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Outline



Phenotyping is a key approach to understand how plants interact with environmental 
change as well as respond to different treatments

• Conventional plant phenotyping involves manual measurement of plant traits (e.g., 
area, biomass, height, plant growth rate, etc) which is slow, tedious and 
expensive task

• Recently, computer-assisted methods for phenotyping, and in particular imaging 
techniques are becoming more popular
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Plant phenotyping networks around the world



RapiGrow project aims to develop machine learning/deep learning models that can 
predict plant growth from images,  and observe plant nutrient availability (e.g., 
phosphorus) by applying hyperspectral image analysis of plant growth

• As a case study, machine learning models  will be developed to predict plant 
biomass from image-based features/traits (e.g., area)
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RapiGrow



The implementation approach involves the following major steps:

• Experimental setup and plant image acquisition

• Pre-processing

• Segmentation 

• Feature extraction 

• Prediction model development (train, validate and test)

• Prediction model evaluation
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RapiGrow



• Digital color (RGB) imaging: structural plant traits like leaf area, stem length, plant 
growth rate

• Hyperspectral imaging: physiological plant traits like leaf and canopy water content, 
quantifying chemical properties
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Imaging techniques and experimental setup



• Raspberry Pi computer and Camera module

• Automated data collection using Python
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Imaging techniques and experimental setup
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Imaging techniques and experimental setup
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Sample images
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Sample images



• Different segmentation techniques (color index, threshold, and learning-based 
segmentation)
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Image pre-processing and segmentation 



Different segmentation techniques (color, Otsu's thresholding, and learning-based 
segmentation)
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Image preprocessing and segmentation 



• Measurement of morphological traits, such as area, perimeter, height, width, etc
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Feature extraction
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Actual above-ground dry biomass



• Train, validate and test

• MLR, PLSR, Deep neural networks for prediction

• Prediction model evaluation using R^2 and root-mean-square error (RMSE)
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Prediction model



Predicted vs actual dry weight/biomass 

• Image based predicted biomass vs 
manually measured biomass should be 
similar to this figure 
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• Aa low-cost high-throughput image-based plant phenotyping system is developed using Raspberry Pi computer 

and camera sensor that captures plant image of shoots and characterizes plant traits to analyse plant growth 

dynamics. 

• The study has demonstrated that image-based plant phenotyping is an efficient method to extract morphological 

features of plants (e.g., height, area, perimeter, etc).  

• It has also shown that the area extracted from plant images can estimate plant growth rate. 
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Conclusions
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