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Before Getting Started

A coordinate reference system defines how your georeferenced spatial object relates
toreal locations on the Earth’s surface. A common interfaceis used throughout the
TNT productsfor selecting or defining acoordinate reference system for geospatial
dataor geospatial operations. Thisbooklet introduces you to the Coordinate Refer-
ence System window and its operation.

Prerequisite Skills Thisbooklet assumesthat you have completed the exercisesin
thetutoria booklets Displaying Geospatial Dataand TNT Product Concepts. Those
exercisesintroduce essential skills and basic techniques that are not covered again
here. Please consult those booklets and other TNT reference materias (installed or
on Microlmages web site) for any review you need.

Sample Data Some of the exercises presented in this booklet use sample datathat
isdistributed with the TNT products. If you do not have accessto aTNT products
DVD, you can download the data from Microlmages web site. In particular, this
booklet usesinthece_Ttm Project Fileinthe ce_parta data collection.

More Documentation This booklet isintended only as an introduction to coordi-
natereference systems. Details of using coordinate reference systems can be found
inavariety of tutorial booklets, Technical Guides, and Quick Guides, which areall
available from Microlmages web site (go to http://www.microimages.com/search
to quickly search all available materials, or you can narrow your search to include
only tutorias or TechGuides).

TNTmips®Pro and TNTmips Free TNTmips (the Map and Image Processing Sys-
tem) comesin threeversions. theprofessional version of TNTmips(TNTmipsPro),
thelow-cost TNTmips Basic version, and the TNTmips Free version. All versions
run exactly the same code from the TNT products DVD and have nearly the same
features. If youdid not purchasethe professiona version (which requiresasoftware
license key) or TNTmips Basic, then TNTmips operatesin TNTmips Free mode.

All the exercises can be completed in TNTmips Free using the sample geodata pro-
vided.

Randall B. Smith, Ph.D., 16 August 2013
©Microlmages, Inc., 2005-2013

You can print or read this booklet in color from Microlmages’ Web site. The
Web site is also your source for the newest tutorial booklets on other topics.
You can download an installation guide, sample data, and the latest version of
TNTmips Free.

http://www.microimages.com
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TNTmips provides the most advanced software for
creating, displaying, processing, and andyzing dl types
of geospatia data. The “geo” in geospatial means
that thedataobjectsinyour TNT Project Filesinclude
gpatia reference information that relates the features
portrayed inthese objectsto positionsin therea world.
Geogpatial referencing enables TNT processesto ac-
curately overlay different geodata layers for display
and processing, to report rea-world positions of fea
turesinView windows, and to reproject (warp) geodata
objects when necessary (among other procedures).

Spatial referencing for image or map data can be set
up manualy using the Georeference process or as-
signed when you import geospatially-referenced data
from an externa file format, such as a GeoTIFF file.
Geographic locationsin ageospatial object are speci-
fied in terms of the object’s coordinate reference
system. A coordinate reference system combines a
coor dinate system with adatum, which givesthere-
lationship of the coordinate system to the surface and
shape of the Earth. A coordinate system may alsoin-
clude a coordinate transformation (traditionally
called amap proj ection) that relates positionsin geo-
detic coordinatesto positionsinthe coordinate system.
Definitions for termsin bold type above and on sub-
sequent pages can be found on the inside back cover
of thisbooklet. Additiona conceptua backgroundin-
formation can befoundin thetutorial booklet entitled
Introduction to Map Projections.

The Coordinate Reference System window is used
throughout the TNT productsto set the coordinateref-
erence system for ageospatia object or for ageospatial
operation. You can choose from hundreds of pre-
defined coordinate reference systems, thousands of
combinations of coordinate systems and datums, or
create and save specialized private coordinate refer-
encesystems.

Welcome

STEPS

M choose Tools / Map
Calculator from the
TNTmips menu

M in the Coordinate
Reference System 1
groupbox, press the
Specify button to open
the Coordinate
Reference System
window

Coordinate
System

L |

A 4
Coordinate
Reference

System

Datum

The Coordinate Reference
System window and the
spatial referencing
standards it implements are
introduced on pages 4-5.
Pages 6-13 show you how
to select or set up a
coordinate reference system
using predefined
components. Backward
compatibility warnings are
discussed on page 14.
Pages 15-18 cover setting
up and saving private
coordinate reference
systems and a utility for
changing settings for
incorrectly-referenced data.
A short glossary of spatial
referencing terms can be
found on page 19.
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Coordinate Reference Systems

Coordinate Reference System Window

The coordinate reference
system that is currently in
use or selected is shown at
the bottom of the Coordinate
Reference System window.
This field is automatically
updated as you make or
change selections.

I UTH zone 15H (CM 93%)
I UTH zone 14H (CM 99%)
I SPC583 California zone 3

1 Geographic

X Coordinate Reference System

| Cooriinate System | Datum | Projection | Details |

1 UTM zone 15N (CM 93W) (ftUS)
1 SPCS27 Mebraska South zone (ftUS)

The contralson the Coordinate Reference Systemwin-
dow are organized on tabbed panels. The Predefined
panel is shown by default when the window opens.
This panel presents a scrolled hierarchical listing of
hundreds of predefined coordinate reference systems
that can be sdlected in a single step, including many
that are tailored to particular nations or states/prov-
inces. On thispaned you can also select from severa
globally-applicable coordinate a/stems such as Uni-
versal Transverse
Mercator that can
be paired with any
available datum to
form a coordinate
reference system
appropriatefor any
specificarea.

