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Wageningen University & Research Centre 

!  A university plus R&D organisation for innovation in the agrifood 
sector. 

! Working with industry, governmental authorities and other 
knowledge institutes 

Wageningen UR - campus 

•  6.500 employees 
•  10.000 students 
•  100 countries 



Phenotyping at Wageningen UR 

-  Chlorophyll fluorescence 

-  XY-table for phenotyping in climate chamber 

-  NIR/ VIS hyp. spectral– Franck Golbach/ Gerrit Polder 

-  Roots in 3D (X-ray CT) – Marcel Meinders/ Erik Esveld 

-  PhenoBot - Gerrit Polder/ Marco Bink 

-  MARVIN/ EPPN – Rick van de Zedde 

-  Field phenotyping –Erik Pekkeriet, Pieter Blok 

 

 



Interaction of light with matter 
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Chemicals can be characterised from their 
transmission or reflection spectra 
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Mono/Color/Multi/Hyper-spectral Imaging 

! Grey value camera          
(1 band) 

! Color camera       
(3 bands) 

 

! spectral camera   
(4 - 300 bands) 



Hyperspectral imaging 

! Hyperspectral images of diseased plants imaged under 
laboratory conditions. The spectral range is 400-1000 
nm, in steps of 3.12 nm, resulting in 192 spectral bands. 

! Specim V10e 
! PhotonFocus 

Camera 



Hyperspectral imaging (data cube) 



Hyperspectral imaging (data cube) 



Detection of the Tulip Breaking Virus under 
field conditions 

! Introduction to the problem 
! http://www.youtube.com/user/plantresearchint 



Disease (TBV) detection 

! Segmentation 
of plant against 
soil. 

! Segmentation 
of disease 
pattern. 

! most discriminating TBV 
symptoms to computerize are the 
red or purple spot patterns on the 
leaves.  



History of the project 

! Lab experiment (2008) 
● Vision techniques 

●  Spectrophotometer (400-2400 nm) 
●  Colour camera (RGB) 
●  Hyper spectral camera (400-900 nm) 
●  Chlorophyll fluorescence camera (MIPS) 

 
Polder, G., van der Heijden, G.W.A.M., van Doorn, J., Clevers, J.G.P.W., 
van der Schoor, R., and Baltissen, A.H.M.C. (2010). Detection of the 
tulip breaking virus (TBV) in tulips using optical sensors. Precision Agri- 
culture, 11(4), 397–412. 



History of the project 

! Field experiments 
● Single plant density (2009-2012) 

●  Tested different cameras and illumination. 
●  Using newly introduced multispectral camera. (2012) 

 

● Production density (2012 - 2014) 
●  Tulips planted in rows with distance 5 cm. Plants are 

touching each other and leaves are overlapping. 

Gerrit Polder, Gerie W.A.M. van der Heijden, Joop van Doorn, Ton 
A.H.M.C. Baltissen, Automatic detection of tulip breaking virus (TBV) in 
tulip fields using machine vision, Biosystems Engineering, Volume 117, 
January 2014, Pages 35-42, ISSN 1537-5110. 



Imaging platform 

! Universal mobile platform, with a light resistant canvas 
cover, to exclude ambient light. 

! Fluorescent daylight (6000k) lamps. 
! IR LED (850 nm) floodlight (2012). 
! Cameras: 

● 5-megapixel RGB color cameras (Prosilica GC2450) 
(2011) 
● 1.3-megapixel multispectral RGB-NIR cameras (JAI 

AD-130GE) (2012) 
● under a zenith angle of 45 degrees, at 90 degrees 

difference in azimuth angle, viewing two sides of 
the plants. 





Top 

MS - IR 

MS - Color 
Label 



Image processing (Multispectral camera) 

! Color– measure virus symptoms 
! IR – threshold plant from background 
 



Image processing (plant segmentation) 

!  Plant segmentation using RGB-NIR camera. 
●  Dark (clay) soil, segmentation on NIR image 
●  Light (sandy) soil, multispectral segmentation 



Image processing (plant segmentation) 

Color threshold 

Multispectral   threshold 



Image Processing (disease classification) 

! For single plant density some of the features are based 
on the binary mask of the whole plant. 

! For production density with overlapping leaves this is not 
possible. 

! Current procedure after segmenting the plants. 
● Disease pattern segmented using R/G and B/G 

ratio. 
● Spots are grouped using binary opening with 150 

iterations. 
●  If pixelcount > 1000 : consider this part of the 

image as diseased. 



Disease classification (single plant density) 

Front 

Segmented 

Side 



Disease classification (production density) 



Experimental field 2012  

! Production density 
! Location of individual 

plants 
● QR-Code labels 
● Encoder 
● Rail system 



Field trails (2012) 

! 2 plots, 40 plants, single plant density. 
! 8 plots 724 plants, production density (touching plants). 
! weekly measurements during growth season (5 weeks 

from first 2 leaves until flowering). 
! Ground-truth = biochemical immunoassay (ELISA) 

● Also used as reference by Flowerbulb inspection 
service.   

! Machine vision results compared to highly qualified crop 
experts. 

