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Abstract 

Computer vision has been currently a new trend in developing new tools for automatic real-time 

quality control process in food drying. During drying process, the size and shape of mango 

slides are critically changed. These changes usually determine the sensorial value of products, 

as well as which drying conditions would be needed to obtain the highest quality of dried 

products. In this study, we report on the development of a computer vision tool, requiring a 

normal digital camera installed, to evaluate the changes in size and shape of mango slides 

during the drying process. The technique is expected to replace the observation with human eyes 

to evaluate the changes of food products during the drying process, which might not be able to 

provide reliable and consistent judgements all the time. Image of drying mango slide is taken by 

a digital camera, then the feature extraction is implemented. The area of mango slice is 

determined by the area ratio via the pixel number counting and the comparison to an original 

sample with predefined reference size. The shrinkage deformation is evaluated by elliptical 

fitting to develop the automated utility. The utility is built on MATLAB platform. The 

variations in size and shape of the mango slices during a convective drying process with 

different processing conditions are examined and acquired by the built software which achieves 

real-time performance on the personal laptop.  
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Introduction 

Mango (Mangifera indica) is a drupe fruit with fleshy and juicy mesocarp that has been 

considered as one of the most consumed fresh food in the world among the other major 

tropical fruits such as pineapples, papayas, avocados, bananas and so forth [1]. The main 

disadvantage of fresh mango is that mango contains high moisture, so it has a relatively 

short shelf life, which limits its commercialization and exportation. For the purpose of 

preserving foods, drying technology is one of the best choices to remove moisture and 

significantly prolong the shelf life, which makes dried mango slices achieve higher 

economic value than the fresh ones. In drying technology, quality assurance plays a 

critical role in product development and process optimization because the drying 

process causes many undesirable effects that make reductions in the functionality of 

final products. In terms of food sensory analysis, dry foods should be able to keep the 

whole sensorial value of the fresh ones, such as flavor, aroma, color, structure, size, and 

shape. Hence, the numerous studies in drying process of mango focused on the effects of 
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ascorbic acid, salt, lemon juice, and honey on drying kinetics and sensory characteristic 

of dried mango [2, 3], drying temperature on some quality attributes of mango slices [4], 

ascorbic and citric acid pretreatment on the quality mango slices [5] in order to find the 

way of improving the sensorial value of dried mango with the reservation of the four 

criteria: flavor, aroma, color or structure.  

Recent studies also pay attention to the quality of dried mango, which is 

influenced by drying parameters in many drying techniques such as solar dryer [6, 7], 

air drying [8], infra-red light [9], freeze and microwave drying techniques [10], vacuum 

oven dryer [11], combined hot air and microwave-vacuum drying [12], low-pressure 

superheated steam drying [13] to improve the sensorial value of dried mango with the 

many criteria including structure and size.  

To evaluate the quality of dried mango slices, size and shape are the two key 

sensorial criteria which determine the ability of the products to be selected and receive 

purchase decision. Current technology with selected value set of processing and 

treatment conditions including air velocity, air temperature, the thickness of mango slice, 

drying time, power, etc. [14, 15, 16, 17, 18] still needs to monitor the shrinkage and 

deformation of mango slices during drying process. It is very difficult to make a real-

time estimation the shrinkage or deformation of the object in drying chamber during 

several hours of the drying process by human visual inspection. However, with the aid of 

computer vision system, the procedure of evaluation can be performed continually, and 

faster; which improves the unavoidable deviation of human interpretation and helps to 

intelligently control the system performance. In fact, this nondestructive, cost-effective 

technique is able to obtain automatically both shrinkage and deformation information of 

thin mango slices from the obtained images via a digital camera connected to a computer. 

Based on the evaluation of the morphology, texture and color of the images, the in-situ 

quality of drying process will be determined [19].  

