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Chapter 1. Overview

1A. Georeferencing Glossary
Goal: To provide definitions for frequently used terms

1B. What is Georeferencing?
Goal: To explain the process of georeferencing



1A. Georeferencing Glossary

Y ou will be encountering terminology throughout this manual that you may not be familiar with. Hereis abasic list of
definitions to provide some background on the georeferencing process. Take a moment to familiarize yourself with
them. A more complete listing, including definitions for other technical terms, can be found at the end of the manual.

* Map: An abstract representation of features on the
surface of the Earth

Projection: A mathematical model to convert the three-
dimensional surface of the earth to a two-dimensional
map

Datum: A set of values to define the three-dimensional
shape of the earth

Coordinate System: A system used to locate positions
and measure distances on a map

Scale: A statement of a measure on the map and its
equivalent measure on the surface of the earth.

For example 1:20,000 means one unit of distance on the
map equals 20,000 units of the same distance on the
earth

Latitude-Longitude: A spherical reference system used
to measure locations on the Earth's surface. Latitude
measures locations running north and south, and
Longitude measures locations running east and west

Degrees, Minutes, and Seconds: Often used as units of
measure for latitude and longitude. Each degree consists
of sixty minutes, and each minute consists of sixty
seconds

» Georeferencing: To establish the relationship between
page coordinates on a planar map and known real-world
coordinates

» Source Coordinates. The coordinates that will be
changed into another format. In the examplesin this
manual, the source coordinates are referred to as | mage
Coordinates since their source is a scanned image

 Destination Coordinates: The values the source
coordinates are changed into. In the examplesin this
manual, the destination coordinates are referred to as
Map Coordinates since they will be converted to the
latitude and longitude values of a map

» Reference Points. A set of points used to perform the
georeferencing coordinate conversion. Also known as
control points

» Polynomial Transformations: The process by which
mathematical equations use the reference points to
georeference data. In the examplesin this manual,
polynomial transformations are referred to as
Polynomial modelsto prevent confusion with
Geographic Transformer’ s process for creating a new
image



1B. What is Georeferencing?

This manual provides instruction on how to take a scanned image of atopographic survey sheet (t-sheet) and give it a sense of
where it exists relative to the surface of the earth. This will be done using a software package called the Geographic
Transformer ™ from Blue M arble Geographics company.

When image files are digitally scanned they are made up of a series of small squares. Arranged like a checkerboard, each square
(referred to on the computer screen as a*“pixel”) has alocation assigned to it during the scanning process. These image
coordinates are usually in the form of an (x,y) ordered pair. However these images are maps, so each image coordinate actually
represents a location on the earth. These locations, referred to here as map coordinates, can be represented by many formats
but this project will use latitude and longitude values. The process of taking the image coordinates (X,y pairs) and assigning
them map coordinates (latitude/longitude) is called geor eferencing.

Georeferencing involves a series of steps.

* First, select a series of image coordinates and assign them their corresponding map coordinates. These selected points
are called reference points. The software will then use a mathematical model to convert all of the image coordinates
to map coordinates based on the reference points. This process is an attempt to create the best fit possible, but
invariably error is introduced.

» Next, the reference points are edited to ensure the error values fall into acceptable ranges. The ranges are dependent on
the scale of the original image you are working with.

» Once the error is within a certain tolerance, the image can be transformed. The transformation process creates a new
image in a specified destination coordinate system from the geographically referenced source image.

The rest of the manual will explain these steps in greater detail. However, each map is different, so some of the intermediate
steps along the way may need to be altered. As you become more familiar with the georeferencing process and the Geographic
Transformer software, these alterations will become easier. Nonetheless, the overall process will remain the same.



Chapter 2. Before Beginning

2. Important |ssues
Goal: To explain grouping file types and naming conventions



2. | mportant | ssues

Before opening Geographic Transformer and beginning the georeferencing process, some issues need to be addressed.

|. File Location:

The georeferencing process will use and create several files.
 * tif files: Imagefiles
* rsf files: Reference setting files
*.txt files: A list of reference points, map coordinates, and associated error values for each
* tof files: Transformation setting files
* log files: Log files
*.RSF, *. TAB, *.TFW files. Reference typefiles

Note: M ake sureall of these files are contained within the same directory containing the original imagefile.

When the time comes to work with these files, be sure to double check their location. Geographic Transformer will display
the location of the last directory used for a particular event. For example, if you saved the reference setting file for t-sheet
t9876 inits directory, and then went on to work on t-sheet t3456, when you save t3456's reference settings file, the default
location would be given as t9876. Because you do not want to put any files for t3456 in the t9876 directory, you will need to
change the location before you perform the save.

|I. Naming Conventions:

The original images you will be working with will most likely have a“t” or “tp” prefix along with a series of numbers. Any
of the files listed above should also contain the same characters so they can be easily associated with a particular t-sheet. If it
is beneficial to add information to these existing formats, just make sure you retain the original t-sheet designation. (e.g., if
you save two reference setting files, you may choose to name one tp1234 1.rsf and the other tp1234 2.rsf)

In addition, the final transformed image should contain a“g” at the end to signify that it has been georeferenced (e.g.,
tp1234g.tif).



Chapter 3. Getting Started

3. Opening and Setting Up Geographic Transformer
Goal: To prepare Geographic Transformer for use



3. Opening and Setting Up Geographic Transformer

Begin by opening Geographic Transformer. Once it opens, make it completely fill the screen by W 5
clicking on the M aximize button (illustrated in the graphic to the right).
Geographic Transformer Versions 3.10 and lower contain a quirk whereby resizing the windows during operation will cause images

and graphics to not line up properly. Making the window as big as possible in the beginning will solve this problem, as well as
provide the largest amount of room to work with.

After the window is properly sized, take a moment to explore the Graphical User Interface (GUI) illustrated below.
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Operatlon TabS w J'WFM‘MW Ay Py Pl Wi _#mmv#mmr
Where you view your source image >
Where you graphically select and
edit your reference points >
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edit, view, and save your reference 3 m =
point information




When you are finished examining the GUI, locate the Options choice from the menu bar. Click on Optionsand from
the drop-down list, select Preferences. These options should b automatically retained each time you use the software,
but it is a good idea to check them each time you open Geographic Transformer.

v The Geographic Transformer
File: ‘whzards i
Reference ] Wiew Linaar Linit Defiritions. .
Wiew Ellipzaid Defirtiors..
View Diatum Definitions..

‘ | Wiew Coordinate: System Befinitions:.

Clicking on Preferences will open awindow allowing you to set a variety or options for your operations. If it is not
already active, click on the tab labeled General. (Y ou may need to use the arrow keys on the right to scroll back and

forth.)

Leave the box labeled Show Popup Hints checked on.

Y ou may set the color and marker styles to your individual
preferences by clicking on the down arrows for each box and
choosing from the resulting lists. Y ou can come back and
change these at any point during the exercises if you wish.

Caution: Do not change the path giving thelocation of the
Coordinate Conversion Parameter Database.

When your General settings are done, click on the tab to the
right labeled Sour ce Image Overview Window.

Preferences

|
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Preferences |
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From the Source I mage Overview Window, place a check in the box
labeled Show scroll bars. Remove the check from the box labeled
Center on a left mouse button click.

Click on the tab to the right marked Reference Point Pick Window
and make these settings the same as the ones above.

Use the right arrow button to scroll the tabs to reveal several more.
Click on the tab labeled Reference Map Window. From here, make
sure there is a check in the box marked Hide the reference map
window. This option will not be used, and hiding it will provide more
room on the GUI. After thisoptionis set click on the tab labeled
Reference Point List.

In the Reference Point List menu, click on the down arrow for the
Format box. From the resulting list, highlight the following option:

Degrees, minutes, seconds, and direction (N/S/E/W)
Thisisthe format used to enter map coordinates.

Leave the Precision set to 2, and make sure all three remaining boxes
are checked on.
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Preferences |
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For the final setting, select the tab labeled View Map Window.

Set the Format to
Degrees, minutes, seconds, and direction (N/S/E/W)

Leave the Precision equal to 2 and place check marksin the
remaining two boxes.

After all the settings have been established, click on the OK
button to apply you options.
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Chapter 4. Adding Data and Using the Viewing Windows

4A. Adding Source Data
Goal: To add *.tif imagefiles

4B. Using the Viewing Windows
Goal: To become familiar with the View environment

13



4A. Adding Data Sources

v The Geographic Transformer

To add the image to be georeferenced, click on the File option from the M enu Bar. :
‘wizards  Opbione  Help

From the drop-down list, select Open Source Image.

Open Source Image...

This will open awindow labeled Select a Source Image. Navigate to a directory containing an unreferenced t-sheet and
add it to the Geographic Transformer GUI. (Thereisno way to close an image when you are finished georeferencing it.
Simply add another image, or exit the program.)

The selected image will automatically be displayed in the Source I mage Overview Window. At the sametime, the
Reference Point Pick Window will show a zoomed-in region of the same image.

4B. Using the Viewing Windows

The Source Image Overview Window provides an overview of the entire t-sheet. During the course of selecting
reference points, you will need to move to different areas to pick points. Thiswindow will provide a shaded blue box to
indicate where you are.

Caution: Do not zoom into any areas of the Source Image Overview Window. It isdifficult toreset it toitsoriginal
orientation.

