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Abstract: Citrus Huanglongbing (HLB), which is spread by the citrus psyllid, is the most destructive disease of citrus industry.  
While no effective cure for the disease has been reported, detection and removal of infected trees can prevent spreading.  
Symptoms indicative of HLB can be present in both HLB-positive trees and HLB-negative trees, making identification of infected 
trees difficult.  A detection method for citrus HLB based on image feature extraction and two-stage back propagation neural 
network (BPNN) modeling was investigated in this research.  The identification method for eight different classes including 
healthy, HLB and non-HLB symptoms was studied.  Thirty-four statistical features including color and texture were extracted 
for each leaf sample, following the two-stage BPNN to model and identify HLB-positive leaves from HLB-negative leaves.  The 
discrimination accuracy can reach approximately 92% which shows that this method based on visual image processing can 
perform well in detecting citrus HLB. 
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1  Introduction   

Citrus Huanglongbing (HLB), also named as citrus 
yellow shoot disease, is thought as originating from 
China in the early 1900s.  The disease in Asian areas is 
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primarily caused by bacterium and spread by Asian citrus 
psyllid, thriving on young citrus leaves[1].  The bacteria 
itself is not harmful to humans, but can cause an 
obstruction in the flow of nutrients in citrus trees.  This 
in turn causes limb dieback, diminishes production and 
ultimately kills the tree[2].  As the health of the tree 
declines, there is an increase in early fruit abscission with 
the fruit that is produced being bitter and misshapen 
while remaining green and small[3].  As there is currently 
no medicine for this disease, prevention is critical to the 
maintaining of quality citrus production.  The most 
common method for diagnosing HLB infected trees is 
human visual identification.  However, as this method is 
limited to the personal knowledge and experience of the 
person performing the inspections, it typically leads to 
low recognition accuracy.  More reliable laboratory 
diagnostic methods of HLB have been reported[4], 
including electron microscopy, Thin Layer 
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Chromatography (TLC)[5], and Polymerase Chain 
Reaction (PCR)[6], et al.  Machine vision identification 
has also been attempted.  Pereira et al.[7] analyzed the 
color of laser-induced fluorescence images, and observed 
that the colors of HLB infected leaves and healthy leaves 
could be distinguished in eight color channels.  Deng et 
al.[8] used a Gaussian mixture density (GMD) to extract 
the leaf object from the citrus visible image, followed by 
a feature extraction and recognition of HLB in the leaf 
based on scalable vocabulary tree.  Color Co-occurrence 
Matrix (CCM) was used to distinguish different 
symptoms of citrus disease[9], yet by ignoring the 
influence of the gray scale, it could not achieve a high 
classification accuracy.  A sensing system based on 
narrow-band imaging and polarizing filters was 
developed to discriminate between HLB-symptomatic 
and healthy leaves[10].  However, the method considered 
a few of the citrus symptoms.  Methods using 
hyperspectral imaging technology have also been 
proposed.  Mei et al.[11] adopted a partial least 
squares-discriminate analysis (PLS-DA) method to 
analyze the hyperspectral image data of citrus leaves for 
early detection of citrus HLB.  Yet the accuracy of 
diagnosis still needs to be improved.  Deng et al.[12] 
adopted a Minimum Noise Fraction (MNF) Rotation for 
dimensionality reduction of hyperspectral data, created 
training set of pure pixels using Pixel Purity Index (PPI), 
and identified HLB with Fisher discrimination.  A 
method based on principal component analysis and 
BPNN based on hyperspectral images was used to 
diagnose and classify citrus HLB with an accuracy of 
over 90%[13].  Airborne multispectral and hyperspectral 
imaging methods have also been adopted in detection of

HLB[14-17].  Kumar et al.[1] utilized airborne 
multispectral information and hyperspectral imaging to 
perform citrus HLB detection; the highest recognition 
accuracy was about 86%. However, to distinguish 
HLB-infected trees from other nutrient-deficiency trees 
was proved difficult.  Using the reflectance of healthy 
and HLB canopies in both the visible and near-infrared 
ranges was able to detect most of the severely infected 
areas.  The detection accuracies ranged from 43% to 
95%, depending on the ground truth accuracy and the 
classifiers adopted. 

