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Introduction
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§ Gerrit Polder, 
● 30 years at Wageningen University & Research.
● Senior scientist computer vision for plant 

phenotyping
§ Background: Electronics/Applied Physics. 

● PhD on Spectral Imaging
§ Aim of this lecture: 

● To introduce spectral imaging and show its value 
to applications in plant phenotyping. 

Introduction

Contact: gerrit.polder@wur.nl
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Properties to monitor

§ Physical structure 
such as height, 
width, number of 
leaves etc.
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§ Chemical components 
such as chlorophyll, 
anthocyanin, moisture 
etc.

Height

Width
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Why spectral imaging?

@ Humboldt state University
• Imaging access plant structure 
• Spectroscopy provides 

chemical composition
• VIS (400-700 nm):  pigments
• NIR (700 – 2500 nm): moisture 

and internal structure of plant 
leaves 
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Spectral Analysis
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Interaction of light with matter

transmittance

diffuse 
transmittance

diffuse 
reflectance

specular 
reflectance

incident 
light absorbance
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Light and the Electromagnetic Spectrum
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Spectral 
features
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Spectral Imaging
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spectral imaging – imaging spectroscopy
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Spectral imaging
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So u rce : (h ttp ://w w w .sp ectrico n .co m /sp ectra l-im a g in g /)
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The ‘hype’ in spectral imaging

14

§ What is the meaning of 
hyperspectral?

● Over spectral imaging?

● Beyond spectral imaging?
● Exceeding spectral Imaging?

● Above normal spectral 
imaging?
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The ‘hype’ in spectral imaging

What's next?
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Source: Makki, Ihab. (2017). Hyperspectral Imaging for 

Landmine Detection. 
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Origin

§ The term ‘hyperspectral 
imaging’ originated in the mid 
1980’s from the remote sensing 
community with the 
development of the Airborne 
Imaging Spectrometer (AIS) at 
NASA’s jet propulsion lab.

Chiou, W. 1985. NASA image-based 
geological expert system development 
project for hyperspectral image 
analysis. Applied Optics 24: 14. 

Goetz, A., Vane, G, Solomon, J, et al. 
1985. Imaging Spectrometry for Earth 
Remote Sensing. Science 228: 4704. 

16
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Web of Science search
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Hypercube?

………'images' are combined to form a three-
dimensional (x,y,λ) hyperspectral data cube ……….

What about spectral data?

18
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Hypercube?

………'images' are combined to form a three-
dimensional (x,y,λ) hyperspectral data cube ……….

What about spectral data?

19

Usually with 
different x, y and λ 

dimensions, the 
data matrix is not a 

cube at all!
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Hyperspectral analysis?

§ Example of publications 
where the term 
hyperspectral analysis is 
used for normal point 
spectroscopy 
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§ Hyperspectral analysis of soil polluted with four types of 
hydrocarbons

§ Hyperspectral Analysis of Leaf Pigments and Nutritional 
Elements in Tallgrass Prairie Vegetation

20

https://aviris.jpl.nasa.gov
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Please note that we are working to use 
the terms "imaging spectroscopy" and 
"imaging spectrometer data" rather than 
"hyperspectral." This allows us to 
communicate more clearly with our 
physics, chemistry, and biology science 
colleagues.
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For further reading

https://doi.org/10.1255/jsi.2020.a4
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Spectral image data visualisation
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Interaction of light with matter
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Illumination

http://housecraft.ca/
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Illumination

https://www.sunlightinside.com
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Spectral Sensitivity Human Eye
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Sensor Sensitivity

IR cut-off filter
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Implementation

29

Spectral imaging 
approaches

Wang YW, Reder NP, Kang S, Glaser AK, Liu
JTC. Multiplexed Optical Imaging of Tumor-
Directed Nanoparticles: A Review of Imaging 
Systems and
Approaches. Nanotheranostics 2017; 1(4):369-
388. doi:10.7150/ntno.21136. 
https://www.ntno.org/v01p0369.htm
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Pushbroom spectrograph

§ Slit-spectrometer collects a 
“wall” of data: pushbroom
allows acquisition of a complete 
data cube.

31

Some examples of cameras
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Latest developments
‘snapshot cameras’

SnapScan
SWIR
VNIR
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35
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Exercise 1
Google Colab

37

Calibration / 
normalisation

38

Calculation spectral reflectance

§ Rλ - real reflection at wavelength λ

§ Iλ - original measured reflection

§ Wλ - spectral radiation of the illuminant

§ B is the black reference

§ This calculation/measurement of Wλ

and B, needs to be done at a regular 
interval, at least as fast as the drift in 
the disturbing factors.

