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 Abstract. Citrus black spot (CBS), or Guignardia citricarpa, is known as the most destroying citrus 
fungal disease worldwide. CBS causes yield loss as a result of early fruit drop, and it leaves severely 
blemished and unmarketable fruit. While leaves usually remain symptomless, CBS generates various 
forms of lesions on citrus fruits including hard spot, cracked spot, and virulent spot. CBS lesions 
often appear on maturing fruit, starting two months before maturity. Warm temperature and sunlight 
exposure increase the number of lesions. Two main sources of inoculum are infected leaves 
decomposing on citrus orchard floor and lesions on infected branches, fruits, and leaves. Wind and 
water splash can spread the disease to healthy trees. In order to better control the CBS disease, the 
infected trees should be identified and located preferably at the early stages of infection for an 
efficient site-specific treatment. In this paper, an affordable vision based sensing method was 
introduced that was able to detect the citrus fruit with CBS lesions under the field condition. It was 
shown in a previous study that CBS lesions could be identified with a 100% accuracy in a laboratory 
using only the color information in regular RGB images. Two DSLR cameras were modified to 
capture images in two NIR bands as well as red, green, and blue channels. Images of citrus trees 
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were acquired in a grove near Immokalee, Florida, USA. An image analysis algorithm was developed 
to segment the potential spots on the citrus fruit and confirm if they are CBS lesions. Morphological 
features were extracted from the potential spots in all color components of the images. The algorithm 
was able to determine if a fruit is CBS positive or CBS negative. The results showed that acceptable 
accuracies using images that were obtained by the proposed sensing system. The proposed imaging 
method is an affordable diagnosis method for CBS detection under the field condition. 
Keywords. Camera Conversion, Citrus Black Spot, Disease, Image analysis, Near Infrared 

Introduction 
Citrus black spot (CBS) is a recently found disease of citrus in Florida, USA (caused by fungus 
Guignardia citricarpa) that reduces both fruit quality and yield. It was first seen in spring of 2010 in 
South Florida near Immokalee (Schubert et al., 2013). CBS generates some fruit lesions on citrus 
fruit peel that makes it inappropriate for fresh market. Also, it causes early fruit drop (Junior et al., 
2016) that extremely affects crop yield (Choi et al., 2015). Transportation of nursery stock or leaf 
debris from infected trees can increase the spread of the disease (Pourreza et al., 2015a).  

Machine vision systems have been employed in many aspects of citrus production. Choi et al. (2014) 
developed a machine vision system to find premature citrus fruit drop at different locations in a grove 
and to estimate the dropping period by analyzing the visual features of fruit. Vision-based sensors 
have also been widely used in citrus disease detection. Pourreza et al. (2015b) developed a 
customized imaging sensor to detect citrus Huanglongbing (HLB) disease. Their sensor was able to 
acquire images at a specific wavelength of 591 nm; which was used to identify HLB accurately. In 
another study, they realized that their customized imaging setting was twice better than a 
conventional color imaging for HLB detection purpose (Pourreza et al., 2015c).  

Polymerase Chain Reaction (PCR) test is the common diagnosis method for CBS (Tomlinson et al., 
2013). However, PCR test requires sample collection, and it is both time and effort consuming while 
it is unable to provide real-time results. Bulanon et al. (2013) conducted a hyperspectral image 
analysis between 480 nm to 950 nm, and determined four bands of 781 nm, 713 nm, 629 nm, and 
493 nm as the potential wavelengths for the development of a multispectral camera to detect CBS. 
Kim et al. (2014) developed a hyperspectral imaging method for identification of CBS lesions. They 
employed two hyperspectral analysis procedures of spectral information divergence (SID) and 
spectral angle mapper (SAM), and obtained up to a 97% accuracy in CBS detection. Zhao et al. 
(2015) acquired hyperspectral images of several CBS lesions between 396 nm and 1010 nm, and 
they determined 533 nm as the best wavelength for identification of CBS. Using a Kernel SVM 
classifier, they were able to identify 98% of CBS lesions accurately. Although some work has been 
done in CBS detection using optical sensing in the laboratory, there is no study on CBS diagnosis 
under the field condition. The main goal of this study, therefore, was to develop and evaluate a 
multispectral imaging solution for detection of CBS lesions under the field condition. 