The Reference Point Pick Window is the window where you will do all of the zooming and selecting. The area seenin
this window is represented by the blue box in the Sour ce mage Overview Window.

Sometimes using the vertical and horizontal scroll bars located on the bottom and right sides of these windows can be
tricky. They tend to be slow, so be patient. Additionally, avoid trying to grab the slider and drag it along. Very often this
will lock the view in the upper or right hand corners, making it difficult to see what is in your windows.

At this point the view should look similar to the following graphic:

14



¢ The Geographic Transformer = B3
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1 Transform 1 Batch Transform i Mosaic j View i
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Notice the image coordinates are given underneath the windows. 1f you place your cursor in either window and move it
around, these values will change.

In addition, in the very center of the source image, you should be able to see a small blue box. (It isoutlined in black in the
graphic above to make it easier to see.) This corresponds to the area seen in the Reference Point Pick Window on the right.
Here it looks blank because it is zoomed in quite far to alocation that contains no shoreline.

To zoom out to get a better view, place your cursor in the Reference Point Pick Window. It ?Dm :n ?g
Loarm My

should appear as a cross. i s

Click on your right mouse button. This will open awindow with several zoom settings, shown Zoom Iy 24

to the right. Center On

In this Zoom Setting Window, use the left mouse button to select the option Zoom Out 16X. Zoom Dut 2
Zoom Cligt 4

Zoom Out 16

Zoom Oub 32
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Y ou should see that you have now zoomed out in the Reference Point Pick Window. The blue box is also more visible in
the Sour ce Image Overview Window.

Y ou will find that when zooming in, your blue box becomes smaller, and when zooming out, it becomes larger.

Note: Only zoom in and out from within the Reference Point Pick Window.

S lmage e Bose

To move the blue box around to see different areas of the image, you need - = 4
to be in the Sour ce Image Overview Window. Take the cursor and move =

it into the Source Image Overview Window. Position it somewhere in
the upper left corner of the source image indicated by the black box in the
graphic to the right.

Use the left mouse button to click when the cursor is in position.

16



17

At this point the blue box should be in the upper left hand corner where you clicked, and you should be looking at a
zoomed-in version of the same area in the Reference Point Pick Window.

A Warm Up Exercise:

Spend a few moments familiarizing yourself with moving around and zooming in and out. In doing so, you should
observe that very often, the latitude and longitude lines are only visible when you are zoomed in past a certain point. Not
all of them show up clearly when you look at the entire image in the Source | mage Overview Window.

Remember, move the blue box by left clicking on alocation in the Source Image Overview Window. Adjust the zoom
factor by right clicking in the Reference Point Pick Window, then left clicking on an appropriate zoom factor.

While you are doing this, find the following information (shown in the graphic below) contained on every t-sheet.

Feleronce Pt Fick Windosw This image to the left shows data important to
SBALE: 1:20,000 = later steps in the georeferencing process. When
Nnd it, zoom in and record the following:
NCRTH CAROLINA
CAPE FEAR RIVER » Scale

Date and Time al Photographs: lan,

Datum: NORTH AMERICAN 1527 gler']n L?]tltUde/ Lon?lltUde fOfrr?aL
Reference Statwin: Ford, 79/7, 1932 thoug Son;ﬁ may have another
Latitude:  33° 58' 11,565 { 356.5 meters) , 7| system as well.)

{unadjusted)

Longitude: 77° 5§° SE.64%" (1505.5 meters)

CARQLINA BEACH TO CORNCAKE INLET Eha(tjfj(r)r?raphy date(s)
W « Coordinate system (most t-sheets will

Once you have written down this information,
LEGEMNDUD . .
sl G A _J;‘ you are ready to begin adding your reference
4] . I g points.



Chapter 5. Adding Reference Points

5A. How to Choose Reference Points
Goal: To provide an overview of what points to select

5B. Sdecting Initial Points for the Automatic Reference Point Selection Wizard
Goal: To place points in the four corners

5C. Using the Automatic Reference Point Selection Wizard
Goal: To use the wizard to select the remaining points

5D. Removing Unwanted Points
Goal: To remove points that contain no shoreline data

18



5A. How to Choose Reference Points 19

Choosing the proper reference pointsisimportant. As mentioned in Chapter 1B, when applying the polynomial models there
is always some degree of error. Y ou can minimize this error from the outset by selecting points wisely. Before using the
computer any further, get a hard copy of the t-sheet you will be using. Thiswill aid in the selection process.

As ageneral rule for georeferencing these t-sheets, place reference points only on the following locations:

* Intersections of latitude and longitude lines for each » Those intersections that define an area that contains
minute interval. shoreline data.
This will m_ake it easy to match image coordinates to Some t-sheets have extra space that doesn’'t contain
map coordinates. shoreline. Putting reference points at these intersections

can adversely affect the transformation process.

Latitude lines These
i / (in minutes) intersections
define
shoreline.

‘\\ Intersection

points

Longitude lines (in minutes) These intersections do not.



20

When following these guidelines, you will find some t-sheets will require the placement of many reference points. Rather than
place them all by hand, Geographic Transformer’s Automatic Reference Point Selection Wizard provides a convenient
alternative. To use the wizard, you will need to manually place four reference points that create a box containing the area you
want to place the points. Once the corners are defined, the Wizard will fill in the remaining points inside the box as illustrated
below.

Four initial reference The wizard adds the
points define a box. rest.

On some maps, the first four reference points might be the corners of the entire t-sheet. On other maps, you may need to use an
areasmaller than this. In any event, the maximum number of reference points the Wizard can place is 100. Because you want
reference points on grid intersections for each minute interval, the largest region permitted by placing points one after the other
is 10 minutes across and 10 minutes down.

Sometimes the area you want may exceed this 10-minute by 10-minute region. Inthese cases, it is often possible to limit the
number of reference points placed by not using consecutive minutes. For example, if the box were 10 minutes horizontally and
11 vertically you could take every other minute going down. So instead of 11, there would now be 6. This would create 60
points, well within the constraints of the software.
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A good question to ask at this point is“ How many reference points are needed?’.

The number of reference points required to transform an image is directly related to the type of polynomial model that is
being used. Recall that these models are mathematical equations that use the reference points to georeference data. More
information concerning what these models do will be addressed in Chapter 5C.

For the Affine and First Order Polynomial M odels that Geographic Transformer provides, the minimum number of
reference points needed is four. For the Second Order Polynomial M odel, the minimum number of reference points
needed is Six.

Note: The Second Order Polynomial M odel isthe only one you will be using the transform these images, so any t-
sheet you georeference will require at least 6 points.

Even though you only need six reference points, the more you have, the better the outcome of the transformation. Typically,
having more will allow greater flexibility when going through the error checking procedures that will be explained later.
Because of the need to use many reference points, using the wizard can save considerable time and effort in placing points.
Remember to use good judgement when selecting your points. Having many poor reference points can be just as bad as
having too few as this will generally result in a greater effort to remove them or correct their error values.

Unfortunately, you will not be able to use the Automatic Reference Point Selection Wizard for every t-sheet. It is best
used to place reference points on maps with large areas of shoreline. With t-sheets that have small areas of shoreline
separated by large areas of non-shoreline, it may be more beneficial to place the reference points in their proper locations
manually. For many maps, however, the wizard will be a handy tool.

On the following pages, an example is provided to illustrate the process of choosing reference points for the example t-sheet.
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22
The image seen here is the t-sheet used as an example in

this manual. The four points defining the entire map
(indicated by the circles) have the following coordinates:

Longitude Latitude
Top Left: 78°01'w  34°05 n
Top Right: 77°52w  34°05 n
Bottom Left: 78°0'1w 33°54'n
Bottom Right: 77°52°w  34°54' n

If you were to choose these as the initial four reference
points, you would create a box 10 minutes across and 12
minutes down totaling 120 points — too many for the
Wizard to place.

Notice, however, that the land areais only included
between the following latitudes (indicated by the arrows):

34° 04" n (top) and 33°55 n (bottom)

By omitting the extra space at the top and bottom of the t-
sheet, there are now an acceptable number of reference
points that the Geographic Transformer can automatically
place. The new areais 10 minutes across and 10 minutes
down, totaling 100 points.

By looking at a hard copy of the t-sheet prior to using the
computer, you can quickly and easily decide which points
to choose as the four initial points.

After you have established the bounds of your area, you
will add the four corners and tell the wizard how many
points across and down to add. The result will be similar
to the graphic on the next page.



This graphic represents what your output would look
like after you defined the corner points and used the
Automatic Reference Point Selection Wizard.

In this example, the black reference points represent the
four corner points you will have to manually enter.
These define the box within which the wizard will
operate.

The remaining gray reference points represent the ones
the wizard will automatically add based on your input of
how many rows across and down your box covers.

Notice that after this process, there are some reference
points that enclose grid squares that contain no shoreline
data. Many of these are located in the lower right and
upper left corners.

Before performing any error checking, you will need to
edit out these unnecessary reference points. Remember,
the reference points should contain shoreline data
whenever possible. The illustration on the next page
indicates good choices of points to keep.

Examples of several reference pointsdefining grid
squareswith no shoreline data
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After editing out the unwanted reference points,
those shown in the graphic to the left are the ones
you should keep during the error checking and
transformation processes. Note that each grid
square encloses some form of shoreline data.

