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117 

 

 

 

 



118 

 

 

 



119 

 

 

 

 



120 

 

 

 

 

 

 

 

 

 

 

 

 

 



121 

 

 

 

 

 

 



122 

 

 

 

 

 

 

 

 

 

 

 



123 

 

 

 



124 

 

 

 

 

 



125 

 

187

321

yLxL

LyLxL
r

187

654

yLxL

LyLxL
c

 

 

111109

4321

zLyLxL

LzLyLxL
c

111109

8765

zLyLxL

LzLyLxL
r

m

i

n

j

ji

ijD YXacrP
0 0

2 ,



126 

 

rcL
zLyLxL

LzLyLxL
r 12

11109

4321

1

2
13

11109

8765

1
cL

zLyLxL

LzLyLxL
c

 

 



127 

 

 

(Toutin et al., 2002)

 

 

 

 

8765

4321

A ZA YA XA

A ZA YA XA
c

m

0i

n

0j

p

0k

kji
ijkD3 ZYXaXYZP



128 

 

 

m

0i

n

0j

p

0k

kji
ijk

m

0i

n

0j

p

0k

kji
ijk

D3

ZYXb

ZYXa

XYZR

ji

ji

ji

ji

ZYXP

ZYXP
c

ZYXP

ZYXP
r

),,(

),,(
,

),,(

),,(

4

3

2

1



129 

 

3
20

2
19

2
18

2
17

3
16

2
15

2
14

2
13

3
12

11
2

10
2

9

2
8765

4321,,

ZaZXaZYa

ZXaXaXYa

ZYaXYaYa

ZYXaZaXa

YaZXaZYaXYa

ZaXaYaaZYXPij

 



130 

 

T
1910

33

T
1910

33

T
1910

33

T
1910

33

)ddd()XYZYX1(

)ccc()XYZYX1(
c

)bbb()XYZYX1(

)aaa()XYZYX1(
r

B

r
j

B

rX

B

rY

B

rY

B

rZ

B

X

B

Y

B

X

B

Y

B

Z

B
vr

33331

D

c
k

D

cX

D

cY

D

cY

D

cZ

D

X

D

Y

D

X

D

Y

D

Z

D
vc

33331

T
19101910

T
1910

33

T
19101910

T
1910

33

)dddccc(k

)ddd()XYZYX1(D

)bbbaaa(j

)bbb()XYZYX1(B

cjcXcYcYcZXYZYXDvv

rjrXrYrYrZXYZYXBvv

cc

rr

)1(

)1(
3333'

3333'



131 

 

n

2

1

n

2

1

3
nnnn

3
nn

3
2222

3
22

3
1111

3
11

n

2

1

rn

2r

1r

r

r

r

B

1
00

00

0
B

1
0

00
B

1

j

XrZrXZ1

XrZrXZ1

XrZrXZ1

B

1
00

00

0
B

1
0

00
B

1

v

v

v

3
nnnn

3
nn

3
2222

3
22

3
1111

3
11

XrZrXZ1

XrZrXZ1

XrZrXZ1

M

n

2

1

r

B

1
00

00

0
B

1
0

00
B

1

w

n

2

1

r

r

r

R

0RWMMjWM 2
r

T2
r

T



132 

 

C

R

WO

OW

K

J

NO

OM

WO

OW

V

V

c

r

c

r

c

r



133 

 



134 

 

 

 

 

 

 

 

 

 

 

 

 



135 

 

 

 



136 

 

 

 



137 

 

 



138 

 



139 

 

 

 

 

 



140 

 

 

 

 



141 

 

 



142 

 

 

 

 



143 

 

 

 



144 

 

 



145 

 



146 

 

 



147 

 

 

 

 



148 

 



149 

 

 

)(5866.1min DEG )(8451.0min DEG

)(9179.33min DEG )(5875.33max DEG



150 

 

 

)(5866.1min Deg )(8451.0min Deg

)(9179.33min Deg )(5875.33max Deg



151 

 

 

 

 

 

 



152 

 

 

 

 

 

 

 

 

 



153 

 

 

 

8765

4321

azayaxa

azayaxa
X

10987654
2

3
2

2
2

1 bzbybxbyzbxzbxybzbybxbY



154 

 



155 

 

 



156 

 

)03333,054,2(10090CEE



157 

 

 

 

 



158 

 

 

S
E

T
5000

4



159 

 

 



160 

 

 



161 

 

 

 



162 

 

 

 

 

 

 

 

 

 

 

 

 



163 

 

 

 

 

 



164 

 

 

 



165 

 

 

 



166 

 

 

 

 

 

 

 

 



167 

 

 



168 

 

 

 

 



169 

 



170 

 

 

 



171 

 

 

 



172 

 

 

 



173 

 



174 

 

 



175 

 

 



176 

 

 

 

 

 

 

 

 

 

 

 

 

 



177 

 

 



178 

 



179 

 



180 

 

 

 

 



181 

 

 



182 

 

 



183 

 



184 

 

 



185 

 



186 

 

 



187 

 



188 

 



189 

 



190 

 

 



191 

 

 

(Muller and De Béthune, 2000)



192 

 

 



193 

 

 



194 

 

 



195 

 



196 

 



197 

 

 



198 

 



199 

 



200 

 

 

 

 
 
 

 
 

 
 
 
 

 
 
 
 
 

 

 



201 

 

 



202 

 



203 

 

 



204 

 



205 

 

 

 



206 

 

 

 

 



207 

 

 



208 

 

  

 

 



209 

 

 

(Boukerch and Bounour, 2006; Poli, 

2005; Poli and Toutin, 2012; Toutin et al., 2002)



210 

 

 

 



211 

 

 

V v

vV

V v

0

0

0

333231

232221

131211

0

0

zz

yy

xx

rrr

rrr

rrr

c

vv

uu



212 

 

))zz(r)yy(r)xx(r(c

))zz(r)yy(r)xx(r(vv

))zz(r)yy(r)xx(r(uu

033032031

0230220210

0130120110

)O(

333231

232221

131211
)O(

O/I
)I( v

rrr

rrr

rrr

vTv

))zz(r)yy(r)xx(r(

))zz(r)yy(r)xx(r(
cvv

))zz(r)yy(r)xx(r(

))zz(r)yy(r)xx(r(
cuu

033032031

023022021
0

033032031

013012011
0



213 

 

 



214 

 

 

 

 



215 

 

  

 

 



216 

 

 

Le système ligne de visée (RLOS) et les angles de vue 

 



217 

 

 

 



218 

 

 

 

       (33) 



219 

 



220 

 



221 

 

Ces quations de condition incluent 9 param tres d orientation interne et 24 param tres 

d orientation externe dont 6 l ments de Kepler, 9 param tres de position et 9 d attitude. 

 



222 

 



223 

 

 

 



224 

 

  

  



225 

 

 

654

321

LYLXLc

LYLXLr



226 

 

 



227 

 

. 

 



228 

 

 

 

 



229 

 

 



230 

 



231 

 

 



232 

 

 



233 

 

 



234 

 

 



235 

 

 



236 

 



237 

 



238 

 

 

.  



239 

 



240 

 



241 

 

 



242 

 

 

 

. 



243 

 



244 

 



245 

 

 



246 

 



247 

 



248 

 



249 

 



250 

 



251 

 



252 

 



253 

 



254 

 



255 

 



256 

 



257 

 



258 

 



259 

 



260 

 



261 

 

 

 



262 

 

 



263 

 

 



264 

 



265 

 

 

 



266 

 



267 

 

 



268 

 



269 

 



270 

 

 



1 23

Journal of the Indian Society of
Remote Sensing
 
ISSN 0255-660X
Volume 43
Number 1
 
J Indian Soc Remote Sens (2015)
43:11-17
DOI 10.1007/s12524-014-0380-x

Geometry Based Co-Registration
of ALSAT-2A Panchromatic and
Multispectral Images

I. Boukerch, M. Hadeid, R. Mahmoudi,
B. Takarli & K. Hasni



1 23

Your article is protected by copyright and

all rights are held exclusively by Indian

Society of Remote Sensing. This e-offprint is

for personal use only and shall not be self-

archived in electronic repositories. If you wish

to self-archive your article, please use the

accepted manuscript version for posting on

your own website. You may further deposit

the accepted manuscript version in any

repository, provided it is only made publicly

available 12 months after official publication

or later and provided acknowledgement is

given to the original source of publication

and a link is inserted to the published article

on Springer's website. The link must be

accompanied by the following text: "The final

publication is available at link.springer.com”.



RESEARCH ARTICLE

Geometry Based Co-Registration of ALSAT-2A Panchromatic
and Multispectral Images

I. Boukerch & M. Hadeid & R. Mahmoudi &
B. Takarli & K. Hasni

Received: 17 February 2014 /Accepted: 13 April 2014 /Published online: 12 July 2014
# Indian Society of Remote Sensing 2014

Abstract The co-registration of panchromatic and multispec-
tral images is an important task to obtain a good pan sharpened
images. Generally, co-registration can be realized by using
image-based or geometry-based methods. The geometry-
based method necessitates the understanding and the model-
ling of the imaging process. This paper describes a method for
co-registration of panchromatic andmultispectral images from
ALSAT-2A the first high resolution Algerian satellite. This
method, based on the analysis of the metadata provided by the
considered sensor, uses the time dependant collinearity con-
dition for rigorous camera modelling. Three experiments,
based on ALSAT-2A images, are performed. The first exper-
iment deals with calculating the exterior orientation parame-
ters (EOP) using the panchromatic image and applying them
for georeferencing the multispectral image. In the second
experiment; the panchromatic image is georeferenced by ap-
plying the model EOP calculated from the multispectral im-
age. The third experiment consists in using both images in a
bundle adjustment procedure for a higher accuracy. Sub pixel
positioning accuracy can be obtained using the model calcu-
lated using the panchromatic image only.

Keywords Rigorous geometric model . Georeferencing .

Co-Registration . ALSAT-2A

Introduction

ALSAT-2A is the first high resolution Algerian satellite. It has
five push broom sensors, one panchromatic and four multi-
spectral bands, namely blue, green, red and infrared. The
panchromatic (PAN) image is acquired with a spatial resolu-
tion of 2.5 m and a swath of 17.5 km at nadir. Multispectral
(MS) bands have a resolution of 10 m with the same swath.
ALSAT-2A takes images at an altitude of 680 km on a sun-
synchronous orbit with an orbital period of 98.2 min and an
orbital cycle of 29 days (ASAL 2011; Kameche et al. 2011).

The images are provided in two correction levels namely
radiometrically corrected level (1A) and geocorrected level
(2A). These images are provided separately as single band
image for PAN and four band images for MS sensor.

Level 1A images are radiometrically corrected by
performing detectors relative response equalization and radio-
metric abnormality removal. The PAN band and the MS band
B3 called the “reference band” are always geometrically raw,
all the measurements and the development of the model are
based on these bands. The other MS bands are shifted by an
integer number of lines to compensate band-to-bandmisalign-
ment, the shift value for each band is provided in the metadata.

Level 2A images are radiometrically corrected in the same
way as for level 1A images. They are registered and geocoded,
i.e. resample on a cartographic grid.

The pansharpening is the process of merging high-
resolution panchromatic and lower resolution multispectral
imagery. One of the key points to obtain spatially and spec-
trally enhanced image, through pansharpening, is the proper
co-registration of the different image datasets (Kapnias et al.
2008). Due to the focal plane configuration, the satellite
motion and the terrain topography a slight differences between
the PAN and the MS reference band are present which results
in a blurry pansharpened image (Kapnias et al. 2008;
Radhadevi et al. 2009).
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Co-registration can be achieved through image-based or
geometry-based methods (Radhadevi et al. 2009). As the
motion of the spacecraft is relatively uniform, the image-
based approach generally produces reasonable co-
registration in images over plain terrain, registration of two
images is achieved by identification of conjugate points
through matching with which a transformation is fitted to
rotate one with respect to the other (Radhadevi et al. 2009).
The geometric or photogrammetric methods are based on the
knowledge of the information about the camera, the satellite
and the imaging geometry. This method takes into account the
effect of the terrain height and the viewing angle to achieve
sub pixel accuracy in hilly areas (Hong and Zhang 2005;
Radhadevi et al. 2009).

When data with different resolution, obtained by the same
satellite at the same time is used Kapnias et al. (Kapnias et al.
2008) suggest that in order to obtain desired results, it is
essential that the same geometric model for orthorectification
is used for both the PAN and the MS raw image. The ground
control points (GCPs) used, should be exactly the same for
both PAN and MS images.

In this paper the co-registration of PAN and MS images of
ALSAT-2A using a rigorous geometrical model is studied.
Since both PAN and MS images are taken from the same
satellite pass; these images share the same EOPs but in differ-
ent times; the GCPs are measured and the EOPs are calculated
for the first image, its accuracy is checked using check points
(CP), then for the second image we use these EOPs in com-
bination with interior parameters of this image to georeference
it; the whole set of ground points is then back projected on this
image to estimate the accuracy of the used model. Also, the
determination of the exterior orientation parameters using
both images in a bundle adjustment way is tested. The higher
spatial resolution of the PAN image makes points measure-
ment easier. Instead of the usual workflowwhere the PAN and
MS images are orthorectified independently and the GCPs are
collected on both images; using this method a rigorous trans-
formation between the PAN and the MS images can be
established, and both images can be rigorously georeferenced
with GCPs measured only on the first image which reduces
the production time.

ALSAT-2A image’s Metadata

The metadata file gives the orbit, attitude and the camera
parameters. These metadata are given in a similar form as
for SPOT5, Formosat2 and THEOS metadata in DIMAP
format (Liu et al. 2010).

The orbit data are measured with a frequency of 1Hz. The
location and velocity vector are presented in the Earth
Centered Earth Fixed (ECEF). The attitude data are measured
with a frequency of 4Hz and presented as attitude quaternion

of the Attitude Orbit Control System coordinate system tied in
the spacecraft according to the Earth Centered Inertial coordi-
nate system J2000 (ASAL 2011).

The camera parameters are the instrument look angles in
the line of sight coordinate system provided in the form of
cubic polynomials with the bias angles, roll, pitch and yaw.
These angles define the line of sight reference frame orienta-
tion according to the AttitudeOrbit Control System coordinate
system (Fig. 1) (Liu et al. 2010).

Other important information for the geometric model that
are found in the metadata are reference line, reference time,
line period and the number of rows.

The main differences between the metadata of a multispec-
tral and panchromatic images are the reference time which is
the time of capture of the first image line, the Line Of Sight
(LOS) coefficients due to the difference in pixel size, the
position of detectors in the focal plane and the line period
which is the required time to record one line pixels.

ALSAT-2A rigorous geometric model

Before using high resolution satellite imagery for geographic
information systems or mapping applications, we must con-
sider their geometric aspect (Boukerch and Bounour 2006).

Several authors studied this problem. Generally there are
two categories of geometric models: physical and empirical
models (Toutin 2004; Poli and Toutin 2012). The empirical,
implicit or non parametric models can be used when the
parameters of the acquisition systems or a rigorous 3D phys-
ical model are not available. Since they do not reflect the
source of distortions (Toutin et al. 2002) these models repre-
sent the acquisition system as a mathematical transformation
(such as rational functions, 2D or 3D polynomials) between

Fig. 1 Line of sight reference frame (RLOS) and Ψx, Ψy the instrument
viewing angles
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object and image spaces. (Fraser 2003; Grodecki et al. 2003;
Toutin 2004; Poli 2005; Boukerch and Bounour 2006; Chen
et al. 2006).

The physical, also called rigorous or deterministic models
reflect the physical reality of the viewing geometry (platform,
sensor, Earth and sometimes map projection); generally with
optical imagery, these models are based on the well-known
collinearity equations (Chen et al. 2005; Ke and Wolniewicz
2005; Poli 2005; Jung et al. 2007; Weser et al. 2008; Liu et al.
2011; Topan and Maktav 2013). As Michalis and Dowman
(2008) mentioned, the pushbroom model is a kinematic mod-
el. Due to the dynamic nature of pushbroom imaging geom-
etry, each framlet has its own exterior orientation parameters
(EOP) and under the assumption that the images are acquired
with a pushbroom scanner using a constant time interval. A
time dependent collinearity equation can be developed
(Boukerch et al. 2013).

The Interior Orientation

The interior orientation parameters (IOP) are generally direct-
ly given in the sensor specifications as the principal point
position, focal length and distortions. The IOPs can also be
provided in an indirect way (such as SPOT5, ALSAT-2A,
THEOS), through the definition of two orthogonal viewing
angles for each pixel of the CCD array, which define a bundle

of rays between the projection centre and the pixel centres of
the CCD array (Weser et al. 2008).

The viewing angles Ψx and Ψy of each pixel in Line Of
Sight Coordinate System (LOSCS). These values are in the
form of cubic polynomials (Liu et al. 2010):

ψx ¼ x0 þ x1pþ x2p2 þ x3p3

ψy ¼ y0 þ y1pþ y2p2 þ y3p3

(
ð1Þ

Where xi and yi are the polynomial coefficients given in the
metadata file and p is the samples coordinate along the detec-
tor array.

The interior parameters as provided are defined in the
laboratory before the launch. The quality of IOP estimation
relies on the precision of the view angles modelled by cubic
polynomials, the compensation of errors in IOP can be
achieved via polynomial correction functions (Liu et al.
2011; Boukerch et al. 2013).

The Exterior Orientation and Model Implementation

A polar orbital satellite usually moves along a well-defined,
close-to-circular elliptical orbit. All scan line exposure stations
would therefore be constrained on this orbit path. For a short
arc, the assumption of a “two-body” orbit may be used. This
may be parameterized with six elements of a state vector or,
equivalently, six Kepler elements (Jung et al. 2007; Jeong
2008; Jeong and Bethel 2008).