39
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Challenge with imaging spectroscopy

40

IPlants IWhite

𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒 =
𝐼!"#$%
𝐼&'(%)

• Plants can be of varying sizes and white 
reference is flat can be at varying heights 
causing multiplicative effects in the 
Reflectance

40

More effects from leaves

41

• Apart from global intensity differences, there can be 
differences due to local inclinations

IWhite

• Altogether, a mix of additive and multiplicative effects

41

RPlants

Sample Plant Segmented Image

Spectral camera

Challenge with imaging spectroscopy

42
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A solution is chemometric normalisation

Before After

• M ishra, Puneet, et al. "Close-range hyperspectral imaging of whole plants for digital phenotyping: Recent applications and illumination correction 
approaches." Computers and Electronics in Agriculture 178 (2020): 105780.

• M ishra, Puneet, et al. "Utilising variable sorting for norm alisation to correct illumination effects in close-range spectral images of potato 
plants." biosystems engineering 197 (2020): 318-323.

43

Projects

44
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Ripening of tomatoes

§ Scatter plot of feature analysis 
of the RGB and spectral 
images. 

§ Classes 1-5 represent the 
ripeness stages of a tomato 
during the five days after 
harvest respectively
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Example cases - Cherry sweetness 

• Cherry sweetness is a major quality indicator
• Here we try to predict sweetness in cherry non-

destructively

47

Light penetration 
in tomatoes

Lambert–Beer law

𝐼
𝐼!
= 𝑒"#$
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Salinity stress in tobacco leaves

§ Salinity stress severely affects plant growth and causes significant 
yield reductions

§ It commonly occurs in arid and semi-arid zones naturally or because 
of anthropogenic influences such as irrigation with reclaimed water

49

• Puneet Mishra, et al. "Close range hyperspectral imaging for mapping salinity stress induced by Red Sea water irrigation in Tobacco 
leaves." HSI 2015 conference, Coventry, UK.
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Drought stress in Arabidopsis plants with portable 
imaging spectroscopy
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• Mishra, Puneet, et al. "Early detection of drought stress in Arabidopsis thaliana utilsing a
portable hyperspectral imaging setup." 2019 10th Workshop on Hyperspectral Imaging and
Signal Processing: Evolution in Remote Sensing (WHISPERS). IEEE, 2019.

50

Drought stress detection in arabidopsis in 
digital phenotyping framework

51
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Monitoring crop status - goal

§ Crop growers need information on status of 
the leaves before they are removed during 
crop cultivation.

§ Currently this can only be done using leaf 
samples send to an external laboratory.

§ Can spectral imaging be used for 
measuring leaf and fruit compounds non-
destructively?

Anja Dieleman
Esther Meinen
Jeroen van Arkel
Kees Weerheim 

52

Monitoring crop status - experiment

§ VNIR HSI, Specim V10e, 400-1000nm

§ NIR HSI, Specim N17, 900-1700nm

§ 412 leaf samples

§ 200 fruits

§ Supervised foreground/background segmentation 

§ Average spectrum per sample

§ Reference measures

§ Partial Least Square (PLS) regression, using leave 
one out cross validation.

53

Monitoring crop status - results

54
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Distinction between stem and leaf

55

Distinction between stem and leaf

Based on a few images a classifier is built to 
distinguish between stem and leaf, in order 
to find diseases in the stem or leaf 
respectively.
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Disease detection in seed potatoes

Detection of virus and 
bacterial diseases in seed 
potatoes in the open field Toon Tielen

57
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§ Deep learning on spectral line images

§ Network adapted to 𝑥 × 𝜆 (2D) images

Virus Y detection in seed potatoes

TargetPrediction

58

Disease detection in seed potatoes

Test image at 
start and end 
of training

Ground Truth

Network
Prediction
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Disease detection in seed potatoes

§ Results: Row 7 (Vermont) 3/7/2017

61
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Early disease detection using multispectral 
imaging

§ SILIOS CMS-V 4

§ 8 wavelength

§ Resolution
● 2048 x 2048 (raw)

● 682 x 682 (spectral)

63

Exercise 2
Google Colab

68



NOVA NMBU PhD Training Spectral Imaging 15 June 2023

22Gerrit Polder, Wageningen University & Research

Take home message

§ Close range imaging spectroscopy is widely 
deployed for physicochemical analysis of 
plants

§ Key benefits are non-destructive and non-
contact uses, which allow same plant to be 
monitored during complete time-frame of 
experiments

§ Illumination correction is still a challenge, 
the spectral normalisation techniques 
seems to be the easiest and the most 
effective option

https://www.wur.nl/en/Research-
Results/Projects-and-
programmes/Agro-Food-Robotics.htm
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Take home message

§ From my wide range of experience and 
application I can recommend that imaging 
spectroscopy is a very useful tool for plant 
analysis and particularly for plant 
phenotyping

§ Future trend will be related to combining 
imaging spectroscopy, chemometric 
knowledge and artificial intelligence to mine 
the enormous data generated by imaging 
spectroscopy.

https://www.wur.nl/en/Research-
Results/Projects-and-
programmes/Agro-Food-Robotics.htm
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