Chapter 5A was intended to provide a general
overview on how to select suitable reference
points. Again, each t-sheet will be different, so you
may have to adjust some of these steps to suit your
needs.

It is recommended that for the first few t-sheets
you georeference, you should preview a printout
before adding the points on the computer. This
will enable you to plan where reference points
should be located to give the best coverage, as well
as help you to quickly determine their map
coordinates.

As you become more familiar with the process, you
may decide to skip this step, but planning ahead
can often prevent many problems from occurring in
later steps.

The next chapters will guide you through using the
software to add and edit reference points based on
this example map. Follow along using the
information on your t-sheets.

24



25
5B. Sdecting I nitial Points for the Automatic Reference Point Selection Wizard

After you have become accustomed to moving around in the windows, you are ready to select your first points. To review, the
goals areto:

* Locate appropriate reference points on the map where the latitude and longitude lines intersect.

* At these points, tell the computer that the (x,y) image pairs have map coordinates defined by the latitude and
longitude values.

The majority of the maps you will be georeferencing will have a grid system in which the lines run vertically and horizontally.
Some maps may have the latitude and longitude grid tilted at an angle. Maps of this type will need to have points added in a
slightly different manner, which is explained in Chapter 8. This chapter will concentrate on the first type.

By now you should have examined a print-out of your t-sheet and located the four initial corner points. To begin the process of
adding points, in the Reference Point Pick Window, zoom out to an area where you can begin to see grid lines and labels.
Then in the Sour ce Image Overview Window, move the blue box to the location of your first corner point in the upper left-
hand corner. Y our display should look similar to this:

¢ The Geographic Transformer

I~ Sowres image Fvarsiow Windew | - fFaterence Pomlt Pk Windaw

Sturees ¥ 11530 . 15576 Source .y 10136, 15767
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When the blue box is positioned accordingly, you should be able to make out the intersection of the lines. If you can’t

make out the lines, you may need to zoom in further.

Once you can see the grid lines, zoom in on the intersection. Position your cursor in the Reference Point Pick
Window near the intersection. (The point on the screen where your cursor is when you click with your mouse button
defines the center of where you will zoomin, so try to get as close to the intersection as possible.)

When you have your cursor in place, right click with your mouse to open the Zoom Selection Window. How far you
are currently zoomed in will determine how much closer you need to get. Y ou may have to try several zoom factors to
reach a setting where you can clearly see the grid lines and their labels. Use the graphic below as a guide for how far

to zoom in:
[~ iFelerance Pomt Fick Wrdow
E|
ml‘
R _*J_‘
Souree ¥ 1119, 2251

Here you can clearly see the intersection and
label. Remember, the lines running
horizontally are the latitude lines, and the
vertical ones are longitude lines.

Because this intersection was identified by
examining the printout in Chapter 5A, you
already know this intersection marking the
upper left corner has the following
coordinates:

Latitude 34°04'n
Longitude: 78° 01’ w

After you have identified the latitude and
longitude values for the point on your t-sheet
you can define them as your first map
coordinate.
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When entering coordinate values, enter each as atwo digit number. For instance, enter 05 instead of 5. Place a space in
between groups of two. Also, even if there are no seconds associated with your coordinates, enter 00 as a place holder.
It will not matter whether the “n” or “w” defining the direction is in uppercase or lowercase.

If at any time during the input process you make a mistake, simply delete it and enter the correct value. None of the
values will be compiled until the Add buttonis clicked at the end of the process.

Locate the Reference Point I nformation panel in the middle of your GUI underneath
the viewing windows. With your mouse, left click in the box labeled Point Name
and type Point 1. Thiswill label the first reference point as Point 1.

— Feverence Powl Informafiorn ——
Feint Mame:  |Point 1

Next, left click in the box labeled Reference East. Now enter the longitude because longitude is a measure of east/west
direction. Recall that earlier we set one of the preferences to permit input values of degrees, minutes, seconds, and
direction. This setting will allow us to read the information for the points directly from the t-sheet and enter it.

Type in the longitude value for your intersection as follows: | Refeence East |78 01 00 w

(The 78 is a measure of degrees, the 01 indicates minutes, the 00 indicates seconds, and the w means it is west of 0°
longitude.)

Now, left click in the box labeled Reference North to enter the latitude coordinate because latitude is a measure of
north/south direction.

Type in the latitude value for your intersection asfollows; | Fefeeeeothi |34 04 00 n

(Similarly, the 34 is a measure of degr ees, the 04 indicates minutes, the 00 indicates seconds, and the n meansit is
north of 0° latitude.)

After thisinformation isin place for the east and north values, all that remains is to add the image coordinates.
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To add the image coor dinate associated with the map coordinate just defined, zoom into the intersection in the Reference
Point Pick Window.

Place your cursor over the intersection, and right click to activate the Zoom Selection Window. Select a setting that will
make your Reference Point Pick Window look approximately like the following (this may take some adjusting):

| When your window is roughly at this setting,
place your cursor as close as possible to the
middle of the intersection and left click with your
MOouse.

Once you have clicked, you should notice that the
remaining two boxes in the Refer ence Point
Information area were automatically filled with
the image coordinate’s Source X and Source Y
values for the point you selected.

At this point, your Reference Point I nformation
area should have all the fieldsfilled in.

Double-check all of your entries. If anythingis
Source R 1118, 22439 incorrect you can delete it and change it. When
everything is correct, click on the Add button.

-~ Fafererce Fomf Infommaton
Point-Mame; |F‘uint 1 Source ¥ [Acioss), 11113 Reference East, ]?3 01 00 w

Add I Hapans Source Y [Down: |224E‘ Referenoe Marth: 134 04 00 n
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Once you clicked the Add button, Point 1 and its associated information were added to the Reference Point List, and

symbol graphics were added to both windows indicating the point’s location as shown below.

If at this stage you made a mistake, simply double click on the entry in the Reference Point List. Thiswill display the
current data for the point in question in the Reference Point I nformation area. Y ou can now adjust the values, and then
click the Replace button. The new values will then appear on the screen.

< The Geographic Transformer = S
File: Wizards Ophons  Help
Relerence l Transform | Batch Transform | Mosaic | View |

- Beesree fmage vorsiow Wirdoew | [~ Hefererce Poat Fiok $andow

- || | o

Kl
Source Y 516, 4568 Source . 1070, 2261
Figh E.N: 782 20,75, 34 224 TAN Fief. EM:. 78 1:2.36%/ . 34 353,51 N
- Relference Femil Infenmaion
Faint-H arme: I Shurce ¥ [Across]; i Reterence East ]
Add: I Replace ‘Source’ [Ijown]: | Feference Horth: ]
Heterence Fomnlt Lisf

If you wish to change the color or type of symbol, you can click on the Prefer ences choice from the Options pull-down
menu and follow the instructions from Chapter 3.
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After each point is added, you will need to resize the zoom factor to make the blue box appear larger in the Source
Image Overview Window. Thiswill make it easier to move to the area of the next point. (It doesn’t matter in what
order you select the other corners.)

To resize your window, place the cursor in the Reference Point Pick Window, right click on the mouse, and select a
Zoom Out setting. Again, the setting will depend on how far you are zoomed in on the intersection, but for thislevel, a
setting of Zoom Out 16X would be a good choice.

Now you are ready to add the remaining three corner points. Use the following steps a guide to place these or any other
reference points that need to be manually input:

» Source Image Overview Window: Use the left mouse button to move the blue box to the proper place on the t-
sheet.

» Reference Point Pick Window: Use the right mouse button to zoom in so you can clearly see the grid
intersection and the latitude and longitude labels. If you are not completely centered, you can use the Center
On option in the Zoom Settings window.

* Reference Point Information: Enter the name of the point (the second point will be Point 2, the third Point 3,
the fourth will be Point 4, and so on as needed).

» Reference Point Information: Enter the longitude value in the box labeled Reference East.
» Reference Point |nformation: Enter the latitude value in the box |abeled Reference North.

» Reference Point Pick Window: Zoom in very close to the grid intersection and left click on the mouse to
select the X,y source coordinates.

» Double check your values then click on the Add button. Make sure your point information appears in the
Reference Point List and view windows.

» Reference Point Pick Window: Zoom out to make the blue box large enough to move to the next point.
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After the four corners are selected, you should notice two things. First, in the Reference Point List, error values have

been filled in. These are explained in detail in the next chapter. Second, in the view windows, along with the (x,y)
coordinates there is now another set of coordinates giving latitude and longitude values.

The reason for these changes is that after four points are added, the Geographic Transformer automatically applies an
Affine Polynomial model to convert image coordinates to map coordinates. Observe that below the Refer ence Point
List there is a menu box in which you can specify the model type. | 51

Affine -

Eventually you will apply a Second Order Polynomial model, but with only four points, the only type allowed is the
Affineform. To be able to apply the Second Order Polynomial modél , it is necessary to add more points.

Note: Before adding additional points, save your four initial reference points by clicking on the Save button. Be

sureyou are saving the*.rsf filein the appropriate directory. You may need to navigateto thedirectory of the
current t-sheet.