Due to the agility the interpolated attitude from the given
start and end attitudewill be assigned for each scan line (Jeong
2008; Jeong and Bethel 2008).

Based on the analysis of the metadata provided with
ALSAT-2A, a rigorous pushbroom camera model was devel-
oped. This model has been successfully applied to many high
resolution imagery systems (Chen et al. 2005; Ke and
Wolniewicz 2005; Poli 2005; Chen et al. 2006; Jung et al.
2007; Weser et al. 2008).

The relation between points in ECEF to its projected
point in the image coordinate system can be expressed as
(Jeong 2008):

Pimg ¼ λMr Pgrd− MT
orb−ecef PK þ Pcð Þ� �� � ð2Þ

Zecef

Xecef

Yecef

i

Pk
Pgrd

Pimg

ZORB

YORB

XORB

Fig. 2 Geometric relationship between image and ground point

Table 1 Test data details

Dataset Date Along track viewing
angle (deg)

Cross track viewing
angle (deg)

Incidence
angle (deg)

GCP number CP number Height range (m)

Toulouse1 07 February 2011 0.396593 −8.785521 9.735630 11 11 133–230

Toulouse2 04 February 2011 5.577266 −15.432805 18.111511 10 12 146–222

Seville 02 February 2011 29.983273 −0.969 33.571822 12 13 003–136
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Where Pimg is the image coordinates vector, Pgrd is the
ground coordinates vector, PK is the vector from earth center
to satellite in the orbit plane, Morb-ecef is the rotation matrix
applied to ECEF coordinates to bring them parallel to the
orbital coordinates system, Pc is the position correction vector,
Mr is a rotation matrix from ECEF to the camera frame and λ
is a scale factor (see Fig. 2).

To relate image and ground coordinates by collinearity equa-
tions many coordinates systems are involved; a set of rotation
matrices must be set up to establish the relation between the
image coordinate system (ICS) to the ECEF (Crespi et al. 2007;
Boukerch et al. 2013; Topan and Maktav 2013).

The correction to the initial position and attitude happens in
the form of second order polynomial function of time
(Boukerch et al. 2012). The position correction will be includ-
ed in the model as Pc, the position correction vector. The
correction to the attitude is integrated as one of the set of
rotation matrices that allow the transfer from ECEF to the
LOSCS which is represented in equation (2) as Mr.

The developed model integrates nine interior orientation
unknowns to handle the errors in IOPs and 24 exterior orien-
tations unknown parameters: six Kepler elements, nine atti-
tudes and nine positions correction parameters. All the ap-
proximate values of the 33 unknown parameters may be

Fig. 3 Ground points distribution: a Toulouse1, b Toulouse 2, c Seville (■ for CP and ▲for GCP)

Table 2 RMSE results of georeferencing the multispectral image based on the model from the panchromatic image

Toulouse 1 Toulouse 2 Seville

Ex (pix) Ey (pix) Exy (pix) Ex (pix) Ey (pix) Exy (pix) Ex (pix) Ey (pix) Exy (pix)

GCP on PAN 0.257 0.545 0.282 0.454 0.757 0.477 0.658 0.796 0.344

CP on PAN 0.740 0.990 0.619 0.889 0.950 0.607 0.750 0.792 0.480

Points on MS 0.65 0.79 0.40 0.63 0.59 0.50 0.386 0.620 0.393
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derived from the information contained in the metadata
files provided with the imagery, technical specifications or
they are simply fixed to zero. The condition equation based
on Eq. 2 is linearized and solved using SVD in a least
square sense in order to correct the initial values using a
suitable number of well-distributed GCPs (Brovelli et al.
2008; Boukerch et al. 2013).

Results and Discussion

Test Data Description

The test data is composed of ALSAT-2A images with 1A
processing level. Each of the three datasets include a PAN
and MS images. The first and the second datasets covers
respectively the north and the south of Toulouse town in
the south west of France, and the third dataset is over the
town of Seville in the south of Spain. These dataset are
taken with different look angles, where their incidence
angles are 9.7, 18.1 and 33.6° respectively (Table 1).
Points of the first and the second datasets are selected
from the cadastral maps of Toulouse town with an accu-
racy of 50 cm using Géoportail 3D® mapping service.
The points over Seville area were collected from a topo-
graphic map at the scale of 1/25 000 for the horizontal
coordinates and the altitude is derived from a photo-
grammetric DTM of 5 m cell size and 1 m accuracy,
the map and the DTM are graciously supplied by the
Spanish National Center of Geographic Information
(CNIG) (see Fig. 3).

Experimental Results

Overview

A programwas developed inMATLAB to handle the rigorous
geometric modelling of ALSAT-2A images. This program
offers the possibility to change the orders of the correction
polynomials, also different sets of unknowns can be selected
and the others are fixed to their initial values. The model
parameters set used in this paper consider the correction of
four exterior elements i.e. Z, Ω, Φ and Κ by resolving 11
model unknowns. The translation along Z axis is corrected
using linear function of time (two unknowns). The attitude
parametersΩ,Φ andΚwhich are the rotations about X, Yand
Z axis respectively are corrected using second order polyno-
mials (three unknowns each). This set is optimal since it
provides a sub pixel accuracy using the minimum number of
unknowns (Boukerch et al. 2012).

In this study only 2D accuracy analysis is possible due to
the single image coverage. The check point accuracy is esti-
mated in 2D via a back projection of 3D check point coordi-
nates into image space using the adjusted orientation param-
eters. It is also possible to check the accuracy by the use of a
forward projection to an established height value in object
space (Liu et al. 2011).

First Experiment

The first experiment considers georeferencing the multispec-
tral (MS) image by using the model parameters calculated
from the panchromatic (PAN) image. Taking into consider-
ation the constant time delay between the PAN and MS

Table 3 RMSE results of georeferencing the panchromatic image based on the model from the multispectral image

Toulouse 1 Toulouse 2 Seville

Ex (pix) Ey (pix) Exy (pix) Ex (pix) Ey (pix) Exy (pix) Ex (pix) Ey (pix) Exy (pix)

GCP on MS 0.577 0.589 0.246 0.537 0.282 0.238 0.357 0.296 0.208

CP on MS 0.638 0.430 0.302 0.711 0.609 0.479 0.360 0.516 0.367

Points on PAN 0.59 0.52 0.27 2.644 1.760 2.011 1.092 2.113 1.429

Table 4 RMSE results of georeferencing the panchromatic and the multispectral image by simultaneously computed model

Toulouse 1 Toulouse 2 Seville

Ex (pix) Ey (pix) Exy (pix) Ex (pix) Ey (pix) Exy (pix) Ex (pix) Ey (pix) Exy (pix)

GCP on PAN 0.257 0.545 0.282 0.454 0.757 0.485 0.658 0.796 0.344

CP on PAN 0.740 0.990 0.620 0.889 0.951 0.608 0.750 0.792 0.480

GCP on MS 0.548 0.586 0.219 0.505 0.288 0.198 0.363 0.294 0.190

CP on MS 0.601 0.425 0.289 0.669 0.619 0.470 0.376 0.516 0.349
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images which can be obtained from the difference of reference
time of both images, the back projection of any ground point
to the MS image based on the model parameters calculated
previously is possible; here the MS image is rigorously
georeferenced without measuring points on it. The MS image
coordinates of the points after the back projection are then
compared to those measured in this image and the accuracy of
the georeferencing is estimated. The results of this experiment
can be found in Table 2.

Second Experiment

In the second experiment, the model parameters are calculated
from the GCPs measured on the MS image, and its accuracy is
obtained using CP. Then the ground points are back projected
to the PAN image using these model parameters and compared
to those measured on this image. The results are presented on
Table 3.

Third Experiment

The model parameters in the third experiment are obtained by
bundle adjustment of both PAN and MS images. The mea-
sured GCPs on the PAN and MS images are used at the same
time to compute the model. The ground and image coordi-
nates of the points are fixed as known elements to calculate the
optimal solution for the selected unknown set of the time
dependant geometrical model using both images simulta-
neously. Independent CPs is used to estimate the accuracy of
the calculated model. The results of this experiment are pre-
sented in the Table 4.

Discussion

The georeferencing accuracy using the rigorous geometrical
model of the PAN image in the first experiment gives subpixel
accuracy. The accuracy in the X direction is higher than Y; this
can be explained by the image capture mode which is a
pushbroom moving along the Y axis (Boukerch et al. 2013),
and the X direction is fixed by the IOPs. These calculated
trajectories with position and attitude correction parameters
(i.e. EOPs) provide subpixel accuracy when used for the
georeferencing of MS image for the three datasets. The model
calculated using the MS image has a slightly higher accuracy
(improved by less than 0.1 pixels) but when used for the PAN
image it gives a lower accuracy due to the lower resolution of
the MS image (2.5 m for PAN and 10 m for the MS). When
using both images measurements to calculate the geometric
model by bundle adjustment in the third experiment, we
obtain slightly higher accuracy for these datasets. But this
approach requires the measurement of GCPs on both images
to calculate the model which increases the production time.

Conclusion

This paper presents the results of using the rigorous geometric
model developed for ALSAT-2A (Boukerch et al. 2012) for
the co-registration of PAN and MS imagery. The parameters
integrated in the DIMAP metadata provided with the
ALSAT2-A permit the establishment of the relation between
the PAN and MS images coordinates through the constant
difference in reference time, and assuming that both images
share the same EOPs.

From the different experimentations, sub pixel accuracy is
obtained on the PAN andMS images using the rigorous sensor
model. In the classic workflow the orthorectification of PAN
andMS images is conducted independently. The simultaneous
model calculation in bundle adjustment approach of PAN and
MS images provides slightly higher accuracy than indepen-
dent approach, but both of these approaches (independent and
simultaneous bundle adjustment) involve the GCP measure-
ment on both PAN and MS images which increases the
production time.

The use of the PAN image to calculate the geometric model
for both images is a better solution since the GCP measure-
ment is done once only on PAN image. The high geometric
resolution makes the GCP identification and measurement
more convenient. The sub pixel accuracy using the model
calculated from PAN imagery permit to directly georeference
the MS image without GCP measurement which is not pro-
posed by any of the consulted commercial software solutions.
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Abstract.  The large surface of Algeria (about 2.38 Million Sq.Km) and the economical growth make 
difficult to keep up to date cadastral mapping using classic methods for surveying. In this situation 
we are obliged to look for an alternative to the aerial photographs and conventional survey 
methods.  

The very high resolution satellites have an important impact in the geoinformatic industry. By 
means of this technology, detailed maps in multiple scales can frequently and easily generated or 
updated from images with a gain in cost and time of operations. 

The Algerian Center of Space Techniques (CTS - Algeria) in collaboration with National Cadastre 
Agency (ANC- Algeria) develops a new approach to cadastre the large steppe and saharian 
regions. This approach uses the very high resolution satellite imagery (SPOT 5 Super mode) as 
main source for the parcel boundaries determination in the steppe which is characterized by very 
large agricultural and pastoral exploitation. Because of the very high cost of this operation a 
multiscale approach has been adopted to reduce the cost, the regions that will be covered by the 
very high resolution imagery is predeterminated as 40km around every town or village where the 
activity is higher, this gives a total of 500.000 Sq.Km to cover. The rest of the national territory will 
be covered by ETM+ enhanced images. 

This approach is adopted for the willaya (district) of “El Bayadh” in the west of Algeria with an area 
of over than 7 Million Hectare; this willaya is covered by 18 Scenes of Spot 5 Super mode (2.5m) 
and 8 ETM+ images (15m) which has been orthorectified. The final product is tested to meet the 
cadastral requirement. Finally the images are assembled into one mosaic with regularized colors. 
At the end a pseudo-natural color image is generated to help the user. 

 

Keywords: spatio-cadaster, cadastre, steppe, Sahara, SPOT5, Orthoimage.  

1 Introduction 

For socioeconomical and climatic reasons, the repartition of the population over the Algerian national 
territory has been always the source of many problems for the land management, generally, and for 
landed estate particularly. The National Cadastre Agency (ANC- Algeria) has make a choice for 
conventional survey methods (classical land survey and aerial photogrammetry), and particular scales 
(1/500, 1/1 000 for urban regions and 1/2 500, 1/5 000 for rural region) for the hard copy cadastral 
map edition, for the northern regions of Algeria this choice has been proved and gives a good 
productivity results, this is because these regions are characterized by the high population density and 
small parceling (less than 10 Hectares). But in the southern regions which are steppic and saharian 
and characterized by large pastoral and agricultural landed estate, oil fields and mining zones this 
choice is limited. 
The immensity of the territory to be cadastered and the non homogeneity of area of interest (urban, 
agricultural, industrial...) distribution, the cost and the limited time to complete the cadastral works, 
makes indispensable the adoption of a new strategy which take into account the last progress in the 
acquisition, manipulation and management of the geographic data. 
Our approach consist on the use of the high resolution (Landsat ETM+) the very high resolution 
(Spot5, quickbird, worldview) satellite imagery in a multi scale approach to help the Algerian Cadastre 
Agency to define the third blanket called “wide area cadastre”  to be added to the tow other existing 
types of cadastre which are “Urban cadastre” and “rural cadastre”. 
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2 History of spatial imagery 

The origin of remote sensing is the aerial imagery that allowed us to collect information about the 
ground surface without direct contact. The development of the acquisition (satellites and cameras) and 
the data manipulation technique has accelerated the evolution of the photogrammetry. 
Since the First World War, the use of the aerial photography has taken a considerable expansion. Its 
first civilian use was for archaeology end geology. The Cold War comes to open new perspectives 
because of the possibility to take images from a very high altitude (with development of the aviation) 
using new spectral domains other then visible band (development of electronics and new sensors and 
antenna). 
The remote sensing prove to many users the interest of observing earth from space, the first images 
supply an innovative data source for the meteorology, geology, oceanography and the cartography of 
the wide area phenomenon. Some characteristics such as a coverage which is wide, homogeneous 
and synoptic that this new technique offer permits the production of new documents that we can’t 
obtain using the aerial photography[Puis03]. 
The high resolution satellites appear at the beginning of the 70th such Landsat MSS with 80m 
resolution. The 2nd generation satellites appear in 1982 with Landsat TM of 30m resolution, SPOT XS 
of 20m resolution and HRV of 10 m resolution in 1986, this resolution was very sufficient for many new 
applications such as agriculture, forestry, environment..., but other domain of application such as 
urbanism and land administration require larger scale which involve higher resolution that remain 
monopolized for the military purpose. 
In September 1999, a new era comes with the lunch of IKONOS, the first civilian satellite able to 
supply images with 1m resolution, which make the satellite imagery a serious competitor to the aerial 
photography. After this date many others very high resolution satellites were lunched such EROS-A1 
in 2000, QuickBird in 2001 with 0.64m resolution and WorldView-1 at the end of 2007 with 0.5m 
resolution. 

3 Methodological approach 

3.1 Algeria’s steppic and saharian regions descript ion 

The Algeria’s steppe is located between isohyets 400mm to 100mm in the north and south. She had 
an area of 20 million hectares, between the southern boundary of the Tellian Atlas and the northern 
foothills of the Saharan Atlas in the south, divided administratively through eight steppic willayas 
(District) and 11 agro-pastoral willayas with a total of 354 municipalities. The climate varies from semi-
arid in the north to the arid in the south [Nedj2006]. 
Saharain zones cover over than 80% of the area of Algeria so approximately 2 million square 
kilometers, consists mainly of ergs, oases and mountains.  
The Algerian portion of the Sahara extends south of the Saharan Atlas for 1,500 kilometers to the 
Niger and Mali frontiers. The desert is an otherworldly place, scarcely considered an integral part of 
the country. Far from being covered wholly by sweeps of sand, however, it is a region of great 
diversity. Immense areas of sand dunes called areg (sing., erg) occupy about one-quarter of the 
territory. The largest such region is the Grand Erg Oriental (Great Eastern Erg), where enormous 
dunes two to five meters high are spaced about 40 meters apart. Much of the remainder of the desert 
is covered by rocky platforms called humud (sing., hamada), and almost the entire southeastern 
quarter is taken up by the high, complex mass of the Ahaggar and Tassili-n-Ajjer highlands, some 
parts of which reach more than 2,000 meters. Surrounding the Ahaggar are sandstone plateaus, cut 
into deep gorges by ancient rivers, and to the west a desert of pebbles stretches to the Mali frontier 
[Wiki2009]. 

3.2 Multiscale approach  

By the fact of steppic and saharian area morphologies, nature of details and human activity which are 
quasi-inexistent in the saharian region and poorly occupied in the steppic zones, in this kind of area 
distance between urban centers (cities) are very long and exceed one hundred kilometers in average, 
multi-scale/resolution approach is an appropriate way to the cadastre by spatiomapping (fig.1). 
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By this approach, we must consider regions of poor and intermediate parceling level by using 
homogeneous global high resolution image coverage like ALSAT1, ETM+, ASTER, differently of 
regions of highest parceling level. 
 

 

 
Fig. 1.  The multi-scale/resolution approach 

 
In this second case we have to use the very high resolution imagery, first SPOT5 super mode images 
with a resolution of 2.5m to cover regions where the human activity is present. This kind of images 
allows us to distinguish and measure parcels surface of at least 5 Hectares. 
In the case of existence of smaller parcels which is a limited case like periurban and some other areas 
of interest, the field survey is the optimal solution if the zone is limited; otherwise the orthoimage of a 
resolution more than 1m (Ikonos, Quickbird, Worldview…) is recommended. 

