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ABSTRACT

In recent decades, Remote sensing data becomes one of the basic information
required for mapping and different applications in geomatics. In this research,
different mathematical models in 2D and 3D cases are investigated and comprised
in order to assess the accuracy of these models under different conditions of terrain
topography. Three high resolution satellite QuickBird images of three different
study areas, with respect to their topography have been used in this work. In this
research, the 2D mathematical models which were used, 1%, 2" order polynomial,
and projective transformation model while, the 3D mathematical models used
were, 1%, 2" order 3D polynomial, and direct linear transformation model. All
these methods are applied for each study area and evaluated through the Matlab
environment facilities.
Keywords: Quickbird Images, Polynomial Model, Projective Transformation

Model, Direct Linear Transformation Model.

Aalisa (il a ) A0 g 4l wtigl) aual) el 483 s
A _ad) oL

DAl
Al e glaall ol (e sl 5 SN Gunatl) ULy Cinal 5AY) 5 jdall Col il 3
Gaadll a3 caadl aa A Sl pal) duaigl) 8 daliad) it 5 Jadadall dlead 4y gl
VLA 8 alaill o2 A8 o ) (e a1 A0 5 405 Adlide dpualy ) g 3lail 45 )\l
g 9 O A8 Alle Azl ) gua SO Jaall 18 8 Caaddin) | bl 5 5 g (e AdliAa
Al )l Zalall gf g i 3 5o 5 () A Adliae Aol )y Bhlie G (QuickBird)

Y.vi

https://doi.org/10.30684/etj.31.11A5
2412-0758/University of Technology-Iraq, Baghdad, Iraq
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



https://doi.org/10.30684/etj.31.11A5
http://creativecommons.org/licenses/by/4.0
mailto:razzak1956@yahoo.com
https://orcid.org/0000-0003-1787-8779
https://orcid.org/0000-0002-8904-0097

. &Tech. Journal, Vol. *!, Part (A), No.11, 201 ¥ Accuracy Assessment of 2D and

Geometric Correction Models for
Different Topography in lraq

T i g Al ¥ Aaall e 3 gaall bma..m) (S aall 138 8 daddiiial) Ayl ALl
o.J.J_z_m) PlS Ganll 8 deddt ) laa¥) A Al i z kil Y (GLMY\ Jasaill
oda il (Ldlaal) dadl) Jo gl 23 g g Al 5 V) A el e Al AN 5 gaal)
CAL\).:JJ;AU.A@ML\)S\ GJ\.A.J\ (—;..3..35.:?.:.15} _M\).ﬂ\ OEUAUAMJSML\)S\ G.JLA.J\

.(Matlab)

INTRODUCTION

emotly sensing image data of the earth’s surface acquired either aricraft or

spacecraft platforms is inherently subject to geometric distortions.These

distortions may be due to several factors. Therefore, It is usually necessary
to preprocess remotely sensed data and remove geometric distortions. Image
preprocessing operations normally precede all other image manipulation and
analysis, such as enhancement or classification. The preprocessing of remotely
sensed image consists of geometric and radiometric characteristics analysis. by
realizing these features, it is possible to correct image distortion and improve the
image quality and readability, [1]. Radiometric analysis refers to mainly the
atmosphere effect and its corresponding terrain feature's reflection, while geometric
analysis refers to the image geometry with respect to sensor system. This paper
covers the processes of geometrically correcting an image so that the geometric
representation of the imagery will be as close as possible to the real world.
Geometrically corrected imagery can be used to extract accurate distance, area, and
direction information, [2].

GEOMETRIC CORRECTION MODELS
A simple geometric model usually involves mathematical functions, which are

easier to understand and do not require the knowledge of image sensor physics, [3].
In this respect, simple geometric models require mathematical functions to relate
the image space and object space. The mathematical function parameters are solved
with the help of the GCPs collected throughout the image by using the least squares
adjustment process. Once the mathematical function parameters are determined,
the correct positions of each pixel in the image can be estimated by these functions,
[4]. In this paper, some of 2D and 3D transformation used with numbers of ground
control points. These models are generally available within most of remote sensing
image processing systems. These models can be used to provide sufficient insight
about the ground elevation effects on the metric integrity of the rectified images,
[5].
The mathematical models used in this paper are:

e 2D Polynomial Model.

e Projective Transformation.

e 3D Polynomial Model.

o Direct linear transformation model.
The following sub sections discuss the models characteristics.
Two Dimensions Polynomial model