Data acquired periodically can be treated with statistical methods to evaluate 

the effects of processing conditions on the changes of mango slices, which turn into the 

most suitable set values for the drying process including air velocity, air temperature or 

slice thickness so as to preserve the best quality of the dried mango slides from the fresh 

ones.  

The objective of this study is to develop a utility for the real-time evaluation of 

both shrinkage and deformation information of drying mango slices, as well as to serve 

as an automate, helpful and affordable tool in food processing technology. The 

estimation of the deformation value is much more difficult than the estimation of the 

shrinkage value due to the reason that the shape of drying mango slices changed 

continuously under processing, so that the variation of shape was paid more attention 

than the variation of size in this study.  

Moreover, the shrinkage of foods during drying process was also mentioned in 

recent studies [20, 21, 22, 23, 24]. Upon the featured shape of tropical mango in the 

commercial market, we selected the conventional image processing techniques 

combined with the elliptical data fitting in order to achieve the real-time estimation of 

the shrinkage with good accuracy during drying process.  

The tool created and proposed in this study also can be easily deduced to 

monitor the variations of size and shape during the drying processes for not only mango 

slides, but also for other different types of fruits that has oval or spherical shapes. 
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Methodology and Experimental Equipment 

The Shrinkage Index of Dried Mango Slices: Definition and Estimation  

Mathematical modeling of food system can provide the more accurate view of the 

structural changes during processing [24]. The shrinkage of dried mango slices, which is 

parameterized by the shrinkage index (Ksh), is defined simply by the ratio of the area of 

current dried mango slice (An) to that of initial fresh one (A0) because of moisture 

reduction during dehydration. The expression of shrinkage index is shown in the Equation 

(2a). The value of shrinkage index of every material is substantially smaller than or equal 

to one due to the dehydration happened during the drying process. The area of each mango 

slice (AMS) is determined by the comparison with predefined reference size of the original 

sample (AOS) via the snapshot of a pretreated image which includes them both in the same 

frame as shown in Figure 1. More detail about the pretreatment process to define the 

boundary of mango slices in the image is shown in the next part which introduces a utility 

built with MATLAB. 

MS
MS OS

OS

N
A A

N
=  (1) 

0

n
sh

A
K

A
=  (2a) 

1

n
n

n

A
SK

A −

=  (2b) 

1 2 1
1 2 1

0 1 2 1 0

... ...n n n
sh n n

n n

A A A A A
K SK SK SK SK

A A A A A

−
−

− −

= =     =      (2c) 

 

Figure 1. The original sample (OS) and the mango slice (MS) in the same frame 

The area of mango slice is calculated indirectly by measuring the ratio of the 

pixel number of the mango slice (NMS) to the pixel number of an original sample (NOS) as 

shown in the Equation 1.  

The simultaneous shrinkage index is defined as the ratio of the area of the dried 

mango slice (An) to that of an initial fresh one (An-1) as shown in the Equation 2b, so that 

the shrinkage index of the whole drying process (Ksh) can be computed via the series of the 

simultaneous shrinkage index (SK1...SKn) following the Equation 2c.  
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The Deformation Index of Dried Mango Slices: Definition and Estimation  

The shapes of both fresh and dried mango slices from a downward view, in fact, do not 

show smoothly elliptical but can be approximated to elliptical shape as shown in Figure 2. 

The details of the fitting method and MATLAB programming for the utility is clarified in 

the next part. The deformation index (Kdf) is also estimated indirectly via the ratio of the 

shape index of the drying mango slice (SIn) to that of the initial fresh one (SI0) as 

illustrated in the Equation 4. The shape index is measured and computed by the ratio of the 

smaller one of the two axis of the fitted ellipse from the original boundary of considered 

mango slice (“a” and “a-∆a” in the Figure 2) to the bigger one (“b” and “b-∆b” in the 

Figure 2) as illustrated in the Equation 3a for SIn and in the Equation 3b for SI0. In 

principle, the shape index is always smaller than one but the deformation index accepts 

every positive values. 
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It is difficult to keep the deformation index exactly at its ideal value which is one. The 

acceptable value for the deformation index should not be much bigger or smaller than the 

above-expected value as shown in Figure 2. The deformation index is also defined and 

estimated similarly, simultaneously with the shrinkage index to evaluate the variation of 

shape at each drying interval, however, as far as most technicians commonly will focus 

only on the deformation index. 

