadata can document where a particular survey marker was located
at a certain date, regardless if that particular marker and its documented location (coordinates) occupied
the “true” location of the particular boundary corner. Should that marker be destroyed, its position
could then be reestablished.
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Figure 7.7.1-1 below, originally from Jerry Penry, LS (Nebraska, South Dakota), illustrates the futility of
publishing the highly “precise” position of a surface monument and (erroneously) purporting that it
occupies the “true” location of the Corner. In this instance, the stone marked “1/4” was the Original
Government Quarter-Section Corner Stone (note: “stones” were used by the Original GLO Surveyors in
the mountainous/hilly areas of South Dakota and Nebraska).

Position Determined from Static GNSS Survey
NAD 83(2011) epoch 2010.00
43°53'57.678452278" N
98°17°41.226045337” W

PK Nail set in asphalt after
using a magnetic locator to
“define” the position of the
rebar below (not exposed).

PAVING
Rebar placed over the bent

pipe after exposing only the
top, assuming it to be correctly
placed over the Stone.

Pipe correctly placed over
the Original Stone, but bent
during the preparation of
the new road subgrade.

Original Government
Quarter-Section Corner Stone
set by Original GLO Surveyors.

Figure 7.7.1-1: High Precision, Incorrect Location.
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Cha pter 8 Legislative Adoption and Registration with the NGS
8.1 Indiana Code (IC) and Administrative Code (IAC) Adoption

It is anticipated that as the INnGCS becomes frequently used, it will also become generally accepted by a
wide audience of Indiana professional surveyors, engineers, GIS, cartographic, and academic
professionals around the state. At that time, effort may be made to include definition or recognition of
the InGCS in Indiana Code, Title 32 (Property) as well as Title 865 (State Board of Registration for
Professional Surveyors), Rule 12 (Land Surveying; Competent Practice) of the Indiana Administrative
Code. If so, it is strongly encouraged that such effort be made in cooperation with the Indiana Society of
Professional Land Surveyors (ISPLS) and the Indiana State Board of Registration for Professional
Surveyors. Inclusion will encourage fundamental viable acceptance by engineering, surveying, and
mapping professionals within the state as well as Federal agencies such as NGS, FEMA, etc.

8.2 NGS Policy on Registration of the InGCS

The Indiana Department of Transportation, ISPLS, and other concerned organizations will be urged to
promote adoption of the InGCS by the National Geodetic Survey (NGS), guided by their policy on
changes to plane coordinate systems. The existing NGS policy on plane coordinate systems is given
below.

NGS “POLICY ON CHANGES TO PLANE COORDINATE SYSTEMS” (April 11, 2001)
(www.ngs.noaa.gov/INFO/Policy/SPCS4.html)

The National Geodetic Survey (NGS) recognizes there may be States that want to implement changes to
their existing North American Datum of 1983 (NAD 83) State Plane Coordinate System (SPCS)
parameters or to create and employ supplemental plane coordinate projections. These changes could
include: changing the number of zones, changing existing zone boundaries, and/or changing the
geometric parameters (e.g., false northing/easting, origin, central meridian, etc.), and/or creating
additional coordinate systems. NGS also recognizes that State and local surveying, mapping, and
Geographic Information System (GIS) agencies may develop grid systems to support a variety of agency
or local activities that may be in conflict with the policy detailed below. This policy details only those
elements which must be met for NGS to publish these coordinate systems as part of the National Spatial
Reference System (NSRS).

While NGS does not encourage States to change the current definition of the existing SPCS, NGS does
recommend any proposed changes be thoroughly discussed in detail with NGS technical staff, including
the NGS State Geodetic Advisor, if such an office exists in the State, prior to submitting a request to the
Director, NGS.
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NGS will adopt changes to SPCS or add supplemental projections into NSRS only under the following
conditions:

1. All requests for changes must be submitted in writing to the Director, NGS, and must be co-signed by
those State agencies and organizations most involved in the use, collection, and distribution of spatial
data including, but not limited to, the State Department of Transportation, State Office of GIS, and state
land surveyor professional organizations. Hereafter these groups are referred to as the "State." Required
agencies and organizations will be determined by NGS on a state-by-state basis. A similar request must
also be submitted to the U.S. Geological Survey (USGS) to ensure integrity of NSRS with USGS national
mapping products and services.

2. All new SPC zones or supplemental projections shall use the two basic map projections, the Lambert
conformal conic or the Mercator (transverse or oblique), defined at the surface of the ellipsoid of the
current Datum (Geodetic Reference System 1980 - GRS 80).

3. All changes must be adopted by State Law (or State Regulation when such Regulation is regulated by
public notices and hearings and no opposition exist). Such Law must include a complete description of
the revised SPCS zones and geometric parameters. A specified conversion factor between meters and
feet (U.S. Survey or International) is strongly recommended to be included in the legislation. NGS will
publish coordinates only in those legislated units.

4. Zones will continue to be defined by International, State and county boundaries, and by the counties
contained therein. (See Federal Register Notice "Policy on Publication of Plane Coordinates," Vol. 42,
Nol. 57, pages 15943-15944, published March 24, 1977.)

5. SPCS changes will ensure that the resulting coordinate differences are sufficiently large (by at least
10,000 meters) to ensure that no confusion will exist with the current NAD 83 coordinate values.

6. A naming convention shall be developed that ensures a distinct labeling between the existing and
revised new coordinate zones.

7. Should NGS estimate significant expenses resulting from changes to the existing SPCS, NGS may
require State reimbursement. These costs would be for coordinate conversion, data base extraction and
publication software required to support computation, publication and distribution of new coordinate
values as part of NSRS.

8. To facilitate public awareness, the State shall develop an education program that includes an article
detailing the rationale for the development of the changes, the process of review and ex-amination of
the issues, the final design criteria, and a workshop or seminar to be presented at a State-wide
surveying and mapping conference. The article shall be submitted for publication in one or more
surveying and mapping periodicals (e.g., American Congress on Surveying and Mapping Bulletin,
Professional Surveyor, or P.0.B. magazines). In addition, this article will be made available on the web
sites of the sponsoring agencies defined as the "State." Any requests for technical support from NGS
requiring travel expenses for NGS personnel shall be reimbursed by the State.
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Indiana Geospatial Coordinate System (InGCS)

InGCS Metadata, Geodetic Datum, Map Projection Zone Definitions &
Grid Coordinate Validation Points

RESPONSIBLE AGENCY: Indiana Department of Transportation (INDOT), Land & Aerial Survey Division

IconTACT PERSON/POSITION: Eric N. Banschbach, PS - INDOT Manager Land & Aerial Survey Office
CONTACT EMAIL: ebanschbach@indot.in.gov

JDEVELOPED BY: Matthew G. Badger, PS - Lochmueller Group

APPROVED BY: The InGCS Technical Development Team

APPROVED DATE: 2015/03/26

JDATE ADOPTED BY INDOT: 2015/07/28

SCOPE (USAGE): Engineering Survey

AREA OF USE: The designed area of use for these map projections lie within the State of Indiana, USA.

GEODETIC DATUM: The Indiana Geospatial Coerdinate System (InGCS) is referenced to the latest realization of the National Spatial
Reference System (NSRS), which is currently defined geometrically as NAD 83(2011). For projects based upon the InGCS, the burden of
identifying the datum tag (realization) in metadata will be upon the practitioner.

For agencies, groups, proprietary geospatial software providers, etc. preparing to include the InGCS in their respective geodetic parameter
datasets, coordinate system libraries, ete., it is recommended that they minimally include the current realization of NAD 83, i.e. NAD 83(2011)
and any subsequent realizations. Please note that there have been “double-correction” issues in the magnitude of approximately two meters
(three-dimensionally) identified with certain commercially available field system's software when using Real Time (GNSS) Networks (RTN) and
other projected coordinate systems, such as Stare Plane, when attempting to correctly position respective to NAD 83(2011). End users of the
INGCS should measure the success of their proprietary geospatial software by the ability to unambiguously perform geodetic computations and
repeatedly observe undisturbed geodetic survey marks published by the Mational Geodetic Survey bearing NAD 83(2011) (and any future
realizations) values within industry-acceptable tolerances for the work being performed, regardless of the global positioning method employed
(RTN, RTK, PPP, Static, etc.).

IPROJECTION METHOD: All INGCS Zones are based upon the Transverse Mercator projection method.

DESIGNATION OF ZONES: Zones within the InGCS were designated the names of the corresponding Indiana Counties for the sake of
simplicity and intuitive use by end users. Indiana has 92 Counties. Therefore, the INnGCS has 92 zones. A certain zone may or may not have
the identical projection parameters of an adjacent zone(s). When comparing the projection parameters of the InGCS' 92 distinct zones, there
are 57 separate groups vielding identical parameters. These groups are numbered and listed below for use by the European Petroleum Survey
Group (EPSG) for abbreviation purposes within their Dataset. It is requested that proprietary geospatial software providers include the official
192 named zones via 92 separate entries.

ANGULAR UNITS: The Degrees, Minutes and Seconds (DMS) values listed below define the corresponding Central Meridians and Latitudes of
Grid Origins. These DMS values were assigned at intervals of three minutes so as to keep decimal conversions as "clean” as practical, while
not sacrificing the intended map distortion objectives of the System. By assigning the DMS values at intervals of three minutes, decimal
|con\rersions round evenly at two decimal places. For applications that require decimal degree input rather than DMS, it is strongly

recommended users validate that their decimal degree conversions have not yielded non-zero values after the second decimal place. If non-
zero values have occurred after the second decimal place, the conversions have been computed erroneously.

LINEAR UNITS: The False Eastings and False Morthings listed below are in meters, which is the defining linear unit for these parameters. The
provided Validation Points are also listed in meters. The "working” linear unit for end users in Indiana will be the "United States Survey Foot"
definition (1 meter = 38.37 inches).

VALIDATION POINTS: All grid coordinate values listed below for the Validation Points are based upon the same position of latitude and
longitude of 42° North and 85° West. This position lies approximately 31 kilometers northwest of the northeast comer of Indiana. This single,
common geodetic position yields positive grid values in all Zones listed herein.
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Indiana| Projection | (North Latitude) (WestLongitude) Central False False Validation Paint
2-Digit Group Latitude of Central Meridian | Easting | Northing Easting Northing
Zone County | Abbreviation Grid Origin Meridian Scale (%) (Y) (X} (Y)
Name Code Code Deg. | Min. | Sec. | Deg. | Min. | Sec. | Factor | (meters)] (meters) (meters) (meters)
Adams 01 01 40 33 00 84 57 00 | 1.000034 | 240,000 ] 36,000 | 235,857.321 | 197,042.576
Allen 02 02 40 54 00 85 03 00 | 1.000031 | 240,000 | 36,000 | 244,142.667 | 158,173.8679
Bartholomew 03 03 39 00 00 85 51 00 | 1.000026 | 240,000 | 36,000 | 310,425.254 | 369,491.117
Benton 04 04 40 27 00 87 18 00 | 1.000029 | 240,000 | 36,000 J 430,567.721 | 210,705.421
Blackford 05 05-18 40 03 00 85 24 00 | 1.000038 | 240,000 ] 36,000 | 273,141.593 | 252 641.732
Boone 06 06-32 39 36 00 86 30 00 | 1.000036 | 240,000 | 36,000 | 364,282.128 | 303,618.467
Brown 07 07 39 00 00 86 18 00 | 1.000030 | 240,000 ] 36,000 | 347,710.206 | 369,960,596
Carroll 08 08 40 24 00 86 39 00 | 1.000026 | 240,000 ] 36,000 | 376,709.323 | 215,014.436
Cass 09 09 40 33 00 88 24 00 | 1.000028 | 240,000 | 36,000 | 355,995.543 | 197,988.761
Clark 10 10-22-72 38 09 00 85 36 00 | 1.000021 | 240,000 | 36,000 | 289,711.598 | 463 672.324
Clay 11 11 39 09 00 87 09 00 1.000024 | 240,000 36,000 | 418,137.860 | 354,724,927
Clinton 12 12 40 08 00 86 36 00 | 1.000032 | 240,000 | 36,000 | 372,567.295 | 242 697.736
Crawford 13 13-47-59 38 06 00 86 30 00 | 1.000025 | 240,000 | 36,000 | 364,280.761 | 470,138.638
Daviess 14 14-28 38 27 00 87 06 00 | 1.000018 | 240,000 | 36,000 | 413,993.876 | 432,329.722
Dearborn 15 15-58-78 38 39 00 84 54 00 | 1.000029 | 240,000 | 36,000 | 231,714.683 | 408,002.771
Decatur 16 16-70 39 06 00 85 39 00 | 1.000036 | 240,000 | 36,000 | 293,855.057 | 358,247.257
DeKalb 17 17 41 15 00 84 57 00 | 1.000036 | 240,000 | 36,000 | 235,857.313 | 119,303,715
Delaware 18 05-18 40 03 00 85 24 00 | 1.000038 | 240,000 ] 36,000 | 273,141.593 | 252,641.732
|Dubois 19 19-51 38 12 00 86 57 00 | 1.000020 | 240,000 | 36,000 | 401,565.536 | 459,787.679
Elkhart 20 20-43-85 40 38 00 85 51 00 | 1.000033 | 240,000 | 36,000 | 310,425.747 | 186,285.784
Fayette 21 21-24-81 39 15 00 85 03 00 1.000038 | 240,000 | 36,000 | 244,142.696 | 341,391,242
Floyd 22 10-22-72 38 08 00 85 36 00 | 1.000021 | 240,000 | 36,000 | 289,711.598 | 463,672.324
Fountain 23 23-86 39 57 00 87 18 00 | 1.000025 | 240,000 | 36,000 | 430,566.959 | 266,225.351
Franklin 24 21-24-81 39 15 00 85 03 00 | 1.000038 | 240,000 | 36,000 | 244.142.696 | 341,391,242
Fulton 25 25-50-71 40 54 00 86 18 00 | 1.000031 | 240,000 ] 36,000 | 347,710.313 | 158,990.378
[Gibson 26 26 38 09 00 87 39 00 | 1.000013 | 240,000 36,000 | 459,565.693 | 466,893.589
Grant 27 27 40 21 00 85 42 00 | 1.000034 | 240,000 | 36,000 | 297,997,659 | 219 487.851
Greene 28 14-28 38 27 00 87 06 00 | 1.000018 | 240,000 36,000 | 413,003.876 | 432,320.722
JHamilton 29 29-80 39 54 00 86 00 00 | 1.000034 | 240,000 | 36,000 | 322,854.027 | 269,702,978
[Hancock 30 30-48 39 38 00 85 48 00 | 1.000036 | 240,000 | 36,000 | 306,283.225 | 297 287.836
Harrison 3 31-88 37 ar 00 86 09 00 1.000027 | 240,000 | 36,000 | 335,281.630 | 486,340.679
Hendricks 32 06-32 39 36 00 86 30 00 | 1.000036 | 240,000 ] 36,000 | 364,282.128 | 303,618.467
Henry 33 33 39 45 00 85 27 00 | 1.000043 | 240,000 | 36,000 | 277,284.487 | 285974.624
Howard 34 34-52 40 21 00 86 09 00 | 1.000031 | 240,000 | 36,000 } 335,282.011 | 219,890.110
Huntington 35 35-92 40 38 00 85 30 00 | 1.000034 | 240,000 ] 36,000 | 281,426.845 | 186,057,323
Jackson 36 36 38 42 00 85 57 00 | 1.000022 | 240,000] 36,000 | 318,710.339 | 402,881.394
Jasper 37 37-64 40 42 00 87 06 00 | 1.000027 | 240,000 | 36,000 | 413,995,442 | 182,516,908
Jay 38 38 40 18 00 85 00 00 | 1.000038 | 240,000] 36,000 | 240,000.000 | 224,803 768 |
Jefferson 39 39 38 33 00 85 21 00 | 1.000028 | 240,000 | 36,000 | 268,998.598 | 419,157.924
Jennings 40 40 38 48 00 85 48 00 | 1.000025 | 240,000 | 36,000 | 306,282.496 | 391,654.136
Johnson 41 41-49 39 18 0o 86 09 00 | 1.000031 | 240,000 | 36,000 | 335.282.011 | 336,476.565
Knox 42 42 38 24 00 87 27 00 | 1.000015 | 240,000 | 36,000 | 442,993.988 | 438,649.761
Kosciusko 43 20-43-85 40 39 00 85 51 00 | 1.000033 | 240,000 ] 36,000 | 310.425.747 | 186,285.784
LaGrange 44 44-57 41 15 00 85 27 00 | 1.000037 | 240,000 | 36,000 | 277,284.263 | 119,400.561
Lake 45 45-56 40 42 00 87 24 00 | 1.000026 | 240,000 ] 36,000 | 438,853.181 | 183,170.285
LaPorte 46 46-66-75 40 54 00 86 45 00 | 1.000027 | 240,000 | 36,000 | 384,995.147 | 159,654.089
I_Lawrence 47 13-47-59 38 06 00 86 30 00 | 1.000025 | 240,000 | 36,000 | 364,280.761 | 470,138.638
Madison 48 30-48 39 39 00 85 48 00 | 1.000036 | 240,000 | 36,000 | 306,283.225 | 297 287.836
Marion 49 41-49 39 18 00 86 09 00 | 1.000031 | 240,000 | 36,000 | 335,282.011 | 336,476.565
Marshall 50 25-50-71 40 54 00 86 18 00 | 1.000031 | 240,000 ] 36,000 | 347,710.313 | 158,990.378
Martin 51 19-51 38 12 00 86 57 00 | 1.000020 | 240,000 | 36,000 | 401,565.536 | 459,767.679 |
Miami 52 34-52 40 21 00 86 09 00 | 1.000031 | 240,000 ] 36,000 | 335,282.011 | 219,890.110
Monroe 53 53-55 38 57 00 86 30 00 | 1.000028 | 240,000 | 36,000 | 364,281.134 | 375781.826
Montgomery 54 54-67 39 27 00 86 57 00 | 1.000031 | 240,000 | 36,000 } 401,567.313 | 321,022,846
Morgan 55 53-55 38 57 00 86 30 00 | 1.000028 | 240,000 | 36,000 | 364,281.134 | 375,781,826
Newton 56 45-56 40 42 00 87 24 00 | 1.000026 | 240,000 | 36,000 ) 438,853.181 | 183,170.285
[Noble 57 44-57 41 15 00 85 27 00 | 1.000037 | 240,000 | 36,000 | 277,284.263 | 119 400.561
Ohio 58 15-58-78 38 39 00 84 54 00 | 1.000029 | 240,000 | 36,000 | 231,714.683 | 408,002.771
Orange 59 13-47-59 38 06 00 86 30 00 | 1.000025 | 240,000 | 36,000 | 364,280.761 | 470,138.638
Owen 60 60 39 09 00 86 54 00 | 1.000026 | 240,000 | 36,000 | 397.423.611 | 354.235.478 |
[F' arke 61 61-83 39 36 00 87 21 00 | 1.000022 | 240,000 | 36,000 | 434,709.379 | 305,198.679
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Indiana| Projection | (North Latitude) (WestLongitude) Central False False Validation Paint
2-Digit Group Latitude of Central Meridian | Easting | Northing Easting Northing
Zone County | Abbreviation| Grid Origin Meridian Scale (%) (Y) (X) (Y)
Name Code Code Deg. | Min. | Sec. | Deg. | Min. | Sec. | Factor | (meters)] (meters) (meters) (meters)

