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Georeferencing a Toposheet using QGIS

Objective: To georeference a toposheet by using graticule intersections in a known
coordinate system and datum.

Software: Quantum GIS 2.0.1

Level: Beginner

Time required: 2 Hour

Prerequisites and Geospatial Skills
1. Quantum GIS should be installed on the computer
2. Basic knowledge about the QGIS interface
3. Should have completed Exercise ID: IGET QGIS 001 before starting this tutorials

Reading
1. Sutton, T., Dassau, O., & Sutton, M. (2009). A gentle introduction to GIS. Chief

Directorate: Spatial Planning & Information, Eastern Cape.

Tutorial Data: Tutorial data can be downloaded from IGET GIS 003.
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Introduction

Georeferencing is a process of establishing a mathematical relationship between the image
coordinate system and the real world spatial coordinate system. This mathematical
relationship can be assigned by any one of the transformation settings, viz. Polynomial order 1,
2 or 3, Linear, Projective and Thin Plate Spline etc. Polynomial order 2 is the most widely
used transformation in Georeferencing. Recently Thin plate Spline gaining popularity due its
ability of incorporating the local deformations in the data, this is very useful when we are
dealing with low resolution data. However in this practical we are using traditional polynomial

order 2 transormation to perform georeferencing/rectification of the Toposheet.

In this exercise, we will use a topographic Map of South Pune, prepared by Institute of
Environment Education and Research(IEER), BharatiVidyapeeth University(BVU), Pune. This

map is in the Universal Transverse Mercator(UTM) projection based on WGS 84 Datum.

1. First, we open Quantum GIS (QGIS) via the Start menu. (Start - All Programs — QGIS
Dufour - QGIS Desktop 2.0.1)

2. We then open QGIS Georeferencer via the menu bar. (Raster — Georeferencer —

Georeferencer).
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3. The Georeferencer is in the form of a window with two parts to it. The upper part is
called as 'Main Work Space' dedicated to display the Raster Map to be georeferenced
and it allows the user to input the geographic or projected coordinates of control
points. The lower part, titled 'GCP table', is where the Ground Control Point data and

residuals will be displayed.

Zet



IGET_GIS_003

®

Georeferencing a Toposheet

4. Add the toposheet to the Georeferencer by clicking on the
button or from the File menu (File - Open Raster).

./, Georeferencer | . = | B | e
File Edit Wew Settings Help B
% » (478 %8 e US P LS ¢ oot
Main Work Space
Gep b
GCP Table

i
]

'‘Open Raster'

5. You will then be presented with a popup window, navigate to the tutorial data folder in
which the 'toposheet.tif' file is kept. Click on the drop down menu right to the 'File
name' and select '[GDAL] GeoTIFF'. Now select the ‘toposheet.tif and click ‘Open’.

®

[ Favorites

B Desktop

4 Libraries
,J“. Music
| Pictures

B videos

#& Homegroup

4 Downloads

5l Recent Places |2
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toposheet

3 Documents

File name: toposheet

/¢ Open raster @
@u-v| <« (QGIS project » Tutorial » Data_Toposheet - | 5 | | Search Data_Toposheet 2 [
Organize » MNew folder = - 0 l@l

|[GDAL] GeoTIFF (if *.iff “.TIF |

| |

[ Open Cancel ]

6. You will then be presented with the 'Coordinate Reference System Selector' window,

from which we will select the 'WGS 84'

world
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@ /¢ Coordinate Reference System Selector m

Define this layer's coordinate reference system:
This layer appears to have no projection specification. By default, this layer willnow have its projection set to that of
the project, but yvou may override this by selecting a different projection below.

&

Filter | WGS 84

Recently used coordinate reference systems

| Coordinate Reference Systemn Autherity ID
WGS584 / UTM zone 43N EPSG:32643
WGES 84 EPSG:4326

([« R~

Hide deprecated CRSs

Coordinate reference systems of the world

Coordinate Reference System Authority ID

EPSG:4326

Selected CRS: | WG5S 84

+proj=longlat +datum=WG584 +no_defs

Tip: Type in "WGS 84' in the filter space as shown in above picture. This will bring up all the
CRS using WGS 84 ellipsoid.

7. The toposheet will be loaded in the Georeferencer window and should look like below

/i Georeferencer - toposheettif n D L A o~ . i A - e =
Fle Edt View Setfnos Help
32 37| (3P 57 37 G edled bk
> 5553 @ PO OAPPLPL AR v~ fiell
IGET 1 i - T 3
GCP e
I
Raster loadd: F:/QGIS project/Tutorial/Data_Toposheetftoposheet. Transform Not set || 11478, 6534 | None |
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8.

10

11.

To georeference an image we use Ground Control Points (GCPs). GCP is a location on
the earth's surface with known coordinates on both earth and Toposheet/ imagery, i.e.,
geographic and pixel coordinates resepctively. In this tutorial we use graticule
intersections as GCPs.

To start adding GCPs to our map, we first zoom to a corner of the map where we can
easily identify the intersection of the latitude and longitude. Use the scroll wheel of the

mouse to zoom in and out of the map. Use the @ 'Pan' Button when needed.

>~

.To add a GCP click on the 'Add point' button, or go via the menu (Edit - Add

Point). The mouse will transform into a '+' sign, which we use to click on the centre of

|/-F| |/::| ._\.l :.’ 4 ‘.;‘
the intersection. Use 'View tool' @& il R when needed.