The Datum tabbed
panel alows selec-
| tionof adatumand

=

i accompanying da-

Curvent: WGS84 { Geographic

Save As...

tum transfor ma-

MM%‘ tions. In the

If you open the Coordinate
Reference System window
from a process that is using
georeferenced data, the
“Current” coordinate
reference system is set from
that data. If you open the
window with no geodata in
use or selected, as in this
example, this field defaults
to WGS84 / Geographic
(longitude / latitude
coordinates using the World
Geodetic System 1984
datum).

majority of cases you can complete the selection of
your desired coordinate reference system using only
the Predefined and Datum panels.

In the event that the required coordinate reference
system is not provided on the Predefined panel, you
can use controls on the Coordinate System, Datum,
and Projection panelsto specify dl of the elements of
your private, custom coordinate reference system, and
saveit for later use. Onceyou have selected or set up
acoordinatereferencesystem, al of itsparticularsare
listed on the Details tabbed pandl.

M keep the Coordinate Reference System window open
and proceed to the next exercise
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Coordinate Reference Systems

Spatial Referencing Standards

Inorder tofacilitate the exchange and use of geospatial databy different individuals
and organizations, it is important to have a common framework and structure for
expressing spatid referencing information. To further thisgoal, the specification of
coordinate reference systems and their componentsin the TNT products conforms
to the International Organization for Standardization (1SO) standard 19111:2003
entitled Spatial Referencing by Coordinates, which in turn encompasses the Open
———————— Geogpatid Consortium’s(OGC) Abstract Specification of the
—<7Twe— samename. These standards define the elements necessary
=l = to fully specify acoordinate reference system and also pro-
==Iso_E vide a uniform framework for coor dinate conver sions and
=2 '— for coordinate transfor mations between different coordi-
= natereferencesystems.

Although these 1SO and OGC documents specify how a coordinate reference sys-
tem should be defined, itisup to each geospatial anaysissystemto provideall of the
actual geodetic parameter values needed to define the hundreds of coordinate sys-
tems and datums that are in common use throughout the world. The European
Petroleum Survey Group (EPSG) Geodesy Parameters databaseisused by the TNT
products asthe source for most predefined coordinate reference systems, coordinate
systems, and datums provided through the Coordinate Reference System window.
Thiswidey-used data source has been incorporated in the GeoT| FF data exchange
specification as well as in other data models. The
EPSG databaseis updated regularly with parameters
for newly-added datumsand coordinate systems. As
they become available, these updates are also incor-
poratedinthe TNT productsand aredistributed with
the weekly software updates for the latest version of
the TNT products. In addition, the TNT products
also provide certain coordinate reference systemsor their e ementsthat are not found
in the EPSG database.

By conforming to international standards for spatia referencing and incorporating
the EPSG database, the TNT products provide you with arobust yet flexiblefounda-
tion for al spatial operationswith your data.

European Petroleum Survey Group

Request Additional Coordinate Reference Systems
If coordinate reference system components you routinely use are not available
in the Coordinate Reference System window, you can ask Microlmages to
add them at no cost to you. Your request must provide all the required
parameters for the new datum, datum transformation, coordinate system, or
map projection. Updates to coordinate reference systems are implemented
as part of the regular patches to your current version of the TNT products.
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Coordinate Reference Systems

Predefined Panel

Your Recent group
undoubtedly lists a different
set of coordinate reference
systems than those shown
here, and it may have fewer
than 10 if you have just
begun using TNTmips or
you routinely work with a
small number of coordinate
reference systems.

The Predefined panel uses an interactive tree control
to organizeits selectionsinto hierarchical groupsthat
you can expand or contract as needed to show or hide
their contents. The highest-level groups on the Pre-
defined Panel are Recent, Global and Regiond, and
National and Local. The Recent group lists the last
ten coordinate reference systemsyou have selected in
any TNT process. For your convenience, the Recent
group isautomeatically expanded when you first open
the Coordinate Reference System window, alowing
you to select any of these recently-used entriesin one
step. The coordinate reference system set as “ Cur-
rent” when the window opensis aways listed at the
top of the Recent group.

X Coordinate Reference System

| Coordinate System I Datum | Projection I Details |

[ Recent 3
WG 584 ! Geographic
WGS84 / UTM zone 11N (CM 117W)
HADS3 / UTM zone 15H (CM 93W)
NADS3 / UTM zone 14H (CM 99W)
MADS3 f SPCS83 California zone 3
HADS3 { UTH zone 15N (CM 93W) (ftUS)
HADZF [ SPCS27 Nebraska South zone (ftUS)
MADZ7 | Gengraphic
WGSB4 / Geographic
HADS3 7 UTHM zone 11H (CM 117W)
Global and Regional
/ Hational and Local
Click on the -
box controlto | H i
collapse an Current: WGS84 / Geographic
expanded ‘
. Save As... OK Cancel | Help
group (" sign Save ss.. | _OK | concal| Hoi |

inside the box symbol) or
expand a collapsed group
(“+” sign inside the box
symbol).

M keep the Coordinate
Reference System
window open and
proceed to the next
exercise

Group headingsat any level inthe Predefined list have
a box-shaped symboal to the left of their entry. This
symbol is a control button that you left-click to ex-
pand the group to show itscontentsor collapseto hide
itscontents. Thesymboal insdethebox control changes
from*“+” whenthegroupiscollapsedto “-” whenthe
group isexpanded. You will usethese controlsaswe
explorethe other main groupsinthe Predefined listin
the next exercise.
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Coordinate Reference Systems

National and Local Group

Astheir namessuggest, the Globa and Regiona group
and Nationa and Local group subdivide coordinate
reference systems by their geographic extent. The
National and Local group includes subgroupsfor many
individual nations. Each of these subgroups can be
expanded to find coordinate reference systems spe-
cific to that nation, such as the ones shown here for
Antarctica. (Although not a nation, Antarctica has
specid statusunder internationa treaty and soislisted
asanational group.)

