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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. 
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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].  



 EARSeL 34th Symposium Proceedings, 16-20 June 2014 2.6   

  

© 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.) 

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. 

 
 
 
 
 