Thus, while a number of HLB detection methods have 

been developed and evaluated, the results were not 

satisfactory as a result of long detection time and low 

accuracy.  The overall objective of this research was to 

develop an effective feature extraction method to reveal 

the HLB heterogeneity from visual leaf image and 

distinguish citrus HLB infected tress from other non-HLB 

(HLB-negative) trees with similar symptoms.  The 

method presented involves four major processes:  

1) RGB images of orange leaves collecting, eight 

different symptoms (i.e., floral leaf, blocky mottled, 

uniform yellowing, normal mature, root rot yellowing, 

phytotoxic yellowing, edge yellowing and other non-HLB 

yellowing) capturing. 

2) Digital images of leaves preprocessing; 

3) Texture and color features extracting to reveal 

HLB heterogeneity; 

4) Two-stage BPNN modeling and classification of 

citrus HLB.  

The framework of citrus disease recognition is shown 

in Figure 1. 

 
Figure 1  Framework of citrus HLB recognition 
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2  Materials and methods 

2.1  Materials 
The leaf samples used in this research were collected 

from two sugar sand orange orchards in Qingyuan and 
Huizhou located in Guangdong Province, China, in 
September 2013 and 2014.  The citrus leaf images were 
acquired using a NIKON D600 camera under natural light.  
The dimensions of each leaf sample image were resized 
to no larger than 1260×720.  Eight different classes of 
citrus leaves were selected for the experiment, with 
nearly 100 samples in each class being collected and 
tested by both PCR detection and observation by 
experienced experts.  The classes of leaf sample include 
the following: floral leaf, blocky mottled, uniform 
yellowing, normal mature, root rot yellowing, phytotoxic 
yellowing and edge yellowing.  Images of leaf samples 

are shown in Figure 2.  The first three classes (a-c) 
represent the typical symptoms of citrus HLB, the normal 
mature class (d) represents healthy trees, and the final 
four classes (e-h) represents other similar symptoms from 
non-HLB infected trees.  Each class had distinctive 
features on the leaf surface that represented the particular 
symptoms (Figure 2).  The blocky mottled leaf was 
covered with irregular patches.  The uniform yellowing 
leaf was covered with a single yellow color on the whole 
surface.  The root rot yellowing leaf presented an 
abnormal color, especially on the petiole.  Given that the 
goal of this work was to distinguish HLB symptoms from 
non-HLB symptoms, the last four classes (e-h) of citrus 
leaves were classified as a single class - the leaves of 
non-HLB trees.  The combination of non-HLB 
symptoms into a single class results in five leaf symptom 
classes that needed to be trained and distinguished.   

 
a. Floral leaf b. Blocky mottled c. Uniform yellowing d. Normal mature 

 

 
e. Root rot yellowing f. Phytotoxic yellowing g. Edge yellowing h. Other non-HLB yellowing 

 

Figure 2  Leaf samples 
 

2.2  Preprocessing of the samples 
As photographing conditions were different, the 

preprocessing of image was required.  Also, any 
differential operator highlights the noise if not been 
properly filtered.  Therefore the preprocessing system 
used in this study first conducted filter processing 
followed by image sharpening processing.  As median 
filter can preserve edges while removing noise[18], a 

median filter was processed next.  A Sobel operator was 
used in image sharpening considering that it is relatively 
effective in fringe detection[19] by allowing for clear 
image outlines all while restraining noise and enhancing 
the contrast of the gray scale.  Post-preprocessed images 
of an example floral leaf are shown in Figure 3.  Matlab 
R2010b software was used for image preprocessing and 
two-stage BPNN modeling.   

 
a. Non-preprocessing b. Median filter c. Sobel operator 

 

Figure 3  Preprocessing images 
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2.3  Texture features extraction  
The Gray level co-occurrence matrix (GLCM) is a 

statistical method for determining a shape by statistically 
sampling gray-level gradients across certain distances and 
directions within an image[20].  It is a tabulation of how 
often different combinations of pixel brightness values 
(gray levels) occur in an image.  The GLCM functions 
characterize the texture of an image by calculating how 
often pairs of pixel with specific values and in a specified 
spatial relationship occur in an image, creating a GLCM, 
and then extracting statistical measures from this matrix.  
Given a random point (x, y) and its adjacent point (x+a, 
y+b) of an image (M×N), the point pair’s gray level is 
notated as (g1, g2).  The probability of two pixel gray 
scales occurring together will transform the spatial 
coordinate (x, y) into describing the ‘gray level pair’ (g1, 
g2) and form the GLCM. 