3.3 Multisource approach  

We have to manipulate heterogonous images (resolutions and sensor) and multisource data (digitized 
plans, photogrammetry plots, field surveys, and GPS). We consider in this approach the conjointly 
using of these data. 

3.4 Validation and control 

The choice of a standard for validating and controlling (QA/QC) affect directly the cost and the time 
consuming for the realization of cadastral operations. It must take into account the specifications of 
each country in term of nature of areas to be surveyed (size, details level), means and time allowed to 
the execution. 

3.5 Management and organization 

The insurance of the reliability of spatio-cadaster in steppic and saharian zones began with foresee an 
organizational aspect adapted to the specificity of this new technique. This new organization must take 
into account two important points: the staff and data. 
Concerning data, their structuring and management is primordial, through the judicious selection of 
metadata to be associated in order to be able to manage easily this mass of multisource data. 
Concerning the staff, a new production workflow must be established, thus a restructuration under the 
form of specialized team in such a way to guaranty a quality product with high efficiency. 
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4 Spatio-Cadastral mapping of EL BAYADH 

In the aim of achieving the cadastral works in the steppic and saharian regions, the district of EL 
BAYADH has been taken as test area to develop this new methodology that will be generalized for the 
entire national territory. 

4.1 Study area 

EL BAYADH is willaya (district) situated in the north west of Algeria (fig.2). The northern regions of this 
willaya are typically steppic and the southern regions are perisaharian and saharian in the extreme 
south. Its area is about 71500 Sq.Km including 22 communes. It is situated between λ=0°25’ west to 
λ=2°22’ and φ=30°41’ to φ = 34°27’. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 2.  EL BAYADH district situation 
 

4.2 Spatiomaps generation 

After several meetings with the essential organizations which play an important role in the geographic 
data Algerian market, Space Techniques Center / Algerian Space Agency (Scientific), National 
Cadastre Agency (User/Production), National Institute of Cartography and Remote Sensing 
(Production/Policy), it has been decided that an equivalent to 1 / 200 000 map scale as basic 
spatiomap will be produced. For this ETM+ at 14.25m resolution is used. The orthoimage at the 
resolution of 14.25m will be used for the pre-cadastral works in the north (steppic regions) and as a 
cadastral map in the south (saharian regions). 
For the populated area (zones of interest) mapping, it has been decided that all the area within a 
radius of 40 Kilometers around communal county town will be covered by a SPOT5 super mode color 
images at a resolution of 2.5m and equivalent to 1 / 10 000 map scale. 
 
The whole block consists of 18 SPOT5 images of 2.5m resolutions with overlaps between them, for 
the 1 / 10 000 mapping (fig.3a).  
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Fig. 3.      a. SPOT5 images block      b. ETM+ images block 
 
The orthorectification process of this block is accomplished using GEOVIEW the IGN-FI solution for 
spatial block adjustment via a physical geometric model [Fra03] [Tou02] and “Réference Alpha” which 
is a subset of a continental size orthoimage that has a high geometrical (positioning) quality.  
Under Geoview manual tie and control point’s collection is realized for the reason that a great part of 
this block presents relatively homogeneous texture. Also this software offers a very good color 
balancing possibilities to create a higher visual quality mosaics generated in pseudo-natural colors. 
Concerning the ETM+ coverage 8 images were used of L1G, after mosaic and color balancing 4 GPS 
points were used to improve the geometric quality of the mosaic (fig.3b). 

4.3 Control and validation of the product 

The obtained product was controlled, visual aspect in the first time (colors, details continuities between 
overlapping images) and in the second time the positioning accuracy. 
In this way and without any standards imposed for this kind of works in Algeria, we used NMAS 
standards used and tested in further works. 

4.3.1 Cartographic standards 
The choice of the standards was based on the results obtained on the work carried out on the 
commune of EL BAYADH, taking in consideration the specificities of the region (large area with poor 
details, means and the allowed time). In this context, we based our focus on the standards defined in 
“United States National Map Accuracy Standards” (NMAS); applied in USA. 
For the 1/10 000 scale suggested by the National Cadastre Agency in this study, this standard require 
a tolerance of CE90=8.47m [Cly62] [NMAS] [NSSDA]. 
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4.3.2 Orthoimage geometric quality assessment 
For this control we use the points determined by GPS field works. The field works were carried out 
conjointly by the Space Techniques Center and Cadastre Services of the willaya of EL BAYADH 
between the 27th April and 08 May 2009 and 67 points were observed.  
This test is based on a comparison between the coordinates of the observed points and the 
coordinates of the same points derives from the spatiomap Table 1 and Table 2. .  
For the spatiomap at scale 1/200 000 and 1/10 000; the statistical results are:  
 
Table 1. Accuracy obtained for ETM+ mosaic (17 GPS points). 
 

 Dx(m) Dy(m) Dr(m) 
Mean 32,636 -9,538 35,976 

RMS 11,768 14,499 14,210 

    

    

sigmamin/sigmamax 0,812   

CE90 30,494   

Max Scale 60028,247   
 
 
Table 2. Accuracy obtained for SPOT5 mosaic (62 GPS points). 
 

    
 Dx(m) Dy(m) Dr(m) 

Mean 0,812 2,585 4,270 
RMS 2,935 2,871 2,400 

    

sigmamin/sigmamax 0,978   

CE90 5,150   

Max Scale 6082,466   
 
Where Dx and Dy are respectively X and Y direction error, Dr is the radial error 
 

4.3.3 Discussion 
For the ETM+ orthoimage the mean error is 35.976m with 14.21m RMS, the σmin/σmax is 0.812 
which indicate that the error is close to circular (no bias in X nor Y dierection), CE90 indicator is 
30.494m which allow us to edit maps at max scale of 1 / 60 028. 
concerning the SPOT5 orthoimage the mean error is 4.27m with 2.4m RMS, the σmin/σmax is 0.978 
which indicate that the error is close to circular (no bias in X nor Y dierection), CE90 indicator is .15m 
which allow us to edit maps at max scale of 1 / 6083. 

4.4 Pseudo-natural color transformation 

The pseudo-natural color transformation is used to reconstitute an approximation of natural color 
visualization (green vegetation, brown soil …) using the original bands. 
As it is known SPOT 5 hasn’t the blue band, so the generated Ortho-image is in false colors, this 
product is not suitable for non professional user. This oblige as to try to find a methodology that allow 
us to present the final product in pseudo natural colors, this has been done by calculating a 
transformation between tow spaces, as input the false colors and output the natural color (fig.4). 
The final edition was based on the communal limits given by the National Institute of Cartography and 
Remote Sensing with 2 km buffer. 
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Fig. 4.  The original and pseudo-natural color image of SPOT5 

5 Conclusion 

The experience of EL BAYADH district was the proof that the spatial imagery can be used to 
accelerate the cadastral works, regarding to the time limitation and the large surface to be cadastered. 
Our methodology was very helpful for the Algerian National Cadastre Agency to define a new kind of 
cadastre called “wide area cadastre ” to be added to the tow other existing types of cadastre which 
are “urban cadastre ” and “rural cadastre ”. 
ETM+ and SPOT5 images were used to generate two types of digital color orthoimages at equivalent 
scales of 1 / 200 000 as base map and the delimitation of areas in the saharian regions, the second 
type of orthoimages is at equivalent scale of 1 / 10 000 to be used in a perimeter of 40Km around 
every communal county town in the steppe and the Sahara. 
In EL BAYADH district case of study 8 ETM+ (14.25m) enhanced images were used to generate a 
base spatiomap and 18 scenes of SPOT5 super mode images (2.5m) has been orthorectified and 
used to generate a color regularized mosaic and transformed to pseudo-natural color that allow the 
non accustomed (professional) users the possibility of direct interpretation which facilitate the use of 
this orthoimage. 
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This product is now used by the Cadastre Services of the willaya of EL BAYADH that give them global 
satisfaction. Also this methodology will be adopted by the Algerian National Cadastre Agency and 
generalized for the rest of 21 willayas of Algerian steppe and Sahara, this is equivalent to 2 million 
Sq.Km to be covered with ETM+ imagery and 500 000 Sq.Km with 2.5m. 
The standard used to control the geometric quality of the product was the United States National Map 
Accuracy Standards because of the lack of such standard in Algeria, for the future works a study for a 
national mapping standard definition must be done.  
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Abstract: The development of the society is directly related to the quality and the accessibility (large 
distribution) of maps, witch is considered as an important document in several sectors like natural 
resources exploitation, disaster management, commerce, transportation and many other social 
interactions are simplified if maps are updated, more detailed and widely distributed.  

Here, we review different methods that we used to orthorectify a SPOT 5 Super Mode very high 
resolution image of ORAN (ALEGERIA). In this application we tested seven geometric models for the 
orthorectification, and we deduce the applicability of different geometric models for the orthorectification 
of SPOT 5 images and the reachable accuracy. Finally to present this product for non professional user 
a pseudo natural colors transformation has been calculated, and a 1:25 000 spatiomap based on the 
SPOT 5 orthoimage was edited. 

 

Keywords:  Orthorectification, Geometric, Modelling, High resolution, SPOT 

1 Introduction 

In Africa, Algeria is at the 8th place, with a CDI (Cartographic Development Index) of 82.23. Only 350 
among 1852 mid-scale maps (1:25.000) exist. In this situation we are obliged to look for an alternative to 
the aerial photographs. The very high resolution satellites have an important impact in the geoinformatic 
industry. By means of this technology, detailed maps in multiple scales can be frequently and easily 
generated or updated from images with a gain in cost and time of the operations. 
Before, the only solution for medium and large scale maps production was by exploitation of the aerial 
photography, but at the end of 1999 the very high resolution satellite imagery is commercially available for 
civil applications, this product is becoming rapidly a real concurrent of the aerial photography. 
Many providers of very high resolution satellite images exist and they offer images with a ground sample 
distance (GSD) from 0.7 to 5 meters, Table 1 shows some very high resolution satellite and their 
characteristics: 
 
Table 1. Very high resolution satellites [6] 
 

Satellite Altitude Swath Revisit 
time 

GSD 

Spot 830 km 60 km 3-26 Day 5 - 2.5m 
Eros-a1   480 km 12.5km 3 Day 1.8m  
Orbview3  740 km 8 km 1-3 Day  1m 
Ikonos 680 km 11 km 1-3 Day 1m 
Quickbird 600 km 16 km 1-5 Day 0.61-2.4m 

 
This type of images gives us all the advantages of satellite imagery technology like revisit time, it hasn’t a 
geographical or political frontier and relatively low cost …, in the other hand different problems appear 
with this new technology such difficulty in the application of classic methods of classification, occlusion, 
shadow, textural characteristic of the objects is more important… 
All these problems are related to the extraction of information. Before the use of this information for GIS or 
mapping applications, we must consider the geometric aspect of this new satellite imagery technology. 
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This is equivalent to give an answer to the question “how the imaging system transforms the location of 
the pixels on the earth to the image?” (Fig.1). 
 

 
 
Fig. 1. Geometric modeling.  
 
Several authors were studied this problem, generally we have two categories of geometric models: 
physical and empirical models. The physical called also rigorous or deterministic models which reflect the 
physical reality of the viewing geometry (platform, sensor, Earth and sometimes map projection); generally 
in the optical imagery these models are based on the well-known collinearity condition, which can be 
considered for each image raw at any time, for the satellite scanner. The empirical, implicit or non 
parametric models can be used when the parameters of the acquisition systems or a rigorous 3D physical 
model are not available. Since they do not reflect the source of distortions [7], these models represent the 
acquisition system as a mathematical transformation between object and image spaces. 

2 Rational function model  

As an alternative for the physical model, 3D rational functions are widely used as a geometric model for 
very high satellite images, this approximation of physical model is given as a set of rational polynomials 
expressing the normalized row and column values, as a function of normalized geodetic latitude, 
longitude, and height [5], 
The rational function polynomial equations are defined as: 
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Where  c, r = image coordinates  
               X, Y, Z = object coordinates  
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The rational function polynomial equation numerators and denominators each are 20-term cubic 
polynomial functions of the form: 
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(2) 
 

 
Where  ai = polynomial coefficients 
 Y, X, Z = geodetic latitude, longitude, and height 
 
The parameter a1 for the denominators is equal to 1, in order to solve the RF coefficients (78 coefficients); 
at least 39 control points are required [3]. 
Space Imaging and DigitalGlobe provide with the image in TIFF format an ASCII file that contains the 
translation and scale factor used for coordinates normalization and the eighty coefficients. These RPC 
files (Rational Polynomial Coefficients or Rapid Positioning Capability) are used by the software that 
supports IKONOS and QUICKBIRD geometric model for georeferencing and the orthorectification. Some 
other software derives RPC's directly from ephemeris provided with the satellite images and uses the 
same orthorectification process as IKONOS or QUICKBIRD. 
These “intelligent”  polynomial  functions  reflect  then  better  the  geometry  in  both  axes and  reduce  
the  over-parameterization  and  the  correlation  between  terms [7]. 

3 Geometric models 

3.1 Direct Linear Transformation  

Direct Linear Transformation, known as DLT, it was developed in 1971 by Abdel-Aziz and Karara for 
close-rang photogrammetry applications. This model can also be used for image rectification [1]. 
The DLT represents a special case of the Rational Function Model, with first-degree polynomials and 
common denominators. It can be expressed as: 
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Where  c, r = image coordinates  
               X, Y, Z = object coordinates  
               L1…L11= DLT parameters 
 
With eleven parameters this model can be solved with 6 points   minimum. 

3.2 3D Affine Model 

This model can be use to express the relationship between object and image coordinates for scanners 
with a narrow AFOV (Angular Field Of View) and moving with constant-velocity and constant attitude [4]. 
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It has eight parameters: translation (two), rotation (three), and non-uniform scaling and skew distortion 
within image space (three). [C.S.Fraser & T. Yamakawa 2003]. 

3.3  Parallel Perspective Model 

Since the acquisition instruments are line scanning systems, a simplification of the DLT which limits the 
above equation to one line seems to be justified [8]. 
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This may be interpreted as if the image has the perspective projection in rows (scan line direction) and 
affine in columns (along-track). 

3.4 2D Affine model  

When the image area is flat, low-order polynomials can offer good results, in the case of 2D affine 
transformation the Z coordinate is set to 0 so the expression become: 
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3.5 Projective transformation 

This transformation describe the projectivity between tow plans [2].  
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The object plane and the image plane do not have to be parallel. 2-D DLT guarantees accurate plane- to-
plane mapping regardless of the orientation of the planes. The control points must not be collinear and 
must form a plane. [9]. 
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4 Experiments 

4.1 Overview  

The data used in this study is an image of Oran (Algeria) that was acquired at 10:50am local time on April 
24th, 2004. A subset has been taken over the area of ARZEW, this subset has a size of 5105*2825 pixels 
(Fig. 2.), the south of this district is relatively flat, and the northern zone is mountainous with an elevation 
range from 0 to 310 meters above mean sea level.  
A raster DTM used for the orthorectification was been generated form a digitalization of contours from a 
georeferenced map in 1/25 000 scale, and also 19 Points was been extracted from this map used as 
control and check points. 
 

 
 
Fig. 2. The sub-set over ARZEW. 

4.2 Tests and results 

The geometric models that we evaluate in this study are: DLT (Direct Linear Transformation), 3D Affine 
Model, Parallel Perspective Model, 3D SOPM (3D Second -Order Polynomial Model), First Order 3D RFM 
(Rational Function Model), Plan Projective Model and Plan Affine Model. 
The first test is realized with 11 control points and 8 check points (Table 2., Table 3.), although the low 
redundancy the 3D SOPM and first order RFM give best statistical results.    
 
Table 2. First test results for control points. 
 

 Xmax (pixel) Xmin (pixel) Xrms (pixel) Ymax (pixel) Ymin (pixel) Yrms (pixel) 

DLT 2.272 0.165 1.361 1.124 0.303 0.786 

3D Affine 2.448 0.171 1.252 2.110 0.057 1.212 

Parallel 0.841 0.104 0.540 2.110 0.057 1.212 

2nd Poly 0.472 0.024 0.264 0.260 0.013 0.145 

1st RFM 0.841 0.104 0.540 0.671 0.090 0.399 

2D Affine 4.978 0.522 2.715 2.260 0.188 1.530 

Plane Proj 3.354 0.099 1.540 2.509 0.136 1.475 
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Table 3. First test results for check points. 
 

 Xmax (pixel) Xmin (pixel) Xrms (pixel) Ymax (pixel) Ymin (pixel) Yrms (pixel) 

DLT 4.292 0.557 2.726 2.581 0.055 1.583 

3D Affine 3.209 0.393 1.796 2.876 0.256 1.627 

Parallel 3.692 0.091 1.862 2.876 0.256 1.627 

2nd Poly 1.958 0.151 1.362 2.718 0.214 1.486 

1st RFM 3.692 0.091 1.862 1.815 0.657 1.356 

2D Affine 4.665 0.070 2.729 2.421 0.166 1.567 

Plane Proj 3.979 0.513 2.666 2.719 0.154 1.543 
 
In the second test (Table 4.) we use all the 19 points as control points, the best RMS is given by 3D 
Second Order Polynomial model (0.7 pixel) and RFM, the projective parallel model gave 0.9 and 1.3 
pixels. 
 
Table 4. Second test results in pixel. 
 

