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Abstract 

Mangosteen is one of important fruits grown in Indonesia, and becoming an important 

agricultural commodity to export. As one of a major fruit export of Indonesia, export of 

mangosteen is more than 30% of the total fruits exported to several countries. Export 

volume of mangosteen from Indonesia is more than 8 thousand tons, worth more than 

USD 6 million per year since 2010. Mangosteen is consumed when it is fully ripe, fresh 

with green calyx. For export quality, there are some additional requirements by market 

such as the calyx is normal with green color. Good shape and complete calyx with green 

color is not connected directly to internal quality of mangosteen, however it reflects fruit 

freshness and more esthetic value. The objective of this research is to develop image 

processing algorithm to separate export quality of fresh mangosteen based on their 

physical appearance. After capturing image of mangosteen on a moving conveyor using a 

camera, some image processing techniques applied to the image using the developed 

algorithm.  The techniques were thresholding, opening and closing, convex hull, and 

calyx area measurement. The results show that 91% of export quality samples were 

recognized correctly, and increased to 95% when convex hull operation applied to the 

binary image before area measurement. 

 

Keywords: Area Measurement, Convex Hull, Image Processing, Mangosteen. 

 

1. INTRODUCTION 

Mangosteen is one of important fruits 

grown in Indonesia, and becoming one of 

important agricultural commodities to export. 

As one of a major fruit export of Indonesia, 

more than 30% of the total fruits exported 

from Indonesia. Mangosteens from Indonesia 

are exported to are Singapore, China, Hong 

Kong, Taiwan, and some countries in the 

middle east, such as United Arab Emirates and 

Saudi Arabia. Export volume of mangosteen 

from Indonesia is more than 8 thousand tons, 

worth more than USD 6 millions per year 

since 2010  (BPS, 2011). 

Mangosteen is consumed when it is fully 

ripe, still fresh with green calyx. For export 

quality, there are some additional requirements 

by market, the calyx is normal with green 

color. Good shape and complete calyx with 

green color is not connected to internal quality 

of mangosteen, but it reflects fruit freshness 

and more esthetic value.  

Variations in mangosteen quality due to 

different soil fertility and local climate of 

growing area are a major concern for exporters 

in Indonesia. For export mangosteen, 

requirement for the quality includes internal 

and external quality. Among the internal 

quality parameters for mangosteen are 

transparent flesh, yellow latex deposits, peel 

hardening, as well as external factors, such as 

peel color, shape, size, latex burn, and insect 

damage (Andgcham et al., 2008). For many 

people, appearance is a primary criterion when 

making food purchase (Kays, 1991). This 

phenomenon is particularly strong for fresh 

fruit and vegetables. Thus, appearance is a 

primary determinant for judging product 

quality throughout the production, storage and 

marketing process (Kays, 1999). Product 

appearance is typically evaluated manually by 

such characteristics as size, shape, form, color, 

freshness and absence of visual defects (Costa 

et al., 2011).  

Poor quality mangosteen such as broken 
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calyxes, stem and peel bruising, mostly caused 

by rough harvesting and postharvest handling, 

should be well considered by exporters to 

prevent any rejection or claim from 

international buyer. Internal quality problems 

such latex and insect damage should be 

prevented by farmers during growing period. 

For peel hardening, the problem was 

addressed and a suggestion to overcome it was 

proposed (Ahmad et al., 2014). 

Shape is a particularly important sensory 

attribute of agricultural products quality, 

because shape is closely associated with such 

quality factors as freshness, and maturity. 

Normal shape also means normal 

environmental and growing condition, which 

is one of the factors for producing good and 

safe food. Therefore, shape is an important 

grading criterion for most fresh fruits (Kays, 

1999; McCaig, 2002). Shape of a fruit can be 

analyzed using image processing. A number of 

reports have used image processing based on 

shape and color to evaluate various 

agricultural products such as coffee bean 

quality (Soedibyo et al., 2010), development 

of a mango grading machine (Ahmad et al., 

2010) and building a vision system to monitor 

harvested paddy grain quality during head-

feeding combine harvester operation (Mahirah 

et al., 2015).  

