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Computer vision is considered a useful tool for evaluating the external 

quality of fruits. Some solutions for capturing the entire surface image of 

fruits have been implemented, but they still have limitations, such as not 

being able to guarantee capturing the entire surface, bulky, or expensive. 

In this study, a two-shot and simple system for capturing the entire surface 

image of fruits was proposed. With the support of a mirror system, the top 

and lateral surfaces of the fruits were captured. To capture the bottom 

surface of the fruits, a flip mechanism has been integrated into the system. 

Testing results with pomelo and mango showed that the entire surface of 

the fruits was fully observed with two shots. This shows that the proposed 

system has great potential for imaging the entire surface of fruits. Besides, 

this solution can also be easily integrated into automatic inspection 

applications to evaluate the quality of agricultural and other products. 
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1. INTRODUCTION 

Quality indicators of agricultural products are often 

divided into two groups - internal quality and 

external quality. Internal quality indicators such as 

sweetness, acidity, nutritional content, and internal 

damage, are often evaluated by destructive methods 

with specialized measuring equipment. Meanwhile, 

external quality such as size, shape, color, and 

surface damage, is often easily assessed with the 

naked eye and will directly affect the first 

impression as well as the purchasing decision of the 

customer. Therefore, evaluating and classifying 

agricultural products based on external quality 

criteria is often prioritized before selling them on the 

market. Although external quality indicators can be 

easily evaluated manually, it is time-consuming, 

expensive, and often difficult to ensure consistency 

between evaluation results. Therefore, the 

application of modern technologies in assessing the 

external quality of agricultural products is of interest 

in research, and computer vision is considered a 

very effective assessment technology (Alfatni et al., 

2011; Cubero et al., 2011; Zhang et al., 2014). In 

computer vision evaluation technology, images of 

the entire surface of agricultural products need to be 

captured to then process, analyze and provide 

evaluation results. 

Taking images of the entire surface of a product is 

very important and there are three main solutions for 

this task: (1) using multiple cameras to take images 

in many different directions, (2) using a camera 

combined with a roller mechanism on the conveyor 

belt, and (3) using a camera and supporting mirror 

system (Zhang et al., 2018). 

The use of multiple cameras to take multiple images 

of products from many angles has been used in 

many fields, including agricultural product quality 

assessment. In the study by Kurita et al. (2006), a 

system was designed to evaluate the external quality 

of tomato fruit. This system utilized six cameras to 
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capture images of the tomatoes, including views 

from the top, bottom, and lateral surfaces. This setup 

ensured 100% capture of the product's surface 

images, allowing for a comprehensive evaluation of 

the tomatoes' external quality. However, due to the 

use of multiple cameras, this is quite an expensive 

solution. 

The solution of using a camera and roller system to 

capture images of the entire product surface is also 

quite popular. For example, Loc et al. (2022) 

designed a system to capture the images of the four 

main sides (top, bottom, left, and right) of a mango 

using one camera and a roller system on a conveyor 

belt. Sofu et al. (2016) designed an apple 

classification system based on information about 

color, size, and weight. With this system, the rollers 

on the conveyor belt rotated the apple so that the 

camera could take images of the entire surface of the 

apple. However, the limitation of this solution is that 

it cannot ensure that the entire product surface is 

recorded during the rotation process with the rollers, 

especially in the area at the two ends of the rotation 

shaft because of its variation in size and shape. 

Taking images with the support of a mirror system 

has also been proposed to take images of the entire 

product surface with just one camera. Reese et al. 

(2007, 2009) tested this solution to image the entire 

surface of an apple. In that study, the authors tested 

several configurations of the supporting mirror 

systems with flat and curved mirrors. That study 

concluded that a mirror system consisting of four or 

six mirrors can capture 100% of the surface of the 

apple. However, in that study, the apple needed to 

be hung on small strings and the apple also needed 

to be arranged in a suitable direction for rolling on 

the strings. 

A combination of these solutions has also been done 

by several research groups. Li et al. combined the 

use of a mirror system with one camera placed on 

top and another camera placed on the bottom to take 

images of the apple's surface (Li et al., 2002). 

However, this solution still cannot guarantee to take 

the entire apple surface because the apple needs to 

be placed on a bottomless glass. The solution of 

using a camera combined with a mirror and roller 

system has also been proposed by Baek et al. (Baek 

et al., 2019). In that proposal, the mirror system 

included two mirrors placed above to capture the 

image of the entire upper half of the product and a 

roller system used to rotate the product. However, 

this solution still faces difficulties when the 

products are not uniform in size and shape. 

These mentioned solutions have their own 

limitations, so finding a better solution is still being 

paid attention to and researched. In this study, a low-

cost and simple system for imaging the entire fruit 

surface was proposed. With the support of the mirror 

system and flip mechanism, the entire surface of the 

fruit will be fully captured in just 2 shots without 

regard to the direction of the fruit. The proposed 

system was evaluated through imaging of a pomelo 

and a mango, representing fruit objects of different 

sizes and shapes. 

