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ABSTRACT 
 The agricultural field is emerging for solving problems using computer vision algo-
rithms. To monitor the plants based on leaf segmentation is also one of the essential require-
ments in the near future where there will be no manual work for the cultivation and growth of 
the plants. In this paper, an algorithm is proposed for the automatic monitoring of the plant 
based on leaf segmentation. The proposed algorithm does not take much time and also is rec-
ommended to use in real-time monitoring. The algorithm was validated on two databases and 
results were found satisfactory to use it for monitoring purposes. A method of plant monitor-
ing based on leaf segmentation is also discussed for the future enhancement of this work. The 
combination of the proposed algorithm and method of monitoring will aid in designing a fully 
automated system for the monitoring of plants. 
 

Keywords: Automatic monitoring; Image processing; Phenotype; Plant leaf monitoring; 
Segmentation 
 
1. Introduction 

Image processing techniques are play-
ing an important role in agricultural applica-
tions. Significant research is currently going 
on not only in the agricultural field [1-4] but 
also in other fields based on image pro-
cessing and computer vision approaches. 
Agricultural problems are solved using sev-
eral approaches of image processing to in-
troduce automation in the field. 

Automation is very useful and essen-
tial in the agricultural sector. The quality of 
production could be increased with the aid 

of computers. Conventionally, all the mun-
dane activities in the agricultural sector are 
executed by humans; this has a higher cost 
and limited observations. With the introduc-
tion of computer automation, the same ac-
tivities can be executed easily with less hu-
man intervention. To increase the produc-
tion and to reduce the cost of the agricultur-
al product, automatic surveillance is re-
quired. It is very difficult for people to man-
age or monitor large fields, whereas a cam-
era can do it 24x7 and with good efficiency. 
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Hence, computer-based monitoring is very 
useful in the agricultural field. 

A surveillance camera is not enough 
for the monitoring of a large field. Again, it 
requires an operator for the observations 
which would increase the cost of the pro-
cess. Also, it would not be feasible for a 
human. Hence, the automatic system is re-
quired which may detect the growth as well 
as the phenotype of the plant and an instruc-
tion would be generated for the necessary 
pruning or follow-up. This process may also 
record the different stages of plant growth, 
which may be referred to the assessment of 
growth of another plant [5]. 

Several researchers are working in 
these areas for leaf segmentation, disease 
detection on leaves and phenotype detec-
tion. Table 1 shows the related studies in the 
field of plant leaf segmentation. A few re-
searchers have designed the database for the 
leaf segmentation challenge [6-7]. Along 
with the database images, ground truths 
were also published for the public use. Re-
searchers have also designed a high 
throughput framework that could be able to 
find the length of leaf and area at a large 
scale. While the current study is not ful-
filling the scaling factor, it could be imple-
mented in future. 

 
Table 1. Related work in the field of plant’s leaf segmentation. 

 
Researchers have conducted the ex-

perimental studies for the segmentation of 
leaf [9, 13], recognition of leaf [14], moni-
toring and tracking of plants [8] based on 
leaf in visible as well as in infrared spec-
trum [15]. A few studies were also conduct-

ed at a large scale to fulfil the problem of 
scalability [12]. Along with these studies, 
work is also ongoing in the direction of au-
tomatic detection of plant leaf diseases [3, 
11, 16]. These types of problems have the 
similar challenge to segment the plant’s leaf 

Reference 
with year 

Objective Sample 
Size 

Work done Results Remarks 

Yin et al. 
(2017) [8] 

Multi-Leaf Seg-
mentation, Align-
ment, and 
Tracking for Fluo-
rescence Plant 
Videos 

389 frames 
from each of 
41 Ara-
bidopsis 
Thaliana 
videos 

A framework was 
designed for seg-
mentation and track-
ing of fluorescence 
plants 

Performance is 
evaluated based 
on qualitative 
evaluation 
scheme  

Proposed algorithm was 
compared with state of 
the art methods and 
solved the problem of 
leaf segmentation, 
alignment and tracking 

Ozturk et al. 
(2017) [9] 

leaf segmentation 
with different 
illumination con-
dition 

26 Hybrid neural net-
work model was 
used for the segmen-
tation 

Accuracy is 
obtained 99% 
on the uniform 
simple back-
ground 

Experiment was per-
formed on the 4 different 
types of leaves in differ-
ent illumination condi-
tions with simple back-
ground and there was 
only 1 leaf in 1 image. 