Perry 62 62 37 | 48 | 00 | 86 | 42 | 00 | 1.000020 | 240,000 36,000 | 380,851.312 | 503,745.518
Pike 63 63-87 37 | 51 J oo ] 87 ] 18 | oo | 1.000015 | 240,000] 36,000 | 430,565.053 | 499,355.108
Porter 64 37-64 40 | 42 [ oo | 87 | o6 | oo | 1.000027 | 240,000] 36,000 | 413,995.442 | 182,516.908
Posey B85 85 37 | 45 | 00 | 87 | 57 | 00 | 1.000013 | 240,000 36,000 | 484,424.394 | 512,105.909
Pulaski 66 466675 | 40 | 54 | 00 | 86 | 45 | 00 | 1.000027 | 240,000| 36,000 | 384,995.147 | 159,654.089
Putham 67 54-67 39 | 27 | 00 | 86 | 57 | 00 | 1.000031 | 240,000] 36,000 | 401,567.313 | 321,022,846
Randolph 68 68-89 30 [ 42 T oo | 85 | 03 | oo | 1.000044 | 240,000] 36,000 | 244,142.720 | 291,429,823
Ripley 69 69 38 | 54 | 00 | 85 | 18 | 00 | 1.000038 | 240,000 36,000 | 264,856.185 | 380,290,971
[Rush 70 16-70 30 | o6 | o0 | 85 | 39 | oo | 1.000036 | 240,000 36,000 | 293,855.057 | 358,247,257
St. Joseph 71 2550-71 | 40 | 54 | oo | 86 | 18 | 0o | 1.000031 | 240,000 36,000 | 347,710.313 | 158,990.378
Scott 72 10-22-72 | 38 | 09 | 00 | B5 | 36 | 00 | 1.000021 | 240,000 | 36,000 | 289,711.598 | 463,672.324
Shelby 73 73 30 | 18 | oo | 85 | 54 | oo | 1.000030 | 240,000] 36,000 | 314,568.249 | 336,228,284
|SEencer [ 74 74 37 | 45 | 00 | 87 | 03 | 00 | 1.000014 | 240,000] 36,000 ]| 409.850.295 | 509,927.647
Starke 75 46-66-75 | 40 | 54 | o0 | 86 | 45 | oo | 1.000027 | 240,000] 36,000 | 384,995 147 | 159,654.089
Steuben 76 76 41 30 | oo | 85 [ oo | oo [ 1.000041 [240,000] 36,000 | 240,000.000 | ©1,536.493
[Sullivan 77 77 38 | 54 | 00 | 87 | 30 | 00 | 1.000017 | 240,000 36,000 | 447,137.413 | 383,265,043
[Switzerand 78 15-58-78 | 38 | 39 | oo | 84 | 54 [ oo [ 1.000029 [ 240,000] 36,000 [ 231,714.683 | 408,002,771
Tippecanoe 79 79.91 40 | 12 | 00 | 86 | 54 | 00 | 1.000026 | 240,000 26,000 | 397.423.611 | 237,652.628 |
Tipton 80 29-80 30 | 54 J oo | 86 | oo | oo | 1.000034 | 240,000 36,000 | 322,854.027 | 269,702,978
Union 81 21-24-81 | 39 | 15 | oo | 85 | 03 | oo | 1.000038 | 240,000 36,000 | 244,142,696 | 341,391,242
Wanderburgh | 82 82 37 | 48 | 00 | 87 | 33 | 00 | 1.000015 | 240,000 | 36,000 | 451,280.026 | 505,491,660
WVermillion 83 61-83 30 | 3 | oo | 87 | 21 | o0 | 1.000022 | 240,000] 36,000 | 434,709.379 | 305,198,679
Vigo B4 B4 39 | 15 | 00 | 87 | 27 | 00 | 1.000020 | 240,000] 36,000 | 442,995.003 | 344,289.561
Wabash 85 20-43-85 | 40 | 39 | oo | 85 | 51 | 00 | 1.000033 | 240,000] 36,000 | 310,425.747 | 186,285,784
Warren 86 23-86 30 | 57 T oo | 87 | 18 | oo [ 1.000025] 240,000] 36,000 | 430,566.959 | 266,225,351
Warrick 87 63-87 arv 51 0o 87 18 00 1.000015 | 240,000 | 36,000 | 430,565.053 | 499,355,108
Washington 88 31-88 37 | 57 ] oo | 86 | 09 | oo | 1.000027 | 240,000 36,000 | 335,281.630 | 486,340.679
Wayne 89 68-89 39 | 42 | 00 | B85 | 03 | 00 | 1.000044 | 240,000 36,000 | 244,142.720 | 291,429,823
Wells 90 90 40 | 33 | oo | 85 | 15 | o0 | 1.000034 | 240,000 36,000 | 260,713.402 | 197,071.604
White 91 79-91 40 | 12 [ oo | 86 | 54 | oo | 1.000026 | 240,000 36,000 | 397,423.611 | 237,652,628
IWH.tley T2 35-02 J0 | 39 | 00 | 55 | 30 | 00 | 1.000034 | 230,000 36,000 | 281,426.645 | .
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APPENDIX B

INGCS Release Announcement to
Geospatial Software Vendors
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INDIANA DEPARTMENT OF TRANSPORTATION

Land and Aerial Survey Office PHONE: (317) 610-7251 Michael R. Pence, Governor

120 South Shortridge Road FAX: (317) 356-9351 Brandye Hendrickson, Commissioner
Indianapolis, IN 46219

Geospatial Software Vendors,

The Indiana Department of Transportation wishes to inform you that, as of 2015/07/28, INDOT has approved
and adopted a new set of low distortion map projections, referred to as the "Indiana Geospatial Coordinate
System,” or InGCS, for use in the agency's geospatial projects (which includes Civil Engineering, Land
Surveying, Aerial Surveying, GIS, etc.) across Indiana. We anticipate this system will be used in the private
sector as well. Information about the InGCS can be found on INDOT's website at
http://www.in.gov/indot/ingcs. The official zone names, parameters, projection methods, and other
specifications, are available in the *2015 InGCS Approved & Adopted Definition File” on the website for
download when adding the InGCS to your respective platform.

For geospatial software vendors offering field positioning systems using global positioning techniques, please
make special note of the "Geodetic Datum" statement within the “2015 InGCS Approved & Adopted Definition
File” regarding NAD 83(2011) and "double-correction" issues identified in Real Time (GNSS) Networks. For
quality control purposes, INDOT plans to perform field tests on the performance of selected vendor’s platforms
when using Real Time (GNSS) Networks on National Geodetic Survey (NGS) passive control bearing NAD
83(2011) values. Test results are slated to be published in the forthcoming "InGCS Handbook and User Guide"
for assessment by the end user community.

INDOT has been working closely with the European Petroleum Survey Group (EPSG) to ensure the InGCS is
included in its Geodetic Parameter Dataset. The difference between INDOT's official document, available on
our website, and the EPSG's Datasheets are the groupings of zones that contain identical projection parameters.
These differences are noted within EPSG's Datasheets, and the datasheets refer to INDOT's zone designations
as the official/authoritative source. For consistency across platforms and ease of use by the end user community,
it is strongly recommended to use INDOT's official document when adding the InGCS to your platform.

We are currently working on the next phase of this project. This phase includes preparing an InGCS Handbook
and User Guide, rewriting the appropriate sections of the INDOT Design Manual, providing educational
seminars and workshops, and so on. Updates on this endeavor will be posted on the website.

Should you have any questions, my contact information is provided below and available on the website.
Kind regards,

Eric N Banschbach, P.S.
Manager, Land & Aerial Survey Office
Indiana Department of Transportation
120 South Shortridge Road
Indianapolis, Indiana 46219-6703
(317) 610-7251 ext 205,
ebanschbach(@indot.in.gov

AState that Watks

www.in.gov/dot/ .
An Equal Opportunity Employer ﬂ Indiana
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INGCS Individual Zone Datasheets
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INGCS Zones

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)

LAGRANGE
STJOSEPH
LAPORTE
NOBLE
MARSHALL
PULASKI FULTON
o I ‘l

General InGCS Map

Projection Information

Number of zones: 92 (one per county)
Number of zone groups: 57

Number of grid bearing systems: 53

Map projection type: Transverse Mercator (all)

InGCS Zone Groups Designation

Zone groups are depicted by contiguous
counties with identical color shading. For
example, Crawford, Orange, and Lawrence
counties are in the same group and are
therefore in a common grid coordinate system.
Monroe and Morgan counties, though in a
common coordinate system between
themselves, are in a difference grid coordinate
system than Crawford, Orange, and Lawrence
counties or Hendricks and Boone counties.

BENTON

BLACK-
FORD JAY

CLINTON
DELAWARE

MADISON

InGCS Grid Bearing Systems

Zone groups with common central
meridians/basis of grid bearings are
depicted with bold, yellow borders. For
example, Crawford, Orange, Lawrence,
Monroe, Morgan, Hendricks, and Boone
counties have the same basis of grid
bearings, even though these counties
comprise three different zone groups.

HANCOCK

PARKE MARION

VERMILLION

UNION

JOHNSON

MORGAN

FRANKLIN

MONROE

RIPLEY

JENNINGS

DUBOIS

[

X WARRICK

PoSEY qv‘;\g"
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INGCS Zones Overview Map

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)

| LAGRANGE

General InGCS Map ! LAPORTE
Projection Information LL
E

Number of zones: 92 (one per county)
Number of zone groups: 57

Number of grid bearing systems: 53

Map projection type: Transverse Mercator (all)

InGCS Zone Groups Designation Elmw TON
NI

Zone groups are depicted by contiguous
counties with identical color shading. For
example, Crawford, Orange, and Lawrence
counties are in the same group and are
therefore in a common grid coordinate system.
Monroe and Morgan counties, though in a CARROLL

common coordinate system between GRANT
themselves, are in a difference grid coordinate \FORD sy
system than Crawford, Orange, and Lawrence

counties or Hendricks and Boone counties.

I CLINTON

InGCS Grid Bearing Systems +m

The central meridians/basis of grid bearings
of the appropriate zones are depicted with |
bold centerlines. For example, Crawford,
Orange, Lawrence, Monroe, Morgan, 5
Hendricks, and Boone counties have the same g mnpocxl

basis of grid bearings, even though these | PARKE

counties comprise three different zone groups.
MLMAN JOHNSON
VIGO

JENNINGS

CLARK !

i FLOYD
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ADAMS COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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ALLEN COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) B
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BARTHOLOMEW COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Central Meridian Scale: 1.000 026

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Avg. 95% 99%
Bartholomew County 2 5 8
(Note: 10 ppm = + 0.053 feet/mile)

Legend

@ False Northing/Easting
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] -15 to -10 ppm
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£ 5010 ppm Note: Map grid is
B 10 to 15 ppm | shown in units of
B >15 ppm U.S. Survey feet.
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BENTON COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) B
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i ~ o Sampled Linear Distortion Statistics
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S | + Avg. 95% 99%
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I <15 ppm "§
B -15to-10 ppm =
J-10to-5ppm 2
CJ5toppm O
[ 0to 5 ppm
| | 5to 10 ppm

e Note: Map grid is
[ 10 to 15 ppm | shown in units of
B >15 ppm U.S. Survey feet.

Scale 1" =10 miles
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BLACKFORD COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) p
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® __ Transverse Mercator Projection

lackford I Latitude of Grid Origin: 40°03'00"N
: : Central Meridian: 85°24'00"W
County False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 038

o Note: Blackford and Delaware Counties
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L 8_ have identical projection parameters.
o
N Sampled Linear Distortion Statistics
- (absolute values, in parts-per-million)
) ‘ o Avg. 95% 99%
Belawale Caunfy | 3 Blackford County 2 4 6
pa ' = Delaware County 2 5 7
o | ~  (Note: 10 ppm = + 0.053 feet/mile)
S I o
< : E Legend
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[ -15 to -10 ppm §
J-10to5ppm 2
J-5tc0ppm O
[ 0to 5 ppm
5to 10 ppm
D PP Note: Map grid is
B 10 to 15 ppm | shown in wnits of
B >15 ppm U.S. Survey feet.
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BOONE COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) ]
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North American Datum of 1983
Transverse Mercator Projection
Latitude of Grid Origin: 39°36'00"N
Central Meridian: 86°30'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 036

o Note: Boone and Hendricks Counties
have identical projection parameters.

40°10'0"N
]
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Boone County : -

280,000

40°0'0"N
]

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
B Avg. 95% 99%

Boone County 2 5 6
Hendricks County 3 8 9
(Note: 10 ppm = + 0.053 feet/mile)
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] Legend
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Linear Distortion
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] -15 to -10 ppm
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] o0to5ppm
£ 5010 ppm Note: Map grid is
[ 10 to 15 ppm | shown in units of
B >15 ppm U.S. Survey feet.

Scale 1" =10 miles
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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BROWN COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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- = False Easting: 240 000 m
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8 _ ! C°,f,g"ty L Sampled Linear Distortion Statistics
cg SN o (absolute values, in parts-per-million)
3 e = Avg. 95% 99%
' | = Brown County 4 9 10
|('| ' - (Note: 10 ppm = + 0.053 feet/mile)
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& 8 Legend
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- Note: Map grid is
B 10 to 15 ppm | shown in wnits of
B >15 ppm U.S. Survey feet.
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CARROLL COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) ]
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Carroll County False Northing: 36 000 m
| = False Easting: 240 000 m
| — ! - % Central Meridian Scale: 1.000 026
Z [ =
g - | B Sampled Linear Distortion Statistics
o - S (absolute values, in parts-per-million)
= o
< i - S Avg. 95% 99%
- I CarroliCounty 2 5 6
] _+__.___ L (Noter 10 ppm = + 0.053 feet/mile)
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S - I S
N i = Legend
g I ] I I
86°50'0"W  86°40'0"W  86°30'0"W  86°20'0"W @ False Northing/Easting

= === Central Meridian
===Qrigin Latitude

L] County Boundary
Linear Distortion

I <15 ppm "§
B -15to-10 ppm =
J-10to-5ppm 2
CJ5toppm O
[ 0to 5 ppm
| | 5to 10 ppm

e Note: Map grid is
[ 10 to 15 ppm | shown in units of
B >15 ppm U.S. Survey feet.

