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Abstract 

 

Automatic image matching technique when applied to high resolution space images generate point cloud data describing the 

surface. A DSM is an elevation model of surface reflectance features and includes the height of cultural features such as 

buildings, roads and vegetation as well as bare earth. The surface model thus defined needs to be converted to 'bare- earth model' 

DEM before it can be used for any natural resource applications. Here in this study area an attempt has been made to improve the 

elevation accuracy of Cartosat-1 DSM which is generated using Augmented Stereo Strip Triangulation developed by ISRO, 

using high precision ground control points. The Cartosat-1 DSM is having a posting of 10m. The improvement in elevation 

accuracy is achieved by applying bias correction using ICESat/GLAS points and slope based filtering. For bias corrections the 

points falling on the ground are taken and other points are excluded in computation as they are treated as outliers. For the study 

area of Gandhak area covering 19,250 Sq. Km, the RMSE and Absolute LE90 for input DSM is 5.96m and 6.25m respectively. 

For the output DEM the RMSE and Absolute LE90 is 1.98 m and 2.08 m respectively. Statistical validation of input DSM and 

output DEM with ground control points shows an improvement of 4.17m in Absolute LE90 for output DEM with respect to input 

DSM. The values for output DEM shows that the 90% of elevations are within 2.08 m when compared with reference points. To 

access the output quality of DEM derivatives of DEM, drainage and contours are generated. The output DEM derived from 

filtering methods depicts the continuity in drainage network and contours along the river. Many isolated contours formed in 

DSM in vegetation areas are removed in the output DEM. Drainage continuity is  very much useful for runoff and discharge flow 

estimation which are critical parameters for hydrological modelling. This study aptly demonstrates the improvement in elevation 

accuracy of Cartosat-1 DSM using ICESat/GLAS data and slope based filtering methods.         
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

 Digital elevation model 

The generation of DEM is important for many applications in geology, hydrology and topographical mapping. When using 

airborne or satellite data, DEM is derived from DSM since the observations depict elevations on top of buildings, man-made 

structures and vegetation. DSMs are also used in applications such as true ortho image generation, snow accumulation, forest 

stand height, biomass estimation, etc. DEM can be generated through photogrammetry using stereo data from aerial and satellite 

based platforms, interferometry, airborne laser scanning, ground methods using total station and interpolation of contour maps. A 

DEM is an array of regularly spaced elevation values referenced horizontally to a projection or to a geographic co-ordinate 

system. DEMs and its derived attributes are important parameters for information extraction or assessment of any phenomena or 

process using terrain analysis. It provides basic information regarding terrain characteristics. These are pre-requisite in different 

applications such as modelling water flow, mass movement, creation of relief maps, natural hazards and many others. The 

outcomes of model or analysis depend on the accuracy of DEM .The primary attributes, which can be derived from the DEMs 

are slope, aspect, profile curvature and catchment area. The secondary attributes, which can be derived from a DEM, are upslope 

area, topographic index, stream power index, radiation index and temperature index. A DEM is typically given in one of the 

three formats: the raster-based grid DEM, the vector-based Triangular Irregular Network (TIN) and contour-based storage 

structure. The TIN is considered to be a primary (measured) DEM while the grid DEM is considered to be a derived (secondary) 

DEM. When a DEM represents the Earth’s surface including object height, it is often referred to as a Digital Surface Model 

(DSM). A model of the bare Earth surface is referred to as a Digital Terrain Model (DTM). A DTM usually refers the physical 

surface of the Earth, i.e., it gives elevations of the bare ground (terrain). On the other hand, a DSM describes the upper surface of 

the landscape. The accuracy of satellite based digital elevation models can be evaluated by comparing the elevation information 

generated by the DEM with the elevation information derived from reference data. A prerequisite for this enterprise is sufficient 



Improving the Elevation Accuracy of CARTOSAT-1 DEM  
(IJIRST/ Volume 2 / Issue 08/ 020) 

 

 
All rights reserved by www.ijirst.org 118 

number of clearly identifiable ‘Ground Control Points (GCPs)’ on the imagery based DEM. The quality of a DEM is a measure 

of how accurate elevation is at each pixel (absolute accuracy) and how accurately is the morphology presented (relative 

accuracy).Quality of elevation data is commonly expressed in terms of vertical accuracy. 

