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Motivation and project goals  

¸ Multi-angular remote sensing has became a hot topic after the non-

Lambert characteristic of the Earth's surface was accepted popularly 

¸ A large amount of multi-angular remote sensing data has been 

obtained with the launch of multi-angle remote sensing sensors 

¸ BRDF is a common problem in remote sensing and also in oblique 

photogrammetry 

 

¸ Field goniometer BRDF-measurements are very cumbersome, costly 

and normally taken under ideal weather conditions 

¸ Up scaling problem of common field goniometers:  leaf level     canopy 

level 

 

¸ UAVôs are an alternative RS-platforms for BRDF-measurements 

 

 



Field goniometer  

Source: University of Uranina 



Anisotropic reflection behavior of 
natural surfaces  

¸ Natural surfaces reveal 

anisotropic behavior 

¸ BRDF-intensity related to: 

¸ Illumination conditions 

¸ Atmospheric 

conditions 

¸ Viewing geometry 

¸ Wave length (Sensor) 

¸ Seasonal vegetation 

development 

¸ Percentage ground 

cover 

¸  é 

¸ Difficult to model 
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Solution: Online measurement and correction with a UAV 



BRDF-Geometry  

¸ Imaging perspective 

¸ Hemisphere over target: azimuth and zenith angle 
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ĂPFIFFikusñ Example of BRDF-
effects  

Surfaces reveal large differences in 

brightness (º reflection) in relation 

to the azimuth and zenith angle and 

the elevation of the sun  

 

The reflection properties shall be 

modeled to obtain a BRDF-function 

 

Images will be homogenous after 

BRDF-correction 



Our goals  

¸ Examination of anisotropic reflection properties of agricultural crops with: 

¸ a pointing camera  

¸ Four-Vision system 

¸ Hardware development of a ñfour visionò camera system in order to enhance 

the aerial coverage of a low flying UAV and to analyze the BRDF-properties of 

agricultural fields 

¸ Software development  for flight management of four vision camera 

¸ Automatic workflow for anisotropy determination and BRDF-modeling 

 

 



ñFour Visionò concept  
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UAV-platform for Four Vision  
MD4-1000 from Microdrones  

¸ MD4-1000 from Microdrones GmbH 

¸ Quadrocopter ï 1.04 m diameter 

¸ Payload: ca. 1.000 g 

¸ Flying time: max. 70 min. (ca. 25 min at  

 1000 g payload) 

¸ Airspeed. normal up to 15 m/s 

¸ Take off weight º 5 kg 

¸ Integrated autopilot 

¸ Online data communication 

¸ Waypoint navigation 

¸ Pointable camera 

¸ Olympus  PEN-2 

¸ Fixed focal length (17 mm) 



Determination of BRDF ï 
photogrammetric Workflow  

1. Hemispheric flight planning 

2. Layout of coded targets 

3. Aerial survey with converging images 

4. Automatic (aero)triangulation incl. 

measurement of the interior orientation 

5. Reconstruction der angular relationships out 

of exterior orientation 

6. Vignetting reduction 

7. Ortho rectification of imagery 

8. Determination of anisotropy factor 

9. Comparison with field spectrometer values 

10.Modeling and image correction 

 



ĂPFIFFikusñ flight planning for 
BRDF-Measurements  

 



Flugroute  BRDF-Measurement ï 
set -actual comparison  

Planning 

    set-actual comparison 

 

 

 

 

 

Measurements 



Problems ï coded targets  

¸ For close range 

photogrammetry ï retro 

reflecting targets are 

commonly used 

¸ For outdoor applications ï 

black targets on white 

ground are better than vice 

versa 

¸ Over exposure of white 

blobs allows for smaller 

targets, than mathematical 

GSD would assume 
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Accuracy potential of automated 
target measurement strategies in 

relation to GCP size  

Accuracy  
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Å The bigger the target, the more accurate 

   the measurement  

Å Minimum size for automated target 

  measurement = 5 pixel 

 

Å Example:  Target  Å = 4 cm 

                   @ max. GSD = 0.8 ï 1.2 cm   

Source: Luhmann, 2003 



Practical experiments  

¸ Experimental site 

¸ Field trial station of 

Rostock University 

¸ Winter wheat with different 

fertilizer levels 

¸ Ten 1 x 1 m plots 

¸ Flying height 5 ï 15 m 

 

¸ Test flights  

¸ 23.04.2011 (white targets 

didnót work) 

¸ 11.05.2011 (Overcast sky, 

little BRDF visible) 

¸ 06.07.2011 (Partial flight, 

for TV-media images) 

 

11.05.2011 
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Illumination properties during 
test flights  
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(Aero)Triangulation with 
Australis  

¸ Automatic 

Measurement of 

coded targets 

¸ Determination of the 

interior and exterior 

orientation 

¸ Accuracy of the aero 

triangulation: 0.49 µm 

(= 0.11 Pixel) 

¸ Transformation into 

geodetic coordinate 

system (UTM / GK4) 

¸ No Ăhot spotñ and sun 

glint images due to 

blooming targets          

¸ few images in the 

principal plane 

 

 

Camera- 

positions 

Coded targets 



Anisotropy Factor ï Principal 
plane  

¸ Nearly 

homogeneous 

reflection 

¸ Explanation 

¸ No images in the 

hot spot region 
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Anisotropy behavior -  Crossplane  

¸ R ï G ï B -values 

reveal different 

anisotropy behavior 

 

¸ Explanation 

¸ With higher zenith 

angles the amount of 

bare soil increases, 

decreasing the red 

and blue reflection 
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Four -Vision Camera System  

UAV 

DC/DC-Converter (22V Ą 

5V) 
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Single components -  Cameras  

¸ USB-Board camera (Crevis USB 2.0) 

¸ Sony CCD (½ inch) 

¸ Pixel size 4,65 µm 

¸ 15 fps 

¸ Color-version 

¸ Size: 29x29x29 mm 

¸ Weight: 38 g 

¸ Power consumption 2.5 W 

¸ Lens 

¸ Fujinon C-Mount 

¸ 9 mm focal length 

¸ Weight: 45 g 

 

¸ SDK and Halcon drivers available 



Development of the housing and 
mounting of the payload  

¸ lightweight 

construction 

 

 

¸ Mounting for 

cameras and 

controller-PC 

 

 

¸ Variable tilt option 

for oblique cameras 
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Bachelor thesis: Florian Schmidt 



Construction of the mounting of 
Four Vision camera system  

¸Inexpensive 

normed CFK-

materials 

¸Stable system, 

withstanding 4g 

acceleration 

¸Adjustable tilt 

angles of (30° - 60°) 

cameras 

¸weight, incl. cover < 

100g 

¸completion until end 

of October  

Bachelor thesis: Florian Schmidt 


