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 Abstract 

A digital elevation model (DEM) is a simple representation of a surface in 3 dimensional 

way with height as the third dimension along with x and y in rectangular axes. DEM has 
wide applications in various areas like disaster management, hydrology and water man-
agement, geomorphology and in urban development. Valuable information about a ter-
rain can be inferred by exploiting a DEM in proper way. Study of DEM becomes very 
useful for studying mountainous terrain which is otherwise hard to access due to inac-
cessibility. Cartosat-1 or IRS P5 (Indian Remote Sensing Satellite) is a state-of-the-art 

remote sensing satellite built by ISRO which is mainly intended for cartographic appli-
cations. The satellite carries two panchromatic cameras which are capable of acquiring 
stereoscopic data along the orbital track. The high resolution stereo data have great po-
tential to produce high-quality DEM. This paper discusses the generation of DEM from 
Cartosat -1 data for Baba Balak Nath (Himachal Pradesh, India) using ERDAS Leica 
Photogrammetry Suite (LPS). Cartosat stereo pair based Digital Elevation Model (DEM) 

was generated using the Rational Polynomial Coefficients (RPC) supplied along with the 
data products. Steps used for generation of DEM are cartosat-1 input with RPCs, interior 
and exterior orientation, tie point generation, block adjustment and DEM generation.  
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1. Introduction 

Cartosat-1 or IRS-P5 is a stereoscopic Earth observation satellite in a sun-synchronous orbit of 618 km from Earth, and 

the first one of the Cartosat series of satellites. The satellite was built, launched and maintained by the Indian Space Re-

search Organization. Weighing around 1560 kg at launch, Cartosat-1 is designed for cartography applications. Cartosat-1 

carries two state-of-the-art panchromatic (PAN) cameras- one near nadir looking aft (A) and the other forward looking 

fore (F) with a tilt of -5 degree and +26 degree that take black and white stereoscopic pictures of the earth in the visible 

region of the electromagnetic spectrum. The swath covered by these high resolution PAN cameras is 30 km and their 

spatial resolution is 2.5 meters.Cartosat-1 data products have been evaluated for terrain modeling and large-scale map-

ping applications. Cartosat-1 data have also been used in several other fields namely, natural hazards assessment and 

https://en.wikipedia.org/wiki/Earth_observation_satellite
https://en.wikipedia.org/wiki/Sun-synchronous_orbit
https://en.wikipedia.org/wiki/Cartosat
https://en.wikipedia.org/wiki/Indian_Space_Research_Organisation
https://en.wikipedia.org/wiki/Indian_Space_Research_Organisation
https://en.wikipedia.org/wiki/Panchromatic
https://en.wikipedia.org/wiki/Electromagnetic_spectrum
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estimation of hydrological parameters, geomorphology, urban development, map creation and resource management. 

The stereo data from this satellite along with the Rational Polynomial Coefficients (RPC) can be used to generate DEM. 

A DEM is a representation of Earth surface with latitude, longitude and altitude i.e. X, Y horizontal coordinates and 

height. The positional and height accuracies of Cartosat data products generated using RPC are in the range of 100m to 

250m. The Rational Polynomial Coefficient (RPC) file contains the third degree polynomial coefficients that relate the 

image to the object space considering the imaging sensor geometry. Rational Polynomial satellite sensor models are 

simpler empirical mathematical models relating image space (line and column position) to latitude, longitude, and sur-

face elevation. The name Rational Polynomial derives from the fact that the model is expressed as the ratio of two cubic 

polynomial expressions (Gopal Krishna et al, 2008). 

2. Study Area 

The study area Baba Balak Nath lies in the Bilaspur district of Himachal Pradesh. It is bounded by North Latitude 31° 

25'N - 31° 30'N and East Longitude 76°29’E - 76° 35’E.The elevation is about 738 meters(2421 feet), mainly winter are 
mild and summer are warm.  
 

 

Fig.1 satellite image showing study area 

 

3. Objectives 

 Generation of DEM from Cartosat -1 stereo data pair. 

 DEM editing 

 Contour generation from DEM 

 Ortho-rectification 

4. Data Product 

Cartosat 1 Orthokit with RPC, orthokit products provide the view geometry in the form of Rational Polynomial Coeffi-
cients (RPCs). Rational Polynomial Coefficients are already Photogrammetric Processing of CARTOSAT-1 Stereo Im-
agery well-known by the major photogrammetric software. 
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5. Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Result 

