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ABSTRACT 

Many GIS users wish to improve their airborne or spaceborne images’ geometry by using 

ground control. Therefore precise control points are necessary. However, it can be 

difficult to acquire accurate ground control points due to required turn-around time, high 

costs or impossible access. CompassData, Inc. a specialist in ground control, has 

expanded its service to deliver Remotely Sensed Ground Control Points (RSGCPs).  

 

In a comprehensive test, we researched the process of remotely sensing Ground Control 

Points, and the resulting coordinates of natural and manmade features range from 0.5 m 

to 2.0 m accuracy. This study’s goal is to illustrate our experience with the remotely 

sensed data and explain how this can be of service to the geospatial community. Further, 

this paper qualifies the performance of different features, since SAR imagery must be 

approached in its own way. 

 

 

INTRODUCTION 

The imagery collected by the satellite TerraSAR-X can determine an accurate location of 

single features on the surface of the earth. The robust SAR (synthetic aperture radar) 

technology, relatively unaffected by local weather or influences in the high atmosphere, 

combined with highly precise orbits, is the basis of its outstanding geometric accuracy. 

 

The so-called science orbit is in an accuracy range of several centimeters, and the 

inherent accuracy of the High Resolution SpotLight imagery is reported better than 50 cm 

[Eineder 2011]. As in traditional photogrammetric stereo methodology, the processing of 

TerraSAR-X data introduces, per scene, two equations for each individual point 

measurement. Consequently, one pair provides four equations to determine a coordinate 

triplet (Easting, Northing, Elevation). To boost accuracy and confidence, multiple scenes 

(usually four) with different look-angles are used and the over-determined system of 

equations is solved by the method of least squares. Unlike in standard stereo processing, 
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this technology is based on SAR Doppler and range equations. The spatial point 

measurement is the intersection of SAR range circles.  

 

There have been massive scientific advances in this technology, giving it new advantages 

in weather-independency. Also, its active sensor, with a side-view, provides unrivaled 

geometry. Now, wherever ground surveying is not practical – or is simply impossible – 

this satellite enables a remote collection of reliable ground control points. The RSGCPs 

have an extremely high accuracy of approximately 1 meter and can be the anchors for 

improving traditional satellite imagery and/or airborne photos.  

 

COMPREHENSIVE TEST STRATEGY 

The primary goal of the test conducted by CompassData, in collaboration with Infoterra, 

was to simulate the workflow in determining RSGCPs for an inaccessible area anywhere 

in the world, focusing on standardized man-made features that are found in most parts of 

the world. For this test, steel towers for electric lines, street-lights, surface contrasts, and 

traffic islands were examined. Single tests were made with a boulder, a shipping-

container, and an electric cabinet.   

 

For validation, Infoterra generated coordinates and CompassData surveyed the features 

with GPS ground measurements for a comparison. Then the validation was carried out as 

a blind study. 

 

In addition, the testing included ‘ideal’ targets consisting of aluminum corner reflectors 

directed towards the satellite. This minimized the human error and an analysis reveals the 

system capabilities in a best-case scenario. The results serve as a reference in regard to 

the accuracy of the features mentioned above. 

 

Reflector, GPS, and Panel on the Diamondback Ridge 

 

  
Large Reflector. View to the South GPS-Rover. View to the West 
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DESCRIPTION OF THE TEST FIELD 

The test field includes an area of 4 km by 5 km close to Denver, Colorado. It sits in the 

foothills of the Rocky Mountains, located within the Morrison Quadrangle, a site well 

known to photogrammetrists and remote sensing specialists.   

 

 
 

This test field offers an abundance of different manmade objects embedded in a very 

dynamic and diverse topography.  From east to west, rolling hills of high-plains prairie 

run up against the first ridge of the Rocky Mountains, which quickly gains 200 meters in 

a steep incline, in a series of rocky ridges known as the hogbacks and, slightly further 

west, as the Red Rock formations.  These formations consist of solid rock slabs and 

outcrops several meters high.  

 

The test proved that this extreme mix of variable terrain had no impact on the quality of 

the RSGCPs. Objects at different elevations were tested and the results showed a 

consistency regardless of elevation. 

 

 

TERRASAR-X DATA 

Acquisition Plan for 4 flights using High Resolution Spotlight scenes. 

 

 

Date Time Inclination Angle Pass Direction Mode 

2/19/2011 1:00:22 48.75 Ascending HS 

2/22/2011 13:14:08 26.96 Descending HS 

2/25/2011 0:51:49 35.76 Ascending HS 

2/28/2011 13:05:35 42.41 Descending HS 
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RESULTS FOR CORNER-REFLECTORS 

 

The first set of tests consisted of a comparison between GPS measurements and 

coordinates of ‘perfect’ corner-reflectors. Two different kinds of reflectors were placed in 

the test area. Four large aluminum reflectors were constructed out of three triangular 

shaped planes (1 m by 1 m by 1.5 m) and 3 smaller metal reflectors were made out of 

three rectangular planes (0.3 m by 0.3 m). 

