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Exercise 2: Georeferencing (ArcMap) / Defining a Projection /  

A) Georeferencing a Raster Dataset 

Raster data is obtained by scanning maps or collecting aerial photographs and satellite images. 

Scanned map datasets don't contain spatial reference information. When you georeference your 

raster dataset, you define its location using map coordinates and assign a coordinate system. 

Georeferencing raster data allows it to be viewed, queried, and analyzed with other spatial data. 

1) Download f22d22d3c.tif. Open ArcMap and click Add Data button. In the Add Data window 

navigate to your data source directory. Click on f22d22d3c.tif and add. 

2) Add the Georeferencing toolbar by selecting: Customize > Toolbars > Georeferencing 

3) Un-check the Auto Adjust from Georeferencing menu. 

4) From the Georeferencing toolbar select the Add Control Points button. First, using your mouse, 

left click on upper-left corner point on the image. This will place a cross mark on that location. 

After placing a cross mark on a location, right click on it and enter coordinates. (Zoom in on your 

image when adding control points for better accuracy). Please check the “corner_coord.txt” file 

to be sure you enter coordinates correctly. 

5) For every set of control points you create, an entry is created in a table that records the original 

coordinates, the control point coordinates, and the residual error. Access the table by choosing 

the View Link Table button from the Georeferencing toolbar. You can correct your values from 

here if you need. Before click OK button in this dialog box, check Auto Adjust box. 

6) Depending on the number of control points you have, from the Georeferencing table you can 

perform either a 1st, 2nd, or 3rd order transformation. Try all three and choose the one that 

works best. 

7) When you ended the georeferencing process, three options for saving changes are offered: 

As a text file - you can load the text file when you need to have the image georefenced again 

from the “Link Table” select Save  

As a .aux file - this saves the changes in a file readable by ESRI products from the 

Georeferencing toolbar select “Update Georeferencing” 

As a World File - this creates a new image (either TIFF, ESRI Grid, or ERDAS Imagine) with the 

coordinates stored. Use this option if you plan on using the image with other software from the 

Georeferencing toolbar select “Rectify” 

8) In order to digitize features in this raster data, first you create shapefiles (polygon for buildings, 

line for roads, and point for poles etc.) using ArcCatalog. Then “start editing” using Editor 

toolbar. Use “create features” icon. When you finish digitizing, click “stop editing” and save your 

edits. You performed “heads-up (on-screen) digitizing” with ArcGIS and created new datasets! 
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B) Defining a Projection 

Projections and coordinate systems are a complicated topic in GIS, but they form the basis for how 

a GIS can store, analyze, and display spatial data. Understanding projections and coordinate 

systems are important knowledge to have, especially if you deal with many different sets of data 

that come from different sources. 

ArcMap can examine the coordinates of a dataset and tell whether or not it has a projected 

coordinate system. It reads coordinate system information stored with the data. For shapefiles, this 

information is kept in a file with the extension .prj. Geodatabases store it as a table within the 

database. Every dataset has a coordinate system but it may be missing the information that 

identifies it. Once you have the information, you can add it to a dataset using “Define Projection” in 

ArcToolbox (OR right-click on Layers of TOC of ArcMap and select “Properties”. You can define, 

import or modify a coordinate system using “Coordinate System” tab. OR you can also define the 

coordinate system of your dataset when you are creating it as shapefile or feature class in 

ArcCatalog. Right-click on the right side of ArcCatalog and select New > Shapefile. Then click on Edit 

button of Spatial Reference part of in the “Create New Shapefile” interface.) 

ProjectedCoordinateSystems> UTM> WGS1984> NorthernHemisphere > 

WGS_1984_UTM_Zone_35N.  

Selecting this, you define a UTM (6 degrees wide) Projection System. 

Try other projections!  

Sometimes you need more than one “data frame” to compare different representations of the 

same area. You can add many data frame to your map. You need to be aware of which data frame 

is active. To add data frame  Click “Insert” menu > Add Data Frame 

To make a data frame active, right click on the data frame in the TOC. Then click activate. 

When you add a data frame to your map, you will see the default condition. There is no projection 

defined. We can either define it directly by adding data or we can do it manually. To do it manually, 

right click on data frame > properties > coordinate system tab > add coordinate system. 

Now create different “Data Frames” to explore the different projections with the same Turkey data. 

You will see that the area of a city in different projections will vary. To see this, go to attribute table 

of Turkey data. Add a new field and named it such as “proj_area” (type double/precision 15/ scale 

1), then right click on the top of that field, left click on “calculate geometry” option (area/sqkms). It 

will calculate the areas of all the cities. Do this for each different projection and compare the results 

for the same city such as “Konya”. 
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Additional Information: 
Projections are a mathematical transformation that take spherical coordinates (latitude and 
longitude) and transform them to an XY (planar) coordinate system. This enables you to create a 
map that accurately shows distances, areas, or directions. With this information, you can calculate 
areas and distances and measure directions. Projections are chosen based on the needs of the map 
or data analysis. Data must be projected into a common, useful projection for the area that you are 
working in. UTM Projection zones are 6 degrees wide (east-west). That is, you cannot offset a zone 
to include 6 degrees of longitude that include your area of interest that may cross between two 
zones. The further you go out from a zone, the less accurate your representation is. UTM was 
designed to map objects within one zone at a time. It is a very bad choice if objects from several 
zones must be shown together on the same map. 
Projection components: 

 Projection type (name) 

 Projection units (x and y) 

 Datum 

 Spheroid (related to datum) 

 Zone (if UTM projection) 
Projection parameters: 

 Standard parallels (where the projection surface intersects the surface of the globe lines on 
a map where no scale distortion exists) 

 Central meridian 

 Latitude of origin 

 False easting and northing (XY origin) 
False Easting and False Northing 
 Once a map is constructed using a given projection, the map is a flat surface. Distances on that flat 
surface may be measured as X and Y rectangular coordinates, with the X coordinate being the 
distance to the right of the vertical line passing through the origin or the center of a projection. A 
negative X coordinate represents distance to the left. In practice, a false X or false easting is 
frequently added to all values of X to eliminate negative numbers. In practice, a false Y or false 
northing is frequently added to all values of Y to eliminate negative numbers. The false easting and 
false northing were used when map projection computations were done by hand, so that 
computation with negative numbers was less convenient. Today, we let computers do all the 
computational works so false easting and northing are no longer essential. However, they continue 
to live within projected digital maps created using older methods.  

---------------------------------- 
There is no "best" projection for either a map or a digital cartographic data set. Projection decisions 
depend on the desired use of the data. Projection decisions made many years ago for published 
paper maps are not necessarily the right decisions for corresponding digital data sets. Furthermore, 
having digital data does not remove the necessity to make projection decisions. It is possible to 
store digital data in unprojected form. But displaying or plotting a digital data set requires 
projecting the data to a flat surface. If you need more information check out below references: 
http://web.mit.edu/1.961/fall2001/projections.htm 
http://www.georeference.org/doc/projections_tutorial.htm 
https://www.e-education.psu.edu/natureofgeoinfo/c2_p20.html 
http://topomaps.usgs.gov/drg/mercproj/ 
http://www.colorado.edu/geography/gcraft/notes/mapproj/mapproj_f.html 
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https://www.e-education.psu.edu/natureofgeoinfo/c2_p20.html
http://topomaps.usgs.gov/drg/mercproj/
http://www.colorado.edu/geography/gcraft/notes/mapproj/mapproj_f.html