 Xmax (pixel) Xmin (pixel) Xrms (pixel) Ymax (pixel) Ymin (pixel) Yrms (pixel) 

DLT 2.624 0.007 1.712 2.425 0.029 1.055 

3D Affine 2.853 0.080 1.460 2.701 0.183 1.316 

Parallel 2.160 0.049 0.928 2.701 0.183 1.316 

2nd Poly 1.527 0.014 0.711 1.523 0.012 0.659 

1st RFM 2.160 0.049 0.928 1.734 0.066 0.785 

2D Affine 4.797 0.288 2.643 2.984 0.054 1.466 

Plane Proj 3.127 0.018 1.672 2.925 0.120 1.526 

 
In the third test (Table 5.) we use the 19 control points, and same 19 points for check points but we set 
their elevation as 0, this give us an idea about the influence of z variation in the different models, in this 
test we deduce that the 3D Second-Order Polynomial model is very sensitive to the variation in elevation, 
the maximum displacement in points position is 41 and 59 pixels in x and y respectively; The RFM and the 
perspective parallel model gives 19 pixels in x direction but for y the first give 18 pixels and the second 7 
pixels for the same point. 
 
Table 5. Third test results for check points. 
 

 Xmax (pixel) Xmin (pixel) Xrms (pixel) Ymax (pixel) Ymin (pixel) Yrms (pixel) 

DLT 31.159 0.722 10.492 10.451 0.110 3.385 

3D Affine 18.931 0.039 5.549 7.206 0.0002 2.048 

Parallel 19.244 0.186 7.397 7.206 0.0002 2.048 

2nd Poly 41.233 0.011 14.849 59.698 0.452 20.468 

1st RFM 19.244 0.186 7.397 18.931 0.024 8.575 
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In the final test (Table 6.) we change the latitude and longitude of one of 19 points about 0°0’1” to study 
the ability of these models to detect the erroneous point; here we can see that all these models are able to 
detect the erroneous point. 
 
Another test with an error of 0°0’0.5” have been do ne, we note that only first order RFM and DLT permit to 
detect the erroneous point. 
 
Table 6. Last test results (Dmax is the maximum displacement and Derr is the displacement of the erroneous point). 
 

 Dmax (pixel) Dmin (pixel) Dmoy (pixel) Drms (pixel) Derr (pixel) 

DLT 4.773 0.642 2.035 0.903 4.7734 

Affine 3D 5.559 0.465 2.009 1.185 5.5593 

Parallel 4.265 0.556 1.707 0.902 4.2654 

2nd Poly 3.126 0.093 1.084 0.779 3.1261 

1st RFM 3.0591 0.3973 1.2868 0.7410 3.0591 

affine 2D 6.5793 0.8295 2.8315 1.6338 6.5793 

Plane Proj 4.0104 0.5819 2.0895 0.8902 4.0104 

 
Since the third order 3D FRM is the general case of all the precedent models, the module that calculate 
each model generate an equivalent RPC file by giving 0 to all the coefficient that must be removed , for 
example for the second order 3D polynomial all the coefficients of third order terms are set to 0. 
 
This file is loaded with the SPOT5 image as an IKONOS or QUICKBIRD image in images processing 
software that support these satellites models (RFM). 
 
Both 3D SOPM and first order RFM have been used to generate an orthoimage; a visual inspection and 
comparison with the map indicate that there is mismatch in some area (Figure 3.); at the time of 
digitalisation of the contours the coast line was set to 0 where the pier have an elevation of 10 meters, that 
let as thinking about the DTM precision. 
 

 
Figure 3. Superimposition with transparency of the map and orthoimage with 3D SOPM. 
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Another test have been done to observe the influence of the quality of the DTM on the final product; for 
this we translate all the check points by 10 meters in elevation and recalculate their planimetric positions 
(Table 7.) 
 
Table 7. Sensitivity of the 3D SOPM to the elevation error. 
 

 
3D SOPM RFM 

Original (pixel) 
After translation 

(pixel) Original (pixel) 
After translation 

(pixel) 
Max 3.1310 8.2803 3.7498 3.8288 
Min 0.9700 0.7391 0.6701 1.2872 

Mean 1.8364 3.1137 2.0109 2.5036 
RMS 0.7204 2.3351 0.9110 0.8094 

4.3 Pseudo-natural color transformation 

The pseudo-natural color transformation is used to reconstitute an approximation of natural color 
visualisation (green vegetation, brown soil …) using the original bands. 
 
As it is known SPOT 5 hasn’t the blue band, so the generated Ortho-image is in false colors, this product 
is not suitable for non professional user. This oblige as to try to find a methodology that allow us to 
present the final product in pseudo natural colors, this has been done by calculating (using least square 
method) a transformation between tow spaces, as input the false colors and output the natural color. 
 
The expression of this transformation is: 
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(8) 

 
NIR : Near Infra Red value. 
R = Red value. 
G =  Green value. 
PNCi = Pseudo-Natural Color (i = R,G,B). 
 
Since the red and green bands are original we need only to calculate the blue one, after a least square 
transformation we found the coefficients to estimate the blue bands: 
 

*G7.0*R095.0*NIR21.0PNCB +−−=  (9) 
 
This color transformation is realized under ERDAS modeler (Fig. 4.) 
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Fig 4. The workflow chart of the Pseudo-natural color transformation 
 
The resulted orthoimage is edited and presented in Fig. 5. 
 

 
 
Fig 5. A part of the pseudo-natural color orthoimage after edition. 
 

5 Conclusion 

This paper present the accuracy achievable using different geometric models to orthorectify SPOT 5 
image, we note that: 
 
The parallel projective model gave better results than the 3D affine and DLT model. 
The second order 3D polynomial and first order 3D RFM are better but we must have at least 10 and 8 
points uniformly distributed over the image. 
 The 2D affine and projective transformation gives an interesting since we haven’t to measure the 
elevation of the points and DTM. 
The second order 3D polynomial is the most sensitive to the variation in elevation so the DTM to be used 
must be more accurate. 
The pseudo-natural color transformation allows the non accustomed (professional) users the possibility of 
direct interpretation which facilitate the use of the orthoimage. 
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Future work will be focused on more detailed study for geometric modeling using large images and bundle 
adjustment. Since the obtained accuracy is interesting the use of this product for cadastral operations in 
large and desert regions is conceivable. 
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ABSTRACT 

The use of the national very high resolution space system Alsat-2A is a primordial task having a significant 
technological and economical interest assuring the strengthening autonomy in terms of availability and 
coverage in the satellite data.  Also it allows us to improve and update the base and thematic mapping 
throughout the national territory.  

Firstly, the characteristics of ALSAT-2A are presented, namely the images and the imaging system with a 
brief history of ALSAT program. 

Secondly, as a prerequisite, knowing the internal parameters is essentials to modelize the geometry of such 
imaging system. From metadata given by the images distributor and ground control points, several test are 
described and the results are presented.  

The test data are supplied by ASAL (Algerian Space Agency), the first dataset comprise a panchromatic 
image over the region of El Bayadh in the North West of Algeria equipped with nine GPS surveyed points. 
The second dataset is an along track stereoscopic panchromatic 1A level images over the town of sevilla in 
the south of Spain with 24 GCPs. 

Finally, a discussion on obtained results is dressed showing the geometric capability of ALSAT-2A.  

Keywords: ALSAT-2A, Pushbroom sensor, Dimap, rigorous model, accuracy. 

1. INTRODUCTION 
As part of the implementation of space applications projects in the National Space Program 2020 with the 
collaboration of all national users; the use of an Algerian very high resolution space system has a 
significant technological and economical interest, by reducing the use of international space systems 
products, thus reducing the projects costs. The launch of ALSAT-2A strength the autonomy in terms of 
availability and coverage in the satellite data. Alsat-2A also allows Algeria to improve and update the basic 
topographic and thematic mapping throughout the national territory. 

2. ALSAT PROGRAM 
The Alsat program is a family of Algerian satellites under the direction of the Algerian Space Agency 
(ASAL). 

Alsat-1 is the first Algerian micro-satellite for earth observation. Its main objective is the management of 
natural resources in Algeria. But it is also part of Disaster Monitoring Constellation (DMC), a series of five 
microsatellite launched as part of an international constellation to prevent natural disasters around the 
world. 

It was designed in collaboration with Surrey Space Centre (SSTL) in the UK and launched by a Cosmos-
3M launcher from the Russian base at Plesetsk in November 28th, 2002. Its orbit is sun synchronous and he 
was placed at an altitude of 700 km with an inclination of 98 °. 
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The first images from Alsat-1 were received December 17th, 2002, in the receiving ground station located 
in the National Centre of Spatial Techniques (CNTS), the images are provided in green, red and near 
infrared with 32 meters GSD and 600km swath. 

On February 2006, ASAL signed a contract with EADS Astrium for the construction of two satellites 
(Alsat-2A and Alsat-2B) forming part of the Alsat program. 

Alsat-2A will be integrated and tested with EADS Astrium in France with the participation of 29 Algerian 
engineers. These engineers will participate in the integration of Alsat-2B within the Satellite Development 
Center (CDS) in Oran (Algeria). 

3. ALSAT-2A  
Alsat-2A satellite was launched into orbit on 12 July 2010, from the launch site Sriharikota (India) by 
Indian PSLV-C15 launcher, at a nominal altitude of 680 km with an orbital inclination of 98.2 °[1] [2]. 

The ALSAT-2A has two sensors, panchromatic and multispectral in four bands namely blue, green, red and 
infrared. The panchromatic image is acquired with a spatial resolution of 2.5m and a swath of 17.5km at 
nadir. Multispectral bands have a resolution of 10m with the same swath. ALSAT-2A takes images at an 
altitude of 680km sun-synchronous orbit with an orbital period of 98.2 minutes and an orbital cycle of 29 
days [1] [2]. 

3.1 Alsat-2A images characteristics 

The images are provided into two correction levels namely Radiometrically Corrected level (1A) and Geo-
Corrected level (2A).  

Level 1A images are radiometrically corrected, performing detectors relative response equalization and 
radiometric abnormality removal. The PAN band and the MS band B3 called the “reference band” are 
always geometrically raw. The three other MS bands are shifted by an integer number of lines to 
compensate band-to-band misalignment. The MS band-to-band misalignment is due to the focal plane 
configuration and, consequently, to the delay between the acquisition of a given target on earth between the 
reference band and the three other bands. 

Level 2A images are radiometrically corrected, the same way as for level 1A images. They are registered 
and geocoded, i.e. resampled on a cartographic grid. 

An ALSAT-2A standard scene is a square (in pixels) portion of a segment, which corresponds to the image 
data acquired during a continuous time interval. The scene size is 7000 lines for the panchromatic mode 
and 1750 lines for a multi spectral mode and the overlap between scenes in the same segment is 1/25th of 
the scene size. 

The images are presented in DIMAP format where the main files are: a PDF file containing the main 
product metadata, IMAGERY.TIF contains the full resolution GeoTIFF image and METADATA.DIM 
contains the product metadata, under the XML format. The metadata are encoded using XML language. 
This flexible language allows breaking down data in semantic blocks and can be accessed by many parsers 
or navigators off-the-shelf. 

3.2 The metadata 

The metadata file contains the orbit, attitude and the camera parameters data. These metadata are similar to 
SPOT5, Formosat2 and Theos metadata [3]. 

The orbit data are measured with a frequency of 1Hz and are presented as a Time with a microsecond 
precision expressed in UTC time, the location vector in meters and in the Earth Centered Fixed (ECF) 
reference frame and the velocity vector in meters per second. 

The attitude data are measured with a frequency of 4Hz and are presented as attitude quaternion of the 
Attitude Orbit Control System reference frame tied in the spacecraft according to the ECI (J2000) reference 
frame. To compute J2000 referential to ITRF terrestrial referential rotation matrix, the U and V angels are 
also given in the metadata. 
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The camera parameters are the instrument look angles in the camera frame provided in the form of cubic 
polynomials, and the bias angles: roll, pitch and yaw, these angles define the camera frame orientation 
according to the Attitude Orbit Control System reference frame [3]. 

4. SENSOR ORIENTATION MODEL 
4.1 Overview 

Before using  the very high resolution imagery for GIS or mapping applications, we must, in first consider 
the geometric aspect of this satellite imagery product, this is equivalent to give a response to the question 
“how the imaging system transform the location of the pixels on the earth into the image?”. Figure 1. [4] 

 
Figure 1. Geometric modelling.  

 
Several authors studied this problem, generally we have two categories of geometric models: physical and 
empirical models. The physical called also rigorous or deterministic models which reflect the physical 
reality of the viewing geometry (platform, sensor, Earth and sometimes map projection); generally in the 
optical imagery these models are based on the well-known collinearity condition. The empirical, implicit or 
non parametric models can be used when the parameters of the acquisition systems or a rigorous 3D 
physical model are not available. Since they do not reflect the source of distortions [5], these models 
represent the acquisition system as a mathematical transformation between object and image spaces. [4] [6] 
[7] [8] [9]. 

4.2 ALSAT-2A sensor model 

Based on the analysis of the metadata provided with ALSAT-2A, the rigorous pushbroom camera model 
can be developed. This model has been successfully applied to many very high resolution imagery systems 
[10] [9] [11] [6] [12] [13]. 

The relation between points in an earth-centered coordinate system to its projected point in the image 
coordinate system can be expressed as: 

௜ܲ௠௚ ൌ ௥ܯߣ ቂ ௚ܲ௥ௗ െ ሾܯ௕் ௄ܲ ൅ ௖ܲሿቃ  (1) 

Where Pimg is the image coordinates vector, Pgrd is the ground coordinates vector, PK is the vector from 
earth center to satellite in the orbit plane, Mb is the rotation matrix applied to ECF coordinates to bring 
them parallel to the instantaneous satellite system, Pc is the position correction vector, Mr is a rotation 
matrix from ECF to the camera frame and λ is a scale factor. 
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The interior parameters can be estimated from the viewing angles Ψx and Ψy of each pixel in line of sight 
reference frame RLOS. These values are provided in the metadata in the form of cubic polynomials [3]: ቊߖ௫ ൌ ଴ݔ ൅ ݌ଵݔ ൅ ଶ݌ଶݔ ൅ ௬ߖଷ݌ଷݔ ൌ ଴ݕ ൅ ݌ଵݕ ൅ ଶ݌ଶݕ ൅  ଷ (2)݌ଷݕ

Where Ψx and Ψy are the viewing angles corresponding to the pointing directions of a detector in the 
RLOS frame, xi and yi are the polynomial coefficients given in the metadata file and p is the detector 
position. 

And the position of each pixel in the RLOS frame is expressed as: 

௅ܲைௌ ൌ ,௬൯ߖ൫݊ܽݐൣ െtanሺߖ௫ሻ, 1൧்
 (3) 

The image coordinates in the camera frame can be obtained from: ቈݓݒݑ቉ ൌ ݂ ௅ܲைௌ (4) 

Where u,v and w are the images coordinates in millimeters and f is the focal length which is 3249mm. 

The vector from earth center to satellite in the orbit plane PK in Eq. (1) is expressed as: 

௄ܲ ൌ ൥ 00ܴ௦൩ 

ܴௌ ൌ ܽሺ1 െ ݁ cos ሺܧሻሻ (5) 

Where a is the semi-major axis of the orbit, e is the eccentricity and E is the eccentric anomaly; the 
keplerian parameters that describe the orbital ellipse [15] are derived from the location and the velocity 
provided in the metadata.  

൥ܼܻܺ൩ ൌ ௕்ܯ ൥ 00ܴ௦൩  (6) 

So the ECF coordinates of the satellite can be obtained using PK and Mb which is constructed from three 
rotations applied to ECF axis to bring them parallel to the instantaneous satellite system (see Eqs. (6) and 
(5)). 

 

The obtained satellite coordinates are approximately correct; Pc in Eq. (1) represent the position correction 
vector is modeled as second order polynomials of time: 

௖ܲ ൌ ൥∆ܺ∆ܻ∆ܼ൩ ∆ܺ ൌ ଴ݔ ൅ ݐ∆ଵݔ ൅ ܻ∆ଶݐ∆ଶݔ ൌ ଴ݕ ൅ ݐ∆ଵݕ ൅ ܼ∆ଶݐ∆ଶݕ ൌ ଴ݖ ൅ ݐ∆ଵݖ ൅ ଶݐ∆ଶݖ   (7) 

The rotation matrix Mr in Eq. (1) is constructed from five rotations: ܯ௥ ൌ ௔்ܯ כ ௦௖்ܯ כ ఋ்ܯ כ ௘௣௛ଵ்ܯ כ ௝ଶ଴଴଴ூ்ோி்ܯ   (8) 

Where Mj2000ITRF is the J2000 referential to ITRF terrestrial referential rotation matrix; this matrix can 
be obtained using U and V values provided in the metadata by: 
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௝ଶ଴଴଴ூ்ோிܯ ൌ ൥ cos ܷ 0 sin ܷ0 1 0െ sin ܷ 0 cos ܷ൩ ൥1 0 00 cos ܸ െ sin ܸ0 sin ܸ cos ܸ ൩  (9) 

Meph1 in Eq. (8) is the rotation of the Attitude Orbit Control System reference frame tied in the spacecraft 
according to the ECI (J2000) reference frame at the time of the first point of the position/velocity data. In 
ALSAT-2A the capture of the position/velocity and the attitudes are not synchronized therefore we need to 
interpolate the attitude quaternion at the time of the first and the last position/velocity points, this is done 
using a cubic spline, and the rotation matrixes are calculated [14]. 