The objective of this study is to develop 

image processing algorithm to identify export 

quality of fresh mangosteen based on their 

physical appearance, especially from the calyx 

size. The developed algorithm is expected to 

be applied in automatic sorting and grading 

machine for fresh mangosteen, to separate 

export quality mangosteen from other quality 

levels suitable for local market. 

2. MATERIAL AND METHOD 

Three groups of mangosteen, 80 fruits in 

each group, were used as samples in this study. 

The three groups were labeled as A class, 

which is export quality, and B and C classes 

for domestic market. The mangosteens were 

obtained from a collecting trader in 

Purwakarta, West java, who does grading 

process on fresh mangosteens and sells them 

to an exporter in Jakarta. The mangosteens 

were harvested in the morning, graded into A, 

B, or classes, put in a rigid plastic container, 

and transported to Bogor by a car with air 

conditioning system for around four hours. 

Fast handling of the fresh mangosteens is 

important because they change color very 

quick (around 24 hours) in high temperature. 

As the mangosteens arrived in the 

laboratory, they were checked for any damage 

and cleaned carefully using dry clothes. 

Damaged fruits due to rough handling or 

during transportation were not selected as 

samples. The selected and cleaned 

mangosteens were put in air conditioned room 

(around 20 °C temperature) for one night. In 

the next day morning, samples were proceeded 

for measuring and data collecting. 

Color images of mangosteen fruits from 

the three classes were captured in 640 by 480 

pixels resolution and jpeg format on a moving 

conveyor using a digital camera. The camera 

was placed on ceiling of the chamber with 

white walls for all inner sides, around 20 cm 

above the fruit, and four 3W LED lamps were 

put inside the chamber to provide uniform 

lighting (Figure 1). After capturing image of 

mangosteen, some image processing 

techniques applied to the image using the 

developed algorithm. The techniques were 

thresholding, opening and closing, and calyx 

area measurement.  

 

 
Figure 1. Chamber for image acquisition of 

moving mangosteen on a conveyor 

 

The same method with additional convex 

hull operation before area measurement was 

also applied to the same samples to see the 

effect of convex hull operation. Convex hull 

plays a role in geometry to the reorder a 

collection of numbers to transform a shape 

convexity. Convexity is the key to 

understanding and simplifying geometry. The 

results of image analysis were analyzed using 
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simple statistical calculation to find the 

successful rate of identification for the 

methods. 

3. RESULTS AND DISCUSSION 

The samples used in this study were 

harvested by experienced farmer and graded 

by collecting trader. The grade A is intended 

for exporter in Jakarta, while B and grades are 

for local market. The grading process was 

conducted manually by looking at fruit size 

and calyx condition. Distribution of samples 

by weight obtained from weighting the 

samples is shown in Figure 2. Even though 

size was considered by manual grading, 

overlapped is shown in the figure by value of 

standard deviation in each group. This means 

weight was not exactly measured in grading 

fresh mangosteen, only guessing. For export 

quality mangosteens, the grader looks at calyx 

condition more than the size. In fact, size is 

considered in grading fresh mangosteen, but as 

a second criterion. The first criterion is calyx 

shape and color represnenting the freshness of 

the fruits in general.  

 

 Figure 2. Distribution of samples by weight 

measured by weighing

   
 (a) (b) (c) 

Figure 3. Three images showing different quality of fresh mangosteens graded by collecting trader; 

(a) grade A, (b) grade B, and (c) grade C. 

 

   
 (a) (b) (c) 

   
 (d) (e) (f) 

Figure 4. Results of step-by-step image processing on mangosteen image; (a) binary image resulted 



 

Proceedings of AESAP 2016   13-14 December 2016, Bogor, Indonesia 

 4 

from thresholding process, (b) binary image after opening operation, (c) binary image after closing 

operation, (d) masked image of fruit calyx part, (e) convex hull perimeter of the calyx, and (f) 

binary image of calyx with convex hull operation. 