All of theentriesinthe Nationa and Local groupsare
complete coordinate reference systems that can be
sdectedinasinglestep. (After selecting acoordinate
reference system, you should also select appropriate
datum transformations on the Datum panel, as dis-
cussed onalater page.) You caneasily identify entries
that represent a coordinate reference system: they be-

STEPS

M left-click in the box
control to the left of the
Recent group’s heading
to collapse it

M left-click in the box
control to the left of the
National and Local
heading to expand it

M under the National and
Local group heading,
expand the Antarctica
group

e8eo X eno X 0600 N Coordinate Ref

Predefined | Coordinate Syster Predefined | Coontinate System | Predefined | Coortinate System | Datum | i

Recent Recent
Global and Regional Global and Regional
Hational and Local ﬁ & Hational and Local =

Algeria

Angola

Antarctica _’

Argentina

Austria

Australia

Bahrain

Bangladesh

Barhados

Recent
Global and Regional
Hational and Local
Algeria
Angola
B Antarctica
WG364 / Australian Antarctic Lambert
WGS 84 f UPS South
Argentina
Austria
Australia
Bahrain

Belgium Bangladesh
Brazil Barhados
Brunei Darussalam Belgium
= = -
Current: WG384 f Geographic Current: WGS84 f Geographic Current: WG384 / Geographic

ginwiththedatum namefollowed by the*/” character,
then the coordinate system name. In the Antarctica
group there are entries for two coordinate reference
systemsthat combine the same datum (WGS84) with
different coordinate systems.

M leave the Predefined
panel’s tree list as
shown in the right-hand
illustration and proceed
to the next page
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Coordinate Reference Systems

US State Plane Coordinate System

STEPS

M collapse the Antarctica
group

M using the vertical scroll
bar on the right side of
the Predefined panel,
scroll down through the

National and Local group

and expand the United
States group

M expand the group for the
state of Alabama

M click on the first entry in
the Alabama group to
select it

M press [OK] on

800

Some national groupsin the Predefined panel are sub-
divided in various ways. China has a subgroup for
each of two datums in common use there, with each
subgroup including aset of geographic zonesthat col-
lectively span the entire country. The Canada and
United States groups have a subgroup for each prov-
ince or state. Each group for a U.S. state includes
entries for the United States State Plane Coordinate
System (SPCS) zones for that state. These entries
combinethe SPCSzoneswith different datumstoform
complete coordinate reference systems.

A Coordinate Reference System

the Coordinate Predefined | Coordinate System | Datum | Projection | Details |
Reference Trinidad and Tohago 3
System Tunisia
window to United Kingdom
accept the B United States
B Alabama
curre m HADZT § SPCS2F plabama East zone (m)
selection and HADZ27 { SPCS27 Alahama West zone (m)
return to the HADZT { SPCS2T plabama East zone (ftUS)
Map Calculator MADZT { SPC327 Alabama West zone (ftUS) J
ind HADE3 § SPCS83 plabama East zone
window HADB3 ! SPCS83 Alahama West zone
HADE3(HARN) f SPCSE3 Alabama East zone
HADB3(HARN) { SPC363 Alabama West zone
flaska
Arizona 7 ]
=] I
Current: MAD27 { SPCS27 Alabama East zone (m)
Have A5, 0K Cancel | Help

When you select a
coordinate reference
system, the Current field is
automatically updated to
show the selection.

Thedatumsavailablefor use with State Plane Coordi-
nate zones are the North American Datum 1927
(NADZ27), North American Datum 1983 (NADS3),
andaverson of NAD83 adjusted using thestate' sHigh
Accuracy Reference Network (HARN). The HARN
network for each stateisaset of high-quality geodetic
control stationsthat have been located using very ac-
curate Global Positioning System (GPS) readings.
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Coordinate Reference Systems

Units for US State Plane Coordinates

Zones within the US State Plane Coordinate System
originaly referenced the NAD27 datum and were de-
fined using US feet as the measurement unit for the
coordinate system. However, it is common to find
geospatia data referenced to a NAD27 SPCS zone
but using meters asthe unit of measure.

88ecCc . Coordinate Reference System

Predefined | Coordinate System | Datum | Projection | Details |

E Recent
HADZ7 [ SPCS27 Alabama East zone (m)
WGSB4 / Geographic
WGS64 f UTHM zone 14H (CM 99%)

Thedefinition of acoordinate systeminthelS019111
standard and in the EPSG database includesthe mea-
surement unit used to express coordinate locations.
Therefore acoordinate system and measurement unit
cannot be selected independently. Where agroup in
the Predefined list contains similar coordinate refer-
ence systems using different units, the measurement

8ecC N Coordinate Reference System
Predefined | Coordinate System | Datum | Projection | Details |

SyHan Arab Republic

Thailand

Trinidad and Tobago

Tunisia

United Kingdom

E United States

B Alabama

HADZ7 ! SPCS27 Alabama East zone (m)
NaDZ7 ! SPCS27 Alabama West zone (m)
MADZ7 [ SPCS2Z7 Alabama East zone (ftUS))]
NADZ7 ! SPCS27 Alabama West zone (ftUS)
HADE3 [ SPCS83 Alabama East zone
NAD&3 ! SPCSE3 Alabama West zone
HADE3(HARM) / SPC583 Alabama East zone
NADB3(HARN) / SPCS83 Alabhama West zone