Scale 1" =10 miles
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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CASS COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) /)]_
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Z ! | o North American Datum of 1983
S | 8 __Transverse Mercator Projection
£ c b S  Latitude of Grid Origin: 40°33'00"N
SS ass County N Central Meridian: 86°24'00"W
i P False Northing: 36 000 m
- i = False Easting: 240 000 m
| . 2 Central Meridian Scale: 1.000 028
z : 3
o | -
S - . P Sampled Linear Distortion Statistics
°<3r | S (absolute values, in parts-per-million)
I L 8_ Avg. 95% 99%
. 3 Cass County 2 5 7
L (Note: 10 ppm = + 0.053 feet/mile)
= S
= | -3
S : S Legend

86°400'W  B6°300°W  86°200°W  B6100'W ®  Faise Northing/Easting
=== Central Meridian
===Qrigin Latitude
D County Boundary
Linear Distortion
I <-15 ppm
[ -15 to -10 ppm
[ -10to-5 ppm
] -5t00ppm
] oto5ppm
el T Note: Map grid is
[ 10 to 15 ppm | shown in units of
B >15 ppm U.S. Survey feet.

Scale 1" =10 miles
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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CLARK COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)

660,000 700,000 740,000 780,000 820,000
] ] ] 1 ] ] 1 ]

38°50'0"N
1

38°40'0"N
]

38°30'0"N
]

38°20'0"N
1

38°10'0"N
1

380,000

340,000

000

300

140,000 180,000 220,000 260,000

100,000

E

(NTS)

North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 38°09'00"N
Central Meridian: 85°36'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 021

Note: Clark, Floyd, and Scott Counties
have identical projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Clark County 5 9 13
Floyd County 6 13 15
Scott County 4 9 13
(Note: 10 ppm = + 0.053 feet/mile)

Legend

@ False Northing/Easting
=== Central Meridian

=== Qrigin Latitude

D County Boundary
Linear Distortion

T T T T
86°0'0"W 85°50'0"W  85°40'0"W  85°30'0"W

I <15 ppm S
[ -15to -10 ppm é‘
J-10to-5ppm 2
] -5t00ppm o
L_JOto5ppm
[ 5to0 10 ppm

Note: Map grid is
[ 10 to 15 ppm | shown in units of

B >15 ppm U.S. Survey feet.
Scale 1" =10 miles
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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CLAY COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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S A ! N Latitude of Grid Origin: 39°09'00"N
2 | = r Central Meridian: 87°09'00"W
® ' = False Northing: 36 000 m
! [ © False Easting: 240 000 m
Cllay County § Central Meridian Scale: 1.000 024
Z I -
:g _ ! SRR S Sampled Linear Distortion Statistics
N | , L 8 (absolute values, in parts-per-million)
2 i o Avg. 95% 99%
. L Clay County 2 5 6
| o (Note: 10 ppm = + 0.053 feet/mile)
I 3
z l "o
o | ]
- 1 ~
gl [ R s | I Legend
b )
' | 8 @ False Northing/Easting
! ‘8 === Central Meridian
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L1 County Boundary
Linear Distortion
B <-15 ppm
[ -15 to -10 ppm
[ -10to-5 ppm
] -5t00ppm
] 0to5ppm
£ 5t 10 ppm Note: Map grid is
I 10 to 15 ppm | shown in wnits of
B >15 ppm U.S. Survey feet.

Scale 1" =10 miles
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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CLINTON COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) ]
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! North American Datum of 1983
I = Transverse Mercator Projection
> . S Latitude of Grid Origin: 40°09'00"N
= | I Central Meridian: 86°36'00"W
S A i o False Northing: 36 000 m
o T B False Easting: 240 000 m
< | Clinton County 8 Central Meridian Scale: 1.000 032
o
1 =)
| <
i Sampled Linear Distortion Statistics
Z | - (absolute values, in parts-per-million)
= § Avg. 95% 99%
g —— —— -+-- ——— —— ——— Eis BE=) Clinton County 2 5 6
< S (Note: 10 ppm = + 0.053 feet/mile)
H o
- | S
; S Legend
T T T T €2
86°50'0"W  86°40'0"W  86°30'0"W  86°20'0"W  86°10'0"W @ False Northing/Easting

= === Central Meridian
===Qrigin Latitude

L] County Boundary
Linear Distortion

B <15 ppm "§
B -15t0-10 ppm =
J-10to-5ppm 2
CJstooppm O
3 oto 5 ppm
| | 5to 10 ppm

. Note: Map grid is
B 10 to 15 ppm | shown in wnits of
B >15 ppm U.S. Survey feet.

Scale 1" =10 miles
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CRAWFORD COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) p
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(NTS)

North American Datum of 1983
Transverse Mercator Projection
Latitude of Grid Origin: 38°06'00"N

Central Meridian: 86°30'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 025
Note: Crawford, Lawrence, and
Orange Counties have identical
projection parameters.
Sampled Linear Distortion Statistics
. (absolute values, in parts-per-million)
Avg. 95% 99%
Crawford County 4 11 14
Lawrence County 4 8 M
2 Orange County 4 8 10
County F (Note: 10 ppm = + 0.053 feet/mile)

Legend
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:Count:y— ' -  Linear Distortion
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] -15 to -10 ppm
i : [ -10 to -5 ppm
] -5t0 0 ppm
L_J 0to5ppm

5to 10 ppm
|:I PP Note: Map grid is
B 10 to 15 ppm | shown in units of
B >15 ppm U.S. Survey feet.
T T Scale 1" =10 miles
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Negative Linear Distortion: grid (map) length<horizontal ground length
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DAVIESS COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) /J
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o
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z | :
2 '
2 ] North American Datum of 1983
‘?8 ' S __Transverse Mercator Projection
% B g Latitude of Grid Origin: 38°27'00"N
I = Central Meridian: 87°06'00"W
i | False Northing: 36 000 m
£ False Easting: 240 000 m
£ : < GreciigConuly S Central Meridian Scale: 1.000 018
Sl : Q Note: Daviess and Greene Counties
o)} = . . v
™ | have identical projection parameters.
| i g Sampled Linear Distortion Statistics
— == || O (absolute values, in parts-per-million)
= - ® Avg. 95% 99%
< AN o
o | | » Daviess County 2 5 6
3 1 . Il B GreeneCounty 2 6 9
o | § (Note: 10 ppm = + 0.053 feet/mile)
I r<
i ~ Legend
z Davies:s County g @ False Northing/Easting
o ] o ..
o - 5 === Central Meridian
o | S
@ i N === QOrigin Latitude
| [
i S L] County Boundary
: | © Linear Distortion
o
z ‘v*’k C Bl <15ppm  E
;%- [ [ -15 to -10 ppm é‘
2 § [ -10to -5 ppm 'g
TSI T S T Swopm O
i Jotos ppm
. 5to 10 ppm
§ | | § |:I PP Note: Map grid is
S ' - < [ 10 to 15 ppm | shown in units of
& | “ B >15 ppm U.S. Survey feet.
T T T T -
87°20'0"W  87°10'0"W  87°0'0"W  86°50'0"W  86°40'0"W Scale 1" =10 miles
o — Vil
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DEARBORN COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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= I 1 1 1
o
S H o
S | S
o)) — e o
™ ; l X ((YQ,
"f” o
i 3
£ | =)
S . P (1 | o
= I \"".Dearborn L
= County|
™ o
ka N | S
o
! h S
" AN
z 7 : B
C o
S ; S
3 - S
« Ohio . S
County’ i T
o
o
z 1 3 - S
= Switzerland | S
B County T £
% | i H
« 3
: __ . _ S
4 - | 8
z : | | L
o . S
0%? 7] N S S S S S S S S i S S S S — - ————— s e e s e e e e q
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(NTS)

North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 38°39'00"N
Central Meridian: 84°54'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 029
Note: Dearborn, Ohio, and
Switzerland Counties have
identical projection parameters.
Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Dearborn County 7
Ohio County 6
Switzerland County 6

Avg. 95% 99%

12 13
13 13
15 20

(Note: 10 ppm = = 0.053 feet/mile)

Legend

@ False Northing/Easting
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===Qrigin Latitude

D County Boundary
Linear Distortion

B <-15 ppm

[ -15 to -10 ppm
[ -10 to -5 ppm

] -5t00ppm
] oto5ppm
[ 5t0 10 ppm
B 10 to 15 ppm
B >15 ppm

Grid North

Note: Map grid is
shown in units of
U.S. Survey feet.
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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DECATUR COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) B
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North American Datum of 1983
Transverse Mercator Projection
Latitude of Grid Origin: 39°06'00"N
Central Meridian: 85°39'00"W
u - - False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 036

Note: Decatur and Rush Counties
» have identical projection parameters.

39°50'0"N
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360,000

Rush County

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Decatur County 2 6 8
Rush County 2 4 5
(Note: 10 ppm = + 0.053 feet/mile)
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5to 10 ppm
D PP Note: Map grid is
[ 10 to 15 ppm | shown in wnits of
B >15 ppm U.S. Survey feet.
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DEKALB COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 41°15'00"N
Central Meridian: 84°57'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 036

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
DeKalb County 2 5 6
(Note: 10 ppm = + 0.053 feet/mile)
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DELAWARE COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) B
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Blackford ' T Latitude of Grid Origin: 40°03'00"N
' Central Meridian: 85°24'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 038

Note: Blackford and Delaware Counties
have identical projection parameters.
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Avg. 95% 99%
Blackford County 2 4 6
Delaware County 2 5 7
(Note: 10 ppm = + 0.053 feet/mile)
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DUBOIS COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) p

720,000 760,000 800,000 840,000 880,000
1 1 1

(NTS)

380,000

North American Datum of 1983
Transverse Mercator Projection
Latitude of Grid Origin: 38°12'00"N

Central Meridian: 86°57'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 020

Note: Dubois and Martin Counties

have identical projection parameters.
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= Avg. 95% 99%
Dubois County 3 6 7
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ELKHART COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) /J
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FAYETTE COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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North American Datum of 1983
Transverse Mercator Projection
Latitude of Grid Origin: 39°15'00"N

Central Meridian: 85°03'00"W
r False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 038

Note: Fayette, Franklin, and
L Union Counties have identical
projection parameters.
Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Fayette County 3 6 8
Franklin County 4 12 15
Union County 3 7 8
(Note: 10 ppm = = 0.053 feet/mile)
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FLOYD COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 38°09'00"N
Central Meridian: 85°36'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 021

Note: Clark, Floyd, and Scott Counties
have identical projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Clark County 5 9 13
Floyd County 6 13 15
Scott County 4 9 13
(Note: 10 ppm = + 0.053 feet/mile)
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FOUNTAIN COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 39°57'00"N
Central Meridian: 87°18'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 025

Note: Fountain and Warren Counties
have identical projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Fountain County 2 7 9
Warren County 3 7 8
(Note: 10 ppm = = 0.053 feet/mile)
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FRANKLIN COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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FULTON COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 40°54'00"N
Central Meridian: 86°18'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 031

Note: Fulton, Marshall, and
St.Joseph Counties have
identical projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Avg. 95% 99%
Fulton County 2 5 7
Marshall County 2 4 5
St.Joseph County 3 6 8
(Note: 10 ppm = = 0.053 feet/mile)
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GIBSON COUNTY
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GRANT COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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Central Meridian Scale: 1.000 034
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GREENE COUNTY
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HAMILTON COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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Latitude of Grid Origin: 39°54'00"N

Central Meridian: 86°00'00"W
False Northing: 36 000 m
False Easting: 240 000 m
L Central Meridian Scale: 1.000 034

Note: Hamilton and Tipton Counties

have identical projection parameters.
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HANCOCK COUNTY
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North American Datum of 1983
Transverse Mercator Projection
Latitude of Grid Origin: 39°39'00"N
Central Meridian: 85°48'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 036

Note: Hancock and Madison Counties
have identical projection parameters.
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Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
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HARRISON COUNTY
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HENDRICKS COUNTY
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HENRY COUNTY
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HOWARD COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 40°21'00"N
Central Meridian: 86°09'00"W
False Northing: 36 000 m
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Central Meridian Scale: 1.000 031
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have identical projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
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HUNTINGTON COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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JACKSON COUNTY
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JAY COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)

=z 700,000 740,000 780,000 820,000 860,000
o ] ] ] 1 ] ] 1 ]
O o
<t
o =
<
P
o
O o
g2
o
<
z r
O o
N
O == = ———
<
|
)

E

(NTS)

220,000

North American Datum of 1983
Transverse Mercator Projection
Latitude of Grid Origin: 40°18'00"N
Central Meridian: 85°00'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 038

180,000

140,000

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Jay County 2 6 6
(Note: 10 ppm = + 0.053 feet/mile)

100,000

T T T T
85°20'0"W  85°10'0"W  85°0'0"W  84°50'0"W  84°40'0"W

Legend

@ False Northing/Easting
=== Central Meridian

==="Qrigin Latitude

D County Boundary
Linear Distortion

Bl <15 ppm S
[ -15 to -10 ppm é‘
J-10to-5ppm 2
[ -5t0 0 ppm o
[ oto5ppm
[ 5t0 10 ppm

Note: Map grid is
B 10 to 15 ppm| shown in units of

B >15 ppm U.S. Survey feet.
Scale 1" =10 miles

™ ™ ™ ™ ™ e | VT
0 5 10 20

Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length

Indiana Department of Transportation / Land & Aerial Survey Office




Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

JEFFERSON COUNTY
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JENNINGS COUNTY
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JOHNSON COUNTY
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KNOX COUNTY
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KOSCIUSKO COUNTY
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LAGRANGE COUNTY
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LAKE COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) /j_
700,000 740,000 780,000 820,000 860,000
1 1
| - H
| ] o ||
| -
- A Lake 0
R N i1 Michigan
2- 1 S
O o
< T~ - K3 (NTS)
i :
i r North American Datum of 1983
> : § Transverse Mercator Projection
= | o Latitude of Grid Origin: 40°42'00"N
S 4 » o Central Meridian: 87°24'00"W
& | B False Northing: 36 000 m
A | o False Easting: 240 000 m
Lake'County | L 8_ Central Meridian Scale: 1.000 026
! ® Note: Lake and Newton Counties
> l “  have identical projection parameters.
o . r
=g o
gCV) ! 8 Sampled Linear Distortion Statistics
o I r S’; (absolute values, in parts-per-million)
. ™ Avg. 95% 99%
| - LakeCounty 2 4 5
i S Newton County 1 3 4
P ~ / L g (Note: 10 ppm = = 0.053 feet/mile)
: I L Legend
q— | ]
I § @ False Northing/Easting
i [ 8 =-= Central Meridian
N
= | i L ==="Qrigin Latitude
= ' =} l l County Bounda
£ Newton S ooneey
o County B Linear Distortion -
! |~ [ <15 ppm T
! S [ -15 to -10 ppm §
z | -S [ -10to-5ppm B
S - | © [J-5to0ppm ©
S | - _ [otos5ppm
: 8 [ 5to10ppm
I 3 PP Note: Map grid is
. S [ 10 to 15 ppm| shown in units of
z S - — B >15 ppm U.S. Survey feet.
o
=R : S Scale 1" =10 miles
S . — T S [l Wiles
87°40'0"W  87°30'0"W  87°20'0"W  87°10'0"W -

0 5 10 20

Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length

Indiana Department of Transportation / Land & Aerial Survey Office



Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

LAPORTE COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Note: LaPorte, Pulaski, and
Starke Counties have identical
projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Avg. 95% 99%

LaPorte County 3 7 9
Pulaski County 1 3 4
Starke County 2 4 5
(Note: 10 ppm = + 0.053 feet/mile)
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LAWRENCE COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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False Easting: 240 000 m
Central Meridian Scale: 1.000 025
Note: Crawford, Lawrence, and
Orange Counties have identical
projection parameters.
Sampled Linear Distortion Statistics
. (absolute values, in parts-per-million)
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MADISON COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) ]
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Latitude of Grid Origin: 39°39'00"N
Central Meridian: 85°48'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 036