 

Figure 2. Elliptical fitting to estimate the shape variation of mango slice.  

Mango Sample Preparation 

Mangoes (Mangifera indica) were purchased in a local market (Hanoi, Vietnam). The 

fruits were selected based on their visual appearance with the same type and species. The 

mangoes used in this study were in the ripeness characterized by the yellowish color of 

35% to 50% of their skin. They were taken from the same batch from the local supermarket 

and stored in the cooling chamber at 4oC until use. To do the experiment, the mango skin 

was peeled off, while the flesh was sliced and soaked in a solution containing 1% ascorbic 

acid before arranging on the drying tray. Three different thicknesses of the flesh, which 

were 3, 5, and 7 mm, were tested subsequently which were named for S1, S2, and S3, 

respectively.  
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Experimental Setup with Image Acquisition 

The air temperature at the inlet of drying chamber (4) of experimental convective drying 

machine is fully automatically controlled (1.a) in the range from 45oC to 110oC with ±1oC 

of tolerance by the system with five contactors to switch between five independent 

electrical resistors (1.b). Each switch on resistor supplies 0.5 kW of thermal power to the 

drying air in the calorifier (3). The speed of a 250W fan (2.b) is controlled manually by a 

potentiometer (2.a) to set the desired motor supply voltage from ACVR (Alternative 

Current Voltage Regulator) allowing the change of the dry air velocity from 1 m/s to 3m/s. 

The air flows outside through the exhaust pipe (9). The original sample whose size is about 

20mm x 20mm is arranged on tray (7) and placed in the drying chamber (4). 

 

Figure 3. Convective drying equipment with image acquisition ability 

A camera is connected via a DELL OPTIPLEX 3050 Computer with MATLAB – 

Runtime environment on Windows 7 operating system (10) to capture images at each 

sampling time specified for each drying interval is isolated from hot air from the drying 

chamber by a thin transparent sheet (5). The camera can be moved to the desired position 

by a small drive system (6) with two independent motors allowing it to move in a 2D plane 

set at 700 mm above the surface of drying tray (7). The heights of drying objects will be 

always less than 700 mm.   

Quality Control by Computer Vision System 

Computer vision system has recently played an important role in the quality inspection of 

food and agriculture products because the system employed automated, non-destructive 

and cost-effective techniques such as image analysis and processing to quantitatively 

characterize the complex size, shape, color and texture properties of foods [26]. The 

automated visual inspection that is basically composed of a light source, a camera for 

capturing the image at the output and a computational system for the extraction of 

characteristics and processing. MATLAB, a powerful numerical computing environment 

which provides a numerous set of standard algorithms for image processing and analysis 

[27], is used to characterize the mango slice. The MATLAB utility of image processing is 

shown in Figure 4.  

Image Processing 

Image processing is a method which performs some operations on an image to get the 

enhanced image and then the information needed to analyze can be retrieved. First, the 

images captured from the camera are imported. From a binary image, mango slices can be 

estimated by their perimeter, area. The process leading to the shape recognition is divided 
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into the following steps: image preprocessing, e.g., background subtraction, noise filtering; 

feature extraction or shape description; eventually, comparison and estimation. The 

procedures of image size characterization are described in Figure 5.  