STEPS

M press [Specify...] on the
Map Calculator window
to reopen the Coordinate
Reference Systems
window

M note that the coordinate

reference system

you just selected is

listed at the top of

the Recent group

M collapse the Recent
group and expand the
National and Local group

M locate and expand the
United States group and
its Alabama subgroup

M select the entry for
NAD27 / SPCS27
Alabama East zone

(ftUS)

|

=

Current: NADZ7 { SPCS27 Alabama East zone {ftU3)

Have &s... OK Cancel | Help

unit isidentified in parentheses at the end of the coor-
dinate system part of thelist entry. To choose between
feet or metersfor aSPCSzone, select theappropriately
labeled entry inthe Predefined list of coordinaterefer-
ence systems.

M keep the Coordinate
Reference System
window open with the
current settings and
proceed to the next
exercise
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Coordinate Reference Systems

Global and Regional Group

STEPS
M collapse the National
and Local group and

expand the Global and

Regional group
expand the Asia

subgroup in the Global

and Regional group

entries, then collapse
the group again
expand the Europe

subgroup in the Global

and Regional group

the Europe subgroup

80¢c

Predefined | Coordinate System | Datum | Projection | Details |

=

examine the Asia group

select the first entry in

The Globa and Regiona group includes entries for
coordinate reference systems and coordinate systems
that are not targeted toward use within a particular
nation. Thisgroup includesanumber of subgroupsas
well as several additional list entries.

The Asia and Europe geographic subgroups include
entries for many complete coordinate reference sys-
temsappropriatefor usewithin these continents. Most
of the coordinate reference systems in the Asia sub-
group combinethe Pulkovo 1942 datum with various
coordinate systems using the Gauss-Kruger zonation
system (with achoice of 6-degree or 3-degree Gauss-
Kruger zones).

X Coordinate Reference System

Recent
Glohal and Regional
Geographic (longitudedatitude)
Universal Transverse Mercator (UTH)
Universal Polar Stereographic (UPS)
Gauss Kruger 6-tegree (no zones added to false easting)
Gauss Kruger 6-degree (zones added to false easting)
Gauss Kruger 3-degree (no zones added to false easting)
Gauss Kruger 3-degree (zones added to false easting)
Asia
= Europe
E European Terrestrial Reference System 1989 (ETR369)
ETR5#69 / Europe Conformal 2001
ETR389 { Europe Equal Area 2001
ETRS69 f UTM zone Z6M (CM 27W)

[ |

| 5]

Current: ETRS89 f Europe Conformal 2001

Hava A

M keep the Coordinate
Reference System
window open with the
current settings and
proceed to the next
exercise

The Europe subgroup includes coordinate reference
systems that provide a choice of severa datums in
combination with either Universal Transverse
Mercator (UTM) or Gauss-Kruger zona coordinate
systems. Thissubgroup asoincludessevera Europe-
wide entries (including the entry selected in this
exercise).
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Coordinate Reference Systems

Coordinate Reference System using UTM

The Universal Transverse Mercator (UTM) coordi-
nate system dividestheglobeinto aseriesof numbered
zonesthat are 6 degrees of longitude in width and di-
vided by the equator into north and south portions.
Each UTM zone has its own planar coordinate sys-
tem, and each zone has an entry in the Universa
Transverse Mercator subgroup within the Predefined
list's Global and Regional group.

When you select aUTM zone in the Predefined list,
you are not selecting acompl ete coordinate reference
system, but only specifying the coordinate systemto
be used. The datum already specified in the Current
field (in this example ETRS89 from the previous ex-
ercise) isretained when you select aUTM coordinate
system (zone). Inmost casesyou will needto select a
different datum on the Datum panel in order to create
the desired coordinate reference system. Wewill show
that procedure next.

8eneon
Predefined | Coordinate System | Datum | Projection | Details |

eon

X Coordinate Reference System

Recent
E Global and Regional

STEPS

M collapse the Europe
subgroup of the Global
and Regional group in
the Predefined list

M expand the Universal
Transverse Mercator
(UTM) subgroup of the
Global and Regional
group

M scroll downward through
the list of UTM zones
and select UTM zone
12N (CM 111W)

A subgroup is also provided
in the Global and Regional
group for each variety of the
Gauss-Kruger zonation
system. A Gauss-Kruger
zone, like a UTM zone,
specifies a coordinate
system, but not a datum,
and it is selected in the
same way as a UTM zone.

X Coordinate Reference System

Geographic {longitudedatitude)
E Universal Transverse Mercator (UTM})
UTM zone 1H (CM 177W)
UTM zone 15 (CM 177W)
UTM zone 2H (CM 171W)

scroll down through the UTM zones...

