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Phenotyping ≈ “… set of methodologies and protocols used to measure 
plant growth, architecture, and composition …, from organs to 
canopies.”
Fiorani and Schurr (2013) Annu. Rev. Plant Biol.64:17.1–17.25

Multiple 
dimensions ?
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1. Plant 3-D reconstruction

2. Adding Chl-fluorescence in time to 5-D

3. Statistical feature selection 
and combinatorial imaging 



3D (cm x cm x cm) 

Passive methods– stereo imaging
– space carving

Active methods – laser light detection and ranging, LIDAR
– structured light 



http://www.lemnatec.com/sites/default/files/application-sheets/2011/08/29/3D.pdf
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mapwv.gov/wvagp/conference/presentations/Meade.ppt‎







3D (cm x cm x cm) 

Passive methods– stereo imaging
– space carving

Active methods – laser light detection and ranging, LIDAR
– structured light 



“3D” (cm x cm x cm)
BW
time 



“3D” (cm x cm x cm)
RGB colors
time 

Biskup, B., Scharr, H., Schurr, U., & Rascher, U. (2007). 
A stereo imaging system for measuring structural parameters of plant canopies. 
Plant Cell and Environment, 30, 1299–1308



Biskup, B., Scharr, H., Schurr, U., & Rascher, U. (2007). 
A stereo imaging system for measuring structural parameters of plant canopies. 
Plant Cell and Environment, 30, 1299–1308

Epipolar geometry:  geometric relations between 2D images of 3D points
photographed by two cameras. 
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Biskup, B., Scharr, H., Schurr, U., & Rascher, U. (2007). 
A stereo imaging system for measuring structural parameters of plant canopies. 
Plant Cell and Environment, 30, 1299–1308

STEP 1:  Calibration of cameras
=>  focal length, principal point, radial and tangential distortions

and stereo rig =>  rotation and translation matrices and  principal 



Biskup, B., Scharr, H., Schurr, U., & Rascher, U. (2007). 
A stereo imaging system for measuring structural parameters of plant canopies. 
Plant Cell and Environment, 30, 1299–1308

STEP 2:  Epipolar Rectification 
=>  Image transformation alingning  epipolar lines and pixel lines



Biskup, B., Scharr, H., Schurr, U., & Rascher, U. (2007). 
A stereo imaging system for measuring structural parameters of plant canopies. 
Plant Cell and Environment, 30, 1299–1308

STEP 3:  Stereomatching 
=>  Identification of corresponding points in the 2 images and disparities

disparity

disparity

disparity



STEP 4:  Image color segmentation 
Separating plant image segments, removing background pixels

Liying Zheng, Jingtao Zhang, Qianyu Wang (2009) 
Computers and Electronics in Agriculture 65(1): 93–98



STEP 4:  3D reconstruction 

Biskup, B., Scharr, H., Schurr, U., & Rascher, U. (2007). 
A stereo imaging system for measuring structural parameters of plant canopies. 
Plant Cell and Environment, 30, 1299–1308



STEP 4:  3D reconstruction 

Biskup, B., Scharr, H., Schurr, U., & Rascher, U. (2007). 
A stereo imaging system for measuring structural parameters of plant canopies. 
Plant Cell and Environment, 30, 1299–1308
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http://www.phys.canterbury.ac.nz/people/Chyou,%20Teyu.shtml

http://www.slideshare.net/dlanman/build-your-own-3d-scanner-course-notes



Bellasio, C., Olejníčková, J., Tesař, R., Šebela, D. & Nedbal, L. (2012). 
Computer Reconstruction of Plant Growth and Chlorophyll Fluorescence Emission in Three Spatial 
Dimensions. Sensors 2012, 12: 1052-1071



Bellasio, C., Olejníčková, J., Tesař, R., Šebela, D. & Nedbal, L. (2012). 
Computer Reconstruction of Plant Growth and Chlorophyll Fluorescence Emission in Three Spatial 
Dimensions. Sensors 2012, 12: 1052-1071



http://www.slideshare.net/dlanman/build-your-own-3d-scanner-course-notes

http://www.youtube.com/watch?v=zzb_RQWrt6I



SCAN 3D reconstruction Add texture



1. Plant 3-D reconstruction

2. Adding Chl-fluorescence in time to 5-D

3. Statistical feature selection 
and combinatorial imaging 



Bellasio, C., Olejníčková, J., Tesař, R., Šebela, D. & Nedbal, L. (2012). 
Computer Reconstruction of Plant Growth and Chlorophyll Fluorescence Emission in Three Spatial 
Dimensions. Sensors 2012, 12: 1052-1071

meshlab.sourceforge.net/‎
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Recent reviews:
• Harbinson J (2013) Improving the accuracy of chlorophyll fluorescence measurements. Plant, Cell and 