5C. Using the Automatic Reference Point Selection Wizard

This function allows you to easily add many reference points automatically, rather than by hand. It isset up asawizard,
which is a series of windows that will prompt you to do certain things, then move you to the next step.

Recall that the maximum number of points the wizard can place is 100. The example outline for this t-sheet was set in
Chapter 5A and contains an appropriate number reference points. By now you should have consulted a printout to define the
extent of where the wizard will place the points for your t-sheet. If you have determined it is appropriate to use the wizard,

go ahead and open it.

Remember, the wizard is best used for t-sheets containing large areas of shoreline. If your t-sheet contains very little
shoreline, or shoreline that is separated by large areas of non-shoreline, it may be better for you to place the appropriate
reference points by hand. If you were to use the Wizard in these situations, you would need to go back and eliminate large
numbers of unwanted reference points. For these types of maps, refer back to the outline on page 29 on how to manually

add reference points, and then skip ahead to Chapter 6.

Access the Automatic Reference Point Selection Wizard
by clicking the Wizards option on the menu bar. Select
the option labeled Automatic Reference Point Selection
Wizard.

The wizard will open with awindow giving a short
introduction. Y ou may read this, or click Next to move to
the next step.

The following two windows will tell you that you need to

have a sour ce image open, and four corner points selected.

Because you will have met these criteria, click Next until
you reach the window illustrated on the following page:

v The Geographic Transformer
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reference: point. This “Wizard will guide oo through the: process of sutomatically
creating referehce points for a map containing a regular prinked grid,

o will besled throtioh & sehes of steps: Simpldd what vovare asked dunng
each step

Help |

Cancel




Automatic Reference Point Selection Wizard

-Reference Points:

Haie matiy n_af:ér'mu':e. points do il want b3 gutamatically generate _au:m;:é tie
zource image [inehuding the: first and |ast points)?

1 F
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This window prompts you to define the number of
points to place acr oss your image, including the two
corner points already there. Refer back to the
instructions in Chapter 5A if you are unsure how to get
this value.

Y ou may use the arrow buttons to scroll to the
appropriate number, or place your cursor in the box
and typeitin. (Thisexample will use 10 points
across.)

After you have entered your value, click Next.

This window prompts you to define the number of
points you want to place down your image, including
the two corner points already there. (Again, this
example will use 10 points down.)

After you have entered your value, click Next.
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After entering the values, Geographic Transformer will add the points. Click on the Finish button in the wizard to dismiss
it and move on to the next step.

The wizard will then add the reference points as well as error values for each one. However, these error values still
correspond to the Affine model.

Before moving on, you must apply a Second Order Polynomial model. This type of model is used when taking an image
and assigning it latitude and longitude values, which is exactly what is happening here. Additionally, this model takes into
account how map areas can be affected by the curvature of the earth.

Since there are now more than four points, you can apply this by model by selecting Second Order Polynomial fromthe
box located just beneath the Reference Point Information area.

Delete... ! + - I iEnd Order Polyndmial _:! Graph Ermrars... ! Save., ]

affine
]

L E04TAE041 tf [ MiAgishshestssnenewZ 5041 \5401_ 1.0

Oncethisis applied, the Reference Point I nformation area should now show this change by displaying the following.
Note that it indicates the model type and number of reference pointsit is applied to. Additionally, the errors have
automatically been re-calculated to reflect the new model.

- Helerence Foimd Lt - Snd Order Polnomial modef appilied sith 108 pesits inclrded oot of 108 fotal poinis,

Saurce | Source | Reterénce East |Beterence Motk | Source 5 Eror Source % Enar| Souce ' Enar |Ref EM Erar |Bef. East Eror|Pef. Maith Eror

+ Fuoirit 1 787 .00 244000

+ Faint 2 12028 2242 FPR2000%W 344000N 4.7 2.8 27 141 0.0 nao
+ Faint 3 1124 15300  781000%  33550.00M 4.7 37 24 0.0 0.0 0o
+ Faint 4 12085 15273 F7R2000W 3355 0.00M 4.7 a8 2.8 n.ao 0.0 0o
+ Fairit & 2325 2250 FE00.00% 344 000N 1.4 153 0.4 0.0 n.a 0.0
+ Faint & 3533 2243 FrE3000%  344000N 0.3 0.6 0.7 |00 0o 0o
+ Point 7 4752 2247 FRE0000%W  344000N 0.8 -0:8 0.0 0.0 0.0 0.0
+ Print B ROFFR PR FTRTOANMWS A A T R n- M1 - n rn M

Delete... +/- 2nd Order Polunormial v Graph Erars . Save..,
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5D. Removing Unwanted Points

Some of the points the wizard places may need to be discarded as they may ultimately introduce unacceptable errors.

Zoom out several factorsto provide alarger view of the reference points.
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:%@m@ﬁ

it EMPoint B

oirit

oift 73

. |._|_| ﬂ:I

Souse ¥y 10172 15783
Ref EN: 77E33294'W 335439 35N

As noted earlier, areas that should be removed are those that have no shoreline within the region formed by any four
reference points. Therefore, many of the reference pointsin the lower right of this image enclosed in the box will need to
be deleted.

Also, reference points that rest on areas where the intersection of grid lines are missing or are obscured by other lines
should be eliminated, as it becomes difficult to determine the exact center of the intersection. These types of points are best
found when going through the steps outlined in Chapter 6C, but they bear mentioning here.



Zoomin slightly to better see the reference point names.
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At this stage, you can see that the following reference points have no shoreline inside them: 91, 92, 100, and 4. Similarly,
there is no shoreline inside the box defined by reference points: 80, 81, 90, and 91. These should be deleted.

On the other hand, the box enclosed by reference points 78, 79, 88, and 89 does have shoreline in it and these reference points
should be kept.

Use your zooming techniques to move through the windows and record points that need to be removed.

Note: After you haveidentified the points, save your reference setting file, again making sureit isin the appropriate
directory.

In the event that you make a mistake when deleting the points, you can go back and re-load this file rather than going through
the selection wizard process again.



Note: Use caution when deleting reference points, asthereisno Undo button to erase mistakes. M ake sure you

have saved the points placed by the wizard befor e proceeding.

After recording the points to be deleted, they can be removed in the following way:

» Scroll through the list and locate the point to be deleted.

* Click on it once to highlight it as seen below.

- Reference Pont List - Zad Grder Polpnomrsl meced applied with 108 pois inclnded oot of 100 folfal pomis.
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* Click on the Delete button and respond Y es if thisis really a point you want to delete.

N |

,\c}g) Arepou sure pou want ba delete point ' 'Paint4"7?
L]

Note: When you are done removing points, save your reference setting fileagain. Be sureit isin the proper

location.

END




Chapter 6. Error Checking

6A. What is Root Mean Square Error?
Goal: To provide an explanation of error values

6B. How to View Errorsfor Automatically Selected Points
Goal: To provide an overview of using the Residual Error Graphs

6C. Adjusting the Reference Points
Goal: To place all the points within the appropriate tolerances
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6A. What is Root Mean Square Error?

Root Mean Square (RMYS) error is a measure of how many units the map coordinates differ from the image coordinates
after applying a polynomial model. Ideally, RMS errors of O are desired, but often thisisimpossible. Therefore depending
on the scale of the map, certain error tolerances have been established in accordance with National Map Accuracy
Standards:

For maps of scale 1:5,000: RMS error must be lessthan 15.6 units
For maps of scale 1:10,000: RMS error must be lessthan 7.8 units
For maps of scale 1:20,000: RMS error must be lessthan 4.0 units
For maps of scale 1:40,000: RMS error must be lessthan 2.0 units

After all of the reference points are finalized and you have removed the ones that do not belong, you will need to go back
and inspect the error values for each of the remaining points to be sure each falls into the acceptable range defined by the
map scale.

Note: Thisisavery important step. Each reference point must be within the appropriate range, otherwise it can
invalidate the remainder of the georeferencing process.

If there are points that exceed the given range, there are options described in the following sections to correct them. It may
seem at first to be very difficult to check and alter alarge list of points. However, the steps involved are relatively simple
and easy to perform.

In the case of the example map in this manual, the tolerance will be less than 4.0 source units (pixels) sinceit isa 1:20,000
scale map. The scale of your map should have been recorded in the Warm Up Exercise in Chapter 4. If you do not know
the scale of your t-sheet, you will need to locate it. Refer to Chapter 4 if you have difficulty finding the map scale.

39



40
6B. How to View Errors for Automatically Selected Points

Geographic Transformer provides several different measures of RMS error in the Reference Point List. The type most
applicable for this project isthe Source XY Error. Thistakes into account the error in both the x and y directions for each
point in the source units (in this case, pixels.)

Other valuesin the list give just the amount of source error inthe x or y direction, or various errors in map units (meters).
Again, the checking you will be doing will focus only on the Source XY Error column, indicated by the black box in the
graphic below.
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Y ou can view these errors in several ways. Y ou can manually scroll down the list and look at the Source XY Error values,
or you can visualize all of them by clicking on the Graph Errors button located to the right of the polynomial model
selection box.

Drelate.. i +f l ?rd Order Polphiormial . raphEmorz:. i Srave.. l

Using the Graph Errors option provides the following output:
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Selecting the radio buttons on the left side allows you to
view various error types. Make sureit is set to Source
XY.