Note: Hancock and Madison Counties
have identical projection parameters.
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Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Hancock County 2 3 5
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MARION COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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MARSHALL COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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MARTIN COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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Note: Dubois and Martin Counties

have identical projection parameters.
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MIAMI COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 40°21'00"N
Central Meridian: 86°09'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 031
Note: Howard and Miami Counties
have identical projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Howard County 2 5 6
Miami County 2 6 8
(Note: 10 ppm = + 0.053 feet/mile)
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MONROE COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 38°57'00"N
Central Meridian: 86°30'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 028
Note: Monroe and Morgan Counties
have identical projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Monroe County 2 4 5
Morgan County 3 7 9
(Note: 10 ppm = = 0.053 feet/mile)
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MONTGOMERY COUNTY
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MORGAN COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Transverse Mercator Projection

Latitude of Grid Origin: 38°57'00"N
Central Meridian: 86°30'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 028
Note: Monroe and Morgan Counties
have identical projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Monroe County 2 4 5
Morgan County 3 7 9
(Note: 10 ppm = = 0.053 feet/mile)
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NEWTON COUNTY

INDIANA GEOSPATIAL COOR

DINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 40°42'00"N
Central Meridian: 87°24'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 026

Note: Lake and Newton Counties
have identical projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Lake County 2 4 5
Newton County 1 3 4
(Note: 10 ppm = + 0.053 feet/mile)
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NOBLE COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Central Meridian: 85°27'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 037
Note: LaGrange and Noble Counties
have identical projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)
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Noble County 2 5 7
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OHIO COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 38°39'00"N
Central Meridian: 84°54'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 029
Note: Dearborn, Ohio, and
Switzerland Counties have
identical projection parameters.
Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Dearborn County 7
Ohio County 6
Switzerland County 6

Avg. 95% 99%
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(Note: 10 ppm = + 0.053 feet/mile)
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ORANGE COUNTY
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Central Meridian Scale: 1.000 025
Note: Crawford, Lawrence, and
Orange Counties have identical
projection parameters.
Sampled Linear Distortion Statistics
. (absolute values, in parts-per-million)
Avg. 95% 99%
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OWEN COUNTY
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Latitude of Grid Origin:  39°09'00"N
Central Meridian:  86°54'00"W
False Northing: 36 000 m
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Central Meridian Scale:  1.000 026

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Owen County 3 8 10
(Note: 10 ppm = + 0.053 feet/mile)
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PARKE COUNTY
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Note: Parke and Vermillion Counties
have identical projection parameters.
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Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Parke County 3 5 6
Vermillion County 2 5 5
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PERRY COUNTY
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(absolute values, in parts-per-million)
Avg. 95% 99%
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PIKE COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 37°51'00"N
Central Meridian: 87°18'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 015
Note: Pike and Warrick Counties
have identical projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Pike County 2 5 7
Warrick County 2 6 8
(Note: 10 ppm = = 0.053 feet/mile)
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PORTER COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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POSEY COUNTY
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False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 013

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Posey County 2 4 6
(Note: 10 ppm = + 0.053 feet/mile)
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PULASKI COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Central Meridian Scale: 1.000 027
Note: LaPorte, Pulaski, and
Starke Counties have identical
projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
LaPorte County 3 7 9
Pulaski County 1 3 4
Starke County 2 4 5
(Note: 10 ppm = + 0.053 feet/mile)
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PUTNAM COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 39°27'00"N
Central Meridian: 86°57'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 031
Note: Montgomery and
Putnam Counties have identical
projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Avg. 95% 99%
Montgomery County 2 4 5
Putnam County 3 7 9
(Note: 10 ppm = = 0.053 feet/mile)
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RANDOLPH COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 39°42'00"N
Central Meridian: 85°03'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 044

Note: Randolph and Wayne Counties
have identical projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Randolph County 3 7 8
Wayne County 3 7 9
(Note: 10 ppm = + 0.053 feet/mile)
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RIPLEY COUNTY
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Latitude of Grid Origin: 38°54'00"N
Central Meridian: 85°18'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 038

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Ripley County 2 6 M
(Note: 10 ppm = + 0.053 feet/mile)
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RUSH COUNTY
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ST.JOSEPH COUNTY
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False Easting: 240 000 m
Central Meridian Scale: 1.000 031

Note: Fulton, Marshall, and
St.Joseph Counties have
identical projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Avg. 95% 99%
Fulton County 2 5 7
Marshall County 2 4 5
St.Joseph County 3 6 8
(Note: 10 ppm = = 0.053 feet/mile)
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SCOTT COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 38°09'00"N
Central Meridian: 85°36'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 021

Note: Clark, Floyd, and Scott Counties
have identical projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Clark County 5 9 13
Floyd County 6 13 15
Scott County 4 9 13
(Note: 10 ppm = + 0.053 feet/mile)
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SHELBY COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 39°18'00"N
Central Meridian: 85°54'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 030

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Shelby County 2 4 4
(Note: 10 ppm = + 0.053 feet/mile)
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SPENCER COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Transverse Mercator Projection

Latitude of Grid Origin: 37°45'00"N
Central Meridian: 87°03'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 014

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Spencer County 2 6 8
(Note: 10 ppm = + 0.053 feet/mile)
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STARKE COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Starke Counties have identical
projection parameters.
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(absolute values, in parts-per-million)
Avg. 95% 99%
LaPorte County 3 7 9
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STEUBEN COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Latitude of Grid Origin: 41°30'00"N
Central Meridian: 85°00'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 041

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Steuben County 2 5 7
(Note: 10 ppm = + 0.053 feet/mile)
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SULLIVAN COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Central Meridian Scale: 1.000 017

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Sullivan County 2 4 5
(Note: 10 ppm = + 0.053 feet/mile)
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SWITZERLAND COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 38°39'00"N
Central Meridian: 84°54'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 029
Note: Dearborn, Ohio, and
Switzerland Counties have
identical projection parameters.
Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Dearborn County 7
Ohio County 6
Switzerland County 6

Avg. 95% 99%
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TIPPECANOE COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Transverse Mercator Projection

Latitude of Grid Origin: 40°12'00"N
Central Meridian: 86°54'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 026

Note: Tippecanoe and White Counties
have identical projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Avg. 95% 99%
Tippecanoe County 3 6 9
White County 2 5 7
(Note: 10 ppm = = 0.053 feet/mile)
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TIPTON COUNTY
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UNION COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) p
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Note: Fayette, Franklin, and
L Union Counties have identical
projection parameters.
Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Fayette County 3 6 8
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VANDERBURGH COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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False Northing: 36 000 m
False Easting: 240 000 m
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Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Vanderburgh County 2 4 6
(Note: 10 ppm = + 0.053 feet/mile)
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VERMILLION COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Note: Parke and Vermillion Counties
have identical projection parameters.
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Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Parke County 3 5 6
Vermillion County 2 5 5
(Note: 10 ppm = = 0.053 feet/mile)
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VIGO COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Vigo County 2 5 6
(Note: 10 ppm = + 0.053 feet/mile)
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WABASH COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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Elkhart

)
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<

North American Datum of 1983
Transverse Mercator Projection
Latitude of Grid Origin: 40°39'00"N

Central Meridian: 85°51'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 033

Note: Elkhart, Kosciusko, and
—— . Wabash Counties have identical
projection parameters.
Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)
Avg. 95% 99%
Elkhart County 2 5 6
Koscisusko County 2 5 6
Wabash County 2 5 8
(Note: 10 ppm = = 0.053 feet/mile)

Legend

@ False Northing/Easting
=== Central Meridian

T
440,000

41°30'0"N
]

400,000

41°20'0"N
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360,000
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Kosciusko County

e
T
320,000

41°10'0"N
1
ﬂ

- — . — —-—vo—-—-—-—-—--—-—-—-l

280,000

===Qrigin Latitude

D County Boundary
Linear Distortion
Bl <-15 ppm

2 -15to -10 ppm
[ -10to -5 ppm
L[] -5t00ppm

[ 0to 5 ppm
S0 I0E Note: Map grid is
B 10 to 15 ppm | shown in wnits of
B >15 ppm U.S. Survey feet.

Scale 1" =10 miles
. T [ R, \ e 5
86°10'0"W  86°0'0"W  85°50'0"W  85°40'0"W  85°30'0"WO0 5 10 20
Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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WARREN COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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E

(NTS)

North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 39°57'00"N
Central Meridian: 87°18'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 025

Note: Fountain and Warren Counties
have identical projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Avg. 95% 99%

Fountain County 2 7 9
Warren County 3 7 8
(Note: 10 ppm = + 0.053 feet/mile)

Legend

@ False Northing/Easting
=== Central Meridian

===Qrigin Latitude
L1 County Boundary

Linear Distortion

B <-15 ppm

[ -15 to -10 ppm

[ -10 to -5 ppm
[ -5to 0 ppm
] 0to5ppm

Grid North

[ 5to 10 ppm

B 10 to 15 ppm

B >15 ppm

Note: Map grid is
shown in units of
U.S. Survey feet.

Scale 1" =10 miles

™ ™ ™ ™ o™ e— ]

0 5 10

Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length

Indiana Department of Transportation / Land & Aerial Survey Office
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WARRICK COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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/j_

(NTS)

North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 37°51'00"N
Central Meridian: 87°18'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 015
Note: Pike and Warrick Counties
have identical projection parameters.

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Pike County 2 5 7
Warrick County 2 6 8
(Note: 10 ppm = = 0.053 feet/mile)

Legend

@ False Northing/Easting
=== Central Meridian

==="Qrigin Latitude

D County Boundary
Linear Distortion
I <15 ppm

[ -15 to -10 ppm
[ -10to-5 ppm
1 -5to0ppm
] oto5ppm
£ 5010 ppm Note: Map grid is
[ 10 to 15 ppm| shown in units of
B >15 ppm U.S. Survey feet.

Scale 1" =10 miles
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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WASHINGTON COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) /_]
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J_ - S North American Datum of 1983
z ' | s Q —_Transverse Mercator Projection
g _ i : . 3 L | | L Latitude of Grid Origin: 37°57'00"N
5 } Idé"' T % o Central Meridian: 86°09'00"W
S i e . S False Northing: 36 000 m
SN 7 =) False Easting: 240 000 m
| T 1 & Central Meridian Scale: 1.000 027
) anshington»~County—— g | e Note: Hamson and _Waslj/ngton
z A | o o Counties have identical
o " 1 & | l | = projection parameters.
3 : "2
o) | » Sampled Linear Distortion Statistics
« ' . (absolute values, in parts-per-million)
] o Avg. 95% 99%
1 | s Harrison County 4 15 18
- s A &  Washington County 5 11 13
o s N (Note: 10 ppm = + 0.053 feet/mile)
O o " [ B
N
o = o
2 | 11 S Legend
| . | =)
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: . | B === Central Meridian
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S w [ = - S
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z : |~ O-10to-5ppm B
2 : g [ -5t00ppm ©
™ (@)
.__--.___..___..____+.____ S ———— = I V] XY
~ [ 5to 10 ppm
H . Note: Map grid is
_ | [ 10 to 15 ppm | shown in wnits of
= ] § B >15 ppm U.S. Survey feet.
O 1 2 -
10 ' - : ; S Scale 1" =10 miles
™ 86°20'0"W  86°10'0"W 86°0'0"W 85°50'0"W I S \liles
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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WAYNE COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) pE
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: o Transverse Mercator Projection
- | 8 Latitude of Grid Origin: 39°42'00"N
= H r 8‘ Central Meridian: 85°03'00"W
S - Randolph County ® False Northing: 36 000 m
O | - False Easting: 240 000 m
< ' S Central Meridian Scale: 1.000 044
! L g Note: Randolph and Wayne Counties
| Q have identical projection parameters.
pa i = Sampled Linear Distortion Statistics
:g i S (absolute values, in parts-per-million)
< | | S Avg. 95% 99%
< | § Randolph County 3 7 8
J L Wayne County 3 7 9
| o (Note: 10 ppm = = 0.053 feet/mile)
Il o
1 (@]
z ©  Wayne County m o Legend
o - =
g I L @ False Northing/Easting
® =1 | jf-l S === Central Meridian
s o
I i 1{ r g - Origin Latitude
_ B v =1 county Boundary
o T o Linear Distortion
S : 3 =
5 [ - [ <15 ppm T
| | - | A~ B -15t0-10ppm =
85°20'0"W  85°10'0"W 85°0'0"W 84°50'0"W  84°40'0"W [_] -10to -5 ppm g
J-5tc0ppm ©
[ 0to 5 ppm
[ 5to0 10 ppm

Note: Map grid is
B 10 to 15 ppm| shown in wnits of

B >15 ppm U.S. Survey feet.
Scale 1" =10 miles

™ ™ ™ ™ =™ e— | V][
0 5 10 20

Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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WELLS COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 40°33'00"N
Central Meridian: 85°15'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 034

Sampled Linear Distortion Statistics

(absolute values, in parts-per-million)

Avg. 95% 99%
Wells County 1 3 4
(Note: 10 ppm = + 0.053 feet/mile)

Legend

@ False Northing/Easting
=== Central Meridian

==="Qrigin Latitude

D County Boundary
Linear Distortion

Bl <15 ppm S
[ -15 to -10 ppm é‘
J-10to-5ppm 2
[ -5t0 0 ppm o
[ oto5ppm
[ 5t0 10 ppm

Note: Map grid is
B 10 to 15 ppm| shown in units of

B >15 ppm U.S. Survey feet.
Scale 1" =10 miles
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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WHITE COUNTY

INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS)
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North American Datum of 1983
Transverse Mercator Projection

Latitude of Grid Origin: 40°12'00"N
Central Meridian: 86°54'00"W
False Northing: 36 000 m
False Easting: 240 000 m
Central Meridian Scale: 1.000 026

Note: Tippecanoe and White Counties
have identical projection parameters.

Sampled Linear Distortion Statistics
(absolute values, in parts-per-million)

Avg. 95% 99%
Tippecanoe County 3 6 9
White County 2 5 7
(Note: 10 ppm = = 0.053 feet/mile)

Legend

@ False Northing/Easting
=== Central Meridian

==="Qrigin Latitude

D County Boundary
Linear Distortion
I <15 ppm

[ -15 to -10 ppm
[ -10to-5 ppm
1 -5to0ppm
] oto5ppm
£ 5010 ppm Note: Map grid is
[ 10 to 15 ppm| shown in units of
B >15 ppm U.S. Survey feet.