 Cartosat-1 

Cartosat -1 satellite, launched in May, 2005 by ISRO, is the first Indian remote sensing satellite capable of providing in-orbit 

stereo images. This stereo capability assists in three-dimensional point determination and enables the generation of detailed 

Digital Elevation Model (DEM). Cartosat-1 satellite is equipped with two cameras, Aft and Fore, tilted along-track by -5° and 

+26°, respectively; allowing the acquisition of stereo data with a geometrical resolution of 2.5 m with just 52 sec time difference 

in imaging. The Fore camera provides an across track resolution of 2.452 m (at Nadir). It covers a swath of 29.42 km .The Fore 

camera can be tilted up to ±23 degrees in the across track direction, thereby providing a revisit period of 5 days. The resolution 

of the camera when tilted by 25° is 2.909m, resulting in a swath of 34.91 km. The Aft camera provide an across track resolution 

of 2.187 m (at Nadir). It covers a swath of 26.24 km .The Aft camera can be tilted up to ±23°in the across track direction, thereby 

providing a revisit period of 5 days. The resolution of the camera when tilted by 25° is 2.789 m, resulting a swath of 33.47 km. 

Both the cameras operate in the 0.5-0.85 microns spectral band. This configuration is optimized for stereo data collection in a 30 

km swath with a base-to-height (B/H) ratio of 0.62. The revisit capability at equator is 5 days. 

II. STUDY AREA 

The study area is part of Gandak river basin, in the state Bihar, lies in the northwest of India. It covers the important places of 

Bihar such as Bheldi, Patna, Muzaffarpur, Samastipur, Begusarai, Jamalpur, Saharsa and Alamnagar. The study area has a 

maximum elevation of 410m and a minimum elevation of 0.35 m with respect to Mean Sea level (MSL). The total area of the 

study area is 19,203.29 sq.km. 

 Geographical Extents 
Table – 1 

Coordinates Latitude Longitude 

Top Left 26 °18'31.45''  N 84 °54'43.35''E 

Bottom Left 25 °32'34.70''  N 84 °43'42.13''E 

Top Right 25 °52' 5.51''   N 87 °4'7.9''  E 

Bottom Right 25 °6'17.17''    N 86 °52'18.90'‘ E 

 Data Used 

The methodology adopted to produce CartoDEM is developed by ISRO using Augmented Stereo Strip Triangulation method 

(ASST) involving stereo-strip triangulation of 500×27 km strip stereo pairs using high precise ground control points, interactive 

cloud-masking, automatic dense conjugate pair generation using matching approach. The processing was carried out with 

4,000GCPs with an accuracy better than 30 cm collected from all over India by establishing Ground Control Point Library 

(GCPL) network of 26 ‘zero’ order station (5 cm accuracy) and 300 first order station(10 cm accuracy) as base stations using 

dual frequency geodetic receivers. . In the study area improvement in the vertical accuracy is carried out using Cartosat-1 DEM 

with 10 m posting. In Gandak study area ICESat/GLAS GLA 14 Level 2Altimetry release 34 is used.  Release 34 incorporates 

fixes for several data issues that were determined to exist in the GLAS Release 33 data products level-2 altimetry product 

(GLA14) provides surface elevations for land. Data also include the laser footprint geolocation and reflectance, as well as 

geodetic, instrument, and atmospheric corrections for range measurements. In this study, the GPS points have been observed for 

the study areas, by NRSC/ISRO using static GPS to obtain accurate three–dimensional coordinates along with precise levelling 

techniques to measure orthometric heights based on Global geoid models (EGM2008). These GPS points were used to judge the 

accuracy of the CARTOSAT-1 DEM for the study area. 
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 Location of the Study Area 