Polynomial models usually can be used in the transformation between image
coordinates and object coordinates. The needed transformation can be expressed in
different orders of the polynomials based on the distortion of the image, the
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number of GCPs and terrain type, [5]. Because 2D polynomial functions do not
take into account the elevations of the GCPs these models can be efficiently used
when the imaged area is relatively flat, namely where the image is not influenced
by the topographic effects. The following equations are used to express the general
form of the polynomial models, [6]:
e 1% order polynomial.
X =a,+a;X+aY .. (1)

y = bO + b1X + sz e (2)

e 2" order polynomial.
X =ag+ a X +ayY +azXY + aX?+asY? ...(3)

y = bo + b1X + sz + b3XY + b4_X2 + bsYz ™ (4)

Where (X, y) are coordinates of the GCP in the original input image while (X,
Y) represent corresponding coordinates of the GCP on the ground or map and (a, b)
are polynomial coefficients to be determined by the least square adjustment.
Projective transformation

Projective model express the relationship between two spaces based on
perspective projection concepts. These two spaces can be defined in our work as
image space and the ground space, [7]. The two-dimensional projective coordinate
transformation is also known as the eight-parameter transformation. In their final
form, the two-dimensional projective coordinate transformation equations are, [8]:

_agtaX +agy
Ca;X+ag¥ +1

_ay,tasX +agl
Y =X+ agY + 1

Where (al, a2, a3, a4, a5, a6, a7, and a8) are the eight unknown parameters of
the functions, (x, y) are the image coordinates and (X, Y) are the ground
coordinates.

Three Dimensions Polynomial model

The 3D polynomial functions are an extension of the 2D polynomial function
by adding Z-terms related to the third dimension of the terrain, [3]. However,
because they are similar to the 2D order polynomial functions, the problems of the
2D order polynomial functions are also valid for these functions except for the
topography. They still require accurate, numerous and evenly distributed GCPs.
The order of the 3D polynomial model, generally between one and three, [9]. The
following equations are used to express the general form of the polynomial models
in 3D case, [6]:

e 1% order (3D) polynomial.

X =a,+a; X +aY +azZ .. (7)
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y = bO +b1X+b2Y+b3Z ...(8)

e 2" order (3D) polynomial.
X=a,+a X +aY +azZ +a, XY +asXZ + agYZ + a; X? + agY?
+ aqZ? (9

Yy =by+ b X +byY +b3Z + by XY + bsXZ + bgYZ + by X? + bgY?
+ boZ? ..(10)

Where (X, y) are the image coordinates, (X, Y) are the ground coordinates and
(a, b) are the polynomial coefficients to be determined by the least square
adjustment, [6].

Direct Linear Transformation (DLT)

Direct Linear Transformation (DLT) model initially used by Abdel-Aziz and
Karara in 1971 for non metric cameras in close range photogrammetry and Novak
in 1997 for geometric correction of satellite images, [10]. The DLT model is the
transformation between the image pixel coordinate system and the object space
coordinate system as a linear function. It has been widely used in close-range
photogrammetry and can also be used for the satellite image geometric correction.
Actually, the DLT model is often used to derive the approximate initial values of
unknown parameters for the collinearity equations, [9, 11]. The model can be
expressed as, [3]:

LiX+ LY+ L Z+1L,
X =
LoX + LY + L1, Z + 1

- (11)

| LsX 4 LeY + LyZ + Lg
Y T LoX + LY + L Z + 1

- (12)

Where (x, y) are coordinates of a point in image space and (XY, Z) are
coordinates of same point in ground space and (L1, ..., L11) are transformation
parameters between two dimensional image space and the three dimensional object
space to be determined by least square adjustment with minimum of (6) GCPs, [3].

STUDY AREAS
Flat area

The first study area is chosen in Baghdad city in the middle of Irag. The area
has an elevation range of between (32-47 m), and can be considered as flat area.
The distribution of ground control points and check points have been shown in the
Figures (1) and (2) respectively.
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Figure (1) the first study area with GCPs
distribution.

Figure (2) the first study area with
CPs distribution.

Hilly area
The second study area is chosen in the center of Irbil city at the north of Irag.

This area has an elevation range of between (377-528 m), and can be considered as
hilly area. The distribution of ground control points and check points have been
shown in the Figures (3) and (4) respectively.



Eng. &Tech. Journal, Vol. !, Part (A), No.11, Accuracy Assessment of 2D and

Geometric Correction Models for
Different Topography in lrag

Figure (3) the second study area with
GCPs distribution.

Figure (4) the second study area with
GCPs distribution.