If you used the Automatic Selection Point Wizard to
place the reference points, most of the error values should
be very low.

Unfortunately, this can be deceiving.

Note: After thereference pointsare placed, you will
need to go back to each one and see how well it really
matches up with theintersection it issupposed to
represent. In most cases, therewill not be an exact
overlay

This is because the mathematical models being used are
not perfect. They attempt to give the best fit possible but
many times, minor adjustments need to be made.

In the next section you will seethat it is quite easy to
adjust the reference points and more accurately position
them. Each time you adjust one, you will see the error
values for others change. Sometimes, these can change
by large amounts — even exceeding the acceptable ranges.
Thisis normal, because each point has a direct effect on
al the others.

Do not worry about the error as you adjust the points.  After this process is complete, you should find that the majority of the

RM S values fall within tolerances.

To adjust the points, click on OK to dismiss the Graph of Residual Errors.



6C. Adjusting the Reference Points

Since you will need to check each reference point, begin by scrolling to the first entry in the list and double clicking onit. You
will note that the view windows automatically adjust to center on the point, and its attributes are displayed in the Reference
Point Information area. Y ou may need to alter the zoom setting to get a good view of the actual intersection. If necessary,

zoom into the Reference Point Pick Window to roughly the following scale:
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The graphic illustrates the concept made on the previous page. The RMS error for this point is very low (0.3), but the model
hasn’'t done the best job of placing the point where it should be. In this case, there is no question that this point needs to be re-

aligned to position it in the center of the intersection.

When going through the entire list, not every point will need to be altered. Use your best judgement as to whether a point

looks close enough to the center of the intersection.



Although checking every point may sound difficult, adjusting the misplaced pointsis quite easy. After you have zoomed in
close enough, position the cross-hair cursor to the place that the point should be located and left click with your mouse.

Thiswill reset the Source X and Source Y entries. Then, simply click on the Replace button just below the Point Name

input box. Y ou should note that the Reference Point List has immediately updated to reflect this change:
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Observe the changes to the marker position in the Reference Point Pick Window, as well the source coordinatesand RM S
valuesin the Reference Point List.

Note: Again, be sureto examine each reference point in thelist and make any adjustmentsthat appear necessary.

Don’t worry about the RM S values asyou progressthrough thisstep. They will be addressed when all the points have
been re-aligned.



After all the points are aligned to the best of your ability, you must examine the resulting RM S errors to be sure they fall within
the acceptable range. When you find a point with too large an error, you have two options:

* First, you can double click onit in the list to center it in your view windows. At this point, you can further adjust it if it
appears necessary by following the procedure on the previous pages.

* Alternatively, you can “turnit off.” In other words, you can remove it from the error calculations without having to
actually delete it. Often, removing one or two points that have RM S errors that are too high can make any other bad
points fall into acceptable ranges.

If you have gone through the list and adjusted the reference points once, turning the points off is generally the best option.
Continually re-adjusting involves zooming further in to better locate the actual center of intersection, which many times can be
obscured by other lines, smudges, or sometimes not there due to the way the line was drawn. Recall from Chapter 5D that points
falling in these areas are best deleted from the list anyway. If you find any reference points over these obscured areas, go ahead
and turn them off as they will typically contain high RM S error values.

Scroll through the list and identify the point with the largest unacceptable RM S error. To turn it off, make sure it is highlighted
by using asingle left click onit in the Reference Point List.
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Then click on the button marked il located underneath the list. Notice this removes this point from the RMS

calculations, and then re-calculates the values for the remaining points. Also note that clicking on this button will turn any
point that was turned off back on again.
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Continue scrolling through the list for the next largest RM S value and turn it off.

Each time you turn one off, be sure to look through the entire list to find the next highest value. The ideaisto remove the worst
points (those with the highest RM S values) first, as this typically forces the others to fall into place. Continue this process until
all RM S values are acceptable.

After you have turned off all the bad points, note that the Reference Point List has kept track of how many points you began
with, and how many of these are good.

|' Fefererce Foml Lt - Znd Order Polromnal model appiied swith 88 pomitz inciedod ool of T fofel posets.

If you find that you have turned off quite a few points, you may want to have a supervisor inspect your work. There may be
something else affecting your RM S values. Recall that you need a minimum of six acceptable reference points to continue,
and preferably more. Also keep in mind that if you are turning many points off, it may be possible to turn some back on
without exceeding the error tolerances.

When the error values for al of the points are acceptable, go through the list and delete the points you have turned off.
Double check your values to be sure they all fall under the tolerance level for your map. Thiswill represent the final edits for
the reference points.

Note: When you have donethis, save your reference setting filein the correct directory. Thisisthefileyou will use for
the next step.



Chapter 7. Transforming the I mage

7A. What Does Transforming Do?
Goal: To provide an explanation of the process

7B. Setting the Parameters
Goal: To correctly set the options

7C. Finishing Up
Goal: To check the image and delete unwanted files
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7A. What Does Transforming Do?

So far, the steps you have performed were:
» Obtain adigital image of at-sheet.
* Select suitable reference points.
» Apply a polynomial model to convert the image coordinates to map coordinates.
* Check and correct the RM S error.

The final stage of the processisto transform the image. The transformation process takes the original image you started
with and creates a brand new one based on the steps outlined above as well as additional input you will have to provide. This
input is described in the following section. The new image will have all of its coordinates in latitude and longitude values,
making it suitable to be used in the vectorization stage.

When transforming an image, you have two options. First, there isa Transformation Wizard, located under the Wizards
option on the menu bar. Thisis similar to the Automatic Reference Point Selection Wizard used in Chapter 5 in that it will
prompt you for information through a series of windows.

This manual will illustrate the second option, selecting the Transform option from the operation tabs. Thisis the preferred
choice because it permits all the settings to be displayed together on one screen, making it easier to see and check all of the
input.

The information you will have to provide isidentical in either case. Asyou become more familiar with the process, you may
find one more suited to you than the other. Either way is fine, but for starters, begin with the second option.



7B. Setting the Parameters

The Geographic Transformer needs to know several things about the image you have and the image you want to produce
before it can proceed. Basically it requires information on: the reference image, the destination image, and the extent of the
areato be transformed. To add this data, click on the Transform option from the operation tabs.

Reference. Transform | Batch Transform i Mozaic i View I

~ Hofercrce Paramelers = Frarsfommed Aree Paremelens
Colce | : bd:\gizhtzheets nonew 260471 WA047 Browze, Geodetic Latiide # Lohaitude, Marth Armetican Datur
SRR “““““‘“‘_1 “1983 [Melodensky method]
Fetaranice Fila: iM:\gls'\txheets'\nanWE"atEDﬂ WR40T _Girst Browee 1
: - A Eranas Srsan |
Felerance Loordinale Sysfom Definiton
L5 State Plane 1927, Tewas South Central 4204, MAD 1327 [MADEON. Northwest G Euib
CONUS] [NADEOMN methad], LIS Survey Fast R I BER S e I
Satananna ﬂ?ﬂ'ﬁ'}.ﬁ}dﬂ’ 59’)-'{,-“5.':‘?1.. ] N_Drﬁ'lmt EDWI'ETN DTH'I |
: Southeast Comer East: i
- Destination Peramefers Sauthesst Carrer Marth: !
Destination File: | Browse.. |
: Default to Source File Extents |
Reterehcing Thpe: !.-’-‘xll Formatz [RSE, Maplnfo TAE .and ESRI Warld] ;]
_ Drefault to Reterence Point Extents i
Border Colar; IWhite 'Fl
Blestination Besolution [METERST: I = Falirnr Paramelors e
ol dbiide: I Schermis: I[r‘u:une] ﬂ
- fhaxfination Coondinate Spafem Defiriion
Geodetic Latitude / Longitude, Narth Ametican Diatum 1983 {Molodensky
 methiod]
Fariinaioer Covvaineits Sansn.

When you open the Transform GUI, you will see the screen displayed in the graphic above. Note there are four sections
(those with blue headings) that need input. A few may already have information in them. Some of these automatically
default to the project you are currently working on, and others retain data from previous transformations.

Note: Before beginning any new transformation, you will need to make sure each section reflectsthe proper settings.



|. Reference Parameters:

Thisisthefirst section to address. Typically, the fields
for the Sour ce | mage and Reference File will default
to the image and reference settings file that are
currently open.

Make sure these are set to the correct files. Pay
particular attention to the Reference File if you have
created several reference settings files.

Note: You must usethe onethat has been adjusted
and error checked.

Use the Browse buttons to search for the correct files if
they do not appear by defaullt.
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Reference Transform l Batch Transform | Mosaic | View |
Feforence Faramelers —

Browse...

_Browse.. |
Erawse,

K Saizhtsheetz\nonew S B04 7 5047

Source lmage;

Fefererice File IM:'\gisktsheets'\ncnew?\tﬁﬂd'l WE40T_Borst

Feferenre Coordtinefe Spafem Pefinition

LS State Plane 1927, Tesas South Central 4204, NAD-1927 (MADEON
CONUS) [MADCON method], US Survey Fest

Fatanns St S i

The Reference Coordinate System Definition is asking what coordinate system the original imageisin. Thisinformation
should have been obtained in the Warm Up Exer cise you performed at the end of Chapter 4. 1f you haven’t done so, go
back to the source image and locate this. Once you have it, click on the Reference Coordinate System button to enter the

coordinate system. Thiswill prompt you to select several options.