Viaud et al. 
(2017) [10] 

Automatic Leaf 
segmentation and 
leaf tracking 

21*4=84 
images  

Leaf segmentation 
and tracking for 
genotype differentia-
tion 

Segmentation 
was conducted 
using pheno-
scope software 

4 genotypes of Ara-
bidopsis thaliana were 
used for the study. Angle 
for each leaf was ana-
lysed. There was no 
background existing in 
leaf images. 

Barbedo et 
al. (2016) 
[11] 

Semi-automatic 
segmentation of 
plant leaf disease 
symptoms 

938 Semi-automatic 
algorithm was pro-
posed for signs and 
symptoms of plant 
disease 

Disease lesions 
were segmented 
in 83% cases 

The algorithm is useful 
for the assessment of 
plant disease based on 
the leaves with a large 
number of varieties. 

An et al. 
(2016) [12] 

A high-throughput 
framework was 
designed to meas-
ure leaf length and 
rosette area 

Real time 
plant image 
acquisition 
system was 
used 

Real time cluster 
computing was used 
for reducing the 
processing time of 
segmentation of leaf 
and tracing 

An efficient 
scalable system 
was designed 
for the analysis 
of plant’s leaf 

A system was developed 
for producing results 
with high-throughput  
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with higher accuracy. Once the segmenta-
tion of the leaf is established as mentioned 
other relevant challenges would be solved. 
By comparing the relevant studies in the 
field [17], a novel approach is proposed in 
this paper for the segmentation of a plant’s 
leaf for the automatic monitoring. 
 
2. Materials and Methods 
2.1 Materials 

For the purpose of the validation of 
the proposed algorithm, Arabidopsis thali-
ana plant image datasets A1 and A2 were 
used [6-7]. The datasets A1 and A2 have 
images with different resolutions, 500X530 
pixels and 530X565 pixels, respectively. 
The number of images used in A1 dataset 

was 128 and in A2 dataset 31. Thus, a total 
of 159 images were used in the study for the 
validation of the proposed algorithm. 

Both the datasets were acquired in 
different backgrounds and different envi-
ronmental conditions. The backgrounds of 
these datasets are not so simple and the pots 
of the plant are also different. In each da-
taset, the background is changing along with 
an illumination effect of shadow. The image 
datasets already have the noises and arte-
facts. The images acquired in these datasets 
are taken at different stages of growth. The 
ground truth for the leaf segmentation of 
each image was received from the same 
source, also shown in Fig. 1. 

 

 

 

 
(a) (b) 

  
(c) (d) 

 

Fig. 1. Arabidopsis thaliana plant image datasets; images (a) and (c) belong to A1 and A2 datasets and 
image (b) and (d) are the segmentation ground truth of the image (a) and (c), respectively. 
 
2.2 Methods 

2.2.1 Proposed segmentation method 
An algorithm has been proposed and 

developed in this paper for automatic seg-
mentation of a plant’s leaf. A proof of con-
cept of this algorithm is developed in the 
MATLAB programming environment. The 
flowchart of the algorithm is shown in Fig. 
2. 

The algorithm takes a plant’s RGB 
image as an input and a green color frame is 

extracted from the image. For the pre-
processing of the image, an averaging filter 
is adopted for the removal of the noise. Af-
ter noise removal, edges are detected using 
the Sobel edge detection algorithm. On the 
2nd copy of the filtered image, color thresh-
olding is applied to the extraction of the 
green color. Based on the output image from 
both the channels, a combined image is ob-
tained containing edges and a thresholded 
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green area of the image, which is a possibly 
leaf area. 

