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   WHITE PAPER CARAPo RIvER bAsIn, TACHIRA sTATE, vEnEzuElA  

   
Digital photogrammetry and digital surface 
modeling project with very high-resolution 
stereo pairs acquired by satellite World-
view-2 from DigitalGlobe, Inc.
by: Engineers nelson Mattie, Alexis Piña, Ramón lópez, and leonel Perozo.

  
Summary
A digital photogrammetry study was conducted on an area of 210 km2 on the Carapo River basin, in the 
state of Tachira, Venezuela. The project’s aim was to perform a survey with level curves equidistant at 5m 
and to render in 3D elements such as roads, hydrography, vegetation, and buildings. Also a digital terrain 
model (DTM) on a one (1) square meter resolution grid was produced. All of the foregoing is generated 
by means of photogrammetric processing of 50 cm resolution stereo pairs from the WorldView-2 satellite. 
Accuracy results in coordinates (X, Y) for all the area was 67 cm RMSE and elevation accuracy (Z) for all 
the area was 23 cm RMSE and determined by 8 main geodesic survey points for triangulation, 16 geodesic 
control points measured in the field by means of GPS, and 125 checkpoints. These geodesic control points 
were used for aerial triangulation and altimetric leveling of stereo pairs. By means of these state-of-the-art 
digital sensors, and by employing advanced mathematical models (software), the precision obtained by our 
satellite photogrammetric products is similar to that obtained through conventional topographic processes. 
The applications for our products range from highway planning to management of agricultural produc-
tion, feasibility studies for hydroelectric stations, urban planning, environmental analysis, land registries, oil 
surveying, or road infrastructure projects among others.

Location
These 210 km2 (are located 
within the Carapo River Basin 
in the state of Tachira, Ven-
ezuela (Figures 1 and 2).

Figure 1.  
regional location of the  
suveyed area
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Figure 2. 
the area under study  
is located at the South-
west of the city of San 
cristobal, capital of  
the State of tachira  
in Venezuela.

GeodeSy: 
A geodesic control network comprising 8 main triangulation vertices was set up and linked to the B-order 
vertex named “Santa Ana”, part of the National Geodesic Network (REGVEN for its acronym in Spanish) 
that was established in the territory of Venezuela by the Simon Bolivar Geographical Institute of Venezuela 
(IGVSB for its acronym in Spanish).

For differential GPS measurements all necessary information was collected, which included:

Design of technical specifications and geodesic parameters. For the execution of static GPS measure      
ments for the Control Points, the following specifications were used:
	 •			Capture	interval:	1	second.
	 •			Cut-off:	15	º
	 •			Measurement	time:	Depends	on	the	length	of	base	lines	(higher	after	1.5	hours	of	stay).
	 •			Antenna	height	measurement:	Vertical
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   Figure 3. 
   data from the main  
   support geodesic  
   vertex of order B  
   “Santa ana” used  
   to link the project’s  
   geodesic linkage.
 

   

For the height of the different vertices that constitute the geodesic network, the national geodesic sys-
tem REGVEN was taken as reference, specifically, its main BM or points of known height. The reference 
for height is the average sea level as reference, this means that such height is orthometric and is located 
at a source point named La Guaira on which all heights from this system are based. The GPS data was 
processed at the Physical and Satellite Geodesy Laboratory from the Zulia University by Professor Gustavo 
Acuna.

   Figure 4. 
   Location of  
   the main vertices  
   of the project’s  
   geodesic network  
   and GPS  
   measurements.
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Stereo Pair caPture 
Between March and July of 2010, DigitalGlobe Inc. Managed to successfully complete the capture of three 
stereoscopic pairs with the Worldview-2 satellite with 1% covered by clouds on the 210 km2 area of study. 
(For further references please see www.digitalglobe.com)

Figure 5. 
Location of the area of 
study (black polygon) 
and location of WV-2 
stereo pairs (yellow, 
green and red  
polygons).

Figure 6. 
image mosaic with the 
three stereo pairs from 
WV-2, 1% covered by 
clouds.
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PhotoGrammetry 
The first stage of the photogrammetric project of stereoscopic pairs taken by the WV-2 satellite consisted 
on performing aero triangulation supported by the ground geodesic control points measured in the area of 
study with L1/L2 frequency GPS equipment to guarantee ground controls as part of accuracy adjustments 
and assurance. In this case 8 main geodesic vertices were used, as well as 16 control points and 125 check-
points. Triangulation and adjustment were performed on the photogrammetric blocks and homologous 
points were calculated between images to produce epipolar imagery and then proceed to automatically 
and manually extract topographic data by means of algorithms developed for this purpose. Afterwards, 
digital surface models (DSM) were obtained as well as digital terrain models (DTM); level curves were 
manually edited. The precision results were: Average Residual Error X, Y (rmseX, rmseY)= 0.670 m; Average 
Residual Error Z (RmseZ)=0.230m.

Figure 7. 
Photogrammetric block  
showing stereo pairs and  
location of the geodesic  
control points. the overlap 

              ping percentage between  
     the three stereo pairs was  
     95.02%.
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Figure 8. 
measurement of checkpoints 
and homologous points on the 
stereo pair.

Figure 9.  
X,y, Z point cloud  
generated from WV-2  
stereo pairs used to 
generate the digital terrain 
model. approximately  
52.5 million points were  
generated in  
LaS format.

Figure 11. 
X,y,Z dot cloud generated  
from the WV-2 stereo pairs  
used to generate the digital  
terrain model. approximately 
52.5 million points were  
generated in LaS format.
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Figure 12. 
digital terrain model generated 
by the WV-2 stereo pairs.

Figure 13.  
opographic drawing of  
the area of study at a 1:5,000 
scale performed by Venezuela’s 
national cartography on  
the 70’s based on an aero  
photogrammetric flight  
with camera, film and  
analog photogrammetry  
techniques.at.

Figure 14. 
topographic drawing of the 
area of study at a 1:5,000 scale 
performed by aitec between 
2010-2011 based on the WV-2 
stereo pairs and digital photo-
grammetry techniques.



8

 
Figure 15. 
orthophotomap generated  
using stereo pairs acquired  
by the WV-2.

Figure 16. 
Slope map created based on 
stereo pairs acquired by WV-2.