Materials and Methods 

Sensing system 
A customized Visible-Near Infrared (VIS-NIR) multispectral (MS) imaging system was developed 
using two modified mirrorless cameras (EOS M10, Canon Inc., Tokyo, Japan), a 2- camera mounting 
bracket, and a shutter controller. Any commercial digital camera is equipped with an infrared (IR) Cut 
Filter (ICF) that is positioned in front of the sensor to block the NIR. Otherwise, the color channels 
mix infrared and visible information. In order to enable the mirrorless cameras to capture light 
reflectance in NIR range, the internal ICFs of the mirrorless cameras were removed and the cameras 
were modified so that one could capture blue, green, and NIR (680-800 nm) while the other one 
could acquire reflectance in green, red, and NIR (800-900 nm). Therefore, a combination of the two 
cameras provided us with a 5-band multispectral imaging system that included three visible bands 
and two NIR bands (Fig. 1a). 



Proceedings of the 13th International Conference on Precision Agriculture 
July 31 – August 3, 2016, St. Louis, Missouri, USA Page 3 

Data Collection 
In-field MS image acquisition was conducted in early March 2016, in a grove including Valencia 
orange trees near Immokalee, Florida. The imaging sensor was mounted on an unmanned ground 
vehicle (UGV) for field inspection (Fig. 1b). The robot drove between the rows of citrus trees, stopped 
in front of each tree, acquired images, and then went to the next tree. Image acquisition was 
conducted in two blocks of the citrus grove: first in a healthy block where no symptomatic fruit had 
been observed before; and second in a CBS infected block where oranges with CBS lesions were 
marked by red ribbons. Before the image acquisition, the cameras were calibrated using a white 
paper and their custom white balance capabilities. Both cameras were set on manual modes with the 
following settings: focal length: 15 mm; F-stop: f/8; exposure time: 1/640 sec; and ISO-speed: 800. 
The images were saved in a JPG format. 

 
Fig 1. The imaging sensor (5-band camera); (a): two converted Canon M10 mirrorless cameras mounted on a bracket and the 

shutter controller; (b): the 5-band imaging system mounted on a field robot for autonomous field inspection. 

Image Analysis and Classification 
The overall image processing steps are shown in Fig. 2. At the first step, six color 
components including blue, green1, NIR-1 (700-800 nm) from camera #1, and 
NIR2 (800-900 nm), green2, and red from camera #2 were extracted. A total of 
80 citrus fruits including 40 samples with CBS symptoms (hard spot) and 40 
samples with healthy peel were segmented manually from the background. 
Selected sample citrus fruits were in various illumination conditions such as 
uniformly illuminated by direct sunlight, partially in shade, and totally in shade. A 
histogram analysis was conducted for each single citrus fruit to determine a 
customized gray value threshold for segmenting the potential CBS spots on the 
citrus fruit peel. Fig. 3a illustrates the detailed flowchart of histogram analysis. A 
customized threshold (𝑇) for each fruit was determined and used for 
segmentation. The potential segmented spots were then further analyzed 
morphologically to determine if they are CBS lesion or not. Fig. 3b shows the 
shape analysis steps. Basically, any potential spot needed to meet certain criteria 
that were found by experience. The shape features that were used to validate 
that a spot is CBS included area, minor to major axis ratio, solidity, extent, and 
centroid. If a segmented area passed all the five criteria in Fig. 4b, it was 
considered as a CBS lesion, otherwise, it might be a symptom of other disease or 
noise, but not CBS lesion.  

The image analysis steps described in Figs. 2 and 3 were applied to all 80 
samples. If at least one CBS lesion was detected on citrus fruit, it was considered 
as a CBS positive, otherwise, the sample was categorized in the CBS negative 
class. This process was repeated for all six color components. 