 
Fig. 1: Study Area 

III. METHODOLOGY AND MATERIALS 

 Methodology 

 
Fig. 2: Methodology Adopted 

 Data pre-processing 

Landslide incidences were identified on the field based on landslide remarks and local people’s information. And the spatial co-

ordinates about landslide incidence was recorded and landslide pictures also taken and to create the database. The Cartosat-1 

DSM collected from NRSC/ISRO is having a posting of 10m and vertical accuracy of 8m.The collected DSM is in WGS84 

datum. For the processing purpose the data is converted to EGM2008 elevation height with respect to the reference data. Erdas 

Imagine 2015 is used for the conversion of WGS84 to EGM2008 model. In Erdas Imagine 2015 recalculate elevation values tool 

is used for geoid conversion from WGS84 to EGM2008 model. Terrain preparation tool in Erdas Imagine is used for converting 

raster image to point cloud format. Slope based filtering technique is applied for the point cloud data using Terrascan and 

Terramodel software. The first objective is to eliminate the non-ground objects. The elimination of the points not belonging to 

the ground is known as filtering. Slope based filtering technique effectively removes the non–ground points and other spurious 
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points like low points and points having negative elevation. Terrascan and Terramodel software handles very effectively the 

dense point cloud data for automatic classification of large area. The conversion of raster to LAS format is shown in the figure 3. 

 
Fig. 3: Raster DSM to LiDAR binary exchange format 

 Slope based filtering 

Slope based filtering are based on the assumption that the slope of the terrain is changing gradually while low outliers should 

produce a rapid change in the elevation. Thus, slope of all neighboring points in a radius are compared to a predefined threshold 

and based on this, terrain points are accepted or rejected as terrain points. It is based on the relationship of height difference to 

distance between points (i.e., local slope). High local slopes imply the point of higher elevation is not a terrain point. Slope based 

filtering operates using mathematical morphology, and fixing a slope threshold. This, being the maximum allowed height 

difference between two points, is expressed as a function of the distance between different terrain points. Ground routine 

classifies ground points by iteratively building a triangulated surface model. The routine starts by selecting some local low points 

that are confident hits on the ground. The control initial point selection is done with the maximum building size parameter. If 

maximum building size is 60.0 m, the application assumes that any 60m by 60 m area will have at least one hit on the ground 

(provided there are points around different parts of the area) and that the lowest point is a ground hit. The routine builds an initial 

model from the selected low points. Triangles in this initial model are mostly below the ground with only the vertices touching 

ground. The routine then starts molding the model upwards by iteratively adding new laser points to it. Each added point makes 

the model following the ground surface more closely. Iteration parameters determine how close a point must be to a triangle 

plane for being accepted as ground point and added to the model. Iteration angle is the maximum angle between a point, its 

projection on triangle plane and the closest triangle vertex. Iteration distance parameter makes sure that the iteration does not 

make big jumps upwards when triangles are large. This helps to keep low buildings out of the model. The smaller the Iteration 

angle, the less eager the routine is to follow changes in the point cloud (small undulations in terrain or hits on low vegetation). 

Use a small angle (close to 4.0) in flat ter¬rain and a bigger angle (close to 10.0) in hilly terrain. Every filter has an assumption 

about the structure of bare-Earth points in a landscape. Here, In the Slope-based algorithm, the slope or height difference 

between two points is important. If the slope exceeds a certain predefined threshold, then the highest point is assumed to belong 

to an object. For the study area of Gandhak region slope map is generated to ascertain the value of slope threshold to be used for 

filtering. 