In order to make the classifications more accurate, the 
GCLM was applied and constructed in four directions 
including 0º, 45º, 90º and 135º[21].  The non-normalized 
GLCM is defined by:  
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where, θ is one of the four directions above.  When a=1, 
b=0, the pixel pair is horizontal, i.e., 0º scanning; when 
a=0, b=1, the pixel pair will be vertical, i.e., 90º scanning; 
when a=1, b=1, the pixel pair will be right diagonal, i.e., 
45º scanning; when a=−1, b=1, the pixel pair will be left 
diagonal, i.e., 135º scanning.  If the argument is true, 
C{·}=1, otherwise, C{·}=0.  The ± and m  signs mean 

that each pixel pair is counted twice: once forward and 
once backward.  

To obtain standard uniform parameters, the 
probability parameter of the GLCM was also normalized 
through dividing by the total number of counted pixel 
pairs.  After normalizing the GCLM, four statistical 
texture features would be extracted: energy, entropy, 
inertia and dependency, intensity texture feature 
equations are presented in Table 1.  Therefore, including 
every eigenvalue extracted in four directions of 0º, 45º, 
90º and 135º, there would be totally 16 characteristic 
vectors representing each texture feature. 

Table 1  Intensity texture feature equations 
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2.4  Color feature extraction 
To improve the efficiency and precision of data 

processing, an appropriate color space should be chosen 
according to the application environment[22].  Common 
color spaces in digital image processing include RGB, 
HSI, HSV etc., which have different characteristics and 
scopes of application.  Though RGB is the most common 
color space, it is typically used as a visual display of the 
image.  HSI color space attempts to produce a more 
intuitive representation of color, greatly reducing the 
workload of image analysis and processing by allowing 
for a large number of algorithms to be conveniently 
performed.  HSV color space enables the saturation of a 
greater dynamic range, which is best for hue and 
saturation processing.  For these reasons, HSV and HSI 
color spaces were selected in this study.  Thus, HSI and 
HSV transformations were performed and three statistical 
features including the first rank moment (mean value), 
the second rank moment (standard deviation), and the 
third rank moment were extracted.  The intensity color 
feature equations for these three features are presented in 
Table 2.  Three rank moments were extracted in each 
channel of six color channels resulting in 18 eigenvalues.  
Therefore, including the texture and color features 
discussed in the previous section, totally 34 characteristics 
for each sample were included in this study.  

 

Table 2  Intensity color feature equations 
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2.5  Two-stage BPNN for modeling and classification 
The BPNN with 34 input nodes and five output nodes 

was adopted for modeling and classification to allow for 
34 feature vectors and five different classes.  In this 
study, a two-stage BPNN was constructed.  The 
recognition process is shown in Figure 4.  As there were 
different kinds of non-HLB leaves, a prediction model 
could not be directly constructed.  In this research a first 
stage neural network (marked as A in Figure 4) was built 
to train the datasets of the four HLB leaf classes (uniform 
yellowing, floral, normal mature and mottled) showed in 
Figure 2.  In the second stage, four sub-neural networks 

were built to train the datasets for uniform yellowing & 
non-HLB, floral & non-HLB, normal mature & non-HLB 
and mottled & non-HLB.  When the sub-neural 
networks returned the best results, they were saved and 
marked as B, C, D and E.  A minimum MSE (mean 
squared error) criterion was used to determine the best 
sub-neural network training.  Output 1 (Figure 4) 
represents the uniform yellowing symptom, output 2 
represents the floral symptom, output 3 stands for normal 
mature, output 4 stands for blocky mottled symptom and 
output 5 stands for yellowing leaves of non-HLB 
symptom. 