2. MATERIALS AND METHOD  

2.1. System overview 

The proposed system included three main 

components: supporting mirror system, image 

capturing system, and flipping mechanism. Figure 1 

shows the layout of the main components of the 

proposed system. In this study, a fruit will be placed 

into the clamping arm of the flipping mechanism. 

The flip mechanism was responsible for keeping the 

fruit during imaging and flipping the fruit in a fixed 

position. The supporting mirror system was placed 

above the flip mechanism to assist in taking images 

of the top and lateral surfaces of the fruit. On top of 

the proposed system was a camera used to capture 

images of the product surface reflected through the 

supporting mirror system. These components were 

arranged coaxially and installed into an iron frame. 

The overall dimensions of the proposed system were 

1.0 x 1.0 x 2.0 m. 

 

Figure 1. The overview of the proposed imaging 

system 
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2.2. Supporting mirror system 

The supporting mirror system was a key component, 

which helped to take images of the top and lateral 

surfaces of the fruits with one camera in one shot. 

To capture the top and lateral surfaces, the proposed 

mirror system consisted of a pyramid mirror and a 

tube mirror. 

The size of the mirrors was calculated based on the 

maximum diameter of the fruit to be captured. In 

this study, the maximum diameter of the fruits was 

designed to be 20 cm so that the system can capture 

images of large-sized agricultural products, such as 

large commercial Da Xanh pomelo with an average 

diameter of about 17 cm (Nguyen et al., 2021). 

Figure 2 shows the dimensions and arrangement of 

the proposed pyramid and tube mirrors. Figure 2a 

was a top view of the mirrors. Accordingly, the 

pyramid mirror was made from 8 triangular flat 

mirrors and the tube mirror was made from 8 

rectangular flat mirrors. The heights of the pyramid 

and tube mirrors were 60 cm and 35 cm, 

respectively. Figure 2b shows a side view of the 

mirror system with the pyramid mirror placed inside 

and about 17.5 cm higher than the tube mirror.

 

(a) (b) 

Figure 2. The dimensions and arrangement of the proposed pyramid and tube mirrors: (a) top view 

and (b) side view

2.3. Image capturing system 

In this study, a Nikon D3300 digital camera coupled 

with a standard lens (AF-S DX NIKKOR 18-55mm 

f/3.5-5.6G VR II) was used to take images of the 

fruit surfaces. Some key parameters of the camera 

are presented in Table 1 (Nikon, 2014). 

The Nikon D3300 camera was connected to a laptop 

via a USB interface. A free, open-source software 

digiCamControl (https://digicamcontrol.com/) was 

installed on the laptop to control the camera's 

parameters and to take images remotely. Figure 3 

shows the main window of the digiCamControl 

application when connected to the Nikon D3300 

camera. At this window, most camera settings can 

be adjusted such as shooting mode, light sensitivity, 

shutter speed, aperture, white balance, and exposure 

compensation. In addition, at this main window, 

users can control how to take images, open preview 

window, and many other useful features. 

Table 1. The key parameters of the Nikon D3300 

camera 

Parameter Value 

Image sensor 

- Type: CMOS 

- Size: 23.5 x 15.6 mm 

- Total Pixels: 24.7 million 

Shutter speed 1/4000 to 30 second 

ISO sensitivity ISO 100 – 12,800 

Focus Autofocus or manual 

Interface 
Audio input, HDMI 

output, Hi-speed USB 

Dimensions 124 x 98 x 75.5 mm 

Weight 460 g 

To support taking images clearly, a light source with 

a strong intensity and uniform distribution needs to 

be equipped. In this study, four 50 W LED bulbs 

with integrated light-scattering surfaces were used. 

These lights were arranged around the fruit and were 

placed below the bottom of the mirror system. 
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Figure 3. The main window of the digiCamControl application

2.4. Flipping system 

With the support of the mirror system, only the top 

and lateral surfaces of the fruit are captured by a 

camera placed above, and the bottom surface of the 

fruit is still unrecorded. Therefore, a flipping 

mechanism was added to the system to ensure that 

the entire fruit surface was captured with two shots. 

In this study, because the position of the supporting 

mirror system and the image capturing system was 

fixed, the position of the fruit after flipping needed 

to be kept in a fixed position in all x, y, and z 

directions. In addition, the flipping mechanism is 

needed to meet the requirements of the size and 

weight of the fruits.  

To fulfill these requirements, the flipping 

mechanism was designed and manufactured with 

three main components including clamping 

mechanism (clamping arms and linear cylinder), 90-

degree rotary cylinder, and 180-degree rotary 

cylinder, as presented in Figure 4. In this study, 

pneumatic cylinders in types of straight, 90-degree 

rotation, and 180-degree rotation were used to allow 

the flipping system to operate quickly and 

accurately. 

The operation of the flipping mechanism was 

divided into 3 steps, shown in Figure 5. 

Step 1: Clamping arm 2 (red) rotates 90 degrees 

and waits for the fruit to be placed in clamping arm 

1 (green). When the fruit is in the clamping arm 2, 

the image capturing system will be activated and 

take the first image. 