 

Comparison of ‘perfect’ corner-reflectors versus ground GPS measurements:    
       

       

Object description Amount Hmax  Vmax Hmean Vmean 

Large aluminum reflectors (4) 4 0.53 -0.46 0.39 -0.46 

Small metal reflectors (3) 3 0.54 -0.62 0.42 -0.55 

 

¶ The RMS equals 0.41 m horizontal and 0.50 m vertical.   

 

¶ The results show a systematic shift. The systematic shift in horizontal 

position is about 0.5 m to the West and a vertical lift of 0.5 m (see scatter plot 

on next page). 

 

¶ The relative precision between the reflectors is very high. The relative 

distances determined by satellite, compared to the GPS measurements, vary 

by only 0.2 m. 

 

¶ The smaller corner-reflectors (0.3 m side-length) were almost as good when 

detected by the satellite as the larger reflectors (1.5 m).  

 

Large and small reflectors in picture and SAR-imagery 

 

   

Large Reflector Small Reflectors Image Chip TerraSAR 

 



 
 

12353 E. Easter Ave.  Suite 200  Centennial, Colorado 80112 
303.999.3000  www.compassdatainc.com  

5 

 

RESULTS FOR EXISTING FEATURES 

For the results of the second ‘real world’ test, typical RSGCPs, feature commodities 

found throughout the world were compared to GPS measurements (VRS +/- 2cm). The 

results show a dependency on the choice of objects, which in a ‘real world’ scenario 

might be limited to the availability of objects.   

 

Comparison of RSGCPs versus ground GPS measurements (in Meters): 

 

Features 
Amount HMax VMax HMean VMean RMSH RMSV 

Steel light-poles  5 0.82 -0.59 1.27 -0.37 0.58 0.39 

Electric tower-leg 5 2.04 -0.88 1.48 -0.50 1.29 0.56 

Finished surfaces * 6 2.01 -0.65 1.11 -0.46 1.24 0.48 

Traffic islands 2 1.22 -0.60 1.50 -0.36 0.97 0.43 

Boulder 1 1.31 -1.00 - - - - 

Container corner 1 2.00 -0.33 - - - - 

 

* Summarized under Finished surfaces are 3 point-features created by asphalt and/or 

concrete against grass, 2 point-features of asphalt against soil, 1 point-feature created by 

landscaping with fist-sized rocks against grass.  

 

Scatter plots of horizontal errors for corner reflectors and manmade features (in 

Meters): 
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As shown by the scatter plots, a small systematic shift of approximately 0.5 m was found 

in this study. 

 

The steel light-poles had the best results and the five test features are free of outlines.  

Positional outliers can occur, but by a careful selection of features under consideration of 

their reflectivity and their statistical information, the outliners can be reduced. 

 

SAR-scenes and corresponding features on the ground 

 

    

    
Round traffic island 

with gravel 

Landscaping versus 

grass 

Electric power 

tower 

Rock and paved 

surface versus grass 

 

 

 

THE RIGHT CHOICE OF FEATURE PROVIDES THE OPTIMAL RESULT 

The research showed that the right choice for a feature is the key for an optimal RSGCP 

result. The feature must fulfill two different requirements:  

 

¶ First, the feature has to be identifiable in the multi-spectral or panchromatic scene 

of an optical sensor.  

 

¶ Second, the feature must be identifiable in the radiometric imagery.  

 

Therefore, the feature must possess a distinct reflectivity within its surrounding.  

 

Two optimal, as well very different, features that meet this criteria are a vertical steel-

pole (i.e., a street-light) and the contrast between smooth and rough surfaces (i.e., traffic 

islands or the corner of an asphalt parking lot surrounded by either grass, gravel, or dirt).  
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Our results show elevations have a very constant accuracy without any outlier. The effort 

on the horizontal component has to be greater, especially for a flat feature defined by a 

change in coarseness. Loose gravel or dirt usually collects on the edges and borders along 

finished surfaces due to wind and rain. A minor amount could impact the radiometric 

image, but might not even be visible in the optical image, causing an unwanted offset. 

Vertical standing metal poles, if available and if visible in the optical image, are better. 

Alternatively to using a single pole as a point-feature is the base of the steel towers for 

power-lines, which are often visible in optical imagery.     

 

 

    

SUMMARY 

With the current status, Infoterra can produce RSGCPs from TerraSAR-X with an 

unrivalled accuracy. If manmade objects, like street lights, power-poles, or cell-antennas 

are available in the area of interest, the coordinates CompassData can provide are in each 

of the cardinal directions with about 1 m accuracy. 

 

Traditional terrestrial based survey is still the ideal source for control but this study has 

confirmed the usability of RSGCP’s in inaccessible or denied access areas around the 

globe. 

 

The test results show a horizontal accuracy of 1.0 m and a vertical accuracy of 0.5 m.  

A closer look at these accuracies show horizontal and vertical systematic shifts of 

approximately 0.5 m. Therefore the relative accuracy is within a few decimeters.   

 

Currently, research is in process to access the suitability of features to reduce the risk of 

outliners. The outlook to improve the accuracy confidently well below 1 meter is 

promising.  
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