Gelect the reference coordinate system

GroLp iGeu:u:Ietiu: Latitude / Longitude _:J

Systam iLatitude £ Longitude

Select the reference coordinate system

Graup iGeodetic Latitude / Longitude

-
-

fEendehc: [ atibude J Tongiude
Univerzal Tranzverse Mercatar
 |US State Plane 1927

Diatum |15 State Plane 1927 [Exact solution)

U5 State Plane 1383

#rZ Cartesian ECEF

(uebec Modified TH Coordinate Syatem:
Britizh Coordinate Syztems

Belgian Coordinate Syztems

French Coordinate Systems

Proiections of a Hemizphere =

Systam

Caricel |

The Group field will allow you to choose several settings from the pull-down menu accessed by the down arrow on the right
side of the input box. A partial list isillustrated in graphic above and to the right.

Many of these choices you will not need. Asageneral rule of thumb, if your map has lines of latitude and longitude, select

Geodetic Latitude/ Longitude.



Once the Group is set, select the System. When using
Geodetic Latitude/ Longitude as the group, the only
system available to useis L atitude/ Longitude.

The last step isto set the Datum. (The datum is part of
the information obtained from the Warm Up Exercise.)
From the pull-down list locate the proper setting for
your t-sheet and select it.

Click OK when done.

1. Destination Parameters:
This section defines certain output image specifications.
For the Destination File field, click the Browse button.

In the Specify a destination file window that appears
ensure the following:

» The destination file is in the folder containing
the other files for this image.

* Add a“g’ at the end of the File nameto
indicate is has been georeferenced.

» Setthetypeto a.TIFimage.
* Click Save when done.

Leave the Referencing Type and Border Color fields
as they appear labeled here.

S elect the reference coordinate system

Gioup il_“:_ecldetic Latitude / Longitude __:J
Systam !Latitude # Longitude _:j
Dlatum Wk T
Earicel]
- Peslination Faramelons

Browse. . i

Rieferencing Type: iAII Farmats (RSF, Maplnto TAR, and ESRI Wwrld) ;_1

Border Calor i\-\-"hite + i

Diestination Resolution [METERSE

Destinstion Fls: |

—
e

~ Pestraton Evendnate Spxfem Delmdion
Geodefic-Latibuds ¢ Longitude, Narth American Datur 1983 Molodensky
: ! e ;

Cantral Latitude:

femirastion Copings S |

Specify a destination file
Savelr | 4 15041 = gg! e

(&1 504t 5t
[ 15041 g tf

Filepiame:  {t5041g.tF Save |
Save &z tupe; Ilmage Files - &l Types __'_1 Cancel

Image Files - All Types

ferskumethad] [Uiedrme Qi an © hean
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The Destination Resolution field is a measure of ground units of the

destination image map, and determines the size of the pixelsin the [t

transformed image. The coordinate system you set will determine what Destination File:  [M\gis\tsheets\ncnewZ SDATWEDAT f _ Biowse. . |
units this value takes. The program will tell you which units to use by Referencing Tépe:  [All Formats [RSF. Mapinto TAB, and SRl World) =]
fatligpl a;(;it ng them inside the parentheses. For Geodetic latitude /longitude, Sotebe [whic =]

it is meters.

Destination Resalution [METERST 1.2¢7

In this example, a 1:20,000 scale map scanned at 400 dots per inch (dpi) is Contil Latiuds: |
being transformed. The new image map should have an equivalent
resolution. Calculate the required destination resolution as follows:

Source Scale = 1:20,000. Thismeans 1 inch (in) = 1,666.667 feet (ft) (because 20,000 in/[12 in/ft] = 1,666.667 ft)
Scanning Resolution = 400 dpi

Source Image Resolution = (1,666.667 ft) / (400 dpi) = 4.167 ft per pixel

Destination Resolution = (4.167 ft per pixel) * (0.3048 metersper ft) = 1.27 meters per pixel

T Pestiration Coordlinate Spefem Dofinion

Note: You will haveto obtain the scale and dpi your map was scanned at to perform this calculation for your t-sheets. The
scale should have been recorded aspart of the Warm Up Exercise. Thedpi valuewill be provided for you.

The Central Latitude field defines the aspect ratio of latitude to longitude - Destinalion Porameters

for the transformed image. The Central Latitudeis the mid-point of the Destination Fle: | M-assheets\nonewa B04TNE0AT i Biowse.. |
northern and southernmost latitudes. It can found be looking at the t-sheet Relerencing Type:  [al Fomats (ASF, Mapinio TAB, snd ESRI Ward] =]
and finding the line that divides the map into two equal north and south G T

pieces. In other words, if your map has 11 lines of latitude, the central

. . irvati i 1.27
latitude would be the sixth one. Eesiemnestion IMERER RS

Cenbral Latitude:: [335900n

For this example, the value turns out to be 33° 59' 30” n. S it S

‘Geodstic Latituds £ Longiude, North American Datum 1983 [Molodensky
Observe that this doesn’t necessarily have to be an actual line on the map as ki
this t-sheet has no latitude marked that splits the image into equal areas to the
north and south. Refer to the map in Chapter 5A to see this. Finding the

Central Latitude is often made easier when looking at a printout of the map.

esiinabin: i Sadan

Enter the values in the same manner as when defining the reference points (degrees, minutes, seconds, direction.)
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Inal c make sure to set the destination G elect the destination coordinate system

coordinate system in the following manner:
» Group: Geodetic Latitude/ Longitude
» System: Latitude/ Longitude
* Datum: NAD83

Click OK when done.

[11. Transformed Area Parameters:

These parameters control the extent of the output image.
Set the Output Area Coordinate System to be the same as
defined in the last step:

» Group: Geodetic Latitude/ Longitude
» System: Latitude/ Longitude
* Datum: NAD83
When selecting the corners’ parameters, click on Default to

Source File Extents. Thiswill set the extent of the new
image to be the same as the original.

V. Tiling Parameters:

Tiling allows you to split alarge image into smaller pieces.
Y ou will not be applying any tiling parameters to the
images you make, so set the Scheme field to none.

SE o eodetic Latituds / Longitude
System !Latitude # Lonagitude _:j Ok,
Datum | NADS3 - —
1 “J Caricel |
- Fransiommed drea Faremetors

Geodetic Latitude # Lonaiude, Morth Armercan Datuny
1983 [Malodensky method]

St dlans Conansts Seodaan

Morthimest: Caormisr East: I?B‘I A4 BE W

Morthwest Caomner HD[:[‘._I"L' |34 E33TEN

Southeast Eormer Eask: i?? 514040

Soltheast Comer Marth: |33 FI81EN

Diefault to Reference Pont Extents

= Kl Faramelers

Scheme; l [hone] _:]
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After you have entered all of the information for your map, take a moment and review all the settings. When everything is
properly defined, the image is ready to be transformed. Click on the button labeled Transform to begin the process.

A window will appear asking you to Save a transform settingsfile. Navigate to the appropriate directory and save the .tsf
file.

Save atanstom settngsfle @] After you click the Save button, a window will appear giving the
Savein | 415041 = gl = status of the transformation. When it is done, a second window

will appear indicating whether or not the process was successful.

When transforming, each job is broken up into smaller sections.
Typically, at-sheet will have no more than about 50 to 55
sections, and usually much less. If alarger number appears (for
instance one in the hundreds) this may indicate an error in your
e [ e | settings. Should this happen, you might consider canceling the
Save sz type: | Transfom Settings Fils 1+ = Caricel process and re-examining the transformation settings.

[

7 The Geographic Transformer

Miz’ard's Optiohs  Help

7C. Finishing Up

Oipen Beterence Poirit File...

After a successful transformation, the image needs to be visually inspected. From the et

operation tabs, select the one labeled View. A new GUI will appear. From here the g::g}g:jg:;g:g:g: L
image can be inspected and compared to existing shoreline data.

Open M osaic Settirgs Fils
Save Mozaic Settings File:,

Next, click on the File option from the menu bar. Select Add Layer to View Map
Window to add the transformed image.

Exit




Navigate to the directory containing the georeferenced t-sheet and highlight the appropriate file. Click Open.

Select a laver to add to the Yiew map El S
Loskin | _3 t5041 Bl ==

I 15041t
8] 15041 9. TAB
= Fm041 o tif

Filename: {15041 .t

Oper
Files of lipe: !L'a_!,!er Files - All Types :_i Cancel |

To add this to the View M ap Window, you will also be

Select a reference file for "t5041g.uf"

prompted to select areference file associated with the Lookin | 4 t5041

givenimage. The transformation process will create three ] E041oRSF T3] 5401 _dref

types of reference files: ] 150410 TAR =] 5401_Brsf
50410, TR 8] (5401 _Braf

* Blue Marble’s Reference Setting File (*.RSF) ] (5401 1t
« MapInfo's TAB file (*.TAB) ggg}—gz:
« ESRI’s TIFF World File (*. TFW).

Choose the ESRI TIFF World File reference file (*. TFW) Filename: 50415, TFw

Opere

and click on the Open button. Wait while your image is
displayed.

