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Introduction

 Ecotron
 Limited cultivated area

  ⇒ Limited possibilities for sampling

  ⇒ Needs for a non-destructive measurement 
technique, dedicated for scientist who are not expert 
in the measurement system (Image analysis)

 Aerial parts
 Leaf area index : LAI
 Average leaf angle : ALA
 N, …

 Root system
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Material

 Stereo images acquisition :
 Two cameras 1024*768 or 1280 * 960 pix
 Base distance : 115 mm
 Distance camera-crop :+/- 1.3 m
 Focal length : 16 mm
 Vergence : 3.5°
 Disparity of 1 pixel ≈ 

Δz 2 mm
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Method

 Measurements were made on 8 plots dedicated 
to N application assessment in order to have 
different LAI references

 2 N applications
 4 plot repetitions
 3 dates (8thApril, 6th May, 4th June)
 5 stereo image couples per plots
 1 destructive reference measures on 50 cm for 

each plot

⇒ Quantification of the accuracy and the precision



  

Method

 Error quantification
 Accuracy and precision were assessed by using 5 

pattern of known “leaf” area (0.0155m²) :
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Method

 Algorithm
 Histogram equalisation *

 Image rectification *

 To have the same points on the same lines on 
both images 

* : OpenCV Libraries
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 Image rectification *

 Measurement of the disparities in pixels *

 Post treatments *

 Eliminate doubtful data and hidden pixels
 Compute xyz in ”human” coordinates *

xyd [pixels] → xyz [m]

* : OpenCV Libraries

Calibration setup by using calibration * (indoor, 
check-board)



  

Method

 Algorithm
 Histogram equalisation *

 Image rectification *

 Measurement of the disparities in pixels *

 Post treatments *

 Image segmentation (Leaves/Soil)
 Linear discriminant analysis * on RGB

* : OpenCV Libraries



  

Method

 Algorithm
 Image equalisation and rectification *

 Measurement of the disparities in pixels *

 Post treatments *

 Image segmentation (Leaves/Soil)
 LDA on RGB

* : OpenCV Libraries
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Method

 Algorithm
 ...
 Image segmentation (Leaves/Soil)
 Computation of the areas

 Leaves
 Total : based on the mean leave z plane
 LAI = Leave Area / Total Area
 ALA : mean of α  

* : OpenCV Libraries

∑
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Method

 Possible sources of error

 Measurement noise in z
 Leaves criss-crossing
 Angle with the optical axis

 ⇒ Angle between normal to the leaf and optical axis has 
been limited : cos(α) >0.2

 Because of the high variability 
of the LAI in the field, estimation 
of the reference LAI was based 
on stereo vision LAI by using 
regression

CA

B



  

Results

 Analysis of the errors
 Only the noise is considered here
 Correlation between estimated and true distance (based on 

the patterns) : r = 0.9997, slope= 1.0003

0,8 1 1,2 1,4 1,6 1,8
0,8
0,9

1
1,1
1,2
1,3
1,4
1,5
1,6
1,7
1,8

1024

Linéaire (1024)

1280

Linéaire (1280)

Estimated distance 3D (m)

T
ru

e 
di

st
an

ce
 (

m
)



  
CA

B

Results

 Analysis of the errors
 Only the noise is considered here
 Correlation between estimated and true distance (based on 

the patterns) : r = 0.9997, slope= 1.0003
 Accuracy and precision (patterns – ref. area = 0.0155) 

Resolution 1024*768 1280*960

relative (%) m² relative (%) m²

Accuracy 34 0.0053 49 0.0075

Precision 10.9 0.0017 15.8 0.0024

Error analysis showed that standard deviation on z should be respectively around
3 10-4 m and 5 10-4 m to achieve the given precision
Necessity of a regression to estimate Ref LAI



  

Results

 Repetitions on the same spot

 5 repetitions

 standard deviation on LAI = 0.09 (m
LAI

 ≈ 1)

 standard deviation on ALA = 0.02 rad (m
ALA

 ≈ 1.3)



  

Results

 Estimation of the LAI (Ref LAI = f (3D-LAI))



  

Results

 Estimation of the LAI (field measurements)
 standard deviation for the reference (4 plots) : 0.23
 standard deviation for the estimation based on 3D 

measurement : 0.22
 correlation coefficient (3D, Ref) : 0.88



  

Results

 Estimation of the LAI (Ref LAI = f (3D-LAI))
 Linear regression is correct (no saturation observed)
 standard deviation for the reference (4 plots) : 0.23
 standard deviation for the estimation based on 1 stereo 

vision measurement : 0.22
 correlation coefficient (3D, Ref) : 0.88
 standard deviation for the estimation based on 5 stereo 

vision measurement : 0.14
 correlation coefficient (5 * 3D, Ref) : 0.91
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Softwares

 Sofware developped using OpenCv and 
GTKmm libraries

 Two software are warped in an “easy to use 
GUI” aimed to be a tool for scientist having no 
direct interest in Image analysis

 LAI/ALA measurement
 Image segmentation

 Two software are still “PhD student versions”
 Acquisition 
 Calibration
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Conclusion

 The proposed method based on stereo vision 
system is 

 able to achieve a precision similar to the reference 
method

 much quicker than the reference method
 affordable

 It will be tested more extensively



  

Thank you for your attention
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