 
Fig. 4: Working of slope based filtering 

 Bias correction 

ICESat/GLAS were downloaded from NSIDC website (http:nsidc.org/data/icesat).For the analysis of the present study area 

GLA14 produced which provides Global Level Surface Altimetry data. The data is basically in a binary format which needs to 

be converted into ASCII format. For the purpose of conversion of ICESat/GLAS data NGAT tool provided by the NASA 

Distributed Active Archive Centre (DAAC) at NSIDC website is used. The NGAT tool runs in the IDL platform. The tool has 

two files namely batch_read_altimetry.ini and batch read altimetry.sav. In the batch-read we need to give the input directory and 

output directory, product number, release number. The output of this program will generate an ASCII file containing serial 
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number, date, latitude, longitude and height in TOPEX. The Study area contains five subfiles of binary format. The files are 

appended into a single excel file. The TOPEX elevation values are converted into WGS84 datum using an algorithm that is 

provided by the NSIDC. 

WGS84= (637813700 - 637813630)* COS (lat) ^2 + (635675231.4245 -635675160.0563) * SIN (lat) ^2. 

The ICESat/GLAS track points were displayed over the DEM in the Global Mapper v12 software and the elevation values 

pertaining to the ICESat/GLAS track were extracted from the CartoDEM. Bias is computed by taking the differences of Cartosat 

DEM and GLAS points of 7034 points. The high values were treated as outliers and discarded from calculation. The erroneous 

points are due to points falling on the top of trees, buildings and other non-ground structures. The mean bias is computed from 

the differences in observation of Cartosat DEM and GLAS points. The mean bias of 4.35m is generated which is applied to the 

filtered DEM. Histogram is generated from maximum and minimum points. 

 
Fig. 5: Bias Estimation of Cartosat DEM with GLAS points 

 Validation 

The Cartosat DEM is validated using the ground control points collected using geodetic class GPS receivers. The ground control            

points are having an accuracy of better than 8cms after post processing. Accuracy improvement is evaluated statistically by 

computing the RMSE and Linear Error 90 (LE90) for the input DSM and output DEM. Root Mean Square Error is the measure 

of the difference between locations that are known and locations that have been interpolated or digitized. RMS error is derived 

by squaring the differences between known and unknown points, adding those together, dividing that by the number of test 

points, and then taking the square root of that result. RMSE is important to create precise and accurate data. . By comparing the 

RMSE of the input DEM and Output DSM the accuracy improvement can be validated. Larger the value of RMSE, the greater is 

the discrepancy between the datasets. Linear Error 90 (LE90). The formula for calculating the RMSE is given below. 

RMSE= √
1

n
(1/Zdi − Zri)

2) 

Where, 

Zdj - Elevation value measured on DEM surface 

Zri - Original elevation or reference elevation 

n - Number of elevation points 

IV. RESULT AND DISCUSSION 

The Cartosat-1 DEM collected is a surface model which contains both ground and non-ground objects. The first objective is to 

remove the non-ground objects like vegetation, building, bridges and other man-made objects on the surface of the earth to make 

it as a terrain model. The study area is Gandak river basin which covered with vegetation, man-made structures and hydrological 

basins. Slope based filtering is applied to remove the non-ground points. The filtered DEM is bias corrected using ICESat/GLAS 

data to improve the vertical accuracy of the Cartosat DEM. From the output DEM drainage and contour maps are generated. 

Validation of the output DEM is calculated using the GCP points. The validation results show the comparison of the input DSM 

and the output DEM.  

 Slope map 

To define the threshold values for filtering, slope map is generated for the study area. Slope map identifies the maximum and 

minimum slope .It represents the rate of change of elevation for each digital elevation model (DEM) cell. For the study area 

slope map is created using ArcGIS software with the surface analyst tool. This map provides a colorized representation of slope, 

generated dynamically using a server-side slope function on the Terrain layer followed by the application of a colour map. The 

degree of slope is represented by a colour map that represents flat surfaces, shallow slopes, moderate slopes and steep slopes. A 

scaling is applied at small scales to generate appropriate visualization.  If access to numeric slope values is required, use the 