Scale 1" =10 miles
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Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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WHITLEY COUNTY
INDIANA GEOSPATIAL COORDINATE SYSTEM (InGCS) B

700,000 740,000 780,000 820,000 860,000
] ] ] ] 1 ] 1 1 ]

I o
: 3
= W =
o : &
&7 ] L (NTS)
i o  North American Datum of 1983
! & ___Transverse Mercator Projection
z | | - Latitude of Grid Origin: 40°39'00"N
o i - J o Central Meridian: 85°30'00"W
=4 11 & False Northing: 36 000 m
= Whitley S False Easting: 240 000 m
C(‘)L’ﬂt}‘l ®  Central Meridian Scale: 1.000 034
[ ~  Note: Huntington and Whitley Counties
i g have identical projection parameters.
(@)
% i @ Sampled Linear Distortion Statistics
o - - N (absolute values, in parts-per-million)
A | B Avg. 95% 99%
i I Huntington County 2 5 6
| - = Whitley County 2 5 7
| N (Note: 10 ppm = + 0.053 feet/mile)
= i B
S - Huntington S Legend
"%3 County ' ' S @ False Northing/Easting
! |~ —-— Central Meridian
| o === Origin Latitude
¥ o
- | - S [ County Boundary
£ - < . . :
;8r i = Linear Distortion
o =TT o = i o [ <
S o [ <-15ppm E
o
. i == [ -15 to -10 ppm é‘
i 2 [ -10to-5ppm .g
T T 1 T T ] -5t00ppm o
85°50'0"W  85°40'0"W  85°30'0"W  85°20'0"W  85°10'0"W [ 0 to 5 ppm
[ 5t0 10 ppm

Note: Map grid is
B 10 to 15 ppm| shown in units of

B >15 ppm U.S. Survey feet.
Scale 1" =10 miles

™ ™ ™ ™ ™ e | VT
0 5 10 20

Negative Linear Distortion: grid (map) length<horizontal ground length
Positive Linear Distortion: grid (map) length>horizontal ground length
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APPENDIX D

INGCS Coordinates on
NAD 83(2011) epoch 2010.00
NGS Control

ndiana Department of Transportation / Land & Aerial Survey Office




Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

THIS PAGE LEFT INTENTIONALLY BLANK

m Indiana Department of Transportation / Land & Aerial Survey Office



=
i
T
»
>
»
w
<
<
@)
o
()
(@]
(@)
-
<
T
&
%)
O
L
©)
<
pd
<
@)
Z

Handbook and User Guide

.BS ¥¥9°208

Nwom G8G'OV. | S282°6¥0V9L

€812729v'681

0.6°GEE
LEY'ELY

| 6£8'GLS
 pp6268
| gegvEs
1827208
 Jzz'808
coLole
€99'LL)
198682

vmv vmm

 £96°00L
966529
el1'928
© 065'00S
666655
| 296'26S
190'68S
G0ELYS
- Lov'zer
 868'989
 8£9'089
1Zv'889
zesTL
192'50L

«18¢Y0’ E\ G¥.G8

«8460L mm 91.8¢

69676 S\ €G.¥8

96186’ S\ .0V

...>m_m_>OOw_n_ u_O Sd4d00

OHONY
BLLIN
€L0S

08n

>mmmhz
€l o

wmoomz

mFNO

www O
wwm x

_RN I
._.N_On_m__< ZD_>_ |_OO

O v_<m,.

mx<m;

_>_ mi
<<>>n_

@me;

vNN >
vNN X

8l6¢HA

g6£28T

' 2,6097
| Z0583V
| pz90gT
e L )
|

9v0vIa

60287
| g0sz871
| 188081
9802V31

ov®o<._

;@NmFmJ;
erNNﬁ
mNNNNﬁ

m FNNNﬁ

| esveav
1628y
0628V
| eszary
| o600
| ereery |
| pLesry
| sieery

LEL0V]

| sesov1

ALV
wm<o

._n_ON_N_<O

: Z>>ON_m_

m_ZOOm

m_ZOOm

INOOg

m_ZOOm

m_ZOOm
n_m_Ou_xo<._m_
ZO._.Zm_m_

.ySm§OJOIFm<m
M3INOTOHLYVE

M3INOTOHLHVE

M3IWOTOHLYVE
MIWOTOHLYVE
M3IWOTOHLYVE
M3WOTOHLYVE
MIWOTOHLMVE
: NIV
NIV
NIV

w_>_<n_<

SINVaY

BUI1ION

wcrmmm_

W319H

apnyduo]

apniae]

uoneudisaq

aid

awepN Aluno) N

(3934 Aanuns 's'n)

|eptosdi|3

19

Y1oN

uonew.Joju| uonels

/ dU0Z SHoU|

$91eUIPJ00) PO SIOU|

00°0TOZ Y20da (TT0Z)€8 AVN

AaAJng 213@poao [euoneN

®
L
&
(@)
>
o
c
3
w
S
—
[}
<
o3
o
c
©
—
~
[
i<l
=
©
€
I}
o
(7]
c
©
—
T
Y
o
=
C
I}
IS
T
©
Q
[}
[m)]
©
[
o
S
m




=
L
T
(%)
>
w
=
<
Z
&)
@
o)
Q
O
—
<
T
&
(70}
O
L
o
<
Z
<
a
Z

Handbook and User Guide

womm 029’8y,

6.92°€2t'v0S
€v06°€9/. 80S

Em Bw
@g Sm
689'G9S

rwm wmo

229099
99699
i
N K Bm
26L've8

omr 182

BP Nmmz
mmm wa
Ew @:w

mwm va

 b01'69.

11€°C/8
G69°¢6.
Nmm.v_‘v

QN Saz
8¢/°19¢

&N,Ev

08.°09¢
Yre99€
Ly 81E

..mromw _\m 6G.G8

«VSSY'9ELY. LY

.mowNN.m _‘ Ev.ly

Rwomv.vo.mvomw

O M3

a w3 |
e i
G oss ¢
LNy 3Sva N y3dsvr |
0zzd| o

N_\Nn_

n_m< m___>_,..
Nm_ ﬁm 82 a<
N<<5 82 n_<

va <

gvyiaa |
65ZN| 1

MW 2V ¥NLYO3a| S
65€ 0| ¥

- 30VSTV|
el 0

N_\m>

OuNESITIH |
ALID FNdIvad |
o8|

evA|

oA |

m >>w

9/128rv

GIzZ8rV |
pLZ8IY |
gelzvr |
522890 |
0021V |

_\mwrdj

. omvm<+,.
EBQ<
mtw@q

mmN r<._

. 5%:<:.
Em rNﬁ
mmmmu,

vmmmN_,

09022F |
0891V |
6,20V |
pegod |
061V |
€SIV |
€LELZH |
v628rY
96v83Y

1HVHMT3

e
s
~sloana

“sloana
S EREN

m_m_<>>m_|_m_n_

~ Zuvm3aiaa
ENYVERETe
FUYMITAC

o mm_<>>m:m_o

ssaIAva

o .ADm_On_>><N_W

ZO._.Z_._O
><._O
><._O

xm_<._o

xw_<._o

‘avyaa
ynlvoaa
- ¥nLvo3ad
~ NYosdvaa
~ Nuosuvaa

.war GE0'8Y. | G860°L6V°€61 momwvm ommt 3 vvowm,. Noomm vN LCo wm <>>_.,mmmwn_< v_w_<._o
mcrmmm_ mc_:toz Y319H apnyuduoq apnine uoneusisag aid aweN Ajuno) NI
(3934 Asauns s'n) |epiosdi||3 1S9M yHOoN uopewJoju| uoyels / du0z SOou|

$91BUIPJ00D PLD SIOU|

00°0TOZ Y20da (TT0Z)€8 AVN

ASAINg 2132p0oaD [eUOlEN

o)
L2
£
(@)
>
)
>
_
=}
n
5
—
@
<
o3
e]
c
«
-
~
c
Ke)
=
@
i
o)
Q.
(2]
C
(]
F
T
Y—
S}
b
[
3]
S
=
©
Q.
o)
[a]
@©
c
8
©
£




=
i
T
»
>
»
w
<
<
@)
o
()
(@]
(@)
-
<
T
&
%)
O
L
©)
<
pd
<
@)
Z

Handbook and User Guide

£89/°€86'208

ormw 820°G8. [ 029619Vl

1266'855'9¢Y

wmo.aon

3m EN
mmo @E

vmo @@N

«L 195V’ om 00,98

«O¥¥80° Nr 8G.6¢

:\@ 95
Nmo (42!

NNN omm

- 606°EVL
89Y'15.
bOL'bSE

wt\ mmo

- €80'29
pL0vL9
- 9b0'269
 ZrS98
089°L45
 506'208
evrver

NNm mmo _‘
#mw rom

526119
$60°002
$02'904

owo m_&

L0S0LL

06EEL’ mm L¥.G8

£EELT ©N LEol¥

vom mu

M3IZvd
N3

W30 I19Va
 vavouy
08ZS| ¢

8061V
| 22524
| 0zEsHY
 s6vza

9YOrING
m_NN_>_ e
| ogeLv
@mm._ 8651V
:mm_mm,.

901 | sorom
6ZHO|

96 M |
za¥vma3
8z 3|
TIVHSHVI |
gzr| 2
ECENEIN
8? _,,.

Nwm _\Nﬂ

mmom_n_
vmmm_n_
L€9¢€1d

m_ Immv

. pz<mo

1| s00va

166421
posLal
 SYELZH |
| ZZELZH |
654120 |

..ommEs_:
3&5_\,_

NOLTINVH

NOLTINVH

: .A.iZO._..___>_<I
movo<x
O NN_>_

m_Zm_m_N_O

._.Z<N_O

it
T
Froiiitnd
B

0LL6Ha
| soteHa

NOLIN4

e
{-—
Fenn o
[t
 NIVINNO4
‘aA04
aao14
JEITERA

m_._.._.m_><n_

. ._.N_<Ivjm_,.
._.N_<Iv_|_m_
._.N._<Ix|_m_

._.m_<_|_x|_m_

: .A.A:,A,._.N_<Iv_|_m_,.

BUIJHON

mcummm_

W319H

apnyduo]

apniae]

uopeusdisaq ald

aweN Ajuno) N|

(3924 Asnuns 's7n)

|epiosdi||3

1S9

YuoN

uonew.IOU| Uole1S

/ dU0z SOou|

$91eUIPJ00) PO SIOU|

00°0TOZ Yooda (TT0Z)€8 AVN

ASAING 212poan [euoneN

®
L
&
(@)
>
o
c
3
w
S
—
[}
<
o3
o
c
©
—
~
[
i<l
=
©
€
I}
o
(7]
c
©
—
T
Y
o
=
C
I}
IS
T
©
Q
[}
[m)]
©
[
o
S
m




115e'501'56. | 8seeov0'zyL | v6'1€9 | .98889'65.21a08
1266'194 om,w €517°002'867 | 889°'GSS | .8LvPL 9110018 | LILLETBELLoLY oL 0| oogtaw|  wadswr
. e e et | O uwiwe|somo | saenr
| 8GY'6LS zxiv|svszan | wadswr
S B
v sl son | nowoninnm
€82°60L | .8686E L1.0.98 2vvisvoeldv|zossav |  advMOH
922116 | 0612 L6l m,m,. odaw| sisizr | AWN3H
| 989766 | .S6ELB'TY.LT.G8 EWdMOMNIa| voveav | AMWNTH
 yEE'9s8 .A._A.Nwoom €1.2€.98 NOLZ1| 86v8av | SYOIMONIH
| 9L9°ELL | .£90E1'BZ.08.98 zsed| soouwy | syoranaH
222°02L | L069v6'L1.5Z.98 NOAV | 16v8av | sMORANTH
“ansiesy | oczerseiose B postud B vt
z8sore Wz A| ssvzzr | %000NVH
SE9'09L CovzA| esvezr | MDOONVH
LoleL aNILSTTvd | 06sszr | MDOONWH
1895'87L | LEELVB'BY.¥G.58 dN | sooeoa|  MD0ONVH
1060V | #1905 ESHS, wm; . 1MO4WOOLW|66v83V | MOOONVH
19LZYL | 69969 1E.£S.S8 ron | vpovNa | HOOONVH

8269V | .66969'LE.S.S8 VrOW|evovnd | SOOONVH

GONvH| tzszzr | MDOONVH

zvzv| Lovezr | MOOONVH

6331 9esza1 | NOLTIVH

 29€'899 | L0ES6L 11.00.98 8LWH|e0seav | NoLTwvH

.BE 021’584 | 1516687641 ' G09'0Z8 | 72891 Lh.1L.98 | .A..A.ngv £0.40, % AAAAA  iswvH|sezza1|  NoluwwH
mc_..mmm_ 8uiyrioN 1Yy8isH apny8uo] apnine uoneusdisaq aild aweN Aluno) N|
(1924 Aanuns 's7n) lepiosdi)|3 1S9 YLION uoleW.IOU| UONLRIS / 3uoz SOou|
msmc_eoouvcomuwc_ oo.OSN%o%:SNmen_,\z >o>5mur%omw_§ormz

@Ovom.om Sv.0¥ 13d03aN | 9viedl d3dSvr

=
L
T
(%)
>
w
=
<
Z
&)
@
o)
Q
O
—
<
T
&
(70}
O
L
o
<
Z
<
a
Z

o)
L2
£
(@)
>
)
>
_
=}
n
S
—
@
<
o3
e]
c
«
-
~
c
Ke)
=
@
i
o)
Q.
(2]
C
(]
F
T
Y—
S}
b
[
3]
S
=
©
Q.
o)
[a]
@©
c
8
©
£

:m 18/ SLYEL Nm Zh.G8
826106 _.voms.rommomw

mwm.mﬁg L96V6’ S €1,98

Handbook and User Guide




¥995'885'06. | 2050'282°09¢ | €91'689 [ .VESSO'BLIY.98 | .2LL8G LS.EELY " 80dd [ Lv0viNa 3140V
@rmN Gzl _\mwN —‘Nm_\wMN“mwm ....... O@r rmw AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA <On_hu_OrO.v_\/_D .zzs::zz,m._.N_On_<|_ ~
9L0£'62+'49. | 9619°6L5'60Y | SL9°1bS 180doIN | zzzeaw | 3idodvi
6660022'26. | L2z1'882b9e | 112'€69 1¥oddv| slzeaw |  3rdodvl
2065'998'008 | 0€l5'€LZ05E | SLSVPO AdngsoN | Levzam | ardodv
. see 9| ess0an |  dudodvi

 13s3WzNowwools|veeean | v

 3svasaNowwvH|osszaw | 3w
Eon__mo,...immm__\,_:m_z,q._.

60£0'726'€5. | 9850'209'60¢ | 6+2'619
~ J¥61 SOSN A 6l t sosiam | m@z<m@5
AHsNug | seviam 3ONVHOVT

0/51'216'88. | 200z°959'9s+ | 9e6'08y
v__>_ N<Eon_m<>>,..9m5_>_: Oxm:_owox.
:xOx 8§_._< Ost_omox

6v19°'/90'SS. | 8€29'152'607 | .BN 61G
Smo Ewoi, XONM
oi: Swwoo zOmz_._o_,

mmwmpmfmp@@G.wam&.,..A,.womSm;

@.mwmrw:bBwo.wammmw.;;NSBw;
v08Y'Z6%'9€8 | G2Sv'sro'9sz | €L ves
20.8'€0v'88. | LGeL2Le6vE | 69922
62v9'€22'8z8 | oole'eca'ese | 812208

e

o vnfsemon|  woswor

o

NONMIAHLMON| ellzzr | soNINNGr

- davi | sogeav | NOsw3dd3ar

Lodr| ooseav | Nosyad4ar

1asaszei|eesovi|  avr

3ouIA| evszan | wadsvr

11265822, | 6268882021 | £9g7025 MNZYNOMVHS | 6vsvW0 | wW3dswr

@.&wﬁmmmpNmmv.mmwwww,.mwm_,&o; .A._A_«wvﬁ SS Nm,. .A..A.%Ev mm% % AAAAA >ooo_>_,...mm.&.m._n_gwm_awi,

mmww 0€9'G8. | ¥68.°6.G°L2C mmm vwv
| dunse] mcEtoz 1Yy3i1sH apn1u3uo apninel uoneusdisaq ald aweN Aluno) N
rmm“_?wizm.m.:v _m_o_Oma___m_ Hmm\s ;toz cormELouE_coer \mCONmuoE

m@vm 0ze'vo8 | o1vLecosee | mmm.ooﬁz
$9)eulpJoo) plY SOOU| 00°0TOZ Y20da (TT0Z)E8 AVN Aaning onapoasy |euoneN

=
i
T
»
>
»
w
<
<
@)
o
()
(@]
(@)
-
<
T
&
%)
O
L
©)
<
pd
<
@)
Z

m%m ye'v08 | sezz026'682 | 6877202

RE 859'v08 | S085'591'8€Z .m@m mowz,

mmwr 9ZY've8 | €€9C°6¥C'GLL @mm arw

SB ci1z'2¢8 | osvozvsesl | szezio

Nmov 8v1'sS/ | vz00'069'v61 | 8227269

wtm v6z'82. | 1108268612 | v88veL

m:m@ 118'908 | v€¥2'290'902 .%m 3;;

NNmN G8L'€LL | 00L9VLE69C rwm mmm

®
L
&
(@)
>
o
c
3
w
S
—
[}
<
o3
o
c
©
—
~
[
i<l
=
©
€
I}
o
(7]
c
©
—
T
Y
o
=
C
I}
IS
T
©
Q
[}
[m)]
©
[
o
S
m

Handbook and User Guide




=
L
T
(%)
>
w
=
<
Z
&)
@
o)
Q
O
—
<
T
&
(70}
O
L
o
<
Z
<
a
Z

Handbook and User Guide

N_&o LLZ'928 | LLLY 951 29¢E

9/19°920°28¢€

88 8/'G08

[AACIt

8€1°€69

128'81L

11089
€669
| GhZ'069
966609
145289
eeLvel
pLL089
| 199v89
S8ZU€9
- 101'989
lov'sel
00082
| oseore
leriel

rmm NN@

mg mEg,
Eo oﬁ
oﬁ mﬁ

©¢w rom

:o,o mﬂ.g
667819

..momwm.m# 12,98

n.wmmwm.: L€.6€

V1299 No 92,98

695960 wr 0G.8€

woo

ezl
. NIAON NOLONINOOTH |

_\ O._m

._.m_wm_w_ mm _. >

at h..
N m_z__._am_moﬁ
Eon_>._n_

._|_<I mm<_>_

aaiz|

v aiz

e sow
S i e
o S
o ST

¢¢ SIOVII

omm n_

v=>_ N< Eon_oz<,..
1HOdany
18043V

m_ n__<

va >

mm ro<x

: mm@o<x

Y202V

.N@%m_,q;

vmwomn_

. t&om:
@89%
ommmms_

_.mmom__\,_

L8EIVY |

Z<ON_O_>_

>m_m__>_OO._.ZO_>_

JOINOW

__>_<__>_

__>_<__>_.
z_E<_>_
._._<_._mm<_>_

|_._<Iww_<_>_

NOIMYIN

Nwm©<<
Eom/i

Fome_,

.v@%m_/\.
6,029

NOIYYIN
e
e S
e
e

802
0802V

€G91LVM

aal
wvvw«j

zo_m<_>_.
zo_m<_>_

ZO_m<_>_

NOSIavIN

ova<|_

N@Nw?\

L9z8rY |
ZELOVP

ZOw_n_<_>_

ZOw_n_<_>_

o .A.AEZOm_D<_>_

m_OZm_w_>><|_

SUIYHON

dunse]

W319H

apn18uo]

opnigeT

uoneusdisaq

dald

aweN Aluno) N|

(3934 Asauns 's'n)

|eptosdi||3

1S9

Y1ON

uonewWJOoU| Uolels

/3u0z SOHu|

$91eUIPJ00D PUD SIOU|

00°0TOZ Y20da (TT0Z)E8 AVN

ASAJINg d112poan |euonen

o)
L2
£
(@)
>
)
>
_
=}
n
S
—
@
<
o3
e]
c
«
-
~
c
Ke)
=
@
i
o)
Q.
(2]
C
(]
F
T
Y—
S}
b
[
3]
S
=
©
Q.
o)
[a]
@©
c
8
©
£




=
i
T
»
>
»
w
<
<
@)
o
()
(@]
(@)
-
<
T
&
%)
O
L
©)
<
pd
<
@)
Z

Handbook and User Guide

Nmmm 82€'99.