 
Figure 4  Recognition process of the two-stage BPNN 

 
 

3  Results and discussion 

As mentioned above, based on results from PCR 
testing and experimental judgments from agricultural 
experts, the leaves were classified into five classes of 
floral, blocky mottled, uniform yellowing, normal mature 
and yellowing of non-HLB.  Thirty-four vectors, 
including texture and color features, were extracted 
requiring an approximate total time of 160 s per sample.  
From the total 500 groups of feature data, 250 groups 
were selected randomly for the training of the neural 
network, the remaining data were used for the testing of 
the resulting best fit algorithms.  Based on the structure 
of the two-stage BPNN, the 5th class, representing 
yellowing of non-HLB leaves, might be incorrectly 
assigned to any of the other four classes in the first stage.  
Therefore, the second stage sub neural networks (B-E) 
must be different between each of the HLB positive leaf 
classes and the non-HLB leaf 5th class showing similar 
symptoms.  For example, if the 5th class was incorrectly 
assigned to the 1st class, the trained sub-neural network 
must be different between the 1st and the 5th classes.  

Therefore, four sub-neural networks are able to correctly 
distinguish five classes from the former classified data.  
Across all 34 eigenvalues, the color feature provided 
better differentiation between the citrus HLB and 
non-citrus HLB, so only color features were applied in 
the four sub-networks.  The testing results are showed in 
Figure 5 where the green dots represent the actual output 
and the blue lines represent the expected output of 1, 2, 3, 
4 and 5.  Specifically, the area of 1-50 represents the 
class of uniform yellowing, the area of 51-100 represents 
the floral symptom, 101-150 represents the healthy 
(normal mature), 151-200 represents the blocky mottled, 
and 201-250 stands for the yellowing of non-HLB.  The 
recognition time was about 10 s. From Figure 5 and Table 
3, the classification accuracy was approximately 90%.  

HLB detection accuracy of the two-stage BPNN 
within the yellowing of non-HLB class reached over 90% 
(Table 3).  The combination of gray features and color 
features performed better than color co-occurrence 
feature extraction method[2].  However, the number of 
HLB-positive and HLB-negative symptoms involved in 
this study was limited.  There are other symptoms that 
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need to be considered, such as nutrient-deficiency in 
HLB-positive leaves.  For other symptoms, the proposed 
feature extraction method in this study might not be 
appropriate, as the image of a nutrient-deficient 
HLB-positive leaf is quite similar to that of a 
nutrient-deficient HLB-negative leaf.  A detection 
method based only on visual image data might not 
provide early detection of HLB because typical, early 
HLB symptoms are not obvious.  Additionally, different 
citrus varieties varying in appearance means that the 
texture and color features that need to be extracted are 
likely to be different.  Multispectral or hyperspectral 
data, combined with visual image data, is suggested for 
dealing with more different varieties of HLB citrus leaf 
symptoms.  Consequently, a detection method based 
only on visual image data, using the same feature 
extraction method applied to all leaf samples, is not 
feasible.  

 
Figure 5  Classification results of five neural networks 

 

Table 3   The final classification accuracy 
unit: % 

 Uniform 
yellowing Floral Normal 

mature 
Blocky 
mottled 

Yellowing of 
non-HLB 

Uniform yellowing 90 10 0 0 0 

Floral 8 90 0 0 2 

Normal mature 0 8 92 0 0 

Blocky mottled 0 0 0 90 10 

Yellowing of non-HLB 0 2 0 6 92 
 

None of the existing methods, even time-consuming, 
labor intensive, and relatively expensive laboratory-based 
detection methods such as qrt-PCR (quantitative real-time 
polymerase chain reaction) analysis, is 100% accurate.  
In this study, an easy method that can be easily extended 
as a real-time, portable, in-field diagnostic tool with an 

acceptable accuracy was presented.  However, since 
three HLB-positive symptoms typically exist in real citrus 
orchards, future work will focus on additional disease 
symptom classes as well as additional citrus varieties, and 
will continue to explore more effective feature extraction 
methods to discover the heterogeneity of HLB.  

4  Conclusions 

In this study, an HLB detection method based on 
image feature extraction and two-stage BPNN was 
developed.  Thirty-four features of sand sugar citrus 
were extracted to express the heterogeneity of HLB.  
Three typical symptoms of HLB and five classes of 
HLB-negative symptoms, including healthy leaves, were 
modeled through a two-stage BPNN.  The results 
showed that the discrimination accuracy of HLB leaves 
from the non-HLB leaves with similar symptoms was 
acceptable.   
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