meters

Raster in original X,Y
coordinates (X,Y inches
or row,col)

Image Georeferencing

« Scanned map, X,Y in scannerinches
 Aerial photo, X,Y in row, column
« Transformimage X,Y to X,Y ground

Georeference Raster in GIS
coordinates (meters)
Model
http://dverbyla.net/nrm338/

Image georeferencing is the process of developing a model to transform from
pixel coordinates into GIS coordinates such as meters on the ground. Image
rectification is the process of using your georeferencing model to output to a

new raster in your GIS coordinates.




Map Coordinates (X,Y)

PArIWIN -~O

Image Coordinates (Col, Row)

http://dverbyla.net/nrm338/

Notice there is a positive correlation between the pixel X and Map X while
there is a negative correlation between the pixel Y (row direction) and the map
Y (typically increasing to the north).




Equations For 2-D Plane

Xmap = A(image col) + B(image row) + C

Ymap = D(image col) - E(image row) + F

http://dverbyla.net/nrm338/

The affine transformtion is a typical georeferencing model. It works well for
conditions that approximate a flat plane..aerial photography from a floodplain,
a scanned map that had been corrected for topography, or satellite imagery.




~< X

m®

y+C
i P

++

Ax
Dx
display units: pixels

X columns'
) 4

rows

Image space

map units: meters, feet, other
%% A
F I E

l :
C X

Coordinate space

http://dverbyla.net/nrm338/

Note that the coefficients C,F are translation for the center of the pixel from the
first row, first column. A and E are scaling coefficients for X, Y and are typically

the same value.




Scaling (Resizing Image)

Xmap = 2(Xpixel) + 0(Ypixel) +0
Ymap = 0(Xpixel) - .5(Ypixel) + 250

BEFORE AFTER
TRANSFORMATION—Image Space TRANSFORMATION—Map Space

100 300 —

200 200 —

300

Scaling essentially assigns the proper pixel size to the rectified image in
meters on the ground.




Translation (Moving Image)

Xmap = 1(Xpixel) + 0(Ypixel) + 200
Ymap = 0(Xpixel) - 1(Ypixel) + 500

BEFORE AFTER
TRANSFORMATION—Image Space TRANSFORMATION—Map Space

100 300 —

200 200 —

300 100 —

100 200 300 100 200 300

The rectification model can move the raster to a new map coordinate location.




Rotation
Col Row Xmap Ymap
0 250 100 300
Xmap = 0.8 (Xpixel ) + 0.4 (Ypixel) + 0 0 500 200 s
Ymap = 0.4(Xpixel) - 0.8(Ypixel) + 500 250 =00
300 400
g =
- ' ...................................................
I N N O R
I ‘ http ;//"dvert; yla. nés/nmﬁ?&l

The rectification model can rotate an image. A typical example of rotation is
with a scanned aerial photograph or a satellite image where north is not
straight up on the original raster. After rotation, the Y axis of the raster is

correctly oriented up and down.
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» World file contents

The contents of the world file will look similar to this

20.17541308822119
0.00000000000000
0.00000000000000
-20.17541308822119
424178.11472601280548
4313415.90726399607956

When this file is present, ArcView performs the image-to-world
transformation. The image-to-world transformation is a six-
parameter affine transformation in the form of

x1
vi

Ax + By + C
Dx + Ey + F

A'is the X-scaling coefficient, E is the Y-scaling coefficient
B, D are rotation coefficients

C, F are translation coefficients
http://nrm.salrm.uaf.edu/~dverbyla/nrm338

The world file contains the model coefficients for translation, scaling and
rotation.