/. Georeferencer - toposheet.tif L =R X |
4 & M

File Edit View Settings Help

1 T | ud® o - o i [ (= (=) B (2 "
> (L3878 @ 30303 el OBL O R Q|

X-Coordinates

Y-Coordinates

Of

| onfoff I id I sreX | srcY | dstx | dsty | dX[pixels] I d[pixels] | residual [pixels] |
{

GCP table

Transform: Mot set H 2266.4,61.1 | None

A window 'Enter map coordinates' will pop up where we enter the coordinates of the
point which we take from the map. Always enter 'Longitude or Easting' in X field and
'Latitude or Northing' in Y field. Use 'space bar' in the key board to separate the

Degree value from Minutes value and then click ‘OK’.
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@ /% Enter map coordinates I. 7 |ﬁ]

Enter X and ¥ coordinates (DMS (dd mm ss.s5s), DD (dd.dd) or projected coordinates
{mrmrmm.mm)} which correspand with the selected point on the image. Alternatively, dids the
button with icon of @ pencil and then dick a corresponding point on map canvas of QGIS to fill
in coordinates of that point.

X /East: |73 49 ¥ [ Morth: | 18 23|

Snap to background layers

f From map canvas Cancel

12.In this exercise we are using the 'Polynomial 2' transformation to georeference the
image. For the 'Polynomial 2' transformation we will require minimum 6+ 1(for check)
i.e., 7 GCPs or more GCPs on the map. There fore, we need to mark atleast 7 GCPs.
The GCPs locations should be spread out as much as possible and they should not be
co-linear at the same time they should enclose our whole area. Use the above
procedure to mark six more contraol points.

13. We now set the spatial reference settings for the toposheet by clicking on the
'Transformation Settings' button. The 'Transformation Settings' window pops up in

which we will enter the spatial information of our map.

13 Transformation settings m r
C\ )4 Save raster — - Iéj
N 1. : Search IGET_GIS 003 Georefre |
S e e = | z ) [0« GIS » 1GET_GIS_003_Georefrencing ~ [ 43 [ Search 1GET.GIs_003_Georefre... £
Resampling method: | Mearest neighbour =i Organize « MNew folder = - ‘@'
Compression: NONE - J Music 2 —
[ Create world file [ Pictures ol
=l Subversion
Output raster: _GIS_003_Georefrencing/toposheet_WG584_georef, tif g Vid 3 | S
ideos { -
Target SRS: toposheet
- & Homegroup
Generate pdf map: =|
Generate pdf report: 1% Computer
&, Local Disk (C:
Set Target Resolution & Local Disk (C)
= ca Lenovo (D7)
Herizontal [ 1 ;} - KARMA (G:) A
Vertical I i-%l
File name:l oposheet WGSat georef] | =
| Use 0 for transparency when needed Save as type: IGeoT[FF (™.kif ~.iff = TIF *.TIFF) v]
X Load in QGIS when done
# Hide Folders Save ] [ Cancel ]
1

14. Click on the 'Transformation type' drop-down menu and select 'Polynomial 2'. This

means we will be using a second order polynomial transformation.

15. Click on the button next to ‘Output Raster'. A dialogue box will appear in which
we enter the name of our output file. It is recommended to include the name of the
original file in this file for example 'Toposheet WGS84 georef.tif ', This helps us to
keep track of our work.

Zet



IGET_GIS_003 Georeferencing a Toposheet

16.

‘Check’ the check box 'Load in QGIS when done' and 'Use 0 for transparency when

needed’, leave the reset of the values as default and click 'OK'.

17. After Click 'OK’, the last column 'residual [pixels]' displays some values. These are the

error values associated with the GCPs. An error value of 1 or less would be satisfactory.

@ GCP table (&)=
onfoff id srcX srcy dst¥ dsty d¥ [pixels] dY [pixels] residual[pixels]
o a 2239.98 | -274.97 73.82 18.47 0.01 -0.00 01
» 1 8479.98 | -315.04 73.87 18.47 -0.06 -0.10 0.11
(™3 2 8439.00| -6853.96 73.87 18.42 -0.01 0.00 0.01
» 3 2197.00| -5813.99 73.82 18.42 0.06 0.10 0,11
o 4 4306.02 | -2467.98 73.83 18.45 -0.05 0.02 0.05
»® 5 £6385.97| -2481.03 73.85 18.45 0.20 0.28 0.35
» g 4282,03| -4648.00 73.83 18.43 -0.14 -0.30 0.34

18.

19.

Transform: Polynomial 2 Mean error: 0.510613 | 4285.50,-4650.05 ” MNone | P
J

Double check and adjust the GCP locations if the value is greater than 1. To adjust a
p
point click on the 'Move o GCP Point' button, and then click and drag the point to
>
the desired location. Use = 'Delete Point' button to delete an erroneous GCP. We
can also enable and disable the GCPs by using check boxes under 'on/off' column in
'GCP Table'.

Once the error is around or below 1, click the 'Start Georeferencing' Button.
The processing will take at about 2 minutes. The georeferenced image will be found at
the location specified for the 'Output File' in step 15. You can also notice, the out put

file loaded in QGIS canvas.
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20. It is useful to save the GCPs for later use if the georeferencing needs to be done again,

or if corrections are required. To save them, click on the 'Save GCPs as' button.

In the pop up window enter an appropriate name for the GCP file, preferably the same

'Load

GCP points' button in 'Georeferencer'window after adding toposheet, and selecting

as that of the image. This file can be loaded later on by clicking on the

it from the pop up window.

Task 1: What are the advantages of Polynomial 2 over Polynomial 1 transformation?