Mδ represent the variation of attitude when the point is observed since the time of the first position/velocity 
time in the ephemeris (see Eq. (8)), this matrix is obtained by a linear interpolation of the attitude angles 
between the first and the last position/velocity times: ܯ௘௣௛௡ ൌ ∆ܯ ௘௣௛ଵܯ∆ܯ ൌ ௘௣௛ଵ்ܯ௘௣௛௡ܯ ∆ܯ  ൌ ܴ∆௬௔௪ܴ∆௣௜௧௖௛ܴ∆௥௢௟௟ 
݈݈݋ݎߜ ൌ ቆ ∆ೝ೚೗೗೟೐೛೓೙ష೟೐೛೓భቇ௧೛೙೟ି௧೐೛೓భ ݄ܿݐ݅݌ߜ   /    ൌ ቆ ∆೛೔೟೎೓೟೐೛೓೙ష೟೐೛೓భቇ௧೛೙೟ି௧೐೛೓భ ݓܽݕߜ  /      ൌ ቆ ∆೤ೌೢ೟೐೛೓೙ష೟೐೛೓భቇ௧೛೙೟ି௧೐೛೓భ ఋܯ (10)   ൌ ܴఋ௬௔௪ܴఋ௣௜௧௖௛ܴఋ௥௢௟௟ 
Where teph1 is the time at the first point, tephn is the time at the last point, tpnt is the time of the ground 
point observation and this time is obtained by: ݐ௣௡௧ ൌ ௟ଵݐ ൅ ሺ݈ כ  ௣ሻ (11)ݐ

Where tl1 is the reference time, the time when the first image line is observed, tp is the line period, it’s the 
time of observation of one line; these values are provided in the metadata and l is the line of the points on 
the image in pixel. 

Msc (see Eq. (8)) is obtained from bias angles in the metadata and define the camera frame orientation 
according to the Attitude Orbit Control System reference frame. 

Ma is the attitude correction matrix, the rotation matrix obtained from quaternion is approximately correct; 
a correction for the attitude is modeled as second order polynomials of time (see Eq. (8)): ∆߱ ൌ ߱଴ ൅ ߱ଵ∆ݐ ൅ ߱ଶ∆ݐଶ∆߮ ൌ ߮଴ ൅ ߮ଵ∆ݐ ൅ ߮ଶ∆ݐଶ∆ߢ ൌ ଴ߢ ൅ ݐ∆ଵߢ ൅ ଶݐ∆ଶߢ  

௔ܯ ൌ ܴ∆఑ܴ∆ఝܴ∆ఠ (12) 

The basic relation that describes the imaging system (Eq. (1)) can be rearranged as: ቈݓݒݑ቉ ൌ ߣ ൥ ܷܹܸ ൩ 

௫ܨ ൌ ݑ െ ݓ ௎ௐ ൌ ௬ܨ0 ൌ ݒ െ ݓ ௏ௐ ൌ 0 (13) 

This equation is solved by the iterative least square method where the unknown parameters are the 
keplerian orbital parameters as well as the position and attitude correction polynomial coefficients. 
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5. EXPERIMENTAL TEST DATA 
The test data are supplied by Algerian Space Agency (ASAL), the first dataset comprise a panchromatic 
image over the region of El Bayadh in the North West of Algeria with two correction level 1A and 2A; this 
image is recorded on 07 February 2011 with viewing angles of 9.006 and -11.802 degrees cross and along 
track respectively; the metadata contains four position/velocity observations and sixteen attitude quaternion 
observations. This image is equipped with nine GPS surveyed points. 

The second dataset is an along track stereoscopic panchromatic 1A level images over the town of sevilla in 
the south of Spain, recorded on 02 February 2011 with viewing angles of -0.969 and 29.983 degrees cross 
and along track respectively for the first image and -0.958 and -30.0387 for the second one. 23 GCPs over 
this area are collected from a topographic map at the scale of 1/25 000 for the horizontal coordinates and 
the altitude is derived from a photogrammetric DTM of 5m cell size and 1m accuracy, the map and the 
DTM are graciously supplied by the Spanish National Center Of Geographic Information (CNIG). 

6. RESULT AND DISCUSSION 
Since ALSAT-2A images are a new products, first we tested the absolute accuracy of the two correction 
level on the first dataset, the results are listed in Table 1: 

Table 1. Absolute accuracy for the 1A and 2A level products 

  Dx (m) Dy (m) Dd (m) 

1A Mean 165.21 370.31 405.69 

RMS 10.98 36.90 36.05 

2A Mean 153.80 315.62 351.32 

RMS 14.00 32.98 33.42 

 

Form this table it can be seen that the mean is very high relatively to the RMS, so a bias is present on this 
images. The 2A level images are dedicated to the end users and a better the geometric accuracy can be 
achieved if the bias is eliminated, for this an affine transformation is performed and the results are 
presented in Table 2: 

Table 2. Accuracy after bias elimination 

  Dx (m) Dy (m) Dd (m) 

2A Mean 0 0 28.45 

RMS 14.00 32.98 19.60 

 
After the bias elimination the product accuracy is improved and 19.6m accuracy can be achieved. 

The 1A level is a product intended for photogrammetric use. The second dataset is used to experiment the 
developed rigorous model and the stereoscopic capability of ALSAT-2A imagery, for this we experiment 
the parameters choice, since the model has 24 parameters, and then we test the required number of points to 
get the best accuracy. In the next tests every image is oriented independently using GCPs and the points 
coordinates are generated in 3D using both images. 

Table 3 shows the obtained accuracy with different sets of parameters using 14 Ground Control Points and 
9 Check Points: 
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X Y Z X Y Z 

All parameters 43.24 76.03 170.29 38.88 81.38 84.86 

Orbital parameters only 3674.40 9944.10 9154.00 3338.60 9117.20 8405.70 

Trans and rot parameters 2.99 3.59 3.68 4.54 3.31 3.65 

Translations only in 2nd order 2810 19343 15378 1313 18775 14121 

Translations only in 1st order 2757.40 8027.90 8312.10 2397.50 7220.40 7500.10 

Rotations only in 2nd order 2.40 1.74 1.53 3.73 3.47 1.72 

Rotations only in 1st order 2.34 2.87 3.18 3.54 4.42 3.31 

Constant rotation only 248.40 508.96 582.24 221.60 446.39 517.47 

 
The set of all the parameters as adjustable gives bad results due to the high correlation existing between the 
parameters and the high number of parameters relatively to the used GCPs. The use of the Orbital 
parameters or a polynomial correction of translations only provide a very high residuals, this can be 
interpreted as (regarding to the rotation correction results) a lack of precision in the angular measurements 
provided in the metadata. 

 The use of the correction polynomials on attitude parameters in first or second order yield to improved 
results, it is remarkable also that the second order polynomials correction provide an improved altimetric 
accuracy. 

For the next test, about the GCPs number, we maintain two parameters sets, the attitude correction 
polynomials in first and second order as well as the attitude correction polynomials with adjustable orbital 
parameters.  

In this test, 16 points are used as GCP and 7 points are used as check points. Table 4 present the results of 
this test: 

Table 4. Influence of the points number on the two parameters sets accuracy 

 

N° 
GCP 

Rotations only in 1st order Rotations only in 2nd order 

RMSE r 
(m) 

RMSE 
Z (m) 

σmin/σm
ax CE90 RMSE r 

(m) 
RMSE 
Z (m) 

σmin/σm
ax CE90 

16 3.24 2.49 0.61 6.96 2.89 1.69 0.97 6.20 

14 3.16 2.63 0.61 6.77 2.78 1.92 0.97 5.97 

12 3.35 2.57 0.66 7.19 2.96 2.12 0.92 6.34 

10 3.31 2.60 0.75 7.10 2.99 2.18 0.93 6.42 

8 3.37 2.42 0.72 7.23 3.18 2.44 0.98 6.82 

6 3.47 2.69 0.71 7.44 3.68 2.53 0.65 7.90 

4 3.39 3.03 0.65 7.27 / / / / 

Table 3. Accuracy using different sets of parameters 

Used parameters RMS of residuals on GCP (m) RMS of residuals on CP (m) 
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Figure 2. Horizontal and vertical residuals for the two parameters sets 

 

With 4 GCPs, 3.24m horizontal and 2.49m vertical accuracy can be achieved using first order polynomials 
correction of attitudes; a higher number improve sensitively the vertical accuracy while there is no 
significant change in the horizontal accuracy. 

Using 6 GCPs the second order polynomials correction of attitudes can be estimated and provide a similar 
accuracy to the first order, a higher accuracy can be achieved by introducing more GCPs. Finally using 16 
GCPs we can attain 1.69m in vertical and 2.89m in horizontal which is equivalent to 1.16pixel. 

7. CONCLUSION 
This paper presents a study on geometric quality of ALSAT-2A, the level 2A of the images provide 33.42m 
RMSE with a bias of 351.32m an affine transformation using 4 GCPs can improve this RMSE to 19.6m. 
The 1A level is a product intended for photogrammetric use, the analysis of the metadata provided with this 
level of image product permit to develop a rigorous sensor model for ALSAT-2A. 

Based on the time dependant colinearity equation a rigorous geometric model is developed and tested on 
sevilla town dataset, the use of a second order polynomials correction of attitudes provide an 1.69m in 
vertical and 2.89m in horizontal accuracy. 

The accuracy potential of ALSAT-2A images is investigated, nevertheless, a more detailed study must take 
in consideration, different terrain types, point number and distribution, self-calibration, different look 
angles and images strip. 
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ABSTRACT: 
 
The exploitation of the full geometric capabilities of the High-Resolution Satellite Imagery (HRSI), require the development of an 
appropriate sensor orientation model. Several authors studied this problem; generally we have two categories of geometric models: 
physical and empirical models. 
Based on the analysis of the metadata provided with ALSAT-2A, a rigorous pushbroom camera model can be developed. This model 
has been successfully applied to many very high resolution imagery systems. The relation between the image and ground coordinates 
by the time dependant collinearity involving many coordinates systems has been tested. The interior orientation parameters must be 
integrated in the model, the interior parameters can be estimated from the viewing angles corresponding to the pointing directions of 
any detector, these values are derived from cubic polynomials provided in the metadata. The developed model integrates all the 
necessary elements with 33 unknown. All the approximate values of the 33 unknowns parameters may be derived from the 
informations contained in the metadata files provided with the imagery technical specifications or they are simply fixed to zero, so 
the condition equation is linearized and solved using SVD in a least square sense in order to correct the initial values using a suitable 
number of well-distributed GCPs. 
Using Alsat-2A images over the town of Toulouse in the south west of France, three experiments are done. The first is about 2D 
accuracy analysis using several sets of parameters. The second is about GCPs number and distribution. The third experiment is about 
georeferencing multispectral image by applying the model calculated from panchromatic image.  
 
 

1. INTRODUCTION 

Alsat-2A satellite was launched into orbit on 12 July 2010, from 
the launch site Sriharikota (India) by Indian PSLV-C15 
launcher. It has five push broom sensors, panchromatic and 
multispectral in four bands namely blue, green, red and infrared. 
The panchromatic image is acquired with a spatial resolution of 
2.5m and a swath of 17.5km at nadir. Multispectral bands have 
a resolution of 10m with the same swath. ALSAT-2A takes 
images at an altitude of 680km on a sun-synchronous orbit with 
an orbital period of 98.2 minutes and an orbital cycle of 29 days 
(ASAL, 2011; Kameche et al., 2011). 
 
As part of the implementation of space applications projects in 
the National Space Program 2020 with the collaboration of all 
national users;the use of an Algerian very high resolution space 
system has a significant technological and economical interest, 
by reducing the use of international space systems products, 
thus reducing the projects costs(Boukerch et al., 2012) 
 
Before using HRSI for GIS or mapping applications, we must, 
in first consider the geometric aspect of this satellite imagery 
product, this is equivalent to give a response to the question 
“how the imaging system transform the location of the pixels on 
the earth into the image?” (Boukerch and Bounour, 2006). 
 
Several authors studied this problem; generally we have two 
categories of geometric models: physical and empirical models. 
The empirical, implicit or non parametric models can be used 
when the parameters of the acquisition systems or a rigorous 3D 
physical model are not available. Since they do not reflect the 

source of distortions (Toutin et al., 2002) these models represent 
the acquisition system as a mathematical transformation (such 
as rational functions, 2D or 3D polynomials) between object 
and image spaces. (Boukerch and Bounour, 2006; Chen et al., 
2006; Fraser, 2003; Grodecki et al., 2003; Poli, 2005; Toutin, 
2004).  
 
The physical called also rigorous or deterministic models 
reflects the physical reality of the viewing geometry (platform, 
sensor, Earth and sometimes map projection); generally in the 
optical imagery these models are based on the well-known 
collinearity condition (Chen et al., 2005; Jung et al., 2007; Ke 
and Wolniewicz, 2005; Liu et al., 2011; Poli, 2005; Weser et al., 
2008). As (Michalis and Dowman, 2008) mentioned, the 
pushbroom model is a kinematic model; Due to the dynamic 
nature of pushbroom imaging geometry, each framlet has its 
own exterior orientation parameters (EOP) and under the 
assumption that the images are acquired with a pushbroom 
scanner using a constant time interval. A time dependent 
collinearity equation can be developed. 
 
There are two approaches for the EOP modelling (Jeong and 
Bethel, 2008; Kim and Dowman, 2006; Liu et al., 2011; 
Michalis and Dowman, 2008; Poli, 2005; Weser et al., 2008). 
The approach used in this study is to use the satellite orbital 
parameters (or position and velocity) and attitude angles as 
model parameters; the compensation of systematic errors 
inherent in vendor-supplied orientation data is achieved through 
a least squares sensor orientation adjustment, which 
incorporates additional parameters for bias compensation and 
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employs a modest number of ground control points (Liu et al., 
2011). 
 
The interior orientation parameters (IOP) are generally directly 
given in the sensor specifications as the principal point position, 
focal length and distortions. The IOPs can also be provided in 
indirect way (such for SPOT5), through the definition of two 
orthogonal viewing angles for each pixel of the CCD array, 
which define a bundle of rays between the projection centre and 
the pixel centres of the CCD array (Weser et al., 2008). In a 
similar way THEOS, ALSAT-2A and other platforms represent 
the IOPs through view angle values that are provided in the 
metadata for each detector in the CCD array in the form of 
cubic polynomials (Liu et al., 2011). 
 
 
 

2. ALSAT-2A AUXILIARY DATA 

 
The metadata file give us the orbit, attitude and the camera 
parameters data. These metadata are similar to SPOT5, 
Formosat2 and Theos metadata (Liu et al., 2010) 
 
The orbit data are measured with a frequency of 1Hz and are 
presented as a Time with a microsecond precision expressed in 
UTC time. The location vector is in meters in the Earth 
Centered Fixed (ECF) reference frame and the velocity vector 
in meters per second. The attitude data are measured with a 
frequency of 4Hz and presented as attitude quaternion of the 
Attitude Orbit Control System reference frame tied in the 
spacecraft according to the ECI (J2000) reference frame. To 
compute J2000 referential to ITRF terrestrial referential rotation 
matrix, the U and V angels are also given in the metadata 
(ASAL, 2011). 
 
The camera parameters are the instrument look angles in the 
camera frame provided in the form of cubic polynomials with 
the bias angles: roll, pitch and yaw. These angles define the 
camera frame orientation according to the Attitude Orbit 
Control System reference frame (Liu et al., 2010). 
 
Other important information for the geometric model can be 
found in the metadata which are the reference line, reference 
time, line period and the number of rows. Also Yaw, Pitch and 
Roll angles that define the line of sight reference frame 
orientation according to the Platform coordinate system. 
 
 

3. RIGOROUS SENSOR ORIENTATION MODEL 

 
A polar orbital satellite usually moves along a well-defined 
close-to-circular elliptical orbit. All scan line exposure stations 
would therefore be constrained on this orbit path. For a short 
arc, the assumption of a “two-body” orbit may be used. This 
may be parameterized with six elements of a state vector or, 
equivalently, six Kepler elements (Jeong and Bethel, 2008; 
Jeong, 2008; Jung et al., 2007) 
 
The initial sensor attitude can be assumed as a nadir looking but 
due to the agility, an interpolation between the start and the end 
attitudes is more appropriate, so, for each scan line, the 
interpolated attitude from given start and end attitude will be 
assigned (Jeong and Bethel, 2008; Jeong, 2008).  
Based on the analysis of the metadata provided with ALSAT-
2A, a rigorous pushbroom camera model can be developed. 

This model has been successfully applied to many very high 
resolution imagery systems (Chen et al., 2006, 2005; Jung et al., 
2007; Ke and Wolniewicz, 2005; Poli, 2005; Weser et al., 
2008). 
 
The relation between points in an earth-centered coordinate 
system to its projected point in the image coordinate system can 
be expressed as (Boukerch et al., 2012; Jeong, 2008): 
 
 

���� � ��� 	���
 � ��
�������
� ��� � �����  (1) 

 
 
Where Pimg is the image coordinates vector, Pgrd is the ground 
coordinates vector, PK is the vector from earth centre to satellite 
in the orbit plane, Morb-itrf is the rotation matrix applied to ECEF 
coordinates to bring them parallel to the orbital coordinates 
system, Pc is the position correction vector, Mr is a rotation 
matrix from ECEF to the camera frame and λ is a scale factor 
(see Figure 1). 
 

 
Figure 1.  Geometrical relationship between image and ground 

points. 
 
 

4. TEST DATASET  

 
The dataset is composed of panchromatic images of 1A 
processing level over Toulouse town in south west of France. 
The first image is taken on 07 February 2011 with viewing 
angles of -8.785521 and 0.396593 degrees cross and along track 
respectively. This image is equipped with 27 points; the second 
image is taken on 04 February 2011 with viewing angles of -
15.432805 and 5.577266 degrees cross and along track. The 
terrain is relatively flat with elevations are between 130 to 250 
m. This image is equipped with 22 points collected from 
cadastral plans of Toulouse town using Géopotail 3D mapping 
service. 
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Figure 2.  Toulouse images and GCPs distribution. 