All image processing and data analysis were conducted in MATLAB (version R2015a, MathWorks, 
Natick, MA). 

 
Fig 2. Flowchart of 
the overall image 

processing steps to 
detect CBS lesions. 
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Fig 3. The flowchart of histogram and shape analysis; (a): histogram analysis to identify a threshold for segmenting the image 
and finding the potential CBS spots. 𝑴𝒋 is the array of local minima, 𝑯𝒊𝑮𝑴 is the general maximum value in the histogram array, 

and 𝑻 is the selected gray value threshold for segmenting potential CBS spot; (b): shape analysis to determine if the segmented 
spot is actually a CBS spot. The acceptable range for the spot area was a function of the fruit area: 𝑨𝑻𝑻𝒊𝑻 = 𝟎.𝟎𝟎× 𝑨𝒇 and 

𝑨𝑻𝑻𝑻𝑻 = 𝟎.𝟏 × 𝑨𝒇. The aspect ratio (𝑹𝒔) is indicating the ratio between minor and major axises. 𝑶𝒇 and 𝑶𝒔 are the centers of circles 
fitted on the fruit area and the spot area, respectively. 𝑹𝒇 is the radius of the circle circles fitted on the fruit area. 

Results and Discussion 
The classification results including true positive rates (TPR) and false positive rates (FPR) for each 
color component as well as for three combinations of color components are shown in Table 1. The 
results for single color components revealed that the green channels presented the best CBS 
detection accuracies (TPR) with minimum error (FPR). However, the green channel in camera #1 
had a slightly better accuracy. The next best accuracy was achieved when the red channel images 
were used for classification. The last three columns in Table 1 illustrate the results obtained by 
combining color components. It was determined that the best accuracy could be acheived by 
combining the results of the two green channels and the red channel. However, as the TPR 
increased using this combination, the FPR increased as well. The CBS detection using NIR color 
components resulted in the least TPR and highest FPR. One possible reason might be the high 
reflectance similarity between healthy citrus peels and CBS hard spot lesions in NIR band (700-900 
nm), comparing to green and red wavebands as shown by Pourreza et al. (2015a).  
Table 1. Classification accuracies (true positive and false positive rates) for CBS positive and CBS negative samples acquired for 

each color component separately, and also for three combinations of color components. 
 Color Component 
 NIR1 Green1 Blue Red Green2 NIR2 Green1+Green2 Red+Green2 Green1+Red+Green2 

True Positive Rate 
(TPR) 15% 60% 40% 45% 55% 20% 80% 75% 87.5% 

False Positive Rate 
(FPR) 5% 2.5% 5% 2.5% 5% 12.5% 7.5% 7.5% 10% 
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Images of a sample citrus fruit with CBS symptom and their corresponding six color components are 
illustrated in Fig. 4. Although green channel was a common color component in both cameras; the 
two green channels did not represent similar intensities. One reason might be the lack of similarity of 
green components in the two cameras due to the different conversions that were applied to each of 
them. The images in the NIR2 channel were darker than other color components, despite the fact 
that citrus peel and CBS lesions have high reflectance in this band (Pourreza et al., 2015a). The 
original blue channel in camera #2 was replaced by the NIR2 band after conversion. Therefore, one 
possible reason might be less sensitivity of the blue channel (in the charge-coupled device sensor) to 
light in the NIR band. 

 
Fig 4. Images of a sample citrus fruit with one hard spot symptom as well as their corresponding six color components captured 

by the sensing system. 

Conclusion 
In this study, an affordable multispectral sensing system was developed for CBS detection under the 
field condition. The sensor was mounted on an UGV for field inspection. A dataset including 
multiband images of 80 citrus fruits (CBS positive and CBS negative) was created and used to test 
the proposed diagnosis method. The result showed that the green and red color components of the 
multispectral images had useful information that can be utilized for CBS detection under the field 
condition with an acceptable accuracy. 
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