 

Figure 4. Utility for image processing and analysis of mango slice 

 

Figure 5. Image processing for mango slices characterization 

Background Subtraction 

Background subtraction is the process of separating out foreground objects from the 

background in a sequence of frames. This technique is usually performed in the first 

processing stage of many computer vision systems to detect the object from the static 

camera in a particular scene. In fact, this technique approach minimizes many problems of 

segmenting objects when background scene textures change over time [28]. With the stable 

operation of the system and the purpose of real-time processing, we propose to apply the 

basic technique such as averaged background subtraction so as to reduce time-consuming 

and computational complexity. The background images are captured several times and the 

averaged background is deduced. Then, the image subtraction is performed to achieve the 

object location in the scene as shown in Figure 6.  

 

                   

 

 

 

Figure 6 – The color (RGB) image of mango slice in drying room (left) and the gray image 

of mango slice after background subtraction (right) 
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Noise Filter 

Captured images are subjected to many kinds of noise, which degrades the quality of the 

subsequent image processing. Hence, noise filter is the next important step to remove the 

noise. In this system, noise reduction process is taken via image smoothing by 2D 

Gaussian filter.  

Edge Detection 

Segmentation process of the filtered image is continued with thresholding and edge 

detection. Thresholding and edge detection are the most commonly used techniques in 

image processing for pattern recognition when the object must be isolated from the 

background. For the sake of simplicity, single thresholding technique and Canny edge 

operator are implemented to detect the shape of mango slice. On the graphic user interface 

(GUI) of the utility, users can easily choose the threshold to achieve the best object 

location on the image. Figure 7 showed the mango slice shape after edge detection. The red 

line demonstrated the region of interest after processing.  

    

Figure 7 – The image of the object after noise filter (left) and the implementation of edge 

detection using MATLAB (right).  

Image Analysis 

The shape of mango slice containing meaningful information after drying is extracted. 

To characterize the mango slice after drying process, the shape of mango slice is fitted 

by the mathematical ellipse function by least-squares method [29] to detect the 

distortion ratio of the image. Based on this parameter, the shrinkage of mango slice after 

drying is deduced. Figure 8 shows the fitting image of mango shape by eclipse function 

on the utility.  

Figure 8 – The estimation of mango slice after drying by eclipse fitting, from which the 

shrinkage of mango slice during drying process is deduced (The red bold line is the shape 

of mango slice after edge detection, the blue thin line is the elliptical fitting curve). 
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Result and Discussion 

The utility testing results for the estimation of the shrinkage index (Ksh) of mango slices S3 

(thickness: 7 mm) and the deformation index (Kdf) of mango slices samples S1 (thickness: 3 

mm) and S2 (thickness: 5 mm) during the drying process at different processing conditions: 

drying temperature (T1: 60oC; T2: 65oC; T3: 70oC; T4: 75oC; T5: 80oC) and dry air velocity 

(V1: 1.0 m/s; V2: 1.25 m/s; V3: 1.5m/s) are shown in Figure 9 and Figure 10.  

Figure 9. The shrinkage at different sampling time 

Figure 10. The deformation at different sampling time 

The size and the shape also change very significantly depending on the thickness of 

samples so that the estimation of shrinkage and deformation is necessarily monitored to 

improve the sensorial value of dried products via the suitable selection of drying 

condition.  
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Conclusions 

We proposed a utility for the automated evaluation of the variations of size and shape of 

the mango slices during convective drying process by the method of area determination via 

pixel number comparison with reference size and elliptical fitting method. The thin slices 

of different kinds of fruits could be treated similarly to mango if their shapes from a 

downward view can be approximated to elliptical shapes. It is possible to apply the 

proposed utility of this study to evaluate the effects of processing factors on the shrinkage 

and deformation of sliced fruits in other studies.  

The deformation of different kinds of dried foodstuffs with rectangularly or semi-

elliptically downward-viewed shapes would be the next targets to be focused on in order to 

develop further our proposed utility into a packed complete software for 2D estimation of 

the shrinkage and deformation information. Another trend to be pursued would be a 3D 

estimation of the shrinkage and deformation information to apply not only to thin-sliced 

foodstuffs but also integrated foodstuffs. 
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