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Abstract  

In this work we present an algorithm to segment leaves in NIR images captured inside a 
growth chamber. The proposed method uses a features vector composed by four elements 
extracted from different levels of wavelets transform. We have tested three classifiers: k-
nearest neighbour (kNN), Naive Bayes classifier (NBC) and Support Vector Machine to 
determine the optimal machine learning algorithm to carry out the leaf segmentation. 
Method developed has been validated by means of the Receiver Operating Characteristic 
(ROC) curve and it has obtained a maximum performance of 98.33% in the leaf 
segmentation using SVM classifier. 
Keywords: leaf segmentation, machine learning, image processing 

Máquina de aprendizaje para la segmentación de hojas en imágenes 
NIR basada en la transformada wavelet 

Resumen 

En este trabajo se presenta un algoritmo de segmentación basado en máquinas de 
aprendizaje para la segmentación de hojas sobre imágenes NIR (Near-Infra-Red). El 
método de segmentación utiliza un vector de características extraído de diferentes niveles 
de la transformada wavelet. Para el desarrollo del algoritmo se han probado tres 
clasificadores: el vecino más cercano (KNN), un clasificador Bayesiano (NBC) y las 
máquinas de soporte compacto (SVM). Los métodos de aprendizaje han sido validados 
mediante el análisis de las curvas ROC y el máximo rendimiento fue obtenido por la 
SVM con un 98.33%. 

Keywords: segmentación de hojas, máquinas de aprendizaje, procesado de imagen 

Introduction 

The leaf segmentation based on computer vision algorithms is an important fact for 
circadian rhythm and phenotyping analysis in plants. Numerous researchers and research 
institutes are working on the extraction of plant mass from sets of images through an 
automatic segmentation. However, to find an algorithm based on computer vision 
methods is not a trivial problem, due to difficulties like: (1) non-uniform backgrounds, (2) 
organ overlapping, (3) similarity between organs and background and (4) relative position 
changes between the organs with respect to the camera. 
(Rousseau, 2015) used 2D Fourier multiscale analysis without any requirements to 
segment and detect leaves one by one numerically. They have applied a supervised 
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classifier able to count elongated leaves from 2 to 6 at early stages of seedling 
development imaged from top view. (Cai, Golzarian, and Miklavcic, 2011) presented a 
novel image segmentation based on machine learning techniques. To obtain the 
segmentation of the objects, the proposed algorithm uses the difference between images 
to obtain the initial estimation of the background and then refines the estimation using 
machine learning and statistical pattern recognition. Experimental results have shown that 
the proposed algorithm can achieve a promising performance in terms of accuracy and 
speed. (Noble and Li ,2012) presented a work addressed to the segmentation of cucumber 
plants through multispectral imagery. The results concluded that light quality had a 
significant impact on segmentation quality and water absorption band at 970 nm were 
generally more effective for segmenting cucumber fruit. 

Material and Methods 

To process the algorithm developed in this work, a set of NIR-images captured inside a 
configurable growth chamber have been applied based on computer vision. This chamber 
has been developed according to circadian rhythm and phenotyping analysis. Details of 
the first generation of the system can be consulted in (Navarro et al. , 2012). The growth 
chamber based on computer vision is composed of three main subsystems: (1) 
illumination subsystem, (2) capture subsystem and (3) image processing subsystem. The 
growth chamber developed, allowed multiple configurations oriented to obtain big image 
collections for phenotyping analysis. Between others the system allows: images to be 
captured with different trigger periods (with a minimum resolution of 1 minute), images 
to be taken during daytime and nightime, a different number of hours to be defined in the 
daytime and nightime, multiple types of cameras to be used, images to be saved in diverse 
formats, images to be processed with the ‘Images processing module’ developed, results 
to be exported to EXCEL or ‘R’ and so on. 
The case being studied, which is presented in this paper, has consisted in the 
measurement of the growth parameters for nightime of two types of wild species of 
anthirrinummajus and anthirrinummajus ssp. Likianum. The images have been obtained 
with a multi-spectral camera JAI AD-080GE. All images have been captured during 
nightime using NIR CCD of the camera. We have applied a NIR-LED illumination (890 
nm) for a period of 3 seconds just during image capturing process. This is due to the fact 
that large NIR expositions can change plant behaviour and affect the circadian rhythm 
and phenotyping analysis.  
For the experiment, the growth chamber capture module was configured with cycles of 
12/12 hours (daytime/nightime) every 10 minutes for 13 days. The number of images 
captured at nightime was 10*12*13 = 1560 with a size of 1296x964 pixels in grey scale. 
In this work have only considered NIR images to be analysed. Figure 1 (a) and (b) show 
two images captured during the experiment. 