Environment, DOI: 10.1111/pce.12115
• Baker N.R. (2008), Chlorophyll fluorescence: a probe of photosynthesis in vivo. Annual Review of Plant 

Biology 59, 89-113

Recent advances:
• Earl H.J. & Ennahli S. (2004), Estimating photosynthetic electron transport via chlorophyll

fluorometry without Photosystem II light saturation. Photosynthesis Research 82, 177-186
• Loriaux S, Avenson T, Welles J, McDermitt D, Eckles R, Riensche B, and Genty, B. (2013) Closing in on 

maximum yield of chlorophyll fluorescence using a single multiphase flash of subsaturating intensity. 
Plant, Cell and Environment, DOI: 10.1111/pce.12115



Photosynthesis Photosynthesis 



Chlorophyll fluorescence emissionChlorophyll fluorescence emission
& PSII activity & PSII activity 

S0

S1

S2

Chla

hblue

photosynthesis

Fluorescence hNIR

Heat

S0

S1

S2

Chla

hblue

photosynthesisphotosynthesis

Fluorescence hNIR

Heat

Fluorescence hNIR

Heat



Chlorophyll fluorescence emissionChlorophyll fluorescence emission
& PSII activity in a flash & PSII activity in a flash 

X



Baker N
.R

. (2008), C
hlorophyll fluorescence: a probe of photosynthesis in vivo. A

nn. R
ev Plant 

Biol 59: 89-113



S0

S1

S2

Chla

hblue

photosynthesis

fluorescence

heat

Two roles of light in ChlTwo roles of light in Chl--fluorescence fluorescence 
experiments experiments 
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Aim: Excite the fluorescence-emitting 
pigment molecules without changing the 
experimental photo-chemically active 
object.  Fluorescence should be 
distinguishable from background of the 
same color. 

Achieved by MEASURING light:
Typically 10-30s long flashes repeated 
with a low frequency that  

F = Fo =  Measuring light (Measuring light (““darkdark””) ) 

Schreiber, U., Schliwa, U., and Bilger, W. 1986, Photosynth. Res., 10, 51.
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Aim: Excite the pigment molecules with a 
power that exceeds the capacity of the 
photosynthetic apparatus. The rate of 
the photosynthesis is at its maximum 
with yield dropping to low values and 
fluorescence emission reaching its 
maximum. 

Achieved by SATURATING pulses:
Typically 1s long with irradiance of ca. 
2,000 - 10,000 mol(photons).m-2.s-1.  

Saturating pulse Saturating pulse 

Schreiber, U., Schliwa, U., and Bilger, W. 1986, Photosynth. Res., 10, 51.
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A bit of algebra A bit of algebra ……
Fm= (I·N·) 

F0 = (I·N·) kF

kF + kN + kP

Fm – F0

Fm
=

Fm – F0
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= 1 -

kF

kF + kN + kP =

·Fm = (I·N·) kF
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=
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Actinic light DarkDark-
adapted
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Early fluorescence imaging experimentEarly fluorescence imaging experiment
Kautsky and Hirsch (1931) irradiated a dark-adapted leaf with a blue light and 
observed it visually through a dark-red glass. Here is a high-tech presentation 
of what they saw:
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Bellasio, C., Olejníčková, J., Tesař, R., Šebela, D. & Nedbal, L. (2012). 
Computer Reconstruction of Plant Growth and Chlorophyll Fluorescence Emission in Three Spatial 
Dimensions. Sensors 2012, 12: 1052-1071

meshlab.sourceforge.net/‎
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fluorescence 
decrease ratio 
RFd= (Fp-F’)/Fp



1. Plant 3-D reconstruction

2. Adding Chl-fluorescence in time to 5-D

3. Statistical feature selection 
and combinatorial imaging 



What images in the sequence carry the information?What images in the sequence carry the information?
Fiorani and Schurr (2013) Annu. Rev. Plant Biol.64:17.1–17.25



Imaging regulatory response during pathogenImaging regulatory response during pathogen--host host 
interactioninteraction



Which images Which images yield the highest yield the highest contrast?contrast?



Sequentional Forward Floating Selection (SFFS) Sequentional Forward Floating Selection (SFFS) 



Contrast in individual Contrast in individual FF--imaging imaging protocol blocksprotocol blocks



SFFS identifies image combinations that can detect SFFS identifies image combinations that can detect 
an early response to biotic stressan early response to biotic stress



The newly identified dynamic features can distinguish The newly identified dynamic features can distinguish 
early and late phase of the infectionearly and late phase of the infection