UTM zone 11N (CH 117W)
UTH zone 115 (CH 117W)
UTH zone 125 (CH 111W)
UTHM zone 13N (CH 105W)
UTHM zone 135 (CHM 105W)

=

Predefined | Cooninate System | Datum |

Recent
El Global and Regional
El Geographic (longitudeflatitude)
Geographic 2D: longitude, latitude (degrees)
Geographic ZD: longitude, latitude (grads)
Universal Transverse Mercator (UTM)
Universal Polar Stereographic (UPS)
Gauss Kruger 6-degree (no zones added to false easting)
Gauss Kruger 6-degree (zones added to false easting)
Gauss Kruger 3-degree (no zones added to false easting)
Gauss Kruger 3-degree (zones added to false easting)
Asia
Europe

Bl Mi

Current: ETRS89 f UTM zone 12H (CM 111W)

Mational and Local
=]

Current: ETRSE9 f UTHM zone 12N (CH 111W)

Save As... ||
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Coordinate Reference Systems

Select Datum

STEPS
M left-click on the Datum
tab to expose its panel

M click on Datum
combobox’s icon II
button to show the
scrolling list of datums

M scroll down and select
North American 1983
(NAD83) from the datum

Let'sassume that the UTM zone you sdlected on the
previous page, UTM zone 12N, is intended for use
with geospatial datafrom Arizona, USA, and that the
datum to be used is North American 1983 (NADS3).
The Datum menu on the Datum tabbed panel provides
anextensivelist of datumsfromwhich you can choose.
Some of these datums, such as World Geodetic Sys-
tem 1984 (WGSB84), are designed for global use, but

list most were created for use in a particular country or
region.

8060 X Coordinate Reference System Onceyou havese

Predefined | Coordinate System ~Datum | Projection | Details | |lected adatum (a'-

Dal.umIEumpean Terrestrial Reference System 1989 (ETR389)

_ | WGS84 - Hetherlands (Coordinate frame rotation)

= |

Datum Transfol
,d WGSB4 - Europe - west (Identity)

8860

Predefined | Coordinate System ~Datum | Projection | Details |

X Coordinate Reference System

DatuITIINorlh American 1983 (HADE3)

— Datum Transfor
WGS84 (ldentity - Canada, United States)

ITRF34 (Coordinate frame rotation - USA - conus)
HADS3(HARMN) {NADCON - USA - Alahama)

ITRFI6 (Coordinate frame rotation - USA - conus)
NADS3(CSRS98) (ldentity - Canada - Atlantic offshore})

L

The name of the currently-selected
transformation (the default selections in this
example) follows the datum name in each
group entry in the Datum Transformations list.

=1 i

Current: NADE3 f UTM zone 12H (CM 111W)

Save As... oK Cancel | Help

M keep the Coordinate
Reference System
window open with the
current settings and
proceed to the next
exercise

for our current examplenext.

ther directly on
the Datum panel
or indirectly by
selecting a pre-
defined coordi-
nate reference
system), you can
sdlect direct trans-
formations to
other datums(one
per datum) using
the Datum Trans-
formationslist on
the Datum pandl.
This list uses the
sametypeof con-
trols as the Pre-
definedligt. Each
availabledatumis

shown asagroup entry inwhich you canfind alist of
transformations. Wewill sdect datum transformations

provided in the EPSG geodetic parameter database.

Note: Direct datum transformations may not be available for the particular
datum you selected because they are not mathematically defined or are not
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Coordinate Reference Systems

Datum Transformations

STEPS

A datum transformation is used whenever a geospa
tial object (such as araster or vector object) must be
reprojected to register with another object
georeferenced to adifferent datum. Thissituationcan
occur when objectsare overlaid in aView window or
used in other spatial processing.

A direct datum transformation providesthefastest and
most accurate transformation result. If adirect trans-
formation isnot selected or isnot available, positions
are firg trandated to the WGS84 datum, then to the
target datum. Thetwo-step transformation may intro-
ducedight positiond inaccuraciescompared to adirect
transformation.

In someinstancesyou can tailor your selection of da-
tum transformations to the geographic location and
scope of your data. Hereweare g g

setting up acoordinate reference

4}

o}

expand the WGS84
group in the Datum
Transformations list
select the USA - Arizona
(NADCON)
transformation, then
collapse the WGS84
group

repeat the above steps
for the NAD83(HARN)
group

M collapse the

NAD83(HARN) group

M expand the

NAD83(CSRS98) group
and deselect the
Canada - Atlantic
offshore entry

X Coordinate Reference System

Predefined | Coordinate System ~ Datum | Projection | Details |

system for datafrom the state of
Arizona. Whenyouareusingthe

DatumINurl.h American 1983 (NADS3)

Datum Transfor

NADB83 datum, individual ver-
sions of the transformations to
WGS84 and NAD83(HARN)
are available for most states, in-
cludingArizona. Notethat when
you sdlect adifferent transforma-
tion for a datum, the

H |USA-
H_|USA-
H |USA-
H_|USA-
H o USA -

enn

E WGSE4 (HADCON - USA - Arizona)

_| Canada, United States (ldentity)
Alaska - Aleutian Islands {Geocentric translation)
Hawaii (Geocentric translation)
Alabama (HADCON)
Arkansas (HADCON)
Arizona (HADCOHM)

X Coordinate Reference System

Predefined | Coordinate System ~Datum | Projection | Details |

transformation name is updated

Dalurl‘llNorth American 1983 (NADS3)

Datum Transfor

inthegroup namefor the datum.
Thegloba ITFR94 and ITFR96
(Internal Terrestrial Reference
Frame) datums each offer a
single transformation that is ap-
plicablethroughout the continental United States (you
may want to open these datum groupsto confirmthis),
so there is no need to change these sdectionsin this
case. The NAD83(CSRS98) datum appliesto offshore
eastern Canada, soitstransformation can bedesd ected.