A few morphological operations were 
performed to avoid the dis-connectivity of 
the segmented part of the leaves. The image 
was dilated using the morphological opera-
tions. It is assumed that one image is only 1 
plant. Therefore, it is assumed that it may be 
found at the centred location of the image. 
To remove other noise components due to 
the edge filter, other components were 
dropped except the centred component 
which is the segmented leaf area of the 
plant. To avoid the extrapolated amount of 
leaf area, morphological operations were 
performed again. An image erode function 
was performed with the same mask to get 
the original image. With these operations, 
we get the segmented leaf area. The com-
plete algorithm is also demonstrated using a 
flow chart in Fig. 2. A sample intermediary 
image is also shown along with the corre-
sponding step to have a flavor of under-
standing of intermediary steps. 

 
Fig. 2. Flowchart of the proposed algorithm 
along with the intermediary images of each step 
during processing of plant’s leaf segmentation. 

2.2.2 Method of validation 
The proposed algorithm was imple-

mented in the MATLAB programming en-
vironment and evaluated on two datasets, as 
mentioned in the materials and methods sec-
tion. The ground truth of each image was 
also received along with the dataset, and a 
sample is shown in Fig. 1. The outcome of 
the proposed algorithm was compared with 
the given ground truth and the following 
performance parameters were computed for 
the assessment of the proposed method. 
1. Accuracy: it is defined as the ratio of ad-
dition of true positive (TP) and true negative 
(TN), and addition of TP, TN, false positive 
(FP) and false negative (FN). This factor 
gives the segmentation accuracy of the pro-
posed algorithm compared to the given 
ground truths as shown in Eq. (2.1). 
 

Accuracy = (TP+TN) / (TP+TN+FP+FN) 
(2.1) 

 

2. Specificity: it is defined as the ratio of TN 
and addition of TN and FP values. It pro-
vides the proportion of actual negatives 
which were correctly segmented as shown 
in Eq. (2.2). 
 

Specificity = TN / (TN+FP)                   (2.2) 
 

3. Sensitivity: it is defined as the ratio of TP 
and addition of TP and FN values. It pro-
vides the proportion of actual positives 
which were correctly segmented as shown 
in Eq. (2.3). 
 

Sensitivity = TP / (TP+FN)                    (2.3) 
 

4. F-Score: it is a harmonic mean of preci-
sion and recall. It measures the test’s accu-
racy by considering precision and recall of 
the test as shown in Eq. (2.4). 
 

F-Score = 2*TP / (2*TP+FP+FN)         (2.4) 
 

The above mentioned performance 
parameters were computed based on the 
values of TP, TN, FP, and FN and these 
were obtained as the number of pixels when 
compared to the results of the proposed al-
gorithm with the ground truth at pixel level. 
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This comparison was performed based on 
the bit-wise operations of pixels between the 
proposed algorithm’s result and ground 
truth. 
  

 2.2.3 Monitoring of plant 
 Images acquired through the database 
were taken within an interval of time. This 
interval can be represented by a certain 
time. There is a growth in the plant leaf area 
during each acquisition of images. This 
growth can be recorded in terms of seg-

mented leaf area and number of leaves as 
well. If there is a significant difference in 
the sequential images of a plant’s leaves in 
the area and number of leaves, ignoring the 
segmentation accuracy, then it can be 
termed as the growth of the plant in the par-
ticular gap of image acquisition of the same 
plant. Images in Table 2 and Table 3 indi-
cate the different area of leaves in the same 
database visually. 

 
Table 2. The results of Plant’s leaf segmentation on dataset ‘A1’ using proposed algorithm. 

 
Table 3. The results of Plant’s leaf segmentation on dataset ‘A2’ using proposed algorithm. 

 
 To monitor the plant’s growth, the 
algorithm’s segmentation accuracy should 
be evaluated and established. The amount of 
true positive is considered as the area of the 

segmented plant’s leaf. The difference of 
true positives in the sequential images is 
computed as the growth of plants. 
 