Slope Degrees or Slope percent functions, which return values from 0 to 90 degrees, or 0 to 100%, respectively. From the slope 

map it is seen that most of the pixel values for the study area lies within 0 to 20 degrees. The total number of pixels in the range 

of 0° to 20° is 191291745 among 191899523 pixels which represents the study area is flat. The figure 5.1 shows the slope map of 

the DSM. 
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Fig. 6: Slope map of the Cartosat DSM 

 Slope based filtering 

Slope based filtering technique is performed using the Terrascan and Terramodel in Microstation v8 software. For better 

handling and processing the raster DSM is converted to point cloud format (LAS). The software handles point cloud data for 

large area very effectively. Ground routine classifies ground points by iteratively building a triangulated surface model. The 

routine starts by selecting some local low points that are confident hits on the ground. If maximum building size is 60.0 m, the 

application assumes that any 60 by 60 m area will have at least one hit on the ground and that the lowest point is a ground hit. 

Maximum building size is the edge length of largest buildings. In this study area terrain angle is given as 55 degrees. The terrain 

angle is steepest allowed slope in ground terrain. Iteration angle is the maximum angle between point, its projection on triangle 

plane and closest triangle vertex. Iteration angle varies normally between 4.0 and 10.0 degrees depending on the terrain 

characteristics. If the terrain is flat then the iteration angle is in the range of 4 to 6 degrees. When the terrain is having mixed 

elevation then the iteration angle is above 6 degrees. By examining for different iteration angle from 4 to 6 degrees it shows that 

4 degrees is giving most accurate result when compare to other values. Thus for the study area the iteration angle is given as 4.0 

degrees. Iteration distance is the maximum distance from point to triangle plane during iteration.The iteration distance is 

normally between 0.5 and 1.5m. For the study area the iteration angle is 1.40 m. The following parameters are applied to the 

Cartosat DSM for slope based filtering to derive the bare earth model. The parameters and the threshold values applied to 

remove the non-ground points are given in the table. The arrow mark in the figure shows the elimination of the non-ground 

objects like vegetation, bridges, etc. 
Table – 2 

S.NO PARAMETERS THRESHOLD VALUES 

1. Maximum Building Size 60 m 

2. Terrain Angle 55 degrees 

3. Iteration Angle 4.0 degrees 

4. Iteration Distance 1.40 m 

 
Fig. 7: Non-ground objects removed from the DSM; white spots shows the surface features 
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Fig. 8: Bridge delineation with slope based filter 

 Bias correction 

Bias correction is applied to the filtered DEM to improve the vertical accuracy of the Cartosat DEM using the ICESat/GLAS 

data. In this study area GLA14 version 34 Level 2 is used. The GLA14 provides surface elevations for land. The ICESat/GLAS 

track points are displayed over the DEM in the Global Mapper v12 software and the elevation values pertaining to the 

ICESat/GLAS track are extracted from the Cartosat DEM. GLAS points are converted to WGS 84 datum. Bias are computed by 

taking the differences of Cartosat DEM and with 7034 GLAS points. The high values were treated as outliers and discarded from 

calculation. The erroneous points are due to points falling on the top of trees, buildings and other non-ground structures. The 

mean bias is computed from the differences in observation of Cartosat DEM and GLAS points. The mean bias of 4.35m is 

generated which is applied to the filtered DEM. Bias correction is performed in the Terrascan. Frequency distribution curve is 

generated for the DEM pixel values and the GLAS points. From the curve is evident that from the distribution of the pixel is 

maximum in the range of 3.5 to 4.5.By applying the bias correction the vertical accuracy of the Cartosat DEM is improved from 

8m to 4.65m. 