Figure 3 shows the images of three grades of 

mangosteen used as samples, acquired by the 

camera. The most important thing from the 

pictures is the form and size of fruit calyx, 

which are different for each class. It can be 

seen from the pictures, fruits from grade A has 

a full and normal shape and size of calyxes, 

frits from grade B has a full and normal shape 

but smaller size of calyxes, while fruits from 

grade C has a small or broken calyx. 

Image processing program was 

developed to identify the size of fruit calyx, 

and was applied step by step to the stored 

images. Every step in image processing results 

in an intermediate image. To process the 

image and to obtain some important 

information, first the image in jpeg file already 

stored on the hard drive must be opened and 

display it on the monitor. The image was 

converted from RGB to HSI color space, do 

thresholding based on the values of hue, 

saturation and intensity to get the binary image 

of fruit calyx (Figure 4a). To erase noises and 

improve the shape of the object before 

measuring fruit calyx area, process of opening 

and closing were conducted (Figure 4b and 4c). 

Masking the original image using a binary 

image of each to get a color image with 

removed background was conducted after 

opening and closing operations to get masked 

image of fruit calyx (Figure 4d). The similar 

image was obtained with the same processes 

with additional convex hull operation to get a 

calyx area with new perimeter (Figure 4e), and 

resulted in a different binary image before 

masking operation (Figure 4f). Final step was 

reading out all pixels object to get the data of 

calyx area or size of calyx in pixels, and the 

color values of each pixel making up the 

object to the image masking results in two 

color models, RGB and HSI, and store color 

data the average of the readings.  

Images in Figure 4 show that image 

processing applied to the captured images 

produced binary images necessary for size 

measurement of fruit calyx that used for fresh 

mangosteen classification. From the size of the 

fruit calyx represented by projection area of 

the calyx part in binary image, the image 

processing algorithm then classified the class 

of every fruit into A, B, or C classes. Table 1 

and Table 2 showing the results of fresh 

mangosteens classification, shown in the 

confusion matrix with manual grading. Table 1 

is the results of first trying, which is 

classification of the fruits into A, B, or C 

classes based on calyx area, while Table 2 is 

the results of second trying, which is 

classification of the same fruits into A, B, or C 

classes based on convex hull calyx area.  

Table 1. Classification agreement between 

manual classification and image processing 

based on calyx area  

A B C

A 73 7 0 80 91

B 9 44 27 80 55

C 0 30 50 80 63

82 81 77 240 70

Graded by Image Processing
Total

Succesfull 

(%)

Manual 

Grading

 

Table 2. Classification agreement between 

manual classification and image processing 

based on convex hull calyx area  

A B C

A 76 4 0 80 95

B 4 56 20 80 70

C 0 29 51 80 64

80 89 71 240 76

Grade by Image Processing
Total

Succesfull 

(%)

Manual 

Grading

 
 

From Table 1, it can be seen that average 

successful classification in grading is 70%, but 

successful rate for grade A separation from 

other grades is 91%. This means the algorithm 

can separate grade A as target for export 

quality with 91% agreement with manual 

grading, but the agreement for grade B and C 

are lower, 55% and 63%, making the average 

of succesful classification for the three grades 

are 70%. By applying convex hull, the 

successful rate increased to 76% in average 

and 95% for grade A separation, which better 

than the previous ones. In this case, convex 

hull closed some holes in the binary image and 

simplified the shape of the calyx for fair 

measurement of calyx area. 

CONCLUSION 

In Indonesia, fresh mangosteens were 

graded by collecting traders or exporters 

manually based on size and calyx condition. 
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The calyx shape and color were used as 

grading criteria because they represent 

integrity of the fresh mangosteen. Calyx 

condition in image can be analyzed by 

separating it from the whole fruit and calculate 

its area. Calyx area in digital image, if masked 

correctly, can be used to identify quality 

export of fresh mangosteens. Successful rate 

to separate grade A as target of separation was 

91% if the identification by image processing 

was conducted based on calyx area. If convex 

hull operation included in the image 

processing steps, successful rate for grade A 

separation was increased to 95%. 
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