 
 

5. EXPERIMENTAL RESULTS 

 
In this study only 2D accuracy analysis is possible, due to the 
single image coverage. The check point accuracy is estimated in 
2D via a back projection of 3D check point coordinates into 
image space using the adjusted orientation parameters. It is also 
possible to check the accuracy by the use of a forward 
projection to an established height value in object space(Liu et 

al., 2011). 
 
5.1 2D accuracy analysis 

The first georeferencing experiment is about 2D accuracy 
analysis using the Toulouse dataset. in this test eleven well 
distributed GCP’s on each image are used to estimate several 
sets of parameters, the remaining points are considered as check 
points. 
 
The developed model based on eq. 1 uses second order 
polynomial function of time for the modelling of the errors in 
the position and the attitude of the satellite. The developed 
program offers the possibility to changing the orders of the 
polynomials, so different sets of variables are tested in this 
experiment. In the tables 3 and 4 we denote by X Y Z the 
translations parameters, Ω Φ Κ the rotations about X Y Z axis 
successively and the number represent the order of the 
polynomial. 
 

Used 
parameters 

RMS of residuals 
on GCP (pixel) 

RMS of residuals 
on CP (pixel) 

X Y X Y 
X Y Z Ω Φ 

K 
10.456 14.162 10.308 10.199 

X2 Y2 Z2 
Ω2 Φ2 K2 

0.335 0.669 0.646 0.766 

X2 Y2 Z2 2.699 0.795 1.574 0.819 
Ω2 Φ2 K2 0.326 3.687 0.702 2.598 
X2 Y2 Z2 
Ω Φ K 

1.425 0.739 0.919 0.860 

X Y Z Ω2 
Φ2 K2 

0.306 1.194 0.676 0.893 

X2 Y2 Z2 
K2 

0.328 0.799 0.701 0.813 

Z2 Ω2 Φ2 
K2 

0.329 0.805 0.702 0.809 

Z1 Ω2 Φ2 
K1 

0.340 0.803 0.689 0.812 

Z1 Ω2 Φ2 
K 

1.612 0.802 0.959 0.808 

Z  Ω2 Φ2 
K 

1.611 1.240 0.959 0.906 

Z1 Ω2 Φ2 
K2 

0.329 0.803 0.702 0.810 

Z  Ω2 Φ2 
K2 

0.330 1.240 0.704 0.907 

Z  Ω2 Φ2 
K1 

0.341 1.241 0.688 0.909 

Z  Ω1 Φ2 
K1 

0.4540 9.4277 0.7737 7.1067 

Z  Ω2 Φ1 
K1 

1.5293 0.8036 1.4103 0.8126 

 
Table 3. Results for different sets of parameters using the first 

Toulouse image. 
 

Used 
parameters 

RMS of residuals 
on GCP (pixel) 

RMS of residuals 
on CP (pixel) 

X Y X Y 
X Y Z Ω Φ 

K 
7.982 5.465 3.321 3.460 

X2 Y2 Z2 
Ω2 Φ2 K2 

0.380 0.350 0.886 0.808 

X2 Y2 Z2 2.883 0.739 2.160 0.935 
Ω2 Φ2 K2 0.426 6.823 0.921 4.553 
X2 Y2 Z2 
Ω Φ K 

1.699 0.736 1.027 0.955 

X Y Z Ω2 
Φ2 K2 

0.398 0.798 0.902 0.946 

X2 Y2 Z2 
K2 

0.429 0.739 0.920 0.932 

Z2 Ω2 Φ2 
K2 

0.430 0.743 0.920 0.921 

Z1 Ω2 Φ2 
K1 

0.430 0.741 0.920 0.924 

Z1 Ω2 Φ2 
K 

1.906 0.745 1.066 0.922 

Z  Ω2 Φ2 
K 

1.899 0.806 1.065 0.926 

Z1 Ω2 Φ2 
K2 

0.430 0.741 0.920 0.924 

Z  Ω2 Φ2 
K2 

0.430 0.806 0.920 0.927 

Z  Ω2 Φ2 
K1 

0.430 0.806 0.920 0.927 

Z  Ω1 Φ2 
K1 

0.431 1.008 0.920 1.009 

Z  Ω2 Φ1 
K1 

3.519 0.748 1.727 0.923 

Table 4. Results for different sets of parameters using the 
second Toulouse image. 
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The first set of parameters (X Y Z Ω Φ K) allows the 
representation of translation and attitude as constant correction 
to the parameters derived from metadata. The resulting image 
point discrepancies lay between 3 and 15 pixels. The full 
parameters set (X2 Y2 Z2 Ω2 Φ2 K2) provide the best results 
for this dataset where the RMSE on check points is less than 1 
pixel. It is noteworthy that the sets based on higher order 
attitudes provide better results than those based on translations. 
 
Due to the existing correlation between parameters, we used 
two groups of parameters  sets X Y Z K and Z Ω Φ K with 
different orders of each parameter(Jeong and Bethel, 2008; 

Jeong, 2008). We note that the use of second order polynomial 
for attitudes with second order polynomial for Z translation (Z2 
Ω2 Φ2 K2) provides similar results as the full parameters set. 
The application of a constant correction to Z translation and 
linear correction of the K attitude parameter (Z Ω2 Φ2 K1) 
ensure a sub pixel positional accuracy.  
 
5.2 Points number and distribution 

In this section we test the Influence of the ground control point 
number and their distribution on the accuracy of the calculated 
model. For this test, only the first image of Toulouse is used. 
 
The model is calculated using different combinations of GCPs. 
the first set results from the various combinations of 2 GCPs 
that can be taken among the 27 available points and the 25 
remaining points are used as check points; this leads to 351 
possible combinations. The other sets results from changing the 
GCPs number from 2 to 14; due to the higher number of 
possible combinations when using 3 to 14 GCPs we choose 
2000 combinations randomly among all possible ones. 
 
For each used combination of GCPs in the set, the RMSE of the 
resulting model is calculated using check points. We calculate 
also the standard deviation and the mean of the X and Y 
coordinates of GCPs. Then for the whole set we calculate the 
correlation between the RMSEs and the standard deviation on 
the one hand and the correlation between the RMSEs and the 
mean on the other hand. The standard deviation and the mean of 
the GCPs coordinates give an indication about the GCPs 
distribution. Also we calculate the minimum RMSE, percentiles 
of the RMSEs of the sets at 50% and 95% and the percentage of 
RMSEs of less than 1 pixel for each set. The results are 
presented in Table 5. 
 
 

When using 2 points as GCPs, the best achievable accuracy is 
8.47 pixels. Using 4 or more GCPs, sub pixel accuracy can be 
achieved. this can be explained by the fact that there are seven 
or eight uncorrelated parameters among all used parameters. 
The points must have a maximum spacing in Y direction 
because of the relatively higher correlation between RMSE and 
standard deviation of the Y coordinate of the GCPs, this can be 
explained by the image capture mode which is a pushbroom 
moving along the Y axis. the position of the barycentre of the 
points is not very important since the correlation between the 
mean of the X and Y coordinates of the GCPs and the RMSE is 
very low. The minimum RMSE resulting from the best 
distribution become stable around 0.3 pixel using more than 10 
GCPs. 
 
5.3 Georeferencing multispectral image 

This third experiment is about georeferencing multispectral 
image. We use the result provided by the panchromatic image 
model which is calculated using eleven points as control points 
and the second order polynomial correction for all the position 
and attitude parameters. 
 
The two images (panchromatic and multispectral) are taken with 
a lapse of time of 0.060788 second due to the shift of the two 
detectors lines in the focal plan. The major differences between 
the panchromatic and multispectral images in the metadata are 
the LOS coefficients, the reference time which is the time of 
capture of the first image line and the line period.  
 
All the points on the multispectral image are considered as 
check points; the sample coordinate of each point on the image 
is used to calculate the image coordinates by the mean of LOS 
coefficients. The line coordinate is utilized with line period and 
reference time to calculate the time of acquisition of the point, 
using this time we can obtain the corrections to the initial 
position and attitude based on the model calculated from the 
panchromatic image.  
 
The terrain coordinates of the points are integrated to the time 
dependant collinearity (see Eq 1) and the image coordinates are 
calculated through a back projection. The comparison between 
the observed image coordinates and those obtained by back 
projection permit to estimate the accuracy where the standard 
deviation is 0.6251and 0.8068 pixel in x and y respectively for 
the entire set of points on the multispectral image. 
 

 
Table 5. The correlation between GCPs distribution and the resulting accuracy using different GCPs number 

 

GCPs 
# 

Corr σx Corr σy Corr µx Corr µy min RMSE  RMSE at 50% RMSE at 95% % of RMSE < 
1pixel 

2 0.34 -0.74 0.08 -0.18 8.47 36.58 98.34 0.00 
3 -0.03 -0.58 0.05 -0.17 5.29 18.09 59.93 0.00 
4 0.13 -0.42 0.07 -0.26 0.52 5.19 21.48 3.00 
5 -0.07 -0.33 0.08 -0.14 0.41 2.65 26.86 12.60 
6 -0.05 -0.35 0.07 -0.15 0.60 2.99 18.80 6.45 
7 -0.08 -0.41 0.14 -0.15 0.48 2.60 17.27 8.35 
8 -0.11 -0.42 0.05 -0.12 0.39 1.79 10.71 18.05 
9 -0.07 -0.39 0.00 -0.17 0.37 1.49 8.38 26.45 
10 -0.09 -0.44 0.01 -0.12 0.37 1.16 5.58 40.05 
11 -0.08 -0.41 -0.05 -0.07 0.30 1.05 4.55 46.95 
12 -0.08 -0.37 -0.06 -0.05 0.30 0.91 3.68 56.90 
13 -0.13 -0.32 -0.06 0.02 0.31 0.85 2.79 64.70 
14 -0.10 -0.29 -0.07 0.04 0.30 0.79 2.76 69.50 
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6. CONCLUSION  

The parameters integrated in the metadata provided with the 
ALSAT2-A permit the development of a rigorous sensor model. 
 
The developed program offers the possibility to change the 
orders of the correction polynomials and also the variables 
selection, so different sets of variables are tested; the use of the 
second order polynomials for attitude and position correction 
gives 0.646 and 0.766 as RMS of residuals on check points. 
 
The points number and distribution is studied through the 
correlation between the RMSE and the standard deviation on 
one hand and RMSE with the mean of the X and Y coordinates 
of GCPs on the other hand. Using 4 or more GCPs sub pixel 
accuracy can be achieved. The points must have a maximum 
spacing in Y direction, the position of the barycentre of the 
points is not very important since the correlation between the 
mean of the X and Y coordinates of the GCPs and the RMSE is 
very low. The minimum RMSE resulting from the best 
distribution become stable around 0.3 pixel using more than 10 
GCPs. 
 
Considering the differences between multispectral and the 
panchromatic, the model calculated using the panchromatic 
image is used to estimate the accuracy of the multispectral 
image; the standard deviation is 0.6251and 0.8068 pixel in x 
and y of entire set of points on the multispectral image. 
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Abstract. The exploitation of the full geometric capabilities of the High-Resolution 
Satellite Imagery (HRSI), require the development of an appropriate sensor orien-
tation model. The aim of geometric modelling is to describe the relationship be-
tween image and ground coordinates for a given sensor. A rigorous sensor model 
(RSM) for Alsat-2A has been developed; this model is based on the time de-
pendent collinearity which integrates attitude, orbital data and other information 
extracted from the metadata provided with the images. To handle this geometric 
model a program has been developed and tested in previous works and provides 
an acceptable accuracy. But for the practical use of the developed model to or-
thorectify the imagery or the extraction of DSM from stereo images; this model 
must be integrated into dedicated software. Since the majority of these softwares 
support the rational function model (RFM), this paper deals with the use of the 
RFM as a replacement of the RSM. After calculating the RSM parameters, we 
can trace the ray from any image pixel (x,y) to the ground by using the interior 
and exterior orientation parameters; this ray is intersected at a defined ground el-
evation (Z) to get the horizontal ground position (X,Y). At least ten well distributed 
image points are chosen for ray tracing, these rays are then intersected with four 
different Z level, so at least 40 points are generated and used to calculate the 
RFM parameters with an accuracy of less than 0.1pixel. the calculated parame-
ters are written in an RPC file that can be read directly by the softwares to gener-
ate orthos and DSMs. This approach allow the replacement of the RSM by an 
equivalent RFM without affecting its accuracy, which permit the use of the result-
ed RFM to generate accurate orthoimages and DSMs using a commercial soft-
ware. 

Keywords. ASLAT-2A, Rigorous geometric Model, RFM, orthoimage, DSM. 

1. Introduction 

Before using High Resolution Satellite Imagery (HRSI) for GIS or mapping applications, we must, 
in first consider the geometric aspect of this satellite imagery product. Several authors studied the 
geometry modeling and generally we have two categories of geometric models: physical and em-
pirical models. 

The empirical, implicit or non parametric models can be used when the parameters of the ac-
quisition systems or a rigorous 3D physical model are not available. Since they do not reflect the 
source of distortions distortions [1]; these models represent the acquisition system as a mathemat-
ical transformation (such as rational functions, 2D or 3D polynomials) between object and image 
spaces [2]–[7].  
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The physical models, also known as rigorous or deterministic models reflect the physical reality 
of the viewing geometry (platform, sensor, Earth and sometimes map projection); generally in the 
optical imagery these models are based on the well-known collinearity condition [5], [8]–[12]. 

Alsat-2A satellite was launched into orbit on 12 July 2010, from the launch site Sriharikota (In-
dia) by Indian PSLV-C15 launcher. It has five push broom sensors, panchromatic and multispectral 
in four bands namely blue, green, red and infrared. The panchromatic image is acquired with a 
spatial resolution of 2.5m and a swath of 17.5km at nadir. Multispectral bands have a resolution of 
10m with the same swath. Alsat-2A takes images at an altitude of 680km on a sun-synchronous 
orbit with an orbital period of 98.2 minutes and an orbital cycle of 29 days [13], [14]. 

In this study a rigorous sensor model (RSM) used in [15], [16] is first described, this model is 
based on time dependent collinearity. The trajectory is initially calculated using the provided 
ephemeris then the trajectory and the attitude is refined using ground control points (GCPs). Alsat-
2A rigorous sensor model provides sub-pixel accuracy for panchromatic and multispectral images 
using at least four GCPs [16]. For the stereoscopic case; using this RSM an altimetric accuracy of 
1.69m  can be achieved [15]. 

Rational Function Model (RFM) is the alternate sensor Model to the rigorous sensor model that 
allows end user to perform sensor-independent photogrammetric processing. Nowadays, commer-
cial off-the-shelf (COTS) digital photogrammetric work stations have incorporated RFM as a meth-
od for image restitution [17]. 

The RFM can be used a replacement of the physical model, in this case it is considered as a 
fitting function between the image grid and the object grid [18]; here a grid of image points is set, a 
bundle of rays can be obtained by the projecting these image points using the physical model. 
These rays are then intersected at different level plans (four or more) to obtain the horizontal coor-
dinates and establish the object grid; these sets of points in image (x, y) and object (X, Y, Z) space 
are used to calculate the 80 coefficients of the RFM [19]. 

2. ALSAT-2A rigorous sensor model 

The images are provided into two correction levels namely Radiometrically Corrected level (1A) 
and Geo-Corrected level (2A). 

The level 1A images are radiometrically corrected, performing detectors relative response 
equalization and radiometric abnormality removal. The PAN band and the MS band B3 called the 
“reference band” are always geometrically raw. 

The images are presented in DIMAP format where the main files are: a PDF file containing the 
main product metadata, IMAGERY.TIF contains the full resolution GeoTIFF image and METADA-
TA.DIM contains the product metadata, under the XML format. The metadata are encoded using 
XML language. This flexible language allows breaking down data in semantic blocks and can be 
accessed by many parsers or navigators off-the-shelf [15]. 

The metadata file contains the orbit, attitude and the camera parameters data. These metadata 
are similar to SPOT5, Formosat2 and Theos metadata [20] 

Based on the analysis of the metadata provided with ALSAT-2A, the rigorous pushbroom cam-
era model can be developed. This model has been successfully applied to many very high resolu-
tion imagery systems [5], [8]–[11]. 

 
The relation between points in an earth-centered coordinate system to its projected point in the 

image coordinate system can be expressed as: 

𝑃𝑖𝑚𝑔 = 𝜆𝑀𝑟 [𝑃𝑔𝑟𝑑 − [𝑀𝑏
𝑇𝑃𝐾 + 𝑃𝑐]]  (1) 

Where Pimg is the image coordinates vector, Pgrd is the ground coordinates vector, PK is the vec-
tor from earth center to satellite in the orbit plane, Mb is the rotation matrix applied to ECF coordi-
nates to bring them parallel to the instantaneous satellite system, Pc is the position correction vec-
tor, Mr is a rotation matrix from ECF to the camera frame and λ is a scale factor (see Figure 1). 
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Figure 1.  Geometrical relationship between image and ground points. 

 
This model has been implemented in MATLAB, it was tested for the 2D and 3D georeferencing 

in the case of the panchromatic and multispectral imagery [15], [16]. 

3. The rational function model 

3D rational functions (RFM) has been widely used for civilian users of remote sensing and pho-
togrammetry since 2000; this is due to launch of new commercial high-resolution satellites. The 
main reason for their interest is that some image suppliers such as Space Imaging does not pro-
vide information on the satellite and sensor [1]. These functions are used to replace the sensor 
model which remains confidential and also to facilitate the use of these images by non-specialist 
users. 

In general, these functions are written as: 
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This model contains 80 parameters which necessitate 40 points to be calculated. 
 