Files of bupe: | Reference Files - All Types

el |

Note: Besureto select the reference file associated with the proper image. If you have previoudy viewed an image,

thewindow listing the reference fileswill be associated with those of the previous t-sheet.
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The image should display in the window. As aprimary check, locate a prominent feature on the map, position your cursor

on it, and record its coordinate value displayed below. Match this value against the same feature on your printout. If these
two correlate, continue on.

If this primary check doesn’t match, try another. If the second points still do not correlate, something may have been
incorrectly set prior to transforming. Contact a supervisor before proceeding.

< The Geographic Transformer H=E E

File Wizard: Ophens Help

Hefetencei Transform1 Batch Tlamlolmi Mosaic Yiew |

Eazt, Motk 77 57 1.04 . 33 57 1.07



A second method of checking the transformation compares the new image
against a shapefile (*.shp) containing shoreline data for the state your t-sheet is
taken from. Click on the File option from the menu bar and add the necessary
shapefile using the Add Layer to View Map Window option.

After the shoreline shapefile is added, you may need to adjust your View M ap
Window to see both layers. To do this, select the File menu option and choose
View Map Properties.

Map Properties =

C:ATEMP Y iewebrarm
—Ares

Descrptiar | iEIue Marble Map

N N 704 | 36890163
~Map Layers: -

|
| BE & 75458870 . 33644675

- shncrew L B41 o041 0 b - (manehs
C:AMuyFilezmostly o shp - Arciem Shape Layer

r Wiy

Cepber, |-77.240005
7 Ceptery: [35.238420
Dizconnect Eenter On I i

|‘I.425?44

Scale:

Froperties ... ToTop
— N | | Retatior  [0000000

i

| ¥ Scrall B = Pl )
ok J Canicel l I croll Bars r plor Raster

v The Geographic Transformer
‘wizards  Opbione  Help

Open Source [mags...

SYET LG e ErE e ET T e

Oipen Eeferance Poirt File...
Save Reference File, .,

Open Transform Settings File...
Save Transtorm Sethingz File....

Open Mosaic Sethngs File:.
Save Mozaic Setings File

Add Laver lo Wiew Map YWindow. .

Yiew Map Properties. .
Clear Yiew Map

Exit

In the Map Properties window shown above, make sure that the *.tif image isfirst on thelist. (If it is not, select it and click
the To Top button.) Once the image is on top, make sure it is highlighted and click on the button labeled Center On. This

will center the View M ap Window on the selected layer. Click OK.
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Shapefile

"y
T

The transformed image and shapefile overlay. A zoomed in view of the areain the black box.

The graphic on the left illustrates the window after centering on the image. Although this evaluation is somewhat difficult
because both layers appear in the same color, it is possible to see that the image appears to follow the general pattern of the
shoreline shapefile. To get a better look, place your cursor near some shoreline and right click to zoom in.

The graphic on the right depicts the region enclosed by the dark box. Here, the thin line representing the shoreline shapefile
matches up fairly well with the transformed image. Aslong as these two layers are in roughly the same orientation, the
transformation was successful. If there were major discrepancies between these two layers, this would indicate something went
wrong during the georeferencing or transformation processes.

If the transformed image matches fairly well with the shapefile, the only remaining step is to clean up the directory of
unnecessary files. When you are fininshed checking the image, select the Clear View M ap option from the File pull-down
menu.



During the course of the georeferencing process, there
may be several files created that do not need to be
saved. These should be deleted to save space and
remove clutter. Using the Windows Explorer or File
Manager program, open the folder for the t-sheet you
georeferenced, and observe thefilesinit.

Because each session will create different numbers of
certain typesof files (usually *.rsf or *.tsf files), the
followingisalist of thefilestypesthat should
remain:

» any log (*.log) files

the original image (* .tif) file

the georeferenced image (*g.tif) file

all three reference type (*.RSF, *.TAB,
* . TFW) files associated with the
georeferenced (*g.tif) file

* the final transformation settings (* .tsf) file

* thefinal reference setting file (*.rsf) and text
(*.TXT) file that correspond to the settings
used to transform the original image.
(Following the convention of numbering them,
these should be the ones with the highest
number.)

After identifying those files that should remain, delete
the rest. Your directory should now look similar to
graphic shown to the right. Note the type of files shown
in the graphic to the right coincide with those listed
above.

Eaaielnts af 'h-1:"\g.i;";t_shm;t':sincnewiﬁ.ﬁﬁd1 '

ﬂl‘*.-l ame Siz&j Tupe | Modified
15047 log BEKE  TestDacum. —3/24/199310:21 AM
@ tE047 ki 27.264KB - TIF Image D... 34641933 315 PM
:EI 5047 kaf 1B - TSF File 3/23/1359 3:.56 PM
_;ﬂ t50410.R5F 1KB  RSF File 3241933 10:21 AM
:£| tE041g. TAR TE  Maplnfo TaA,..  3/24/79393 10:27 AM
@ IE04T g TRwW TKE TP File 37241933 10:21 AM
@ {5047 g.tif 27 A33KE TIF Image D, 324199310021 A
:ﬂ t5A07 . rat 1KE - RSF File 3221993 303 AM
E R4 1. T=T KB - Test Docurn...  3422/1933 5:03 Abd
@ tRa00_2 sl EKE - RSF File 3221983115 PM
% 1540 _2 T=T Z3KB - Tedt Docum.. 3/22/1353371:15FPM
_@ tRA07_3oraf BB - RSF File 221939 1:27 PM
% 1401 _3THT 18KB  Test Docum...  3/22/7933 1:271 PM
@ 154074, raf AKB  RSF File 37221939 247 PM
% 5401 4 THT 18KE  TestDocum..  3/22/1993 247 P
:ﬂ t5A07_Borat AkE  RSF File 3221993 343 P
E R0 B T=T 18KB - Tewt Dooum... 37221953 343 P
@ t5a07_G.rsl AKE - RSF File 37221959 4:00 P
% 154N _B.T=T 16KB - Test Docum... 3/22/1339 4:00 FPM
Cattents of 'Msaishtsheetshhonenit5041"
ﬂl‘*.-l amne | Siz&j Tupe | Modified
5'51 5047 log GEEE - Tewt Dooum..  3/24/193310:21 Ak
@ tE047 kif 27.264KB - TIF Image D... 34641933 315 PM
:EI 5047 kaf 1B - TSF File 3/23/1359 3:.56 PM
_;ﬂ t50410.R5F 1KB  RSF File 3241933 10:21 AM
:£| tE041g. TAR TE  Maplnfo TaA,..  3/24/79393 10:27 AM
] 50141 Q. TR TKE TP File 37241933 10:21 AM
bl 15041 27A3KE  TIFImageD.. 3/24/199910:21 AM
:ﬂ f AkE  RSF File 37221933 4:00 P
E R0 B T=T 16KB - Tewt Dooum...  3/22/1933 4:00 P
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After these files are georeferenced and transformed, they are ready to be used in the vectorization stage of the project.

This completes the formal instruction on how to use Geographic Transformer to georeference and transform raw image files
into images that contain and display real-world locations.

The next chapter provides several time saving tips to assist users who have familiarized themselves with the fundamentals of
the software and the georeferencing process.
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Chapter 8. Tipsand Tricks

8A. Creative Use of the Automatic Reference Point Selection Wizard
Goal: To show how to apply the wizard to unique situations

8B. Moving from One T-sheet to the Next
Goal: To show how to quickly move to the next image

8C. Batch Transformation
Goal: To show how to use the Batch Transformation option
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8A. Creative Use of the Automatic Reference Point Selection Wizard

During the course of the georeferencing process, you may come across at-sheet in which the grid lines are oriented in the
diagonal fashion seen below.

In acase like this, it will not be possible to use the
wizard in the manner described earlier. However, it can
still be applied to save the time of having to manually
input all of the required points.

The process for a scenario such as thisis to identify
within the image the location at which four points will
define aslarge an area aspossible. After thisis done,
place the four initial points and apply the wizard to lay
down the remainder using the steps described
previously. (See Chapter 5C.)

To make things easier, adjust these points to correctly
line up on the grid lines before adding any other points.
This way, after you have manually input the remaining
points you can go directly to the error checking steps.
(See Chapter 6C.)

The graphic to the left provides a good example of an
area to define for the Automatic Reference Point
Selection Wizard. Inthis example, the parameters used
for the wizard will be 5 rows across and 4 rows down
(aslabeled to the left.) Thiswill place 20 points.
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In the graphic to the left, the light points represent the ones the
wizard has placed, and the dark ones are those that need to be
input manually. Refer to Chapter 5B for instructions on how to
manually add points.

Asyou can see, using the wizard in this fashion will help you
save some time. By using this method, you will have to input
only 11 of the 31 points by hand.

8B. Moving from One T-sheet to the Next

When you have finished transforming one t-sheet and you are
ready to begin another, Geographic Transformer doesn’t provide
an efficient means to clear out any old work that may remain in
your Sour ce | mage and Reference Point Pick windows. Rather
than exiting the program and beginning from scratch, here are
some hints.

To clear out the reference points, highlight the first entry in the
Reference Point Information area. Then use the mouse to click
once on the Delete button.