CLGY LIS ELY

2s0v'e0L'eLe

.QNN 180'V8.

¥8v¢ /89 18¢

G68°9GS

 S0v'569
616'20
L2199

rom @@m

€8E°08S
sploze
logsey
| Gp9'67S
- ovL00S
601208
- S20'v0€E

mmv omm

K25 N
plElSS
190629
710807
15968
- 85Z'168
| eveees
- p50'688

mwm mmm

oevies
06+'805
69781

«C rwvm.wm 01,48

0682 r.mm 0€.L¥

..mmowN N# 0€,98

..mvwmm @N ¥2.6€

H3T33IHM

Om_<m<n_._<>,..
50&
zot:I

._.N_Dmn_w_DI

r _>_m mmkmmzo,..
om:mmmmh_n_
% on_

m |_m_._.

@Nm .r
mwm w

Z<®N_O_>_

m_mm_m E x,..
Em _>_
v__>_ N< Iozum“_

O_IO

mS n_,..
2290

m_ N@O

m_0<._|__> m_x<|_

Eon_zmx,..
9/ 1

€LN

€9603aN

.@omms_;
wﬁmms_
owmoms_

mmmmm_\,_

.mwvwm_,q;
aoomoo
oomwm_,q

rommn_o

10965dd |
9ES0VH
0VSOVH

_.m_\N<ﬂ

€80V |
LYY |
‘9zlzvr |
€/L8HY |
600N |
6E0VING |

d3140d

: .m_m_._.w_On_
W_m_._.m_On_
w_m_.rw_On_

d3140d

: .m_m_._.N_On_

m_x_n_
m_x_n_

e 20
e DS
e
e S
e S
e
o awo
39NVMO

O__._O

m_._m_OZ

ovovs._m_:
Bovs_o

mZ;ME

.ww@NmJ:
385

mmmo<x

NOLM3N

: ZO._.>>m_Z.
Z<OW_O_>_

Z<ON_O_>_

m:moz
3790N

dunse]

SUIYHON

W319H

apn13uo

2pnigeT

uoneusdisaq

aid

aweN Ajuno) N|

(3934 Asauns 's'n)

|eptosdi||3

1S9M

Y1ON

uopew.Iou| uonels

/®uoz SOou|

$91eUIPJ00D PUD SIOU|

00°0TOZ Y20da (TT0Z)E8 AVN

ASAJINg d112poao |euoneN

®
L
&
(@)
>
o
c
3
w
S
—
[}
<
o3
o
c
©
—
~
[
i<l
=
©
€
I}
o
(7]
c
©
—
T
Y
o
=
C
I}
IS
T
©
Q
[}
[m)]
©
[
o
S
m




=
L
T
(%)
>
w
=
<
Z
&)
@
o)
Q
O
—
<
T
&
(70}
O
L
o
<
Z
<
a
Z

Handbook and User Guide

omm_. cZL'LL8 | 856€°€L8'CLC

zeLosog’Lee

.&mm 68928

1907045
vmo.mwm

owv w@m;,

mwm omm

- Gogvze
986'682
m@ mwm

mmm Nmo

£49'808
szeeey
| zoeosy
RYEIE
 £68'898
€66'188

vE0'6L8
| zsozes

Zﬁ moo _\
Euo mmw

Noo moo;,
@S Sm

me rom

vmm Emé
%m %m
omm vmm

«LCCET _‘v 6€.98

:omm@m.wm 6loly

mow NNN

81968 wm&momw

87856 mv.moowm

O _XO
m_ _XO

< _xo <<“_,.

mmm n_

AINCH

o.m__“_?_._,..

O_N_._.Zm_OOm_ N_m_0<m_>

.m_wmm 3& ._,..
ZL S 1100S

omm_

vl v

yozr|

"SI0 Z WY MODSYTD |

M ZV AgTIE |
Agig

va O

NNP u_,..
x_>_ N< o<_>_<z_>>
621 M

x _>_ N< >N_<_>_

mmr o,..
Ewmm m._.__>mmoz<E
omOuEDE

_>_N_<I

ovmm_m_
mmmm_n_

vwmmm_\,_

NNmomS_

6L6LVT

IMHVLS

:. .m_v_w_<._.w
m_xw_<._.w

IMHVLS

%mo<:
NNB<_._

oome_,

.vawmzs
210690

mmozwmw
mmozmam

>m_|_m_Iw

>m_._m__._w.
11008

wBFNIA

vww _‘N_,

Gz8LZr |
ZLL8HY |
Zh.bda |
ev.pda

SVNO<|_

. 88§
mooz\,_o

mmrrm._

11008
e
e S
e
e
AT

In_n_On_Z<N_
_>_<Z._.Dn_

._xm<.|_3n_
IMSVYINd

S9v8aV
eeLLal |
10690 |
19502V |
S6v8aV |

IMSVYINd

_xm<|_3n_

>m_wOn_
>m_mOn_

BUIJ1ION

Sunse]

WSI19H

apnyduo]

apniae]

uopeusdisaq

aid

aweN Ajuno) N|

(3924 Asnuns 's7n)

|eptosdi||3

1S9

YuON

uonew.oU| Uolels

/ dU0z SOou|

$91eUIPJ00) PO SIOU]

00°0TOZ Yooda (TT0Z)€8 AVN

ASAING 232p0aD [eUOlEN

o)
L2
£
(@)
>
)
>
_
=}
n
5
—
@
<
o3
e]
c
«
-
~
c
Ke)
=
@
i
o)
Q.
(2]
C
(]
F
T
Y—
S}
b
[
3]
S
=
©
Q.
o)
[a]
@©
c
8
©
£




=
i
T
»
>
»
w
<
<
@)
o
()
(@]
(@)
-
<
T
&
%)
O
L
©)
<
pd
<
@)
Z

Handbook and User Guide

wwmm 6.v°26.

€2.€°GLY'¥0C

.N:% 0zZv'€9.

9621°298°291

#NN 8.¢

- 9v0'289
| 89002
6907455
ocsg6y
16665
168665
| e6zsve

mwm omm

omm.m@m.
Nm@ %m
va Em

mNN @ON

Em Bo
¥69'759
90t°189

L2049

Z9L€S9
092669
2T
122596
86796
NE 98
Z80UL8
- Z6v°2L8

«,8C1G'9G.1€,/8

«£9981°€1.20.8€

«£€1281.°G1.50,G8

BCCry LL8EL LY

ddv

- 13s3¥sosne|

13S3d J31SS3d

vmo

ozmaz
ON3d
76 W

ON_\m_

w t>>m,..
><xo_>_
vm m

._.._.<>>>

§ :,..
o ._mo ozmm ISOm
o zmm

m_ Zm_m

i
B

1zz|
ZNIFTN3E |

Z_m_._m_m_m

< oZ<,..
v=>_ N< Eon_oz<

._.N_On_muz<

6GCLVlr

eanze |

10683V

zoLLEl
ce6081
110690 |
010690 |
069La1

_.wmomn_

06.0ZH |
ocolzH |
seeww |
0Lzzan |
Zv003N |
882EIN |
828NV |

mwww?«

Za
200690 |
16SOAN |
S98LAW |

mmw_h__\/_

.vw%é«;
BwEs_

@@w_\n__\/_

IOmDmN_m_DZ<>
ZO_ZD
ZO._.n__._.

..%..mOz<om_%;

m_OZ<Om_n_n__._.

~ 3ONVO3ddIL
JONVO3ddIL
JONVOIddIL

m_OZ<Om_n_n__._.
OZ<|_W_m_N._._>>w
DZ<|_N_m_N.:>>w

NVAITINS
~ Hd3soris
~ Hd3soris
~ Hd3soris
~ Hd3sorls

In_m_mO_,._.w

~ Hd3soris
~ Hd3sorls
R
e

Zm_mDm_._.w

.:. .;zZm_m_Dm_._.w.
Zm_m_Dm_._.w
Zm_m_Dm_._.w

dunse]

SUIYHON

W319H

apn13uo

opnigeT

uoneusdisaq

dald

aweN Ajuno) NJ

(3934 Aanunsg “s7n)

|eptosdi||3

1S9

Y1ON

uopew.IoU| uonels

/ U0z SO9u|

$91eUIPJ00D PUD SIOU|

00°0TO0Z Y20da (TT0Z)E8 AVN

ASAJINg d112poao |euoneN

®
L
&
(@)
>
o
c
3
w
S
—
[}
<
o3
o
c
©
—
~
[
i<l
=
©
€
I}
o
(7]
c
©
—
T
Y
o
=
C
I}
IS
T
©
Q
[}
[m)]
©
c
o
S
m




2251'€92°€91 | £815'5v9'898 | 281184 | .1261825.£1.98 [ .08010'L2.LEL8E 1501/ 88L0vr | NOLONIHSYM
£€250'02. mwp 0e8l'029'9ge | 18v'9€L ..omzraw 60,98 | .22/91'8L9E.8E ~ oc8l|vesNa | NOLONIHSYM
. “asvors | soscranenss | sesses sees | e ema | notowtevm
Rty O vea|sea | Norniew
comere | ot | o
s e B B
 SH0'96S | P99EEVE.S0.L8 voA|owzian |  NIduvm
qossso | eivsazzcess || eveum
“anross | ceriononss o uafmen | evew
o%_._,...wwmwzsow;

mmf@w:.A._A.msomsmfm,.
865250 | .£0V98'87.8LoL8 gdnH| z8zerv | ooin
| 2UE'69Y | .68219'808L.L8 vanH| oszery | ooin
| €85'S8E | ./88S6TP.ZCLE velewvd[igoew | ooia
| €9U'005 | .8LV88'L0.LTL8 Loem| sorzal | NOIMTTIWMEA
YSLOVS | .ZLLOE6EVT.LES roeal osuiwy | NoOITIWNIA
291’80V | .b089Y'9G£TL8 ooca| Lpziwd | NOMTIWMEA
| 90£'282 | .L46EE'0Z.28.L8 9se m | 909tvr | HOYNaYaANVA
| 0S1'SLT | .SET0E'97.8TL8 OIS HOMNEYIANVA | 20883V | HOMNENIANVA

| 165°08T | .01YSE'6L.ZELE oge A | sooLvr | HouNguIaNVA

W30z LL| 80583V | HOMNEYIANVA

gze N | 860LvH | HOMNEY3aNVA

o A3 | eresina | HowNaYaanvA

o e 2 e

 Sv6'982 | .£¥SVO'BZ.IE.L8  vAa3|owesna | Hounau3aNvA

.N%N 815'6L | 21£8°9.6'L L) | 298'G/Z | .88869°L7.08.28 .A..A.%vmv 26.96, Nm AAAAAAA  ogzea| 9ulvH | HOungyaaNvA
mczmmm_ SuiymoN Y319H apnyduo] apnine uoneusisag aid aweN Ajuno) N|
(1924 Aanuns 's7n) |epiosd)|3 1S9M YLON uoneW.IOU| UONe1S /3uo0z SHou|
mﬁmc_eoouucwmuoc_ oo.oHoN%o%:Sumsz >m>5mu.s%8@_mcosmz

=
L
T
(%)
>
w
=
<
Z
&)
@
o)
Q
O
—
<
T
&
(70}
O
L
o
<
Z
<
a
Z

o)
L2
£
(@)
>
)
>
_
=}
n
5
—
@
<
o3
e]
c
«
-
~
c
Ke)
=
@
i
o)
Q.
(2]
C
(]
F
T
Y—
S}
b
[
3]
S
=
©
Q.
o)
[a]
@©
c
8
©
£

w% mmm 26167 9 6S..18

Em Em 14880 5 0.8
wow.wwm _.vwwpm:.mm&w

mt tmg Z0VLG wm 0€..8

Handbook and User Guide




=
L
T
()]
>
(7p]
e
<
Z
)]
X
o)
Q
O
|
<
T
o
0
O
L
o
<
Z
<
[m)]
Z

Handbook and User Guide

81.0'68¢ wwN 298.°€/8°20€ | 118'99. | .CE0LO Nv 62,58 _.mmomm.mm 60.LY ¢ NY YIGWNNTOD | ¢890aN ATTLIHM
98.6'815'118 | s6zi'21i'e8z | Lee295 |.S2220'2v.8v.98 | 6808265680 | x| snan | 3uHm
1205'880°€LL | v0BY'LvE'L9¢ | 281695 |.02226'90.25.98 | 6682y'E0.ZS.08 | ovs|egoien|  3uHm
5611219928 | L29v'v08'L0g | 9le6ss |.1z0se9ssh.98 | ezioBvhar.or | oxow|zvovwa|  3LHM
6261'990'+28 | 5019'605'50€ | €01'€95 | .£8598'€09v.98 | .SE6LV G207 | axow|ivovna|  3uHm
v209'820'528 | 8Y50'680'b0¢ | S81'€95 |.12188v0.9%.98 | esevyieTr.Or | vXoW|soovwa|  FuHm
0260'892'6.2 | 9661260881 | O6e'lzL |.880vo'svoL.g8 |.os0880ebbOr | elzo| veeovi|  sTEm
72€5'658'1v8 | £291°086'V6) | £€8'850°L | L080EZ'12.45.V8 | brOLG'BEG6E | LWMONILVM | Sziize | 3NAvm
8209'€6.'9v8 | vpeES'6LE'OEL | L0V LZO'L | uLLvlo6LOG.YS | 6olozEShYBE| gard|osovna|  anavm
¥89,°296'vv8 | 6086°ZvE'8EL | v20'020') | LOVE6ZHOG.Y8 | 2e66TBLSEE| va |[evorna|  anavm
| zesv'080'er8 | 6261 119'8eL | ovp1i0'L | .00980°20.00.08 | BOKe6TIESeE| Lz4|eorize | 3NAVM
dunse] 3uiyroN 1Y31sH apn18uo apnine’ uoneudisaqg ald aweN Ajuno) NI
(3994 Asnuns 'sn) |epiosdi||3 1SOM\ yuON uopew.Joju| uoyels / 3uoz SOou|

$91eUIpJ00) PO SIOU|

00°0TOZ Y20da (TT0Z)€E8 AVN

AaAIng o11apoan |euonen

®
L
&
(@)
>
o
c
3
w
S
—
[}
<
o3
o
c
©
—
~
C
i<l
=
©
€
I}
o
(7]
c
©
—
T
Y
o
=
C
I}
IS
T
©
Q
[}
[m)]
©
C
o
S
m




Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

THIS PAGE LEFT INTENTIONALLY BLANK

m Indiana Department of Transportation / Land & Aerial Survey Office



Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

APPENDIX E

Field Validations of
Proprietary Geospatial Software Platforms

Indiana Department of Transportation / Land & Aerial Survey Office



Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

THIS PAGE LEFT INTENTIONALLY BLANK

Indiana Department of Transportation / Land & Aerial Survey Office




"pa3sa} swojie|d ay3 0y S} NSal 3say) JO AJBLWIWINS aY) JO) $3|qe | BUIMO||0) aY3 O} 19)aY "San|eA

