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Sample results for LAI estimates 
from Hemisphotos and CAN_EYE

F. Baret
INRA Avignon
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Basic principle

• fCover= 1-Po(0)

• fAPAR(θs )≈fIPAR(θs )=1-Po(θs )

• LAIkePo .)( −=θ )cos(
),(

θ
θθ lGk =

θ
cos(θ)
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Projection function G(θ)

θ  = 57.3°

Independent from leaf angle
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Current measurement devices

Interest of digital hemispherical photography (DHP)
•cheap (appareil+fish-eye<1000 euros)
•Easy to use (illumination conditions)
•No reference measurements
•Possible use over low vegetation canopies
•Directly evaluation of the quality of the measurements (images)
•Possible distinction between green and non green elements
•Possible to derive clumping information
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Spatial sampling
5 to 15 photos necessary for most canopies for 20x20m² ESUs
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Start Setup Image
selection

Pre 
processing

Classification EndProcessing 
& reporting

CAN_EYE: processing the images

www.avignon.inra.fr/can_eye
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Forêt de Pin

Clumping has to be taken into account

Homogeneous canopy

Clumped canopy

The clumping problem
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Exemple for simulated maize canopies
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Validation of CAN_EYE: synthetic images

• Creating synthetic hemipsherical images of known cases (turbid medium)
• Processing with can_eye
• Comparing retrieved values with actual ones
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CAN_EYE evaluation
Effective LAI from hemispherical photos
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CAN_EYE evaluation
Effective LAI from hemispherical photos
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CAN_EYE evaluation
Effective LAI from hemispherical photos

Effect of the leaf size
(clumping)

0 50
0

50
RMSE=11.9583

Input ALA

Es
tim

at
ed

 A
LA

LAI=0.25  S=0.1

0 50
0

50
RMSE=16.4317

Input ALA

Es
tim

at
ed

 A
LA

LAI=0.5  S=0.1

0 50
0

50
RMSE=6.1644

Input ALA

Es
tim

at
ed

 A
LA

LAI=1  S=0.1

0 50
0

50
RMSE=7.1414

Input ALA

Es
tim

at
ed

 A
LA

LAI=2  S=0.1

0 50
0

50
RMSE=12.1244

Input ALA

Es
tim

at
ed

 A
LA

LAI=4  S=0.1

0 50
0

50
RMSE=1.4142

Input ALA

Es
tim

at
ed

 A
LA

LAI=6  S=0.1

0 50
0

50
RMSE=7.8102

Input ALA

Es
tim

at
ed

 A
LA

LAI=0.25  S=0.05

0 50
0

50
RMSE=8.8318

Input ALA

Es
tim

at
ed

 A
LA

LAI=0.5  S=0.05

0 50
0

50
RMSE=4.3589

Input ALA

Es
tim

at
ed

 A
LA

LAI=1  S=0.05

0 50
0

50
RMSE=5.5678

Input ALA

Es
tim

at
ed

 A
LA

LAI=2  S=0.05

0 50
0

50
RMSE=11.7898

Input ALA
Es

tim
at

ed
 A

LA

LAI=4  S=0.05

0 50
0

50
RMSE=10.9545

Input ALA

Es
tim

at
ed

 A
LA

LAI=6  S=0.05

0 50
0

50
RMSE=13.1149

Input ALA

Es
tim

at
ed

 A
LA

LAI=0.25  S=0.02

0 50
0

50
RMSE=10.0995

Input ALA

Es
tim

at
ed

 A
LA

LAI=0.5  S=0.02

0 50
0

50
RMSE=10.3923

Input ALA

Es
tim

at
ed

 A
LA

LAI=1  S=0.02

0 50
0

50
RMSE=11.4891

Input ALA

Es
tim

at
ed

 A
LA

LAI=2  S=0.02

0 50
0

50
RMSE=9.6954

Input ALA

Es
tim

at
ed

 A
LA

LAI=4  S=0.02

0 50
0

50
RMSE=12.1244

Input ALA

Es
tim

at
ed

 A
LA

LAI=6  S=0.02



15/21

CAN_EYE evaluation
Effective LAI from the 58.3° ring
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CAN_EYE evaluation
Effective LAI from hemispherical photos

Effect of the leaf size
(clumping)
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Results 1/4: Barrax
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Results 2/4: Mali
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Results 3/4: Sud-ouest
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Resultats 4/4: ARVALIS
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P57
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Hemispheric
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Conclusion

• For effective LAI good performances
• Results depend mainly on the quality of the photo:

– illumination conditions (better diffuse)
– Exposition (avoid saturation)

• Spatial sampling very important

• Need further developments for clumping (true LAI)
– (ongoing activity)
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PAR@METER

• Continuous monitoring of PAR balance
• No wires
• Large autonomy (6 months)
• Low cost
• LAI estimates from transmitted PAR
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PAR@METER
 

Master 
System

Individual
Sensor:
PAR irradiance

Individual
Sensor:
PAR transmittance



26/21

Par@METER (3/4)



27/21

Hemispherical incident PAR

Incident PAR diffuse 
fraction 

Derivation from exo-atmospheric 
radiation and semi-empirical 
model calibrated with 6S
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PAR balance measurements

In PAR domain, fPAR is approximated by:

fPAR ≈
 

1 – Transmittance

Continuous monitoring over wheat crops
Possible problem: no distinction between green and non green elements
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Possible problem: senescent vegetation
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LAI estimates
LAI is derived from the gap transmission measurements accumulated over few days. 
This provides variation of sun position and diffuse fraction.
Poisson model is inverted over these measurements allowing to derive both LAI 
(effective) and leaf inclination (effective) according to:

)cos(/).()( θθθ LAIGePo −=

Sample results observed over Maize crops
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Conclusion

• Sytem under laboratory tests 
(communication, software…)

• Soon available
• Low cost

– Sensor ≈
 

100 Euros
– Master ≈

 
700 Euros

• Allows monitoring the seasonality
• Soon equipping permanently few sites

1 ESU ≈
 

1.7 kEuros
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