“

WG384 (MADCOHN - USA - Arizona)
ITRF34 {Coordinate frame rotation - USA - conus)
MADB3(HARN) (HADCOH - USA - Alabama)
ITRF36 {Coordinate frame rotation - USA - conus)
El MAD83(CSRS598) (Mo transfonmation selected)

_| Canada - Atlantic offshore {ldentity)

click [OK] on the
Coordinate Reference
System window to
complete setup
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Coordinate Reference Systems

Geographic Coordinate Reference System

STEPS

M press [Specify...] on the
Map Calculator window
to reopen the
Coordinate Reference
System window

M expand the Global and
Regional group on the
Predefined panel

M expand the Geographic
(longitude/latitude)
group

M choose Geographic 2D:

longitude, latitude
(degrees)

M on the Datum tabbed
panel, select the World
Geodetic System 1984
(WGS84) datum

M press [OK]

Global coordinate systemsusing latitude/longitude can
be selected from the Globa and Regiona Group on
the Predefined tabbed pandl. They are found in the
Geographic (latitude/longitude) subgroup. You can
choosefrom 2D and 3D versionsusing either degrees
or gradsasthemap unit. To complete specification of
the coordinate reference system, choose the desired
datum from the Datum tabbed pandl.

L atitude/l ongitude coordinate systemsreferenceloca-
tionsdirectly tothe surface of an dlipsoid using angles
as coordinate units. Thusthereisno map projection
associated with such systems. Because of their Sm-
plicity and global applicability, latitude/longitude
coordinates are widely used for publicly-available
geodata. However, use of latitude/longitude coordi-
nate can complicate display and spatial analysis.
Becauselinesof longitude convergetoward the poles,
the horizontal distance equivalent to one degree of
longitudevarieswith latitude. Thischaracteristic com-
plicates computations of distances and areas. For
geodataof local or regional extent, use of aprojected
coordinate system using planar coordinates provides
moreaccurate measurementsand spatial computations.

eeon X| Coordinate Reference System (83606) 8een |X| Coordinate Ref

Pradefined | Coordinate System | Datum | Projection | Details | Predefined | Coordinate System  Datum | Proj

Recent
E Global and Regional
E Geographic (longitudedatitude)

Dawml\'mﬂd Geodelic System 1984 (WGS84)

— Datum Transformations

Geographic 2D: lohgitude, latitude (degrees) Ho transformations required

Geographic 3D: longitude, latitude, ellipsoidal height (degrees, meters)
Geographic ZD: longitude, latitude (grads)
Geographic 3D: longitude, latitude, ellipsoidal height (grads, meters)
Universal Transverse Mercator (UTH)
Universal Polar Stereographic (UPS)
Gauss Kruger b-degree (no zones added io false easting)
Gauss Kruger 6-degree (zones added to false easting)
Gauss Kruger 3-degree (no zones added io false easting)
Gauss Kruger 3-degree (zones added to false easting)

Asia
Europe

=

=

Current: NAD83 ! Geographic

Save as...

Current: WGS84 [ Geographic

|| Save As...

Geodata using geographic (latitude/longitude) coordinates can be reprojected to a planar
coordinate reference system. Use the Automatic Resample process (Image / Resample
and Reproject / Automatic) or Geometric Warping process (Geometric / Reproject).
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Coordinate Reference Systems

Saved Coordinate Reference Systems

You can name and save custom coordinate reference
systems using the Save As... button on the Coordi-
nate Reference Systemwindow. Thisbuttonisactive
whenever the coordinate reference system you have
assembled does not duplicate an existing predefined
or previoudy-saved coordinatereference system. Af-
ter you have saved one coordinate reference system,
a Saved group isincluded in the Predefined selection
list below the Recent group. You can then quickly
select any of your saved coordinate reference sys-
temsfromthisgroup.

Thisexerciseshowsasimpleyet very useful example.
You might frequently useaparticular UTM (or Gauss-
Kruger) zone and datum. If so, you can save this
combination asacoordinate reference systemin your
Saved group, where you will dwaysbeableto find it

‘@0

Predefined | Coordinate System | Datm | Projection | Details |

X Coordinate Reference System

E Recent
MADB3 f UTHM zone 12N (CH 111W)
MADZY f SPCS27 Alabama East zone (m)

STEPS

M in the Recent group on
the Predefined panel,
select NAD83 / UTM
zone 12N (CM 111W)

M press the Save As...
button at the bottom of
the Coordinate
Reference System
window

M accept the default
settings provided in the
Save coordinate
reference system
window and press its OK
button

M note that a Saved group
appears in the
Predefined list and
opens automatically to
show your saved
coordinate reference
system

M press [OK] on the
Coordinate Reference
System window

|X| Save coordinate reference system

WGS84 f UTH zone 14H (CH 99W) 800
WGS84 f UTH zone 11H (CM 117W) =
NADB3 f UTH zone 15H (CH 93W) Hame:

NADB3 £ UTM zone 1M (CH 99W)
NADB3 f SPCS83 Califomia zone 3
NADB3 f UTM zone 15H {CHM 93W) (ftUS)
NAD27 f SPCS27 Nebraska South zone

INF\DBﬂ I UTH zohe 12H (CM 111%)

Save for: (7 Currentjuser _) All users

oK | cancel |

Global and Regional
Hational and Local

‘800

Recent
~ = Saved

Current: NADS3 JATHM zone 12H (CM 111W)
Save As...

Global and Regional
Hational and Local

X Coordinate Reference System

Predefined | Cogrdinate System | Datum | Projection | Details |

NAD&3 f UTM zone 12N {CM 111W)

and sdlect it in a single step, rather than having to | & press [Close] on the

reselect its components or rely on it remaining in the
Recent group sinceits last use.

Map Calculator window

of the TNT products.