 



Plants top view week 11-15 (plot E2) 

250 mm 



Results (% diseased plants found/ false positives) 
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G. Polder, G. W. A. M. van der Heijden, J. van Doorn, and A. 
H. M. C. Baltissen. Advances in Automatic Detection of Tulip 
Breaking Virus (TBV) Using Machine Vision. In V. Arto, editor, 
Agricontrol, pages 58–63. Elsevier, IFAC, Aug. 2013. 
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Vergelijking bkd/bol volvelds week 13 

Plot D1 
Elisa 

Crop expert 

Image 
analysis 



The healthy greenhouse 
Interreg IV, EU project (www.gezondekas.eu) 

! A new integral crop 
protection system will be 
developed. 

! The total system consists of 
equipment and software for 
sustainable management for 
modern horticultural 
companies.  

! One of the products is an 
application-specific 
multispectral camera for 
detection of fungal diseases. 



Application-specific multispectral camera 
for detection of fungal diseases 

! Model crop:  
● Cyclamen diseased with Botrytis (grey mould). 

! Approach: 
● Diseased and healthy plants are imaged in the lab 

using a VIS hyperspectral system. The most 
discriminating bands are selected using pattern 
recognition techniques. 
● Validation in the greenhouse with a fast filter wheel 

based system using the bands found in step 1. 
● On sensor implementation using PIXELTEQ 

technology for an application-specific camera. 



Symptoms 

! Cyclamens are 
particularly 
susceptible to grey 
mould caused by 
Botrytis cinerea. This 
causes a grey fuzzy 
mould on infected 
plant parts, and also 
attacks the stalks of 
developing leaves 
and flowers, causing 
them to collapse. 



Lab experiment 

! 72 Cyclamen plants 
● Healthy (18) 
●  Infected (18) 
● Diseased (18) 
● Heavy diseased (18) 

! Hyperspectral recordings, (400-1000nm) 
! Originally 193 bands, reduced to 37 bands, 15 nm 

bandwidth. 



Cyclamen experiment  
RGB example images 

1.  Healthy  

2.  Infected 

3.  Diseased  

4.  Heavily 
diseased 

1 2 

3 4 



Classification 

! In the plant images 
mainly five regions 
with different spectral 
signatures are 
present:  
● blue background 
● white flower 
●  red flower  
●  leaf  
● diseased area 

 

Mean+spectra+of+all+classes+



Feature selection 
search algorithm to find most discriminating wavelength bands 

! 5% of the pixels are used for feature selection, using the 
forward feature selection method and linear discriminant 
analysis as criterion. 

! Eight bands were selected from the total of 37 bands: 
! Features (bands) selected, in order of importance:  

● 497 635 744 839 604 728 542 467 [nm]  
! The given wavelengths are the centres of artificial 

selected filters with a rectangular transmission curve and 
a bandwidth of 15 nm.  



Classification results (37/8 bands) 

1 2 

3 4 Diseased 

37  8 



Classification results (37/8 bands) 

1 2 

3 4 



Classification results (37 band) 



Classification results (8 bands) 



Multispectral camera (fast filter wheel) 

! We now have defined 8 wavelengths 
for the multispectral imager, but filter 
shape is not realistic. 

! Filter shapes of available filters. 
! Classification performance of simulated 

filter characteristics applied on the 
hyperspectral image cube. 



Multispectral camera (fast filter wheel) 

Features 
 
 
 
 
 
Real filters 



Classification results (filter simulation) 

healthy 

infected 

37  fs 



Classification results (filter simulation) 

diseased 

heavily  
diseased 



Classification results (filter simulation) 



Conclusion/discussion 

! Reducing 37 hyperspectral image to 8 band multispectral 
gives good classification results for Botrytis detection. 

! Simulated filtershapes of available filters gives less 
distinct classification. 

! Can be improved: 
● Add/remove filters. 
●  Improve classification using a larger data set. 



Greenhouse experiments 

! SpectroCam on greenhouse top crop viewing robot 
platform. 

! Test some additional filters. 
! Test different classification methods. 
! Test different illumination sources: 

● Halogen (nightly experiments) 
● Ambient light (daily experiments) 



Greenhouse experiments 



Multispectral camera (PixelCam) 

! After the validation experiment in the greenhouse, the 
filters can be implemented on fast multispectral area 
sensor using PIXELTEQ technology. 



Instant Spectral Images: PixelCam 

! Micro patterned coatings 
on individual pixels 

! 2D sensor array 
! Real time imaging 

! For VIS and SWIR 
ranges, upto 8 
wavelengths 

! Application specific 
coating designs 

 



Mycosphaerella detection in cucumber using 
shape and NIR transmission 

Healthy 

Infected 



Discussion 

! Using spectral information is a key to success in 
detection of diseases. 

! Hyperspectral lab setup can be utilised to find 
discriminating wavelengths for a specific problem. 

! Even adding only a NIR channel can be helpful for 
segmentation. 

! Currently new techniques for fast one-shot multispectral 
cameras are entering the market. Applications for 
phenotyping can benefit a lot from this technology. 
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