4. Datasets description 

The first dataset is composed of panchromatic image of 1A processing level over Toulouse 
town in south west of France. The image is taken on 07 February 2011 with viewing angles of -
8.785521 and 0.396593 degrees cross and along track respectively. On this image 25 points are 
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measured (12 GCP and 13CKP) which are collected from cadastral plans of Toulouse town using 
Géopotail 3D mapping service (Figure 2).  

 

 

Figure 2. Toulouse dataset points distribution 

 
The second dataset is an along track stereoscopic panchromatic 1A level images over the town of 
sevilla in the south of Spain, recorded on 02 February 2011 with viewing angles of -0.969 and 
29.983 degrees cross and along track respectively for the first image and -0.958 and -30.0387 for 
the second one. 23 points (11 GCP and 12CKP) over this area are collected (Figure 3) from a 
topographic map at the scale of 1/25 000 for the horizontal coordinates and the altitude is derived 
from a photogrammetric DTM of 5m cell size and 1m accuracy, the map and the DTM are gra-
ciously supplied by the Spanish National Center Of Geographic Information (CNIG). 
 

 

 

Figure 3. sevilla dataset points distribution 
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5. Results 

First the rigorous sensor model is calculated for both datasets, the results are presented in ta-
ble 1 and table 2: 

 

 Mean X Mean Y RMSE X RMSE Y  

GCP -0,0095 0,003 0.3005 0.5470 

CKP -0.249 -0.4748 0.6928 0.8919 

Table 1. Results of the RSM for Toulouse dataset 

 

 Mean X Mean Y RMSE X RMSE Y  

GCP im1 0.1133 -0.0274 0.7630 0.3043 

CKP im1 0.1186 -0.3483 0.5529 0.8323 

GCP im2 0.0147 0.0019 0.8211 0.4518 

CKP im2 0.2673 -0.7201 0.7009 0.9762 

Table 2. Results of the RSM for sevilla dataset 

Subpixel accuracy is obtained using the rigorous sensor model. The calculated RSM parame-
ters are then used for the ray tracing of 36 image points, these  rays are intersected at 10 different 
levels at the object space, which produce 360 points for each image. These automatically generat-
ed points are used to calculate the RFM that necessitate a minimum of 40 points to be calculated. 
Also the terrain coordinates of the GCPs and CKPs are backprojected using the RFM to obtain im-
age coordinates which are compared to the measured points. The results are presented in the ta-
bles 3 and 4: 

 

 MEAN RMSE 

X Y X Y 

Auto  -0.0002 -0.0010 0.0003 0.0029 

Ground 0.0033 0.0037 0.5543 0.2974 

Check -0.4864 0.2488 0.9079 0.6873 

Table 3. Results of the RFM for Toulouse dataset 

  MEAN RMSE 

X Y X Y 

Auto Image 1 -0.0000 0.0014     -0.0000    -0.0063     

Image 2 0.0098     0.0048     0.0261     0.0109     

Ground Image 1 -0.0420    -0.1134     0.0090    -0.0198     

Image 2 0.3051     0.7680     0.4610     0.8218     

Check Image 1 -0.3527    -0.1168     -0.7177    -0.2690     

Image 2 0.8371     0.5544     0.9865     0.7015     

Table 4. Results of the RFM for sevilla dataset 

    The obtained accuracies are also in subpixel for the GCPs and CKPs, which demonstrate 
the fidelity of reproducing the RSM by the RFM. 

 
For the first dataset, the original image and the calculated RPC file are loaded in ENVI 7.4, and 

used with a DTM of the region to produce an orthomap (Figure 4) 
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Figure 4. Orthomap produced using the RFM 

 
Under LPS 9.2 the stereo images are loaded, and without adding any GCP, CKP or tie points a 

DTM is generated, the IO and the EO parameters are provided using the RPCs. The cell size of 
the DTM is 25m (Figure 5). The accuracy is checked using 27 points, the generated report is here-
after.   

 
Vertical Accuracy: 
            Total # of 3D Reference Points Used: 27 
            Minimum, Maximum Error: -2.2245, 13.7662 
            Mean Error: 4.9373 
            Mean Absolute Error: 5.2781 
            Root Mean Square Error (RMSE): 6.1397 
            Absolute Linear Error 90 (LE90): 10.1693 
            NIMA Absolute Linear Error 90: +/- 6.0069 
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Figure 5. The DTM over Sevilla town 

6. Conclusion 

The developed rigorous sensor model allows obtaining a subpixel accuracy. Using this model it 
is possible to trace rays from a set of image points, these rays when intersected a different object 
space levels permit the creation of a dense set of image/object points which can be used for the 
determination of RFM parameters. 

The parameters of the RFM known as RPC can be written in _rpc.txt format or added to the 
header of NITF file. These RPC can be read by a wide variety of photogrammetric and image anal-
ysis softwares. 

The use of the RFM to replace the RSM for ALSAT-2A permits the creation of precise georef-
erenced images, and the creation of accurate DSMs. 

7. bibliography 

 
[1] T. Toutin, R. Chénier, and Y. Carbonneau, “3D models for high resolution images: examples 

with QuickBird, IKONOS and EROS,” Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci., 
vol. 34, no. 4, pp. 547–551, 2002. 

[2] C. S. Fraser, “Prospects for mapping from high-resolution satellite imagery,” Asian J. Geoin-
formatics, vol. 4, no. 1, pp. 3–10, 2003. 

[3] J. Grodecki, G. Dial, and J. Lutes, “Error propagation in block adjustment of high-resolution 
satellite images,” in ASPRS 2003 Annual Conference Proceedings, 2003, pp. 5–9. 

[4] T. Toutin, “Review article: Geometric processing of remote sensing images: models, algo-
rithms and methods,” Int. J. Remote Sens., vol. 25, no. 10, pp. 1893–1924, 2004. 



 EARSeL 34th Symposium Proceedings, 16-20 June 2014 2.12   

  

© EARSeL and University of Warsaw, 2014, ISBN 978-83-63245-65-8, DOI: 10.12760/03-
2014-29, Zagajewski B., Kycko M., Reuter R. (eds.) 

[5] D. Poli, Modelling of spaceborne linear array sensors. Diss., Technische Wissenschaften, 
Eidgenössische Technische Hochschule ETH Zürich, Nr. 15894, 2005.-Ref.: Armin Grün; Kor-
ref.: Ian Dowman, 2005. 

[6] I. Boukerch and H. Bounour, “Geometric modelling and orthorectification of SPOTs super 
mode images,” Rev. Fr. Photogrammétrie Télédétection, no. 184, pp. 61–65, 2006. 

[7] L. Chen, T. Teo, and C. Liu, “The geometrical comparisons of RSM and RFM for FOR-
MOSAT-2 satellite images,” Photogramm. Eng. Remote Sens., vol. 72, no. 5, p. 573, 2006. 

[8] L. Chen, T. Teo, and L. Liu, “Rigorous georeferencing for Formosat-2 satellite images by least 
squares collocation,” in International Geoscience and Remote Sensing Symposium, 2005, vol. 
5, p. 3526. 

[9] L. C. Ke and W. Wolniewicz, “Very High Resolution Satellite Image Triangulation,” presented 
at the Asian Conference on Remote Sensing, Hanoi, Vietnam, 2005. 

[10] H. Jung, S. Kim, J. Won, and D. Lee, “Line-of-Sight Vector Adjustment Model for Geoposition-
ing of SPOT-5 Stereo Images,” Photogramm. Eng. Remote Sens., vol. 73, no. 11, p. 1267, 
2007. 

[11] T. Weser, F. Rottensteiner, J. Willneff, J. Poon, and C. S. Fraser, “Development and testing of 
a generic sensor model for pushbroom satellite imagery,” Photogramm. Rec., vol. 23, no. 123, 
pp. 255–274, 2008. 

[12] S. Liu, C. S. Fraser, C. Zhang, M. Ravanbakhsh, and X. Tong, “Georeferencing performance 
of THEOS satellite imagery,” Photogramm. Rec., vol. 26, no. 134, pp. 250–262, 2011. 

[13] ASAL, “2A, Alsat-2A images technical specification.” Algerian Space Agency, 2011. 
[14] M. Kameche, A. H. Gicquel, and D. Joalland, “ALSAT-2A transfer and first year operations,” J. 

Aerosp. Eng., vol. 3, no. 2, p. 67, 2011. 
[15] I. Boukerch, M. Hadied, R. Mahmoudi, B. Takarli, and K. Hasni, “Rigorous geometrical model-

ing of ALSAT-2A Algerian satellite,” in SPIE Remote Sensing, 2012, p. 85331V–85331V–9. 
[16] I. Boukerch, M. Hadied, R. Mahmoudi, B. Takarli, and K. Hasni, “Rigorous georeferencing of 

ALSAT-2A panchromatic and multispectral imagery,” Int. Arch. Photogramm. Remote Sens. 
Spat. Inf. Sci., vol. Volume XL-1/W1, pp. 35–39, 2013. 

[17] V. Nagasubramanian, P. Radhadevi, R. Ramachandran, and R. Krishnan, “3D Reconstrution 
with Rational Function Model,” J. Indian Soc. Remote Sens., vol. 36, no. 1, pp. 27–35, 2008. 

[18] Y. Hu, V. Tao, and A. Croitoru, “Understanding the rational function model: methods and ap-
plications,” Int. Arch. Photogramm. Remote Sens., vol. 20, no. 6, 2004. 

[19] C. V. Tao and Y. Hu, “A comprehensive study of the rational function model for photogram-
metric processing,” Photogramm. Eng. Remote Sens., vol. 67, no. 12, pp. 1347–1358, 2001. 

[20] S. Liu, C. S. Fraser, C. Zhang, M. Ravanbakhsh, and X. Tong, “Geometric Accuracy Evalua-
tion Of Theos Imagery,” presented at the Asian Conference on Remote Sensing, Hanoi, Viet-
na, 2010. 

 
 
 
 
 



343 

 



Les cinquièmes journées géographiques algériennes, organisées par le département de Géographie et le Laboratoire EGEAT, Oran. Le 
10-11 décembre 2014 

 

L’application de l’imagerie spatiale pour le cadastre dans les régions 
steppiques et sahariennes : cas de la wilaya d’El-Bayadh 

BOUKERCH Issam, HADEID Mohamed, TAKARLI Bachir, MAHMOUDI Redouane 
Résumé 
La superficie de l’Algérie (2.38 millions de kilomètres carrés) et la croissance économique rendent 
difficiles le suivi et la mise à jour des données cadastrales, essentiellement cartographiques, par les 
méthodes photogrammétriques et les levés terrestres jusque-là considérés comme les principales 
sources d’informations géométriques cadastrales. 
Il est donc impératif de trouver une solution adéquate pour cadastrer le pays en un temps raisonnable 
et avec une précision acceptable. Pour cela, une étude pilote initiée par L’Agence Nationale du 
Cadastre (ANC) en collaboration avec l’Agence Spatial Algérienne (ASAL) sur la wilaya steppique 
d’El-Bayadh a été lancée. Cette étude s’appui sur l’utilisation des images satellitales de SPOT5, 
ETM+ et des levés par GPS. 
Les résultats ont été satisfaisants et nous ont permis de produire des orthoimages dont la qualité 
géométrique est conforme au standard de  réalisation des plans au 1/10 000 à partir des 
images SPOT5  et d’une couverture totale par des images ETM+ équivalente au  1/200 000. Une 
méthodologie d’obtention de ces documents à été validée et approuvée par l’ANC. 
Après le lancement du satellite ALSAT-2A avec une résolution de 2.5 m, il a été décidé de 
généraliser la couverture cadastrale sur les régions steppiques et sahariennes en utilisant les 
images de ce dernier. Pour ce faire, il était indispensable de développer un modèle géométrique 
rigoureux propre à ces images permettant une exploitation photogrammétrique assurant une 
précision géométrique adéquate pour le cadastre. Les résultats obtenus ont permis l’obtention d’une 
précision subpixelaire sur les images panchromatiques et multispectrales. 
Mots-clés : cadastre steppique et saharien, El-Bayadh, SPOT5, ALSAT-2A, précision subpixelaire. 
 
Introduction 
Actuellement, l’information sur le territoire fait l’objet de plusieurs recherches par les acteurs de 
gestion du territoire tel que le service du cadastre et le service de l’urbanisme, dont les tentatives 
visent parfois à améliorer la procédure générale d’établissement des documents (plans cadastraux, 
etc.), ou bien à utiliser d’autres données provenant de diverses sources. 
Le cadastre est l’ensemble des documents établis méthodiquement sur la base de levés 
topographiques et destinés à déterminer les biens-fonds d’un territoire entier. Son but est de 
déterminer toutes les parcelles du territoire pour permettre la protection des droits y afférant. 
L’ordonnance N° 75-74 du 12 novembre 1975 a prescrit l’établissement du cadastre général et 
l’institution du livre foncier. Les conditions d’application de ce texte législatif ont été fixées par le 
décret N° 76-62 du 25 mars 1976 en ce qui concerne les dispositions relatives à l’établissement du 
cadastre général, et par le décret N° 76-63 du 25 mars 1976, concernant les dispositions relatives à 
l’institution du livre foncier. 
Cependant, la conduite des opérations dans le cadre de ce dispositif législatif, a fait apparaitre des 
difficultés quant à l’avancement des travaux ce qui a conduit à l’amendement de ces textes par le 
décret exécutif N° 92-134 du 7 avril 1992, modifiant et complétant le décret N° 76-62 du 25 mars 
1976. Ce décret a ramené le dépôt de la totalité de la commune à une ou plusieurs sections et le 
décret exécutif N° 93-123 du 19 mai 1993, modifiant et complétant le décret N° 76-63 du 25 mars 
1976. Ce décret a amené l’immatriculation provisoire de cinq ans à deux ans, et de deux ans à quatre 
mois. 
Les modalités de conduite des opérations de cadastre se font en cinq phases. La première comporte 
essentiellement l’ouverture de l’opération et la création de la commission cadastrale de délimitation 
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par arrêté du Wali, la publicité de l’opération et la réunion des documents et plans existants. La 
deuxième phase consiste est l’opération de délimitation qui consiste a délimiter  le territoire 
communal, lieux-dits, îlots, servitudes…, cette opération est suivie par une phase d’enquête foncière 
qui comprend constatation du droit de propriété et l’identification des propriétaires suivi par un 
dépôt réglementaire d’un mois au siège de la commune. La quatrième phase est la tenue de la 
réunion de la commission cadastrale de délimitation présidée par un magistrat. La phase finale est 
remise des documents cadastraux à la Conservation Foncière (CF) pour l’immatriculation et la 
remise d’un livret foncier au propriétaire. 
La superficie du territoire national est de 238.2 millions d’Hectares. Cette surface est composée 
essentiellement (95 %) du domaine public et privé de l’état d’une superficie de 226.4 M Ha. Le reste 
est considéré comme des zones utiles à cadastrer (population, activité économique, activité 
agricole…) d’une superficie de 11.8 M Ha, dans ces zones on trouve 11.4 M Ha rurales et 0.4 M Ha 
d’urbain. La Surface Utile Agricole (SAU) représente 75 % des zones utiles à cadastrer en priorité et 
85 % de la SAU sont concentrées dans 24 Wilayas (nord et hauts plateaux). Sur un territoire de 200 
M Ha à cadastrer en priorité dans le sud, il n’y a que 476 000 Ha de zones utiles a cadastrer le reste 
est désertique (Adrar , Béchar , Biskra , El Bayadh , El Oued , Ghardaia , Illizi , Naama , Ouargla , 
Tamanrasset , Tindouf) [1]. 
Contexte/problématique 
Le bilan des travaux de cadastre du 31/12/2007 montre que la surface totale cadastrée est de 7 M ha. 
Cela représente environ 60 % des superficies à cadastrer  (zones utiles), mais seulement 3 % de la 
superficie du territoire national [1]. Les choix, jusque-là, faits pour cadastrer le pays, en matière de 
moyens classiques (photogrammétrie et levé terrestre) avec les échelles de représentation 
(1/500ème, 1/1000ème pour les zones urbaines et 1/2500ème, 1/5000ème pour les régions rurales), 
s’avèrent adaptés pour le nord du pays, mais inadéquats pour la partie sud (hauts plateaux et grand-
sud) [2]. 
Ce retard est dû essentiellement à des contraintes techniques et méthodologiques ; comme exemple 
de ces contraintes on trouve le format du papier utilisé par le cadastre qui est de 76x51, 4 cm, avec 
une échelle fixe de 1/5 000 dans les zones rurales, il résulte de ceci qu’un territoire de superficie 
limitée peut être représenté sur une seule feuille. Ce choix technique pose problème dans le cas des 
grandes étendues appartenant au domaine public de l’état dans les communes steppiques et 
sahariennes qui ne peuvent pas être représentées sur ce format et avec cette échelle. 
L’exploitation des nouvelles technologies en matière de production et gestion de l’information 
géographique comme le GPS, SIG et l’imagerie satellite de haute résolution (Alsat-1, Aster ou 
ETM+) et très haute résolution (Alsat-2A,Spot5, Ikonos et Quickbird) à permit au cadastre algérien 
de définir un troisième type de couverture appelé « Cadastre steppique et saharien », qui s’ajoutera 
aux deux premiers types déjà existants, à savoir le « cadastre urbain » et le « cadastre rural ». Ce 
nouveau type de cadastre a pour objectif d’achever la couverture cadastrale des zones sahariennes et 
steppiques dans les délais les plus courts et ainsi « protéger le domaine de l’état » [3], [4]. 
La couverture de la wilaya d’El Bayadh 
Un projet pilote a été réalisé sur la commune d’El Bayadh qui est caractérisée par une couverture 
représentative de la steppe, grandes étendues dépourvues de détails (un des problèmes majeurs du 
cadastre), une topographie variable, richesse thématique (territoires de mise en défend, surfaces 
agricoles d’étendue variable…). 
Pour cette étude sur la commune une image SPOT5 de résolution 2.5m a été utilisée, cette image est 
équipée par 21 points GPS (obtenus lors d’ une mission de 3 jours sur terrain). Dans ce projet 
l’imagerie SPOT5 et les points GPS ont été utilisés pour réaliser la spatiocartographie au 1/10 000 
de la commune d’El Bayadh[4].  
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Les résultats sur la commune El Bayadh ont permis d’arrêter la méthodologie et le processus 
technique les mieux adaptés (choix de l’imagerie, conformité des travaux de terrain, respect des 
précisions…) pour la production des spatiocartes en vue des opérations de cadastre en régions 
steppiques et sahariennes[5].  
Au vu des résultats obtenus, l’ANC a décidé de généraliser cette approche sur l’ensemble de la 
wilaya. La wilaya d’El Bayadh qui compte 22 communes et s’étend entre les longitudes λ=0°25’ 
ouest et λ=2°22’ et les latitudes  φ=30°41’ et φ = 34°27’et couvrant une  superficie de 7 169 665 Ha. 
Après plusieurs réunions avec les organisations qui jouent un rôle dans la production de 
l’information géographique en l’occurrence le Centre Techniques Spatiales/Agence Spatiale 
Algérienne (aspect scientifique), l’Agence Nationale du Cadastre (utilisateur/production), l’Institut 
National de Cartographie et de Télédétection (Production), il a été décidé de produire une carte de 
base au 1/200 000, pour cela des images ETM+ avec une résolution de 14.25 m sont utilisées, 
l’orthoimage produite est utilisée pour le précadastre dans les zones steppiques (nord) et comme 
plan cadastral dans le sud (la région saharienne). Pour la couverture des zones habitées (zone 
d’intérêt), il a été décidé que toutes les régions dans un périmètre de 40 km aux tours des chefs-lieux 
de communes sera couvert par des images de résolution de 2.5 m en mode couleur, des 
images SPOT5 ont été choisies pour couvrir ces zones avec des orthoimages à l’échelle de 1/10 000. 
L’ensemble du bloc se compose de 8 images ETM+ pour la spatiocarte à l’échelle de 1/200 000, et 
18 images SPOT5 de 2,5 m de résolutions, pour produire des plans cadastraux au 1/10 000 
(Figure 1), avec des levés par GPS de  67 points d’appui nécessaires au traitement 
photogrammétrique des blocs. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure. 1.     a. Block d‘images SPOT5                          b. Block d‘images ETM+ 
Les produits obtenus sont contrôlés initialement dans leurs aspects visuels (les couleurs, la 
continuité des détails sur les zones de recouvrement), et dans une deuxième étape la précision 
géométrique est évaluée. 
Les précisions géométriques 
Le standard NMAS 
Le choix d’un standard pour l’évaluation géométrique est une tache importante car elle influe 
directement sur le temps et le coût d’exécution. A la lumière des résultats d’étude sur la commune 
d’El Bayadh et  en tenant en compte des spécificités de la région notre contrôle s’est fait selon les 
standards définis dans « United States National Map Accuracy Standards » (NMAS) appliqués aux   
états unis . Pour l’échelle 1/10 000 exigée par l’ANC, ce standard exige une tolérance CE90=8.47m 
[6]–[8]. 
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L’évaluation de la qualité des orthoimages 
Pour le contrôle de la qualité, on a utilisé des points déterminés par GPS, les travaux sur terrain ont 
été réalisés conjointement par le Centre des Techniques Spatiales (CTS) et le service du cadastre de 
la wilaya d’El Bayadh entre le 27 avril et le 08 Mai 2009 pour l’observation de 67 points. 