SNdO ueaw ayy 03 sanjea |euonisod N1y ueaw |euly ayy asedwod (9) pue ‘z# Aeq pue T# AeQ Wouy SanjeA ueaw ay) WoJj san|ea jeuonisod ueaw
|euly ay3 aulwia1ap (S) (Z# AeQ Jo sanjea ueaw pue T# Aeg JO sanjeA ueaw ““a°1) Aep yoea Joj paAIasqo San|eA |euol}|sod ueaw ayy aulwialap

() 19540 wnwiuiw pausajaid ayy 8ulaq sinoy Jnoy Yiim ‘(saoueiswinadid s,Aep aejnonded ayy uaAlg) ajqeuoseal se yonw se Aq pajonpuod alam
wiiope|d SSNO Yoea Joj Suoissas SUIAISSO JO $H20|q OM] 3yl uaym (Aep Jo awily) a|npayds ayy Ja88e)s (¢) ‘sAep aA)3N2asu0d oM} Uo ,HOYId,
UO|1B1S UO SUOI1BAISSFO SUldNpUOod (Z) ‘4aplrodd N1Y 9]0S ay3 se yJomiau SYOIU| S,LOAN| 8uizijian (T) Jo paisisuod ssaugoad Sunsay N1y ayL

=
i
—
%)
>
@)
w
<
P
@)
(14
@)
o]
(®)
—
<
—
<
o
05
(@)
w
)
<
=z
<
@)
pd

066'90S 06T'Sv9°0SZ 3 8ST'TL99LT N
JE W o O 88 AAVN PUD S31DUIpio0) p UO binqiapup

TESVST LV9'ETT «69CC6'8E0V.L8 «l9S89'8E,LS.LE uesajp
1900 6¢S VST [SE00| SP9'ECT [CTO'0|(C9CC6'BE.OV,LB|STO0|.79S89'BELSLE| LTO0 %88 | %96 | £0/80/S10C SY1aN/I1 JAydaz
6400 SESPST [9V0°0| TS9'ECT [ 9200 | ¥ LVCCEBEOV,LB|9TO0 | ,ESSBI'BELSLE| SCO0 %9L | %S6|0¢/L0/ST0T € |2PON 8Y
000 8ESVPST |[CCO0| ¥S9'ECT | 9200 ., 0CECH'BE.07,LB|CTO0|.C9S89°BELS.LE| 0CO0 %98 | %56 | S0/L0/ST0T (0] %]
200 S¢S PST [OTOO| TP9'ECT [ BOO'0|(T9CC6BE.OV,LB|E00°0 | ,CLSBI'BELSLE| 6T00 %88 | %96 | £L0/90/S10C 7 I°POIN 84
0500 LTS VST |8CO'0| €EV9'ECT | ¥OO'0 | (LSTTEBEOV,LB|STO0|,S8S89°8E,LS.LE| STO0 %S6 | %96 | T0/90/ST0C C |I2PON 9Y

(w)(@zTo) (w) IH (w) SINY | s,quy |pasn 12A1909Y /eUUBIUY
WF | 88AAVN | wF |plosdy3| wz apmysuo ws | (N)epmne] | jles2A0 |paxid #|'sqo|  @1eq SSNO a|quiLi]

00°0T0Z Y20da (TT0Z)8 AVYN

(9TXQa84 :ald) .HOH3d,, Uol3elS JO (SUOISSaS ANOH-HZ) SUOKN|OS UGIQ 3s1231d SNdO

«"HO¥3d, uonpis Jo suonnjos sNdo ‘I°3 3jqrL

‘0'%'Z°E UOISIaA Ja8euBA Wa)SAS 9)1BUIPIO0)) S} PUB O/ E UOISIDA J93ua)

ssauisng a|quild] Suisn 3924 ASAINS 'S'N U] S}BUIPIO0D L8 auoz ,Yy8inguapuep,, SOOHU| 0} Pa3IaAUOD a1am apnyISuo| pue apniie| jo suonisod ay|
"351049X3 S|y} JO Japulewal ay3 Joj uopisod aul|aseq sy} Se pasn Uay) Sem SNdO WO PaA31}al SUOIIN|OS 3y} JO Ueaw ay| “(3Jomiau N 1Y MON
SYA 2|quild] ay) Jo 1ed awedaq Jae| Yoiym) gHIaN ‘|| JAydaz ayi papiaosd dnodo 4a||anwydo] "0TY PUB ‘& [3pOIN 8Y ‘S [3POIA 8Y 24} papircid
"2U| “BULIN}OBNUBIA| PUB JUSWINIYSU| J3|13S *Z [3POIAI 9Y 33 papiroid euelpu| UISYINOS JO A}ISISAIUN BYL "SH29M Sd O anbjun ul 1aAlsdal/euuajue
SSND 3|quild] Juaiaylp B 8uiSn pa}da||0d SeM UOISSaS YoeT "a|ge|leAe alam sapliawayda asioaid Sujpuodsaliod ayy Ja3je SNdO O3} pajyiwgns
SUOISSaS Sd O 21381S UNOY-1Z ‘DAl) JO S} NSaJ 8y} aJam T°3 3|qe Ul paisi| eiep ayl ,'HOY¥3d, UOIEIS J0J 00'0TOZ Y20da (TTOZ)EQ AVN 4ad (gzTploan
wouy) 88 AAVN pue ysiay |eplosdi||a ‘apn1IBuo| ‘spnine| Jo san|ea ayy aplaold o) pakojdwa sem Ayijian SNO $,A9AINS 2138p0Oa Y |euoieN ay |

«'HO¥3d,, UONIE)S Jo) panliap uolisod ayy Y3m wiojield yoea Jo sanjea N1y a8elane ayy aiedwod oy
pue 00'0T0Z Y20da (TT0Z)E8 AVN 03 aAne|at A3da.aiod Sujuonisod aiam Aay) jey) Sulinsus Jo sueaw paj/wij e se euelpu| ul pazl|ian-Ajapim aiow
swiiojield aiemyjos p|aly Ateyalidoud ayy Jo awos Yyym ,HIYId, UOIIRIS Uo sAep ajeledas om} UO pajda||od a1am SUOIIBAISSIO Plal) N1Y JO Salas

jo43uo) A3jpnp aipmifos pjai4 [pi3pdsoan

®
L2
=
@)
>
()
c
=}
w
©
—
[}
<
o
o
=
©
-
~
=
e}
=
©
T
S
o
(2]
C
©
—_
T
Y
o
=
C
@
<
=
©
Q
[}
o
©
C
o]
i<}
m

Handbook and User Guide




INDIANA GEOSPATIAL COORDINATE SYSTEM

Handbook and User Guide

200°0- 010’0+ seyj2d ,NL1Y 'SA SNdO,
88T G¥9'0SL 897°C/9'9LT uea [euld
09T°5¥9'05Z [YTTL99LT | 12/vo/9t0T 7# Aeq uea\
L1T°S¥9'0SL 887°7£9'9/1  |02/%0/910T T# Aeq ueay
88 AAVN 8unse3 puo 8uIyHON pUD aleq

}dn) :uoisiap aiomifos
O1}1isOd N1y pue SOHu|

10z Y20da (ITOZ)e8 AVN - auoz ,ybingiapunp, ‘SI9OU|
swia3sAs0an pi1a7 :1ainPofnudiy

SWalsAsoan po1a7 :buiIsal N1y ‘€3 3jqoL

'00'910¢

U] 191B| SEM SDDU| 3L, "SUCIIBAISSAO N 1Y 243} 40 pash pue 10303||0d BYep €S 2|qWild] 3y} 0} pailajsuely
B THE DL UL papn|ou] a1 (PSO7IUSLIND) aspqoIng WasAs a3puip400) Y| "dAOdE Pa3sl| SUOIIBAISSGO N1Y
) S5aUISNg DL ‘4BAMOY ‘SHDU| 343 apN|duUl JOU PIP (6956) TZ'STOZ UCISISA SS90V 3|quuli] :9JON 4

T€00n 800°0+ 0100~ se}|ed ,N1Y SA SNdO,
096905 86T°G9'0SL 8Y7'T/9°9LT UE3IA |Bul4
£12°S79'0SL SYTTL9'9LT ¥1/21/S10C z# Aeqg ueay
£81°S79'0SL 1GT'TL99LT ¥1/21/S10C T# AeQ uesiy
Sunse] SuiylioN
38 AAVN pHS pHS 31eq

0z 420da (TT0Z)€8 QYN - 2U0Z ,4bINqIapupA, ‘SIDU]

220y :U0ISI3A 31pM3fos
0131SOd N1Y pue SQouj

uonpBIADN 3jquili] :43InPDfNUDIA

uonpBIADN 3jquit] :bunsal N1y ‘Z°3 3jqPL

(0]
Q
b=
@)

>

o

2

>
(0]
8

—

Q
<
=]
©

C

©
-
~

c
§e]
=

@©
=

o

Qo

(2]

c

©

—_
=
u—

o
—

c

[

<
p=

®©

o

[
o

@©

=

0
©
=




Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

APPENDIX F

Basis of Bearings Statements

Indiana Department of Transportation / Land & Aerial Survey Office n



Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

THIS PAGE LEFT INTENTIONALLY BLANK

ﬂ Indiana Department of Transportation / Land & Aerial Survey Office



Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

Note: The following Basis of Bearings statements for all 92 \ ° [V
Indiana counties/InGCS zones are provided as recommended o OT\Q\MM
templates for Indiana Professional Surveyors to include on o
their plats of surveys and within their Surveyors Reports.

InGCS “Adams” zone:

Unless noted otherwise, all bearings, distances, areas, and
coordinates shown hereon are based upon the Indiana
Geospatial Coordinate System's (InGCS) "Adams" zone per
NAD 83 (2011) epoch 2010.00 and are reported in U.S. Survey
Feet and decimal parts thereof. The “Adams” zone was
developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Adams" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 84°57'00" west longitude
Central Meridian scale factor: 1.000034

Latitude of Grid Origin: 40°33’00” north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Allen” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Allen" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Allen” zone was developed to minimize
the differences between ground-measured horizontal distances and the corresponding grid coordinate
(map) distances within the county bearing this zone’s name.

InGCS "Allen" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°03'00" west longitude
Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 40°54'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

Indiana Department of Transportation / Land & Aerial Survey Office m
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InGCS “Bartholomew” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Bartholomew" zone per NAD 83 (2011) epoch
2010.00 and are reported in U.S. Survey Feet and decimal parts thereof. The “Bartholomew” zone was
developed to minimize the differences between ground-measured horizontal distances and the
corresponding grid coordinate (map) distances within the county bearing this zone’s name.

InGCS "Bartholomew" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°51'00" west longitude
Central Meridian scale factor: 1.000026

Latitude of Grid Origin: 39°00'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Benton” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Benton" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Benton” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Benton" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°18'00" west longitude
Central Meridian scale factor: 1.000029

Latitude of Grid Origin: 40°27'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

m Indiana Department of Transportation / Land & Aerial Survey Office
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InGCS “Blackford” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Blackford" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Blackford" and “Delaware” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Blackford" and "Delaware" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°24'00" west longitude

Central Meridian scale factor: 1.000038

Latitude of Grid Origin: 40°03'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Boone” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Boone" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Boone" and “Hendricks” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Boone" and "Hendricks" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°30'00" west longitude
Central Meridian scale factor: 1.000036

Latitude of Grid Origin: 39°36'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

Indiana Department of Transportation / Land & Aerial Survey Office
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InGCS “Brown” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Brown" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Brown” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Brown" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°18'00" west longitude
Central Meridian scale factor: 1.000030

Latitude of Grid Origin: 39°00'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Carroll” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Carroll" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Carroll” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Carroll" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°39'00" west longitude
Central Meridian scale factor: 1.000026

Latitude of Grid Origin: 40°24'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

m Indiana Department of Transportation / Land & Aerial Survey Office
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InGCS “Cass” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Cass" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Cass” zone was developed to minimize
the differences between ground-measured horizontal distances and the corresponding grid coordinate
(map) distances within the county bearing this zone’s name.

InGCS "Cass" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°24'00" west longitude
Central Meridian scale factor: 1.000028

Latitude of Grid Origin: 40°33'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Clark” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Clark" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Clark," “Floyd,” and "Scott” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Clark," "Floyd," and "Scott" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°36'00" west longitude

Central Meridian scale factor: 1.000021

Latitude of Grid Origin: 38°09'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

Indiana Department of Transportation / Land & Aerial Survey Office F-7
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InGCS “Clay” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Clay" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Clay” zone was developed to minimize
the differences between ground-measured horizontal distances and the corresponding grid coordinate
(map) distances within the county bearing this zone’s name.

InGCS "Clay" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°09'00" west longitude
Central Meridian scale factor: 1.000024

Latitude of Grid Origin: 39°09'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Clinton” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Clinton" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Clinton” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Clinton" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°36'00" west longitude
Central Meridian scale factor: 1.000032

Latitude of Grid Origin: 40°09'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

ﬂ Indiana Department of Transportation / Land & Aerial Survey Office
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InGCS “Crawford” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Crawford" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Crawford," “Lawrence,” and
"Orange” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Crawford," "Lawrence," and "Orange" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 86°30'00" west longitude

Central Meridian scale factor: 1.000025

Latitude of Grid Origin: 38°06’00” north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Daviess” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Daviess" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Daviess" and “Greene” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Daviess" and "Greene" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°06'00" west longitude
Central Meridian scale factor: 1.000018

Latitude of Grid Origin: 38°27'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

Indiana Department of Transportation / Land & Aerial Survey Office ﬂ
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InGCS “Dearborn” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Dearborn" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Dearborn," “Ohio,” and
"Switzerland” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Dearborn," "Ohio," and "Switzerland" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 84°54'00" west longitude

Central Meridian scale factor: 1.000029

Latitude of Grid Origin: 38°39'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Decatur” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Decatur" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Decatur" and “Rush” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Decatur" and "Rush" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°39'00" west longitude
Central Meridian scale factor: 1.000036

Latitude of Grid Origin: 39°06'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “DeKalb” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "DeKalb" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “DeKalb” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "DeKalb" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 84°57'00" west longitude
Central Meridian scale factor: 1.000036

Latitude of Grid Origin: 41°15'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Delaware” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Delaware" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Delaware" and “Blackford” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Blackford" and "Delaware" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°24'00" west longitude

Central Meridian scale factor: 1.000038

Latitude of Grid Origin: 40°03'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Dubois” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Dubois" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Dubois" and “Martin” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Dubois" and "Martin" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°57'00" west longitude
Central Meridian scale factor: 1.000020

Latitude of Grid Origin: 38°12'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Elkhart” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Elkhart" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Elkhart," “Kosciusko,” and
"Wabash” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Elkhart," "Kosciusko," and "Wabash" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 85°51'00" west longitude

Central Meridian scale factor: 1.000033

Latitude of Grid Origin: 40°39'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Fayette” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Fayette" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Fayette," “Franklin,” and "Union”
zones have identical parameters. These zones were developed to minimize the differences between
ground-measured horizontal distances and the corresponding grid coordinate (map) distances within
the counties bearing these zones’ names.

InGCS "Fayette," "Franklin," and "Union" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°03'00" west longitude

Central Meridian scale factor: 1.000038

Latitude of Grid Origin: 39°15'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Floyd” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Floyd" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Floyd," “Clark,” and "Scott” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Clark," "Floyd," and "Scott" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°36'00" west longitude

Central Meridian scale factor: 1.000021

Latitude of Grid Origin: 38°09'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Fountain” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Fountain" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Fountain" and “Warren” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Fountain" and "Warren" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°18'00" west longitude
Central Meridian scale factor: 1.000025

Latitude of Grid Origin: 39°57'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Franklin” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Franklin" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Franklin," “Fayette,” and "Union”
zones have identical parameters. These zones were developed to minimize the differences between
ground-measured horizontal distances and the corresponding grid coordinate (map) distances within
the counties bearing these zones’ names.

InGCS "Fayette," "Franklin," and "Union" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°03'00" west longitude

Central Meridian scale factor: 1.000038

Latitude of Grid Origin: 39°15'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Fulton” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Fulton" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Fulton," “Marshall,” and "St.Joseph”
zones have identical parameters. These zones were developed to minimize the differences between
ground-measured horizontal distances and the corresponding grid coordinate (map) distances within
the counties bearing these zones’ names.

InGCS "Fulton," "Marshall," and "St.Joseph" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 86°18'00" west longitude

Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 40°54'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Gibson” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Gibson" zone per NAD 83 (2011) epoch 2010.00

and are reported in U.S. Survey Feet and decimal parts thereof. The “Gibson” zone was developed to

minimize the differences between ground-measured horizontal distances and the corresponding grid

coordinate (map) distances within the county bearing this zone’s name.