Sample images Image 1 Image 2 Image 3 Image 4 

Input Image 

    

Result from pro-
posed algorithm 

    
Accuracy 0.9877 0.9961 0.9701 0.9690 
Specificity 0.9965 0.9976 0.9937 0.9968 
Sensitivity 0.8625 0.9623 0.7942 0.8330 
F-Score 0.9017 0.9534 0.9629 0.8614 

Sample images Image 5 Image 6 Image 7 Image 8 
Input Image 

    

Result from proposed algorithm 

    
Accuracy 0.9839 0.9965 0.9796 0.9897 
Specificity 0.9997 0.9979 0.9940 0.9988 
Sensitivity 0.8752 0.9747 0.9219 0.3379 
F-Score 0.9095 0.9715 0.9499 0.4752 
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3. Results and Discussion 
A few sample images from both the 

datasets are shown in Table 2 and Table 3 
along with the performance parameters. Fig. 
3 shows the graph of the same performance 
parameters for all the images in database 
A1. Table 4 shows the average value of 
each performance parameter calculated for 

each image in each database. Accuracy, 
specificity, sensitivity and F-Score were 
obtained as 0.9631, 0.9889, 0.8213, and 
0.8608, respectively, for database A1. Simi-
larly, accuracy, specificity, sensitivity and 
F-Score were obtained as 0.9677, 0.9980, 
0.7141, and 0.7668, respectively, for data-
base A2. 

 
Table 4. The average segmentation results of each database based on the mentioned parame-
ters. 

Dataset Accuracy Specificity Sensitivity F-Score 
A1 0.9631 0.9889 0.8213 0.8608 
A2 0.9677 0.9980 0.7141 0.7668 

 
The average value indicates the excel-

lent accuracy of the segmentation using the 
proposed algorithm. The performance pa-
rameter shows the satisfactory results of the 
proposed algorithm. 

Fig. 3 indicates good accuracy and 
specificity for all the samples. Although 
sensitivity and F-Score are not good for all 
the samples, the reason may be that a very 
small area of the leaf in a few images are 
not sensed by the proposed algorithm. 

 
Fig. 3. Evaluation results of proposed algorithm on the plant’s image dataset ‘A1’. This dataset has 256 
images. The result of each image is shown in the parameter of accuracy, specificity, sensitivity and F-
score. The number of sample images is shown on the x-axis and values of each image corresponding to 
mention 4 parameters are shown on the y-axis. 
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The proposed algorithm is not based 
on any training. It is a color and edge-based 
algorithm which is applicable for the images 
having only one plant in one image. Multi-
ple plants in one image are not applicable to 
the proposed system. However, multiple 
plants could be segmented plant-wise using 
the grid structure, then the proposed algo-
rithm can be useful for such images.  

The proposed algorithm is applicable 
to real time processing as the performed 
operations do not require much computation 
time. A camera can be mounted over the 
plant for 24X7 monitoring of plant to reduce 
the manual work. 

The differences of true positive val-
ues of each image in sequential acquisition 
are calculated for the computation of growth 
which is in an early phase. The results of 
such computation are the future work of this 
paper. Based on the results, growth predic-
tion will also be conducted by establishing a 
relation between the experimental data of 
growth. This will help to design a system 
that will automatically monitor the plants 
and predict the growth of the plant which is 
our future work relevant to this paper.  

This work was completed using visi-
ble camera. However, a few researchers are 
pursuing similar work using the infrared 
camera which provides a different opinion 
and may helpful significantly in the current 
field. Therefore, the use of infrared cameras 
in the similar types of study [15, 18] is also 
a future enhancement of the work. Addi-
tionally, the combined view of visible and 
infrared camera has also given new dimen-
sions of the significant research in the cur-
rent field. 

 
4. Conclusion 

An algorithm is proposed for the au-
tomatic segmentation of a plant’s leaf. The 
result of proposed algorithm is satisfactory 
for the application. The method of assess-
ment of the segmentation results is also 
listed and implemented for the same algo-
rithm. Additionally, a computational method 

for the automatic monitoring of the plant is 
also proposed for the future work. 
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