 
Fig. 9: Frequency Distribution Curve 

 
Fig. 10: Final output Cartosat-1 DEM of Gandak Area 
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Fig. 11: Histogram Generated for the final output DEM 

 
Fig. 12: Slope map of output DEM 

 Drainage map 

Drainage is generated for both input DSM and the output DEM. The drainage map is prepared by using the ArcHydro tool in the 

ArcGIS software. For the generation of the drainage map, the sinks in the DEM are automatically filled using fill sink tool. After 

that flow direction is generated for the fill sink. From the flow direction map flow accumulation is generated. Stream definition 

map is generated by assigning the threshold values. Depending on the threshold values streams are generated. After that stream 

segmentation, catchment grid delineation and catchment polygon processing are carried out. Finally the drainage map is 

generated. Drainage map of the DSM shown in figure 5.7 .reveals that the drainage flow is not continuous due to the non-ground 

features.  But in the case of DEM the flow is continuous due to the elimination of the non-ground objects. The continuous flow 

of the drainage is shown in the figure 5.8. The drainage map overlaid on the satellite image is shown in the figure 5.9. 
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Fig. 13:(a) Fill sink generated form DSM (b)Flow direction generated form fill sink 

 
Fig. 14:(c) Flow accumulation map generated from flow diection map(d) Stream definition map 

 
Fig. 15:(e) Stream segmentation map(f) Catchmenat grid delineation map 
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Fig. 16(g)Catchment polygon processing map (h) Drainage map of DSM 

 
Fig. 17(a)Fill sink generated from DEM (b)Flow direction generated from fill sink 

 
Fig. 18(c)Flow accumulation map generated from flow direction map (d)Stream definition map 
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Fig. 19:(e)Stream segmentation map (f)Catchment grid delineation map 

 
Fig. 20(g)Catchment polygon processing map (h)Drainage map of DEM 

 Contour map 

Contours with 5m interval are generated from the output DEM. The contour gives the elevation differences for each pixels. For 

the study area the contour is generated for both the input DSM and output DEM. By comparing both the contours it is evident 

that the contour generated for the DSM is spread over the vegetation regions. Figure 5.9 shows the contour map of DSM. But in 

the case of DEM after removal of the non-ground objects the contours are generated on the terrain. From the figure it is shown 

that the DSM is having more number of contours. These contours are formed due to the vegetations and the surface features 

which is not there in case of output DEM. In case of bridges a closed contour is formed in DSM. In case of DEM after removal 

of bridges the contours are continuous and along the river. Figure 5.10 shows the contour map of DEM. 

 
Fig. 21: Contour map of DSM 
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Fig. 22: Contour map of DEM 

 Validation 

For the study area Cartosat DEM is validated with twenty two Ground Control Points collected for the Gandak river basin. 

Statistical parameters like Root Mean Square Error and Absolute Linear error 90 (LE90) is computed with respect to the GCP 

points. The results shows that the RMSE for the DSM is 5.96 m and the RMSE for the output DEM is 1.98m.  The absolute 

LE90 is calculated both for input DSM and output DEM which is 6.25m and 2.08m respectively.  

V. CONCLUSION 

Manual efforts for generating DEM by editing mass points and break lines for large areas is time consuming and laborious. In 

this study automatic method with slope based filtering technique is used to derive the output DEM from DSM. Bias correction is 

applied to the filtered DEM to improve the elevation accuracy. The RMSE and Absolute LE90 for input DSM is 5.96m and 

6.25m respectively. For the output DEM the RMSE and Absolute LE90 is 1.98 m and 2.08 m respectively. Statistical validation 

of input DSM and output DEM with ground control points shows an improvement of 4.17m in Absolute LE90 for output DEM. 

The value shows that the 90% of elevations are within 2.08 m when compared with reference points. DEM derivatives like 

drainage and contours are generated for the output DEM which shows the continuity in drainage network and contours along the 

river. The continuity of the drainage is very much useful for runoff and discharge flow estimation which are critical parameters 

for hydrological modelling. This study aptly demonstrates the improvement in elevation accuracy of Cartosat DSM using 

ICESat/GLAS data and slope based filtering methods. 
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