InGCS "Gibson" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°39'00" west longitude
Central Meridian scale factor: 1.000013

Latitude of Grid Origin: 38°09'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Grant” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Grant" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Grant” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Grant" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°42'00" west longitude
Central Meridian scale factor: 1.000034

Latitude of Grid Origin: 40°21'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Greene” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Greene" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Greene" and “Daviess” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Daviess" and "Greene" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°06'00" west longitude
Central Meridian scale factor: 1.000018

Latitude of Grid Origin: 38°27'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Hamilton” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Hamilton" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Hamilton" and “Tipton” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Hamilton" and "Tipton" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°00'00" west longitude
Central Meridian scale factor: 1.000034

Latitude of Grid Origin: 39°54'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Hancock” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Hancock" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Hancock" and “Madison” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Hancock" and "Madison" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°48'00" west longitude
Central Meridian scale factor: 1.000036

Latitude of Grid Origin: 39°39'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Harrison” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Harrison" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Harrison" and “Washington” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Harrison" and "Washington" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°09'00" west longitude

Central Meridian scale factor: 1.000027

Latitude of Grid Origin: 37°57'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Hendricks” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Hendricks" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Hendricks" and “Boone” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Boone" and "Hendricks" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°30'00" west longitude
Central Meridian scale factor: 1.000036

Latitude of Grid Origin: 39°36'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Henry” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Henry" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Henry” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Henry" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°27'00" west longitude
Central Meridian scale factor: 1.000043

Latitude of Grid Origin: 39°45'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Howard” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Howard" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Howard" and “Miami” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Howard" and "Miami" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°09'00" west longitude
Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 40°21'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Huntington” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Huntington" zone per NAD 83 (2011) epoch
2010.00 and are reported in U.S. Survey Feet and decimal parts thereof. The “Huntington" and
“Whitley” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Huntington" and "Whitley" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°30'00" west longitude

Central Meridian scale factor: 1.000034

Latitude of Grid Origin: 40°39'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Jackson” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Jackson" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Jackson” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Jackson" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°57'00" west longitude
Central Meridian scale factor: 1.000022

Latitude of Grid Origin: 38°42'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Jasper” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Jasper" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Jasper" and “Porter” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Jasper" and "Porter" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°06'00" west longitude
Central Meridian scale factor: 1.000027

Latitude of Grid Origin: 40°42'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Jay” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Jay" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Jay” zone was developed to minimize
the differences between ground-measured horizontal distances and the corresponding grid coordinate
(map) distances within the county bearing this zone’s name.

InGCS "Jay" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°00'00" west longitude
Central Meridian scale factor: 1.000038

Latitude of Grid Origin: 40°18'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Jefferson” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Jefferson" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Jefferson” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Jefferson" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°21'00" west longitude
Central Meridian scale factor: 1.000028

Latitude of Grid Origin: 38°33'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Jennings” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Jennings" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Jennings” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Jennings" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°48'00" west longitude
Central Meridian scale factor: 1.000025

Latitude of Grid Origin: 38°48'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Johnson” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Johnson" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Johnson" and “Marion” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Johnson" and "Marion" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°09'00" west longitude
Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 39°18'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Knox” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Knox" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Knox” zone was developed to minimize
the differences between ground-measured horizontal distances and the corresponding grid coordinate
(map) distances within the county bearing this zone’s name.

InGCS "Knox" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°27'00" west longitude
Central Meridian scale factor: 1.000015

Latitude of Grid Origin: 38°24'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Kosciusko” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Kosciusko" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Kosciusko," “Elkhart,” and
"Wabash” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Elkhart," "Kosciusko," and "Wabash" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 85°51'00" west longitude

Central Meridian scale factor: 1.000033

Latitude of Grid Origin: 40°39'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “LaGrange” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "LaGrange" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “LaGrange" and “Noble” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "LaGrange" and "Noble" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°27'00" west longitude
Central Meridian scale factor: 1.000037

Latitude of Grid Origin: 41°15'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Lake” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Lake" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Lake" and “Newton” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Lake" and "Newton" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°24'00" west longitude
Central Meridian scale factor: 1.000026

Latitude of Grid Origin: 40°42'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “LaPorte” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "LaPorte" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “LaPorte," "Pulaski,” and "Starke”
zones have identical parameters. These zones were developed to minimize the differences between
ground-measured horizontal distances and the corresponding grid coordinate (map) distances within
the counties bearing these zones’ names.

INGCS "LaPorte," "Pulaski," and "Starke" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°45'00" west longitude

Central Meridian scale factor: 1.000027

Latitude of Grid Origin: 40°54'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Lawrence” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Lawrence" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Lawrence," “Crawford,” and
"Orange” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Crawford," "Lawrence," and "Orange" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 86°30'00" west longitude

Central Meridian scale factor: 1.000025

Latitude of Grid Origin: 38°06’00” north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Madison” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Madison" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Madison" and “Hancock” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Hancock" and "Madison" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°48'00" west longitude
Central Meridian scale factor: 1.000036

Latitude of Grid Origin: 39°39'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

m Indiana Department of Transportation / Land & Aerial Survey Office



Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

InGCS “Marion” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Marion" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Marion" and “Johnson” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Johnson" and "Marion" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°09'00" west longitude
Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 39°18'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Marshall” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Marshall" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Marshall," “Fulton,” and
"St.Joseph” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

INGCS "Fulton," "Marshall," and "St.Joseph" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°18'00" west longitude
Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 40°54'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Martin” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Martin" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Martin" and “Dubois” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Dubois" and "Martin" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°57'00" west longitude
Central Meridian scale factor: 1.000020

Latitude of Grid Origin: 38°12'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Miami” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Miami" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Miami" and “Howard” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Howard" and "Miami" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°09'00" west longitude
Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 40°21'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Monroe” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Monroe" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Monroe" and “Morgan” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Monroe" and "Morgan" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°30'00" west longitude
Central Meridian scale factor: 1.000028

Latitude of Grid Origin: 38°57'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Montgomery” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Montgomery" zone per NAD 83 (2011) epoch
2010.00 and are reported in U.S. Survey Feet and decimal parts thereof. The “Montgomery" and
“Putnam” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Montgomery" and "Putnam" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°57'00" west longitude

Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 39°27'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Morgan” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Morgan" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Morgan" and “Monroe” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Monroe" and "Morgan" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°30'00" west longitude
Central Meridian scale factor: 1.000028

Latitude of Grid Origin: 38°57'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Newton” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Newton" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Newton" and “Lake” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Lake" and "Newton" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°24'00" west longitude
Central Meridian scale factor: 1.000026

Latitude of Grid Origin: 40°42'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Noble” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Noble" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Noble" and “LaGrange” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "LaGrange" and "Noble" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°27'00" west longitude
Central Meridian scale factor: 1.000037

Latitude of Grid Origin: 41°15'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Ohio” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Ohio" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Ohio," “Dearborn,” and "Switzerland”
zones have identical parameters. These zones were developed to minimize the differences between
ground-measured horizontal distances and the corresponding grid coordinate (map) distances within
the counties bearing these zones’ names.

INGCS "Dearborn," "Ohio," and "Switzerland" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 84°54'00" west longitude

Central Meridian scale factor: 1.000029

Latitude of Grid Origin: 38°39'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Orange” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Orange" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Orange," “Crawford,” and
"Lawrence” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Crawford," "Lawrence," and "Orange" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 86°30'00" west longitude

Central Meridian scale factor: 1.000025

Latitude of Grid Origin: 38°06’00” north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Owen” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Owen" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Owen” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Owen" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°54'00" west longitude
Central Meridian scale factor: 1.000026

Latitude of Grid Origin: 39°09'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Parke” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Parke" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Parke" and “Vermillion” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Parke" and "Vermillion" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°21'00" west longitude
Central Meridian scale factor: 1.000022

Latitude of Grid Origin: 39°36'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Perry” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Perry" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Perry” zone was developed to minimize
the differences between ground-measured horizontal distances and the corresponding grid coordinate
(map) distances within the county bearing this zone’s name.

InGCS "Perry" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°42'00" west longitude
Central Meridian scale factor: 1.000020

Latitude of Grid Origin: 37°48'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Pike” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Pike" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Pike" and “Warrick” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Pike" and "Warrick" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°18'00" west longitude
Central Meridian scale factor: 1.000015

Latitude of Grid Origin: 37°51'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Porter” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Porter" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Porter" and “Jasper” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

INGCS "Jasper" and "Porter" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°06'00" west longitude
Central Meridian scale factor: 1.000027

Latitude of Grid Origin: 40°42'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Posey” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Posey" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Posey” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Posey" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°57'00" west longitude
Central Meridian scale factor: 1.000013

Latitude of Grid Origin: 37°45'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Pulaski” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Pulaski" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Pulaski," “LaPorte,” and "Starke”
zones have identical parameters. These zones were developed to minimize the differences between
ground-measured horizontal distances and the corresponding grid coordinate (map) distances within
the counties bearing these zones’ names.

INGCS "LaPorte," "Pulaski," and "Starke" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°45'00" west longitude

Central Meridian scale factor: 1.000027

Latitude of Grid Origin: 40°54'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Putnam” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Putnam" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Putnam" and “Montgomery” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Montgomery" and "Putnam" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°57'00" west longitude

Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 39°27'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Randolph” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Randolph" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Randolph" and “Wayne” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Randolph" and "Wayne" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°03'00" west longitude
Central Meridian scale factor: 1.000044

Latitude of Grid Origin: 39°42'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Ripley” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Ripley" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Ripley” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Ripley" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°18'00" west longitude
Central Meridian scale factor: 1.000038

Latitude of Grid Origin: 38°54'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Rush” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Rush" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Rush" and “Decatur” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Decatur" and "Rush" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°39'00" west longitude
Central Meridian scale factor: 1.000036

Latitude of Grid Origin: 39°06'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “St.Joseph” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "St.Joseph" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “St.Joseph," “Fulton,” and
"Marshall” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Fulton," "Marshall," and "St.Joseph" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 86°18'00" west longitude

Central Meridian scale factor: 1.000031

Latitude of Grid Origin: 40°54'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Scott” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Scott" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Scott," “Clark,” and "Floyd” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Clark," "Floyd," and "Scott" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°36'00" west longitude

Central Meridian scale factor: 1.000021

Latitude of Grid Origin: 38°09'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Shelby” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Shelby" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Shelby” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Shelby" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°54'00" west longitude
Central Meridian scale factor: 1.000030

Latitude of Grid Origin: 39°18'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Spencer” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Spencer" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Spencer” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Spencer" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°03'00" west longitude
Central Meridian scale factor: 1.000014

Latitude of Grid Origin: 37°45'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Starke” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Starke" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Starke," “LaPorte,” and "Pulaski” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "LaPorte," "Pulaski," and "Starke" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°45'00" west longitude

Central Meridian scale factor: 1.000027

Latitude of Grid Origin: 40°54'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Steuben” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Steuben" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Steuben” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Steuben" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°00'00" west longitude
Central Meridian scale factor: 1.000041

Latitude of Grid Origin: 41°30'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Sullivan" zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Sullivan" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Sullivan” zone was developed to
minimize the differences between ground-measured horizontal distances and the corresponding grid
coordinate (map) distances within the county bearing this zone’s name.

InGCS "Sullivan" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°30'00" west longitude
Central Meridian scale factor: 1.000017

Latitude of Grid Origin: 38°54'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Switzerland” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Switzerland" zone per NAD 83 (2011) epoch
2010.00 and are reported in U.S. Survey Feet and decimal parts thereof. The “Switzerland," “Dearborn,”
and "Ohio” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

INGCS "Dearborn," "Ohio," and "Switzerland" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 84°54'00" west longitude

Central Meridian scale factor: 1.000029

Latitude of Grid Origin: 38°39'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

Indiana Department of Transportation / Land & Aerial Survey Office




Handbook and User Guide INDIANA GEOSPATIAL COORDINATE SYSTEM

InGCS “Tippecanoe” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Tippecanoe" zone per NAD 83 (2011) epoch
2010.00 and are reported in U.S. Survey Feet and decimal parts thereof. The “Tippecanoe" and “White”
zones have identical parameters. These zones were developed to minimize the differences between
ground-measured horizontal distances and the corresponding grid coordinate (map) distances within
the counties bearing these zones’ names.

InGCS "Tippecanoe" and "White" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°54'00" west longitude
Central Meridian scale factor: 1.000026

Latitude of Grid Origin: 40°12'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Tipton” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Tipton" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Tipton" and “Hamilton” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Hamilton" and "Tipton" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°00'00" west longitude
Central Meridian scale factor: 1.000034

Latitude of Grid Origin: 39°54'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Union” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Union" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Union,” "Fayette,” and "Franklin” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Fayette," "Franklin," and "Union" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°03'00" west longitude

Central Meridian scale factor: 1.000038

Latitude of Grid Origin: 39°15'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Vanderburgh” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Vanderburgh" zone per NAD 83 (2011) epoch
2010.00 and are reported in U.S. Survey Feet and decimal parts thereof. The “Vanderburgh” zone was
developed to minimize the differences between ground-measured horizontal distances and the
corresponding grid coordinate (map) distances within the county bearing this zone’s name.

InGCS "Vanderburgh" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°33'00" west longitude
Central Meridian scale factor: 1.000015

Latitude of Grid Origin: 37°48'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Vermillion” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Vermillion" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Vermillion" and “Parke” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Parke" and "Vermillion" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°21'00" west longitude
Central Meridian scale factor: 1.000022

Latitude of Grid Origin: 39°36'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Vigo” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Vigo" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Vigo” zone was developed to minimize
the differences between ground-measured horizontal distances and the corresponding grid coordinate
(map) distances within the county bearing this zone’s name.

InGCS "Vigo" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°27'00" west longitude
Central Meridian scale factor: 1.000020

Latitude of Grid Origin: 39°15'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Wabash” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Wabash" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Wabash," “Elkhart,” and
"Kosciusko” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Elkhart," "Kosciusko," and "Wabash" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00

Projection Type: Transverse Mercator

Central Meridian: 85°51'00" west longitude

Central Meridian scale factor: 1.000033

Latitude of Grid Origin: 40°39'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)

False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Warren” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Warren" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Warren" and “Fountain” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Fountain" and "Warren" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°18'00" west longitude
Central Meridian scale factor: 1.000025

Latitude of Grid Origin: 39°57'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Warrick” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Warrick" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Warrick" and “Pike” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Pike" and "Warrick" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 87°18'00" west longitude
Central Meridian scale factor: 1.000015

Latitude of Grid Origin: 37°51'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Washington” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Washington" zone per NAD 83 (2011) epoch
2010.00 and are reported in U.S. Survey Feet and decimal parts thereof. The “Washington" and
“Harrison” zones have identical parameters. These zones were developed to minimize the differences
between ground-measured horizontal distances and the corresponding grid coordinate (map) distances
within the counties bearing these zones’ names.

InGCS "Harrison" and "Washington" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°09'00" west longitude

Central Meridian scale factor: 1.000027

Latitude of Grid Origin: 37°57'00" north latitude

False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “Wayne” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Wayne" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Wayne" and “Randolph” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Randolph" and "Wayne" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°03'00" west longitude
Central Meridian scale factor: 1.000044

Latitude of Grid Origin: 39°42'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Wells” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Wells" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “Wells” zone was developed to minimize
the differences between ground-measured horizontal distances and the corresponding grid coordinate
(map) distances within the county bearing this zone’s name.

INGCS "Wells" Zone Parameters

Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°15'00" west longitude
Central Meridian scale factor: 1.000034

Latitude of Grid Origin: 40°33'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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InGCS “White” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "White" zone per NAD 83 (2011) epoch 2010.00 and
are reported in U.S. Survey Feet and decimal parts thereof. The “White" and “Tippecanoe” zones have
identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Tippecanoe" and "White" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 86°54'00" west longitude
Central Meridian scale factor: 1.000026

Latitude of Grid Origin: 40°12'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)

InGCS “Whitley” zone:

Unless noted otherwise, all bearings, distances, areas, and coordinates shown hereon are based upon
the Indiana Geospatial Coordinate System's (InGCS) "Whitley" zone per NAD 83 (2011) epoch 2010.00
and are reported in U.S. Survey Feet and decimal parts thereof. The “Whitley" and “Huntington” zones
have identical parameters. These zones were developed to minimize the differences between ground-
measured horizontal distances and the corresponding grid coordinate (map) distances within the
counties bearing these zones’ names.

InGCS "Huntington" and "Whitley" Zone Parameters
Geometric Datum: NAD 83(2011) epoch 2010.00
Projection Type: Transverse Mercator

Central Meridian: 85°30'00" west longitude

Central Meridian scale factor: 1.000034

Latitude of Grid Origin: 40°39'00" north latitude
False Northing: 36,000.000 m (118,110.00 U.S.Ft)
False Easting: 240,000.000 m (787,400.00 U.S.Ft)
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