Arcmap Example

Fle Edt Format View Help

ncols 10 .
nrows 10 \ ASCII to Raster
xlicenter 0 i

ylicenter 0

cellsize 25 Input ASCII raster file
200101010130 g

0101010101 C:\test\georeference\test_image. txt
1010101010 Output raster

0101010101

101010101 DI C:\test\georeference \test. tif
0101010101

1010101010 Output data type (optional)
0101010101 INTEGER

1010101010

101010101040

Full Extent
(® of this layer O of the data frame
Top: 237.5
Left: -12.5 Right: 237.5
Bottom: -12.5
http://dverbyla.net/nrm338/

Here is an example you could duplicate. Start by creating a text file and then
use the Ascll to Raster tool to create a raster image.




+ &P Toolbox.thx 3 E3 Folder Connections
= [53 Folder Connections — —]W
= i] C:\test\georeference

+%testnf

| hens s |
ﬁi‘@ opy ] test_im &E
& ﬁﬁlmer,\.
Sl ] C: test\georeference

# B test.tif
|| test_image.txt
+ 8 testCopy. tif

http://dverbyla.net/nrm338/
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—— ArcMap Options
Customize | Windows Help

Toobars » General Data View Layout View Me
Extensions... Raster CAD

Default RGB Band Combinations
Add-In Manager...

3 band data source
Customize Mode...

Red: 1 8 Green: 29

Style Manager...

4 or more band data source

[ ™ ArcMap Options... Red: B éexl 2B

Raster Dataset | Raster Catalog | Raster Layer | Mosaic Dz

Build Pyramid Dialog Settings
O Always prompt for pyramid calculation

O Always buid pyramids and don't prompt in the future

(® Never build pyramids and don't prompt in the future

T

[l Use world ﬂe'\to define the coordinates of the raster

http://dverbyla.net/nrm338/

You must specify that you want to use text world file since the georeferencing
model is typically written to the aux.xml file instead of a simple world file
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World file format:

Bl testCopy.tfw - WordPad

LU
A B testCopy.tfw - WordPad

&)testCopy.tf | Fle Edit View Insert Format X Sca“ng Flle Edit View Insert Format t

DEE SR # X rotation DEHE SR #
25.0¢ : 100.0000000000
;sogggggggggo Y rotation 0.0000000000
0.0000000000 . 0.0000000000
-25.0000000000 Y Scallng -100.0000000000
0.0000000000 A 0.0000000000
225.0000000000 X translation 225.0000000000

Y translation

Xmap = 0 + 100(image col) + O(image row)

Ymap = 225 + 0(image col) — 100(image row)

http://dverbyla.net/nrm338/

By creating a world file, you create the rectification model that Arcmap will use
on the fly when you add the raster to your arcmap data frame.
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Table Of Contents ax
\ 1a B | [
= Layers
SR st |
Value
mo
1
B0
EH2
30
M <0
= testCopy. tif
value
mo
1
10
B2
N30
Il 40

http://dverbyla.net/nrm338/

In this example, the X,Y scaling coefficients change from 25 to 100 meters, so
the pixels in testCopy.tif are 4 X larger than those in test.tif in width and length.
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Bl testCopy.tfw - WordPad

Fle Edit View Insert Format

Dl SR A

25.0000000000
0.0000000000

Table Of Contents 2 x
[=lo 8 o

Layers

= testCopy. tif]
Value

o

http://dverbyla.net/nrm338/

Notice Arcmap moves the image based on the translation coefficients in the
world file X translation was originally zero, so move to the right +10 meters, Y
translation was originally 225, so move down 25 meters.
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Table Of Contents 2 x

2098 »

= Layers

Sl =stCooy o

Vake B testCopy.tfw - WordPad
) File Edit View [nsert Format
= DEE &R M

10 0

E20

I 30

40
= test. tf

Value

o

1

B0

B2

I 30

40

!
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In this example, the pixel x,y scaling is 20 meters, the image is moved via the
translation coefficients, and rotated via the +5,-5 rotation coefficients.
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The georeferencing model puts the raster as 25-meter pixels with UTM
coordinates of 500,000m =X 7,181,000 m =Y at center of upper left pixel.
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