Block and ATE processing 

The Cartosat-1 stereo pairs have been ingested along with corresponding RPC files and interior orientation was carried 
out. Interior orientation defines internal geometry of a sensor as it was at the time of image capture and it transforms 
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image pixel coordinate system to image space coordinate system using 2-D affine transformation equations. The posi-

tional elements of exterior orientation (Xo, Yo and Zo) define the position of the perspective centre with respect to the 
ground space coordinate system (X, Y and Z) where Zo is referred as height of the sensor above sea level and commonly 
defined by a datum. The exterior orientation or rotational elements describe part of relationship between ground space 
coordinate system (X, Y and Z) and image space coordinate system (x, y and z). 
During the image matching process, the tie points were automatically generated throughout the image overlap areas us-
ing the LPS software with parameters as shown in below given fig 2. Tie points are the points whose ground coordinates 
are not known but they can be identified in the overlapping areas of the images. In order to have an even distribution of 
tie points throughout the image overlap areas, feature-specific image enhancement functions (linear and non-linear) were 

applied on stereo images to improve tie points concentration in the regions where automatic process failed; especially for 
areas that are under shadow and poor contrast in the scene. Manual method of identifying tie points was also employed 
in the regions under dense forest and snow cover. 

 

 

 
Fig 2. ATE process using manual and automatic tie points and RMSE value 

 

7. DEM Editing 

After performing the triangulation, the epipolar images were generated during the DEM editing process. Epipolar images 
are stereo pairs that are re-projected such that conjugate images have a common orientation and matching features be-
tween the images appear along a common horizontal axis. Stereo vision is feasible with the help of these images which 
are along epipolar plane. The mass points are overlaid on these epipolar images to check their consistency. Mass points 
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are irregularly distributed sample points which are used as the basic element to build a Triangulated Irregular Network 
(TIN). The TIN model represents a surface as a set of contiguous, non-overlapping triangles. After generating the TIN 
using Automatic Terrain Extraction (ATE) module of LPS, the next step is thorough quality verification through its 

analysis under stereoscopic visualization. During this process, the mass points that are on top of the surface or digging 
below the surface are construed as erroneous points. Each mass point has important, yet equal, significance in terms of 
defining the TIN surface. If the mass points associated with a terrain dataset are off the ground, specific DEM editing 
tools available in Terrain Editor of LPS software has been used to ensure that the terrain dataset does conform to model’s 
surface. The LPS Terrain Editor facilitates visualization, verification and editing of DEM. During the DEM editing pro-
cess, mass points which were off the ground have been edited or densified by adding new mass points in the stereo envi-
ronment. The location of each mass point was intelligently chosen to capture important variations in the surface mor-
phology. Dynamic range adjustments of the visible area for clarity during on-screen operations were applied during the 

process of editing of existing mass points or identification of new mass points. Further, breaklines have been added that 
define abrupt changes in elevation (natural or manmade) in topographical shapes to improve the DEM quality. 
Breaklines (hard and soft) define and control surface behavior in terms of smoothness and continuity. Hard breaklines 
define interruptions in surface smoothness and are typically used to define streams, ridges and other locations of abrupt 
surface change. Soft breaklines were used to ensure that known elevation values along a linear feature (such as a road-
way) are maintained in a TIN. Soft breaklines were also used to ensure that linear features and polygon edges are main-
tained in the TIN surface model by enforcing the breakline as TIN edges. Soft breaklines, however, do not define inter-
ruptions in surface smoothness. 

 

 

Fig 3. Mass points and Breakline and DEM of Baba Balak Nath 

 

8. Contour Generation 

Contouring is the most common method for terrain mapping. Contour line connects points of equal elevation. Contours 

generated from Cartosat-1 stereo data were very accurate and close to ground height .Contours were generated at 10 m 
interval.   
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Fig 4. Contour Generation 

 

9.Orthorectification 

Ortho-image is generally defined as image that has been geometrically corrected for displacements caused by terrain and 
relief. In an ortho-image, the projecting rays are perpendicular to the plane of projection and hence, any part of the object 
that is parallel to the plane of projection will appear in its proper shape and correct scale. The Aft scene of Cartosat-1 has 

been used for ortho-rectification due to its better Ground Sampling Distance (GSD) (~2.2 m as compared to 2.5 m for the 
Fore scene) and viewing angle closer to nadir. It has slightly smaller ground coverage but the larger footprint covered by 
the Fore scene is not fully collected in stereo [Lutes, 2006]. The DEM as generated after editing was used for or-
tho-image generation. The resolution of the ortho-image was set to 2.5 m. The quality of orthorectification depends upon 
the quality of DEM. 

10. Conclusion 

In mountainous regions like Himalayas, the DEM generation poses challenges due to occlusions and shadow regions. The 
Cartosat-1 stereo pairs is utilized for generating DEM for Baba Balak Nath area using tie points with total RMSE as 0.15 
pixel. During DEM editing process, mass points which were off the ground have been edited or dandified by adding new 

mass points in the stereo environment. Break lines (hard and soft) were added to define the locations of abrupt surface 
change and maintain the linear features and polygon edges.  
Thus the DEM can be further used for Topographic maps, thematic maps, planning and development of natural watersheds 
and various applications like landslide and climatologically studies 
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