
Different methods have been used in image segmentation for plant 
detection, and further to identify plants’ parts, such as the stem, leaves, and 
roots. Identifying these traits are important for phenotyping since other 
characteristics of the plant can be estimated from them. However, traditional 
methods can be impacted by the noise on the image being analyzed, 
especially by the image background and light fluctuations [1]. Thus, 
different techniques are necessary to plant segmentation, and consequently, 
other traits extraction. Chlorophyll fluorescence signal is a very unique 
characteristics of green vegetations. Therefore, the goal of this work was to 
leverage chlorophyll fluorescence images of a corn plant in establishing the 
binary mask to extract the plant from the background and identify its stem 
and leaves. 

The images were taken at the Controlled Environment Phenotyping 
Facility (CEPF) at the Purdue University. It was used a monochrome camera 
with a long pass filter. The chlorophyll fluorescence excitation source was 
eight blue LED tubes delivering a peak illumination of approximately 4000 
lux.  

The fluorescence image consisted of a grayscale single-channel file 
(Figure 1a). A greyscale based segmentation algorithm was applied to 
establish the binary mask to extract the plant from the background using 
MATLAB.  Thereafter, a skeletonization algorithm was called create a 
skeleton of the original one. Accordingly, the final binary mask and the 
skeleton are shown in Figures 1(b) and 1(c). 

The next step was to estimate the stem in the skeleton image. For that, 
the end and branch points were estimated and used to find the stem, as 
shown in Figure 1(d). First, the stem was defined as the pixels connecting 
the lowest endpoint and the last branch point; however, inaccurate branch 
points were identified because of leaves overlapping each other, leading to 
an overestimation of the stem. To better estimate the stem path, first, the 
diameter of this plant part was calculated by finding the distance transform 
of the center of the stem related to the border, and multiplying this value by 

two. The criterion to exclude the wrong branch points was to neglect those 
that have a diameter higher than three times the diameter of the first branch 
point of the stem (assuming that this first point was truly from the stem). 
After this criterion was applied, the stem path was calculated as shown in 
Figure 1(d). 

Afterwards, the pixels on the stem were extracted from the skeleton, 
and only the thin architecture of the leaves was left. To identify each leaf 
individually, the tip of the leave (recognized as an endpoint) was used as a 
start point from which an edge tracking algorithm (Moore Neighborhood) 
was implemented to detect close pixels belonging to the same plant. After it 
identified the last point of a leaf (branch point), the next endpoint was used 
to find another tip. Based on these tips and end points, the projected angle 
of the leaf relative to the stem was calculated, as represented in Figure 1(e). 
Also, a colormap was applied to each leaf to help identify and label them 
individually (Figure 1f). Based on these labels, traits of each leaf can be 
calculated individually such as area, maximum length, and estimated 
biomass. 

This work successfully identified a plant template using chlorophyll 
fluorescence images. From the established template of a plant, the 
skeletonization methods was leveraged in identifying individual leaves and 
the main stem of a plant.  More investigation is needed by applying this 
method systemically to other plants. Additionally, it is necessary to validate 
this technique by measuring the real stem diameter, path, and other 
phenotypic traits of the plant.  
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Figure 1 - The raw chlorophyll fluorescence image (a); the binary and mask image based on the raw picture 
without the isolated pixel clusters (b); the skeleton formed based on the binary mask (c); the red endpoints, 
green branch points, and the stem (represented in yellow) end (blue) on the skeleton image (d); identification of 
the leaves and relative angle to the branch point after extracting the stem (e); and the color labels identifying 
the leaves (f). 