Your saved coordinate reference systems are maintained separately from the
predefined geodetic parameters provided with the TNT products. Your Saved
group therefore is preserved when you patch or update to a more recent version
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Coordinate Reference Systems

Private Coordinate Reference Systems

STEPS

M choose Tools / Map
Calculator from the
TNTmips menu

M press [Specify...] on the
Map Calculator window
to reopen the
Coordinate Reference
System window

M on the Coordinate
System tabbed panel,
use the Coordinate
System menu to select
Projected: Easting(E),
Northing(N) [meters]

M on the Datum tabbed

In some casesyou may need toimport geospatial data
referenced to acoordinate system that does not match
any of the predefined choices in the Coordinate Ref-
erence System window. You can design and save a
custom, private coordinate reference system to match
your data. To do so you must select the appropriate
projected coordinate system type, select the datum,
and definethemap projection to beused. The exer-
cisesonthisand thefallowing page providean example
of this procedure. They set up ahypothetical coordi-
nate reference system based on the Transverse
Mercator projection for acounty in central Nebraska.

Eanﬁ]l’:ele(_:t eeon X\ Coordinate Reference System
or merican - =
1983 (NAD83) Predefined  Coordinate System | Datum | Projection | Details |
from the Datum Coordinate System | Projected: Easting(E}), Morthing(N) [meters] 1'
menu
M set the Datum
transformations |
as shown in the - e O X Coordinate Reference System
lower Predefined | Coordinate System ~ Datum | Projection | Details |
illustration Datum [North American 1363 (NADS3) i

M keep the Coordinate
Reference System
window open with the
current settings and
proceed to the next
page

Datum Transtor

WGS564 (NADCOM - USA - Nebraska) &
ITRF94 (Coordinate frame rotation - USA - conus)

NADB3(HARN) (MADCOM - USA - Hebraska)

ITRF96 (Coordinate frame rotation - USA - conus)

NADB3(CSRS98) (Identity - Canada - Atllantic offshore)

You can saveacoordinate reference system for use by
the*“current user” or for al users (everyonewho uses
thecomputer). (Oneor the other of these choicesmay
be disabled based on permissions set for the directo-
ries in which the information needs to be saved.) If
you have saved coordinatereference systemsfor both
“current user” and “all users’, they are listed under
Separate subgroups in the Saved group.

Note: To set up a local coordinate reference system that does not require a
standard Earth datum (for a construction site, for example), select one of the
Cartesian 2D: X, Y options from the Coordinate System menu (separate entries
for meters and feet are available). Selection of this nonprojected coordinate
system automatically sets the datum to Local engineering.
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Coordinate Reference Systems

Define Projection Parameters

The Projection tabbed panel isactivewhenever apro-
jected coordinate system isin use. The Projection
Method menuisautomaticaly activated when you have
used the Coordinate System menu to switch from a
nonprojected coordinate system (such as Geographic,
longitude / latitude) to projected coordinates. If the
Projection Method menu is not active when you ex-
posethe Projection pand, you can activateit by turning
on the User Defined toggle button next to the menu.

Once you have selected the projection
method, you canthen enter therequired
projection parameter valuesinthetable
on the Projection panel to complete
setup of your private coordinate refer-
encesystem.

860

Predefined | Coordinate System | Datum  Projection | Details |

STEPS

M click on the Projection
tab

M from the Projection
Method menu, select
the first Transverse
Mercator entry (NOT the
south-oriented entry)

M enter the values shown
in the box below in the
Value fields in the table
on the Projection panel

Latitude of natural origin: N 41 44 00.0
Longitude of natural origin: W 99 26 20.0
Scale factor at natural origin: 1.00005462
False easting: 25000.00
False northing: 0.00

N\ Coordinate Reference System

M press [Save As...]

M in the Save coordinate
reference system

window, enter the

name Loup County

NE CRS and press

Projection MelhDdITmnsverse Mercator

1' W tiser Dethwd its OK button

Parameter Name |Value |Unit |
Latitude of natural origin N 41 44 00.000 2]
Longitude of natural origin W99 26 20.000

Scale factor at natural origin 1.00005462

False easting 25000.00000000 jm

False northing | 0.00000000]m |

i

Current: NADS3 [ Transverse Mercator

Save As... L

-'6 en

X Coordinate Referer

860 |X| Save coordinate reference system

Pr | Coondinate System | Datum | Project

Recent

Name:  [Loup County NE CRS[

Save for: {7 Current user _j All users

B Saved
NADS3 f UTH zone 12H (CM 111W)

Loup County NE CRS

Global and Regional

oK | cancer |
i

i and Local

M when you have completed this exercise, close the Coordinate
Reference System and Map Calculator windows
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Coordinate Reference Systems

Change Coordinate Reference System

STEPS

M select Tools / Change
Coordinate Reference
System from the
TNTmips menu

M press [Continue] on the
Message window

M in the Select Objects
dialog that appears,
navigate to the cs_pata
directory and select
raster object ELEvATION
from the cs_tm Project
File

M if the spatial
referencing 8060

The Change Coordinate Reference System Ltility al-
lows you to correct errors that have been made in
setting up the coordinatereference systemfor ageodata
object during georeferencing or import. The process
prompts you to select one or more already-
georeferenced objects, then opens the standard
Coordinate Reference Systemwindow. Onceyou have
selected the correct coordinate reference system pa
rameters, clicking [OK] on this window updates the
georeferenceinformation for each of the selected spa
tial objects.