Mountain area
The third study area is chosen in Soran, Irbil city at the north of Irag. The area
has an elevation range of between (1450-3150 m), and can be considered as
mountain area. The distribution of ground control points and check points have
been shown in the Figures (5) and (6) respectively.
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Figure (5) the third study area with
GCPs distribution.

Figure (6) the third study area with
GCPs distribution.

RESULTS AND DISCUSSION

In this paper, different geometric correction mathematical models are applied
using three high resolution satellite Quick Bird images (panchromatic 0.6 m in
spatial resolution) of three different study areas, with respect to their topography
(flat area, hilly area and mountain area) in Irag. All the geometric models which are
used, utilized the ground control points GCPs in order to establish the
mathematical relationship between image and corresponding ground coordinates. A
total number of (46) GCPs were selected, well distributed over each of the three
study areas, (28) points were used as control points and the rest of them were
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considered as check points. The ground coordinates of all GCPs were collected
through the DGPS, type (Leica GPS SR20). The selection of GCPs targets is
accurate as more as possible. The (TRMSE) for GCPs and check points have been
calculated for all models in order to find the best model. All these models are
evaluated through the Matlab environment facilities, [12].

The geodetic parameters used in DGPS coordinates characteristics and the
images information can be given in Table (1), this information was used in all
methods.

Table (1) The Used Geodetic Parameters and Images Information.

Parameter QuickBird (1) | QuickBird (2) | QuickBird (3)
Image type panchromatic | panchromatic | panchromatic
Spatial Resolution 0.6m 0.6m 0.6m
Map Projection UTM UTM UTM
Datum WGS 84 WGS 84 WGS 84
Zone Number 38 38 38
Acquisition Date 2008 2008 2008
Measurement Method DGPS DGPS DGPS

The summary of results and TRMSE conclusion using the six models for the
three study areas can be illustrated in Table (2).

The results of this table show that the 2" Order 2D Polynomial and 2" Order
3D Polynomial models are the best models in the flat area while the 2" Order 3D
Polynomial and DLT models are the best models in the hilly and mountain areas
because the best accuracy is achieved with these models. Also In the flat area the
accuracy of 2D models is nearly similar to the accuracy of 3D models while in the
hilly and mountain areas the accuracy of 3D models is better than the accuracy of
2D models because 3D models take into account the effect of relief displacement
that occur in the hilly and mountain areas by including the elevation of GCPs (Z) in
its function. In the results of 2" Order 3D Polynomial and DLT models there is a
substantial stability of the error in the flat, hilly, and mountain areas. On the
contrary, in 2D Polynomial and Projection Transformation models, there is a linear
increase of TRMSE is found, passing from a flat area to more rugged terrains,
reaching a maximum value of about (0.8 pixel) for GCPs with a polynomial of first
order in the mountain area.

Table (2) The Summary of Results for The Three Study Areas.

TRMSE (pixel) TRMSE (pixel) TRMSE (pixel)
Model Flat Area Hilly Area Mountain Area
Control | Check | Control | Check | Control | Check
15t Order 2D
. 0.6042 0.6494 0.6914 0.7528 0.8003 0.8508
Polynomial
nd
2 0rder 2D | 5/a3 | 06153 | 06436 | 07025 | 0.7113 | 0.7875
Polynomial
Projective 0.5878 | 0.6337 | 0.6787 | 0.7206 | 0.7867 | 0.8467
Transformation
15t Order 3D 0.5903 0.6393 0.6441 0.7097 0.7239 0.7769
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Polynomial

2" Order 3D

; 0.5176 | 0.6085 | 0.5520 | 0.6282 | 0.5250 | 0.5976
Polynomial

Direct Linear

Transformation 0.5760 | 0.6281 | 0.5999 | 0.6427 | 0.5973 | 0.6406

CONCLUSIONS

1- The results of flat area indicate that the 2" order 2D polynomial and 2"
order 3D polynomial models are the best models, while in the hilly and
mountain areas the 2" order 3D polynomial and DLT are the best models
because the best accuracy is achieved with these models.

2- In the flat area the accuracy of 2D models is nearly similar to the accuracy
of 3D models while in the hilly and mountain areas the accuracy of 3D
models is better than the accuracy of 2D models because 3D models take
into account the effect of relief displacement that occurs in the hilly and
mountain areas by including the elevation of GCPs (Z) in its function.

3- In the results of 2" order 3D polynomial and DLT models there is a
substantial stability of the error in the flat, hilly, and mountain areas. On
the contrary, in 2D polynomial and projection transformation models, there
is a linear increase of TRMSE is found, passing from a flat area to more
rugged terrains, reaching a maximum value of about (0.8 pixel) with a
polynomial of first order in the mountain area.
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