BARTD

From the window asking for confirmation, press the Enter key once. Thiswill delete the selected record. At this point, the
next record will become highlighted. Y ou can now repeatedly use the Enter key to delete the remaining points in the list. For
each record, pressing Enter once will bring up the confirmation window, and the second stroke will delete it.

Note: Before deleting any points, make surethat all the reference point information has been saved in the directory
folder associated with itst-sheet.



After all of the reference points are deleted you can remove the existing Sour ce | mage by merely adding a new one. Fromthe File
pull-down menu, select Open Source Image. Navigate to the appropriate location and choose the next t-sheet. The program will
automatically place the selected image into the Sour ce mage window in place of the old one.

Y ou may notice that although you are now ready to begin work on this t-sheet, the map coor dinates giving the decimal degree
measures from the previous image are still visible under both windows. Thisis normal, and will change to reflect the given image
when enough points to define a polynomial model have been entered.

8C. Batch Transformation

Rather than transform one image at a time, you may find it convenient to first georeference several t-sheets, then transform them as
agroup. Geographic Transformer allows this process by providing a Batch Transformation option.

To use this option, after you have georeferenced an image and set all of the

transformation parameters, save the transformation settings (*.TSF) file. ¥, Thebeagiaphic Transionnen
\whzard:  Options  Help
After it saves, do not click on the Transform button. Open Sauree Image...

Instead, go through the steps to add another t-sheet and georeferenceit. Continue this
process, remembering to save the transformation settingsfiles for each one until you
are ready to begin the transformation.

[Oipen Beterence Poirt File-..

A H e e e

To use the batch transformation, select the Batch Transformation option from the
oper ation tabs. Open Transform Settings File. .

Save Transtorm Sethngs File..
¢ The Geographic Transformer
File Wizards DOptions  Help

Ref = I Transk  Batch Transform l Mozaic j View I

— Fransfommation Settings Fie Lsi

ddd.

Flemre
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From the Batch Transformation window, click on the Add
button.

From the Select a Transform Settings File window, navigate
to the appropriate t-sheet directory and select the
transformation setting (*.tsf) file.

Click Open. Thiswill add the *.TSF fileto the
Transformation Settings File list.

Repeat this process to add all the transformation settings files
for al the t-sheets you wish to transform. Use the Remove
button if you need to take any off of the list.

After all the necessary files are present, click on the
Transform button. This will start the process of
transforming them in one group, one after the other. Because
this will take some time if you have several filesin the list,
thisis agood thing to do overnight or during atime when
you are doing something else.

However, use thisoption with caution.

As with any automated process, if an error or problem

occurs, it will stop and wait for input. 1n general, though,
thisisavery reliable option. Be sure to check all of the maps
using the procedures outlined in Chapter 7C.

Select a Transform Settings File

Lockin: | 4 15231

File fiame:  [15231 TSF Open

Filzz-of bype: ITransfnrm Settings File [ tf]

Thin (3 cenvgrapuhine: T el namma;
e \Wwians Dpticrs Hep
Rriferani | Tiarsiom  Botch Transform | Mo | View |

Tranrfrrma i Serdirr e Lot

== T
=yl s 4
Flemoye

Frernalomm =i

These three sections illustrated several ways to save time and effort during the georeferencing process. As you become more
familiar with it, you may develop other methods. Feel free to experiment and use whatever works best for you.



Chapter 9. Technical Glossary

9. Technical Glossary
Goal: To define technical terms found in this manual
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Technical Glossary

» * log files: Provide arecord of the georeferencing process.

» * rsf files: Store information pertaining to reference points.

* * RSF, *. TAB, *.TFW files. Store information needed to
display transformed images.

« * tif files: Common format for many types of images.
Other common types include JPEG (*.jpg), GIF (*.gif),
and Bitmaps (*.bmp).

» * tof files: Store the parameters you set for a given
transformation.

» *.txt files: Accompany *.rsf files and provide alist of each
reference point and its associated error values.

» Affine Polynomial: Used to convert image coordinates to
map coordinates by shrinking, rotating, and moving the
coordinates.

» Automatic Reference Point Selection Wizard: Allows the
user to automatically place up to 100 reference points on an
image.

» Batch Transformation: Process of transforming multiple
images at one time.

» Border Color: Used for the border of the transformed
image.

» Central Latitude: Divides the map into equal parts north
and south. Can be an actual line, or one that is not
displayed. (e.g., The central latitude may occur at avalue
of X minutes and 30 seconds, even though the latitudes are
only marked in increments of minutes.)
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» Coordinate System: Used to locate positions and measure
distances on a map.

» Datum: Set of values to define the three-dimensional shape
of the Earth.

» Degrees, Minutes, and Seconds. Used as units of measure
for latitude and longitude. Each degree consists of 60
minutes, and each minute consists of 60 seconds.

» Destination Coordinates: Vaues the source coordinates are
changed into. Inthe examplesin this manual, the
destination coordinates are referred to as map coordinates
since they will be converted to the Latitude and Longitude
values of a map.

» Destination Coordinate System: Coordinate system
defined for the transformed image.

 Destination File: Name and type of image format for the
transformed file.

» Degtination Parameters: Values pertaining to the
Destination File, Referencing Type, Border Color,
Destination Resolution, Central Latitude, and Destination
Coordinate System that are required to transform an image.

» Destination Resolution: Determines the size of the pixelsin
the transformed image. Calculated based on the scale and
dots per inch (dpi) value at which the map was scanned.

» Extent: Actual geographic area of the transformed image.
Can be determined by the source image or by the reference
points.



Technical Glossary: continued

» Georeferencing: To establish the relationship between
page coordinates on a planar map and known real-world
coordinates.

» Graphical User Interface (GUI): A graphical method of
controlling how a user interacts with a computer to perform
various tasks, usually in the form of pictorial buttons
(icons) and lists.

 Latitude-Longitude: A spherical reference system used to
measure |locations on the Earth's surface. Latitude measures
locations running north and south, and longitude measures
locations running east and west.

» Map: Abstract representation of features on the surface of
the earth.

* Menu Bar: Feature on the Geographic Transformer GUI
that allows the user access to File, Wizard, Option, and
Help choices.

» Operation Tabs: Feature on the Geographic Transformer
GUI that allows the user access to Reference, Transform,
Batch Transform, Mosaic, and View functions.

» Output Area Coordinate System: Coordinate system used
to define the extent of the transformed image.

 Pixel: A contraction of the words "picture element”. The
smallest unit of information in an image or raster map.
Referred to as a cell in an image or grid.

* Points, Lines, and Polygons: The three basic forms of
representing any geographic shapein a GIS.
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* Polynomial Transformations: Process by which
mathematical equations use the reference points to
georeference data. In the examplesin this manual,
polynomial transformations are referred to as polynomial
models to prevent confusion with Geographic Transformer’s
process for creating a new image.

* Projection: Mathematical model to convert the three-
dimensional surface of the earth to a two-dimensional map.

» Rasters. A cellular data structure composed of rows and
columns for storing images. Groups of cells with the same
value represent features.

» Reference Coordinate System: Coordinate system of the
un-referenced t-sheet.

* Reference Parameters: Values pertaining to the Source
Image, Reference Setting File, and Reference Coordinate
System that are required to transform an image.

* Reference Points: Set of points used to perform the
georeferencing coordinate conversion.

» Reference Point Information: Area on the GUI where the
user inputs reference point names and coordinate values.

» Reference Point List: Areaon the GUI that displays
reference points and error values.

» Reference Point Pick Window: Area on the GUI where the
user selects reference points.

» Referencing Type: Provides the format of the file needed to
display the transformed image (*.RSF, *.TAB, or *.TFW).



Technical Glossary: continued

* RM S Error: Root mean square error. A measure » Source Image Overview Window: Area on the GUI that
calculated when registering a map to a digitizer, indicating displays the source image.
the discrepancy between known point locations and their » Transformed Area Parameters: Values for the output area
digitized locations. The lower the RMS error, the more coordinate system and extent of the transformed image.
accurate the digitizing or transformation. « Topographic Survey Sheet (T-sheet): Type of map derived
» Scale: Statement of a measure on the map and its from a coastal survey.
equivalent measure on the surface of the earth. (e.g., « Transformation Wizard: Feature that steps the user
1:20,000 means one unit of distance on the map equals through the transformation process.

20,000 units of the same distance on the earth. Large scale
maps depict small areas, and small scale maps depict large
areas.

» Transforming: Process by which Geographic Transformer
creates a new image based on georeferencing information

the user provides.
» Second Order Polynomial: Used to convert image

coordinates to map coordinates when the map coordinates
are in Latitude/Longitude format or when the image areas
can be affected by the curvature of the earth.

 Shapefile: Vector-based file format used by the
Environmental Systems Research Institute’s (ESRI)
ArcView GIS software to display features of points, lines,
and polygons.

» Source Coordinates. Coordinates that will be changed
into another format. In the examples in this manual, the
source coordinates are referred to as image coordinates
because their source is a scanned image.

e Source XY Error: Type of RMS error that takes into
account errors in both the horizontal and vertical directions.

» Vector File Format: Type of geographic file where
locations defining points, lines, and polygons are stored as
specific coordinate values.

* View Map Window: Display window used to view the
transformed image and ancillary data.

» Zoom Setting Window: Displays zoom factors for usein
the Reference Point Pick Window.