X Coordinate Reference System

§ettlngs were Predefined | Coordinate System | Datum | Projection | Details |
incorrect, you ==
Id thi E Recent 1
would use this WG384 / Geagraphic
dialog as in NADS3 [ UTM zone 12N (CM 111W)
previous NADZY [ SPC327 Alabama East zone (m)
exercises to WGSE4 { UTM zone 14N (CM 95W)
WGSE4 1 UTM zone 11H {CM 117%)
select the NADS3 [ UTM zone 15N (CM 93)
correct NADS3 ! UTM zone 14N (CM 99W)
coordinate HADS3 ; SPCS83 Califonia zone 3
NADS3 ! UTM zone 15N (CM 93W) (ftUS)
reference NAD27 | SPCS27 Hebraska South zone (fLUS)
SYStem' B Saved
click [Cancel] NADB3  UTM zone 12M (CM 111W) |
on the Loup County NE CRS
Coordinate I S0l A _—
Reference Current: NAD27 { SPCS27 Nebraska North
System window <" ehraska toritizone (m)
Bave A, OK | Cancel | Help

You can a'so use this utility to resolve problemswith
the georeference information for external files (TIFF,
shapefile, and so on) that you are directly using in
TNTmips. In someinstances the auto-link operation
that detects these files cannot determine their coordi-
nate reference system. Thissituationismostly likely
to occur with spatial data files accompanied by
ArcWorld georeference files. If you can determine
thecorrect coordinate reference system from metadata
or other sources, you can use the Change Coordinate
Reference System procedure to set the correct infor-
mation for the auto-linked file.
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Coordinate Reference Systems

Spatial Referencing Terminology

Thefollowing termsand definitionsfor spatial referencing conceptsand procedures
inthe TNT Products have been adopted from the | SO standard 19111:2003 entitled
Fatial Referencing by Coordinates, Section 4, pages 1-5.

Coordinate Reference System: coordinate system that is related to the real world
by adatum. (For geodetic and vertical datums, it will be related to the Earth.)

Coordinate System: set of mathematical rulesfor specifying how coordinates are
to be assigned to points.

Cartesian Coordinate System: coordinate system that givesthe positionsof points
relativeto n mutually perpendicular axes.

Coordinate Conversion: change of coordinates, based on a one-to-one relation-
ship, from one coordinate system to another based on the same datum. Example:
between geodetic and Cartesian coordinate systems or between geodetic coordi-
nates and projected coordinates, or change of units such as from radiansto degrees
or feet to meters. (A coordinate conversion uses parametersthat have constant val-
ues.)

Coordinate Transfor mation: change of coordinates from one Coordinate Refer-
ence System to another Coordinate Reference System based on a different datum
through a one-to-one relationship. (A coordinate transformation uses parameters
which are derived empirically by a set of points with known coordinates in both
Coordinate Reference Systems.)

Datum: parameter or set of parameters that serve as a reference or basis for the
calculation of other parameters. (A datum defines the position of the origin, the
scale, and the orientation of the coordinate system.)

Map Projection: coordinate conversion from a geodetic coordinate system to a
plane.

Projected Coordinate System: two-dimensional coordinate system resulting from
amap projection.

Geodetic Coordinate System or Ellipsoidal Coor dinate System: coordinatesys-
tem in which position is specified by geodetic latitude, geodetic longitude, and (in
thethree-dimensional case) ellipsoidal height.

Engineering Datum or L ocal Datum: datum describing therelationship of acoor-
dinate systemto alocal reference. (Engineering datum excludes both geodetic and
vertical datums.) Example: asystem for identifying relative positionswithin afew
kilometers of the reference point.
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Advanced Software for Geospatial Analysis

Microl mages; Anc. publishes a completeline of professional’ software for advanced geospéti'al
data visualization, analysis, and publishing. Contact usor visit our web site for detailed prod-
uct information.

TNTmips Pro TNTmips Prois aprofessional system for fully integrated GIS, image
analysis, CAD, TIN, desktop-cartography, and geospatial database management.

TNTmipsBasic  TNTmipsBasicis alow-cost version of TNTmips for small projects.

TNTmips Free TNTmips Freeis afree version of TNTmips for students and profession="

alswith small projects. You can download TNTmips Free from Microlmages web site.

TNTedit  TNTedit provides interactive tools to create; georeference, and edit vector,
image, CAD, TIN, and relational database project materialsin awide variety of formats.

TNTview TNTview hasthe same powerful display features as TNTmips and is perfect for '

those who do not need the technical processing and preparation features of TNTmips.
TNTatlas TNTatlas lets you publish and distribute your spatial project materials on CD or

DVD at low cost. TNTatlas CDS/DV Ds can be used on any popular computing platform:

Index
Y

change coordinate reference system........ 18 geographic coordinate system................ 14
coordinate CONVErsion..........cccueeereeninnns 519 HARN.....ooe 8
coordinate system longitude / latitude...........ccccoeerururucenene 11,14

Cartesian........... measurement Unit...........cccoeevvveeiiinnnnne 9

nonprojected Predefined panel / list / group............ 4,6,8
projected..........coeeuiiiiiiinnnnn. Globa and Regiond group.....6,7,10,11
coordinate transformation National and Local group............. 6-9
Current field.........ccovviiiennnn.
custom / private systems...................
datum......oooeiiiii 3-5,8-12,19  projection
engineering or local..........cccccoeueeeee. 19 map Projection............ceeeee..
transformation............. 4,5,7,12,13 projection panel
Details panel.......cccccoeeiiiieeniieciiee e 4 Universal Transverse Mercator....10,11,15
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