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Abstract

Geometric distortions are inevitable in aerial photographs due to many factors, such as
the curvature and rotation of the earth and the motion of the scanning system. Ground
control points (GCPs) are important features used in non-parametric approach for
aerial image rectification. The most common approach for geometric corrections is the
use of polynomials equations, which depend on the selection of several clearly
discemnible points, called Ground Control Points (GCPs), in the distorted image, and
map them either to their true positions in ground coordinates (e.g. latitude, longitude)
measured from a map, or to georeferenced image (corrected before), coordinates of
corresponding points, through a mathematical transformation, that will convert the raw
image coordinates into the desired coordinates. The rectification results are evaluated
by using the total Root Mean Square Error (RMSE).

In this study two tests were carried out: the first, the effect of the distribution of three,
six and ten control points was investigated , The second test examined the effect of
densification of control points on the accuracy of the geometric correction. The most
important result obtain from this study was that the bad location and bad distribution
of the selected GCPs lead to an increase in the average RMS error value of correction
of an image which should be taken into consideration; for example, when selecting the
GCPs selected in one line no image was obtained. The results obtained from the
densified GCPs used to adjust the aerial photograph showed approximately the same
results as when using 3 point. Therefore, the use of the three GCPs is quite enough
for the adjustment of the aerial photograph. The process that preserves time and

money.



AadAll
by o)) Gusti et dalse Baal (cain dysall Hpuall 8 dpudigll Gl il Sigas )
Al Gyl S aaais dage alles dum V) Janall Ll o) L el alaiy doalad) 48 )y
OSae balis L) o s Alle gl S aleal) Jlasil 8 4gunigl) Cilaga il
&b Leralse aans Aagiial) Bygall 8 ¢ Apa VT ) LlE el saasiey z s Wi
s (Gl ba ¢ Johall ]ad) apia)¥) GLEAY) s dapaiall lgadlsal g L) dayal)
sylalial) Ll culilaay Uy lise dasias bysa 3 lexadalse paad o Ay Al (e el
- Agslhad) lilay) ) Hlad sl cildlaa) Jead illy dualll cdlheill PIA (e L
e adl) Clagpe Jaussial i) el aladiuly sl mil o and 2
gl maaill d8y e Ll oy 51 las) d¥1 0 gplaal sha) &3 duhall s b
& lele Janiall bl aal ey . outigl) maail) 38y e Ll aiSs Hlaa) B
GOlagye hausial il 5all sl ) obas bl aisills adseall of dulyall oda
A Y Al e bad 8 L lad) vie De i) A dmiay caag @iy e ladl)
Dy e Jyanl)
& bl e D) L@ oo Aysal) 5ysaal) Jascal deadiall dp ) lapall blds sae 3al)
g o g sysall Japcal IS Ll D ladid of aas GlIN Lls 3 alasia) Alla

LAl g )



All thanks to Allah

Then I would like to record my thanks to my

SUpervisor:
Dr. Mohamed Alamin Ahmed Babiker

Also my thanks to every body who helped me to
prepare this research and special thanks to my
family and teachers



Table of contents

content page
Ay
Dedication
Abstract i
Al i
Acknowledgement i
Table of contents v
List of tables vi
List of figures vil
Chapter one introduction
1.1 Background Geometric distortion in Imagery 1
1.2 Research proplem 1
1.3 Research Objective 1
1.4 Previous studies 2
1.5 Structure of the thesis 2
Chapter two : remote sensing and digital image processing
2.1 Introduction of remote sensing 3
2.2 Stages in remote sensing 3
221 Electromagnetic Energy 4
2.2.2 Reflection and Absorption S
2.2.3 Sensors and Platforms S
2231 |Sensors S
2.2.3.2 | Platforms 6
224 Transmission, Reception and Processing 6
2.25 Interpretation and Analysis 6
2.2.6 Application 6
2.3 Digital image 7
2.4 Digital image processing 8
241 Preprocessing 8
24.1.1 | Radiometric Correction 8
24.1.2 | Geometric Correction 8
242 Image Enhancement 9
243 Image Transformation 9
244 Classification and Analysis operations 9




Chapter three : Geometric Correction

3.1 Introduction 11
3.2 Systematic Errors 12
3.3 Nonsystematic Errors 12
3.4 Type of Geometric Correction 12
341 Image- to- Map Rectification 13
34.2 Image-to- Image Registration 13
343 Image Rectification using Ground Control Points 13
35 Polynomial Transformations 15
3.6 Resampling 15
3.6.1 Nearest Neighbor 16
3.6.2 Bilinear interpolation 16
3.6.3 Cubic Convolution 17
Chapter Four: data and Methods data and Methods
4.1 Study Area 19
4.2 Data Acquired and Sources 20
4.3 Hardware and Software Used 21
43.1 Hardware 21
432 Software 21
4.4 Field Observation 21
4.5 Data Processing 23
45.1 Geometric Correction 23
45.1.1 The Test (Distribution) 23
45.1.1.1 | Three Control Points Distribution 23
45.1.1.2 | Three Points Control Cluster 24
45.1.1.3 | Six Control Points in Line 25
45.1.1.4 | Six Distributed Control Point 25
4.5.1.1.5 | Ten Control Points Distribution 26
Chapter Five: Result and discussion
5.1 Introduction 27
52 Linear Errors 27
53 Accuracy Evaluation 33
Chapter six : Conclusion and Recommendations

6.1 Conclusion 35
6.2 Recommendations 36

References 37




List of tables

No. of
Table Page
table
4.1 Coordinates of Control Points 22
4.2 Coordinates of Check Points 22
51 Difference in E and N coordinate, and linear error 28
' correction when using three distributed control points
Difference in E and N coordinate, and linear error using
5.2 . 29
three clustered control points
Difference in E and N coordinate, and linear error using six
5.3 o . 30
distributed control points
Difference in E and N coordinate, and linear error using ten
5.4 TR . 32
distribution control points
55 R.M.S in Easting &Northing for four images 33
5.6 Linear Error for the Four Images 34

Vi




List of figures

No. of )
_ Figure Page
figure
2.1 | Electromagnetic Spectrum
2.2 Passive and Active Sensor
2.3 | Digital Image
3.1 | Process Flow of Aerial Image Rectification 14
3.2 | nearest neighbor resampling 16
3.3 | Bilinear interpolation resampling 17
3.4 | Cubic Convolution resampling 17
4.1 | The Study Flow Chart 18
4.2 | Study Area Within SUDAN Map 19
4.3 | Study Area and Distribution of Control Points 20
4.4 | Aerial Photograph of Study Area 23
45 Three Control Points Distribution and Check Point 24
4.6 Three Clustered Control Points and Check Point 24
4.7 Six Control Points in Line and Check Point 25
4.8 Six Control Points Distributed 25
4.9 Ten Control Points Distribution and Check Point 26
Result of Geometric Correction With Distributed Three
5.1 : 28
Control Points
Result of Geometric Correction With Three Clustered
5.2 . 29
Control Points
53 Result of Geometric Correction With Six 30
' Distributed Control Points
Result of Geometric Correction With Six Control Points
54 . R 31
Distributed in Line
Result of Geometric Correction With Ten Distributed
55 . 32
Control Points
5.6 | Linear Error For The Four Image 34

vii