The huge amount of data to process per experiment did not have done possible a manual 
segmentation of the images. For this purpose we have designed an algorithm based on 
machine learning technics to classify the objects from the images of the experiment in 
two groups: leaves and background. The algorithm developed is divided in three stages:  

(1) Extract regions of images representatives from the different classes and compute the 
features vector. During the first stage of the algorithm we have selected 150 regions of 
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32x32 pixels of each class. These 300 images have been used as a set of images for 
training. After that we have computed a features vector based on the wavelet transform 
with basis Haar. The features vector is formed of four elements: maximum, minimum, 
mean and Shannon entropy of coefficients wavelets calculated in the horizontal, vertical 
and diagonal subbands in two decomposition levels. 
(2) Training processing. In the training processes and with the objective of obtaining the 
maximum performance in the classification processes we have tested three machine-
learning algorithms: k-nearest neighbour (kNN), NaiveBayes classifier (NBC), and 
Support Vector Machine (SVM).  
(3) Segmentation process. In the last stage of the algorithm we proceeded to extract 
regions of 32x32 from the image to segment. The regions are displaced with an 
overlapping pixel throughout the whole image. For each displacement of the region the 
wavelet transform is computed until two decomposition levels and its features vector. 
Then the machine learning algorithm decides whether the features vector belongs to the 
leaves or to the background groups. Finally we have applied an area filter to eliminate 
small objects. Figure 1 (c) and (d) show the result of the segmentation process using the 
SVM classifier. 

Discussion and results 

In this section we evaluate the results of implementing methods kNN, NBC and SVM 
classifiers with a leave-one-out cross-validation method. The performance of machine 
learning algorithms is normally evaluated by means of the Receiver Operating 
Characteristic (ROC) curve. The ROC curve is created by comparing the rate of true 
positives (sensitivity, see equation. 1) versus the rate of false positives (1-specificity, see 
equation. 2) at various threshold levels. Figure 2 shows three ROC curves resulting from 
the evaluation of the three classifiers. The Area Under the Curve (AUC) is usually used 
by machine learning community to compare statistical models. AUC can be interpreted as 
the probability that the classifier will assign a higher score to a randomly chosen positive 
example than to a randomly chosen negative example. The results of the proposed method 
are summarized in Table 1. We can observe SVM and Naive Bayes produced the best 
results.  

Conclusions 

In this work we have developed a method for the segmentation of leaves based on 
machine learning algorithms. The method proposed uses a features vector computed over 
the wavelet transform. We have evaluated three different machine learning algorithms: k-
nearest neighbour (kNN), Naive Bayes classifier (NBC), and Support Vector Machine. 
The best classification results have been obtained with Bayes and SVM algorithms. Both 
have achieved a performance close to 98% after being tested with a set of fifty ground-
truth images. Currently the algorithm is being used in the automatic segmentation process 
carried-out in circadian rhythm and phenotyping analysis. Regarding future work, we will 
continue working on aspects like: looking for a new features vector which produces better 
performance rates, reduce the compute-time of the windowing segmentation, and in the 
algorithm implementation in programing languages as C o C++. 
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Classifier kNN Bayes SVM 
AUC 96,67% 98,00% 98,33% 

Tabla 1. Classifier performance 
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Figure 1. (a), (b) NIR images captured in the growth chamber; (c),(d) results 
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TP: True positive; TN: True negative; 
FN: False negative 

Figura 2. ROC curves for kNN, NBC and SVM classifiers 
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