 Tableau 1. Les précisions de la mosaïque d’images ETM+ (17 points GPS) 

 Dx(m) Dy (m) Dr (m) 
Moyenne 32,636 -9,538 35,976 
EMQ 11,768 14,499 14,210 

    
σmin/σmax 0,812 

  
CE90 30,494 

  
Echelle Max  60028,247 

  
 

Tableau 2. Les précisions de la mosaïque d’images SPOT5 (62 points GPS) 

 Dx(m) Dy (m) Dr (m) 
Moyenne 0,812 2,585 4,270 
EMQ 2,935 2,871 2,400 

σmin/σmax 0,978 
CE90 5,150 
Echelle Max  6082,466 

 
Dx et Dy sont les erreurs selon les directions X et Y respectivement, et Dr est l’erreur radiale. 
Sur l’orthoimage d’ETM+  l’EMQ est de 14.21 m, avec un σmin/σmax de 0.812 ce qui indique que 
l’erreur est proche de circulaire donc l’inexistence de biais selon X et Y. l’indice CE90 est de 
30.494 m ce qui permet de produire des plans à une échelle de 1 /60 028  ou moins. 
Concernant SPOT5 l’EMQ est de 2.4 m, σmin/σmax de 0.978 et CE90 de 5.15 m ces valeurs nous 
permettent de produire à une échelle maximale de 1/6083 [5]. 
Traitement final et édition  
Transformation en couleurs pseudo-naturelles 
On désigne par le terme "couleur pseudo-naturelle" des couleurs construites à partir de bandes 
spectrales originales pour approximer l'apparence visuelle des objets qu'on voit dans la nature 
(végétation en vert, eau en bleu… etc.). La raison principale pour la visualisation en couleur pseudo 
naturelle peut être l’esthétique de l'image, ou l'interprétation des documents par des utilisateurs non 
habitués aux images en fausse couleur [9]. 
SPOT5 ne prend pas une image dans la bande bleu, d’où l’impossibilité de créer des orthoimages en 
couleurs naturelles. Vu que les utilisateurs du produit final sont des agents du cadastre sur le terrain, 
la présentation des orthoimages en couleurs pseudo-naturelles devient indispensable.  
Le principe est de calculer par moindres carrés une transformation entre l’image fausse couleurs 
(proche infrarouge, rouge et vert) vers des couleurs pseudo-naturelles en ce basant sur 
l’interprétation. 
L’équation de cette transformation est : CPN = L1PIR+L2R+L3V ; avec  
PIR : La valeur de proche infrarouge. R = La valeur du rouge. V = La valeur du vert. CPN = 
Couleur pseudo-naturelle. 
Après la résolution de ce système par moindres carrées, on a obtenu les paramètres suivants [5], [9] : 
CPN-R = R. ; CPN-V = V ; CPN-B = -0. 21 * PIR -0.095 * R + 0.7 * V 
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Figure 2. L’image originale et l’image après transformation en couleurs pseudo-naturel  

Édition et tirage  
Pour le tirage en édition papier des coupures en 90*100 cm ont été utilisée pour des échelles de 
1/50.000 et 1/200.000, ce qui a donné 29 feuilles de 1/50.000 et 4 feuilles de 1/200.000. L’édition en 
papier va être utilisée pour le terrain et pour la remise en conservation foncière. 
Un autre découpage des mosaïques est fait selon les limites communales avec un buffer de 2km pour 
permettre la correction des limites communales, cette édition est numérique et va servir comme base 
pour la collecte des données et fond cartographique  du système d’information géographique du 
cadastre. 

 
Figure 3. Cartogramme des feuilles au 1/50.000 (bleu) et 1/200.000 (vert) 

Généralisation 
Suite à la mise en service des produits issus de l’imagerie satellitaire, et l’évaluation de ces 
documents par les experts du cadastre ; l’ANC a décidé de généraliser cette approche pour couvrir 
l’ensemble de 198 communes appartenant à 20 wilayas steppiques et sahariennes. 
Cette opération nécessite l’engagement de très grands moyens financiers, techniques et humains. 
Pour cela l’ANC a lancé un plan de formation de 20 agents en traitement d’images satellitaires et 
l’utilisation du GPS pour la production des orthoimages.  
L’identification des zones à couvrir sur l’ensemble du territoire national selon le critère de 40 km 
autour des chefs-lieux a donné une couverture de 478 437 km2 par des orthoimages d’une résolution 
de 2.5m, cela se fera avec les images du satellite algérien ALSAT-2A. 
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Figure 4. Zones à couvrir en

Le satellite ALSAT-2A 
ALSAT-2A a été mis en orbite le 12 juillet 2010 à partir de la station de lancement 
(Inde) par le lanceur PSLV-C15, ALSAT
orbite héliosynchrone, avec une période orbitale de 98.2
[11]. 
Le satellite ALSAT-2A possède deux capteurs
bandes à savoir le bleu, le vert, le rouge et l’infra rouge. L’image panchromatique est acquise avec 
une résolution spatiale de 2.5 m et une fauchée au nadir de 17.5
une résolution de 10 m avec la même fauché
L’exploitation du système ALSAT2
technologique qu’économique 
par des données satellitaires. 
Mais l’utilisation des images ALSAT
ayant une qualité métrique nécessite une connaissance précise des caractéristiques géométrique
système imageur. 
La qualité géométrie d’ALSAT
Dans cette partie la qualité géométrique des 
la précision absolue est effectué, suivi 
ordre pour éliminer les biais, sur la base de ces résultats il 
développement d’un modèle géométrique rigoureux propre à ALSAT
précision subpixellaire. 

Test sur la précision absolue
Nous avons utilisé 9 points de précision centimétrique collectés lors d’une mission sur terrain en 
utilisant des GPS géodésiques en mode relatif et des images ALSAT
de traitement 1A et 2A en mode panchromatique et multi spectrale de résolution 2.5
respectivement sur la commune d’EL BAYADH
Les images 1A sont des images brutes destinées à l’utilisation photogrammétrique et les images 2A 
sont les images projetées destinées pour le positionnement rapide.
Cette mesure indique la précision de localisation sur l’image telle qu’elle est acquise sans aucune 
correction [13]. 
Dans ce test les 9 points GPS sont piqué
résultats obtenus sont représenté
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à couvrir en orthoimages de résolution 2.5m et les positions d’images SPOT5
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L’exploitation du système ALSAT2-A est une tâche primordiale ayant un intérêt substantiel tant 
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Tableau 3. : La précision absolue des niveaux 1A et 2A. 
  Dx (m) Dy (m) Dd (m) 
1A Moy 165,207 370,306 405,686 

EMQ 10,977 36,901 36,058 
2A Moy 153,8037 315,622 351,317 

EMQ 14,001 32,982 33,418 
Les résultats dans le tableau 3 indique que les précisions géométriques des deux produits 1A et 2A 
sont équivalents, donc le niveau 2A ne présente aucune valeur ajoutée sur le plan de la précision, 
néanmoins ces images sont projetées et les coordonnées sont mesurées directement en mètres. 
Les écarts entre les 9 points de vérification et leurs homologues sur les images brutes présentent une 
moyenne élevée et un écart moyen quadratique relativement faible, cela indique que ces mesures 
sont entachées d’erreurs systématiques et leur élimination améliore considérablement la qualité de 
positionnement sur l’image. 

L’élimination du biais 
Les résultats obtenus indiquent qu’un biais est présent sur les mesures effectuées sur ces images. 
Pour cela l’image de niveau 2A a été corrigé en utilisant une transformation plane affine de premier 
ordre [14], [15], cette transformation prend en charge les défauts de translation, rotation, facteurs 
d’échelles différentiels et la non-perpendicularité entre les axes (Eq.1) 

654

321

LYLXLc

LYLXLr

++=
++=

     (1) 
Où : r,c : les coordonnées images du point / X,Y : les coordonnées terrain du point / 
Li : sont les coefficients de transformation 
Les résultats obtenus en utilisant les mêmes points après transformation sont représentés dans le 
tableau suivant : 

Tableau 4 : La précision du niveau 2A après l’élimination du biais. 

  Dx (m) Dy (m) Dd (m) 
2A Moy 0 0 28,453 

EMQ 14,001 32,982 19,604 
Cette transformation donne une moyenne nulle d’erreurs se qui montre qu’ont peut éliminer les 
biais, mais la précision du document reste d’une qualité inférieur (19.6 m) relativement à la 
résolution de 2.5m. Cela nous oblige à développer un modèle géométrique rigoureux qui tient en 
compte la réalité physique de la prise de vue (Terrain / satellite / camera). 

Modèle géométrique rigoureux d’ALSAT-2A 
Un satellite à orbite polaire se déplace habituellement le long d’une orbite bien définie de forme 
elliptique proche de circulaire. Tous les points d'exposition de la ligne de balayage (pushbroom) 
seraient donc contraints sur cette trajectoire. Pour un arc court de l’orbite, l'hypothèse d'une orbite 
de "deux corps" peut être utilisée. Cela peut être paramétré avec les six éléments du vecteur d'état ou 
de façon équivalente, six éléments Kepler [16]–[18] 
Pour l'attitude initiale du capteur, on peut supposer que la prise de vue est faite selon le nadir, mais 
en raison de l'agilité, une interpolation entre le début et la fin des attitudes est plus appropriée, donc, 
une attitude interpolée sera affectée pour chaque ligne de balayage [17], [18]. 
Sur la base de l'analyse des métadonnées fournies avec l’image ALSAT-2A, un modèle rigoureux de 
la caméra à balayage peut être développé. Ce modèle a été appliqué avec succès à de nombreux 
systèmes d'imagerie à très haute résolution [13], [16], [19]–[22]. 
La relation entre les points dans un système de coordonnées géocentrique et son point homologue 
projeté dans système de coordonnées image peut être exprimée comme suit [10], [17], [23] : 
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Tel que Pimg est le vecteur de coordonnées image, Pgrd est le vecteur de coordonnées terrain, PK est le 
vecteur du centre de la Terre vers le satellite sur le plan orbital, Morb-itrf est la matrice permettant de 
rendre le ITRF (International Terrestrial Reference Frame) parallèle à au système de coordonnées 
orbital, Pc est le vecteur de correction de position, Mr est la matrice de rotation entre le ITRF et le 
repère camera, λ est un facteur d’échelle (voir la figure 5). 
Cette équation est résolue par la méthode des moindres carrés itérative où les paramètres inconnus 
sont les paramètres képlériens de l'orbite ainsi que les coefficients du polynôme de correction de 
positions et d'attitude. 

 
Figure 5. La relation géométrique entre l’image et un point sur terrain. 

Le modèle élaboré en se basant sur l'équation 2 utilise une fonction polynomiale du second ordre de 
temps pour la modélisation des erreurs de la position et de l'attitude du satellite. Le programme 
développé sous MATLAB offre la possibilité de modifier les ordres des polynômes, de sorte que 
différents groupes de variables sont testés [10], [23]. 
L’utilisation des polynômes du second degré pour la correction d'attitude et la position donne 0,646 
et 0,766 pixel comme EMQ de résidus sur les points de contrôle en planimétrie [23], ainsi qu’une 
précision de 1.69 m en verticale [10]. Dans d’autres expériences, ce modèle géométrique est utilisé 
pour le géoréférencement des images multi-spectrales. Les précisions estimées sur  les points de 
contrôle a montré qu’on peut atteindre 0.6251 et 0.8068 pixel selon x et y [23], [24]. Pour utiliser ce 
modèle dans des logiciels de traitement d’image, et donc faciliter son utilisation sans avoir l’intégrer 
dans un logiciel commercial on a étudié la possibilité de générer un RFM (Rational Function Model) 
équivalent [13], [25] à partir du modèle rigoureux. La génération du RFM a donné des précisions 
subpixelaire ce qui a permis la création d’orthoimages et des MNT de haute qualité géométrique en 
utilisant des logiciels commerciaux de traitement d’image[24].  
Conclusion 
Le cadastre est l’ensemble des documents établis méthodiquement sur la base de levés 
topographiques et destinés à déterminer les biens-fonds d’un territoire entier, son établissement en 
Algérie enregistre un retard notable. Ce retard est dû essentiellement à des contraintes techniques et 
méthodologiques. 
Une étude pilote sur la commune d’El bayadh a permis d’établir une méthodologie pour le cadastre 
steppique et saharien en se basant sur la spatiocartographie. Cette méthodologie est ensuite évaluée 
sur l’ensemble de la wilaya en utilisant 18 images Spot5 et 8 images ETM+. Les orthoimages à très 
haute résolution seront destinées à la production de l’information à une échelle de 1/10 000. 
Suite à la mise en service des produits issus de l’imagerie satellitaire et l’évaluation de ces 
documents par les experts du cadastre ; l’ANC a décidé de généraliser cette approche pour couvrir 
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l’ensemble de 198 communes appartenant à 20 wilayas steppiques et sahariennes. L’identification 
des zones qui seront touchées par cette opération a donné une couverture de 478 437 km2 par des 
orthoimages d’une résolution de 2.5m. 
Vu le coût élevé de cette opération l’exploitation du système ALSAT2-A est une tâche primordiale. 
Mais l’emploi de ces images reste contraint par la précision géométrique qu’on peut atteindre. 
La précision absolue montre la présence de biais important. Le calage de l’image par une 
transformation affine réduit le biais, mais la précision est de l’ordre de 20 m. 
Sur la base de ces résultats,  le développement d’un modèle géométrique rigoureux propre à 
ALSAT-2A a permit d’atteindre une précision subpixellaire. Ce modèle a été programmé sous 
MATLAB et à permit d’attendre une précision de 0,646 pixel (1.615 m) et 0,766 pixel (1.915 m)en 
X et Y (horizontale) et 1.69 m en verticale pour les images panchromatiques. Le géoréférencement 
des images multispectrales  avec ce modèle donne 0.625pixel (1,563 m) et 0.807 pixel(2.018 m). 
Afin d’utiliser le modèle résultant vers d’autres logiciels on a programmé un module qui permet 
d’exporter en RFM avec une précision subpixellaire.  
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