Step 2: Clamping arm 2 rotates to 0 degrees and 

combines with the clamping arm 1 to clamp the 

fruit. After clamping and keeping the fruit, the 

clamping mechanism and the fruit will be rotated 

180 degrees (flipping). 

Step 3: After flipping, the clamping mechanism will 

be opened, clamping arm 1 will rotate 90 degrees, 

the image capturing system will be activated and 

take the second image. 

 

Figure 4. Three main components of the flipping 

mechanism 
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Figure 5. The operation of the flipping mechanism 

3. RESULTS AND DISCUSSION  

3.1. Testing the operation of the flipping 

mechanism 

To test the operation of the flipping mechanism, a 

commercial pomelo and a commercial mango with 

markings on the surface were used. Figure 6 shows 

the three-step operation of the flipping mechanism 

applied to the pomelo (Figure 6a, b, and c) and the 

mango (Figure 6d, e, and f). The results in Figure 6 

show that the flipping mechanism worked correctly 

and satisfied the requirements for the size and 

weight of pomelos and mangoes. 

   

(a) (b) (c) 

   

(d) (e) (f) 

Figure 6. Testing the operation of the flipping mechanism with the pomelo (a, b, and c) and the mango 

(d, e, and f) 
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3.2. Testing on commercial pomelos 

To test the ability to image the entire surface of 

fruits with the proposed imaging system, a large 

commercial Da Xanh pomelo with a weight of 

1.6 kg and a diameter of 18 cm was used. The entire 

surface of the pomelo was divided into 8 parts with 

sequential numbers pasted on the surface. Images of 

the pomelo taken from the proposed system with 

two shots are shown in Figure 7. In the first shot 

(Figure 7a), the surface of the pomelo with the 

numbers from 1 to 4 was clearly shown. The 

remaining surface parts (the numbers from 5 to 8) 

were captured the second time after the pomelo was 

flipped (Figure 7b). The results in Figure 7 show 

that the proposed imaging system captured the 

entire surface of the pomelo with two shots. 

  

(a) (b) 

Figure 7. The images of the pomelo captured in the first shot (a) and the second shot (b) 

Furthermore, to evaluate the potential of the 

proposed system in automatically evaluating the 

external quality of pomelos using computer vision, 

another pomelo with defects appearing at several 

locations on the surface was tested and the result is 

presented in Figure 8. After two shots with the 

proposed system, the entire pomelo surface was 

recorded and the defects on the pomelo surface were 

clearly observed. 

  
(a) (b) 

Figure 8. The images of the pomelo with defects captured in the first shot (a) and the second shot (b) 
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3.3. Testing on commercial mangoes 

Besides spherical fruits such as Da Xanh pomelos, 

cylindrical fruits are also quite popular such as 

mango, papaya, and dragon fruit. In this study, 

mangoes were chosen to represent cylindrical fruits. 

The surface of a commercial mango was divided 

into 8 parts and sequential numbers were pasted on 

the surface. With the first shot (Figure 9a), the 

surface parts with the numbers from 1 to 4 were 

fully observed. The second shot is depicted in Figure 

9b, showing the remaining surface parts of the 

mango. The results from Figure 9 show that the 

entire mango surface was also observed with two 

shots using the proposed system. 

  
(a) (b) 

Figure 9. The images of the mango captured with the first shot (a) and the second shot (b) 

Figure 10 shows the captured images of a defective 

mango with two shots using the proposed imaging 

system. Figure 10b reveals that the defects on the 

mango surface were observed. In addition, the stem 

area of the mango can be observed clearly with the 

captured images. 

  
(a) (b) 

Figure 10. The images of the mango with defects captured in the first shot (a) and the second shot (b) 

3.4. Discussion 

By combining the supporting mirror system and the 

flipping mechanism, the proposed imaging system 

can completely capture the entire surface of the fruit 

with two shots using only one camera. Because the 

proposed imaging system only uses one camera and 

a simple supporting solution, the investment cost of 

the system is relatively low compared to other 

solutions such as using multiple cameras or using a 

robot arm to pick and flip the fruit at a fixed 

location. In addition, with the arrangement of the 

supporting mirror and image-capturing systems 

above the fruit, the proposed system can be easily 
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integrated into the visual inspection process of fruit 

quality assessment and classification. 

Although the proposed imaging system achieved its 

goal of being able to image the entire fruit surface 

with two shots, several issues need to be considered 

and further developed: 

− Flipping and imaging speed: This study only 

proves the feasibility of the solution for capturing 

images of the entire surface with the support of the 

mirror system and flipping mechanism without 

considering flipping speed and capture time of the 

system. Therefore, this issue needs to be further 

considered and improved so that the proposed 

system can soon be deployed in practice. 

− Integrating image processing and analysis: 

Capturing images is the initial step in applying 

computer vision to automatically assess the external 

quality of fruits. Therefore, integrating the ability to 

process and analyze captured images will help 

create a complete system for assessing the external 

quality of fruits using computer vision. 

− Expanded to other applications: With the ability 

to image the entire product surface with two shots, 

the proposed system in this study can also be applied 

to many other fields such as surface inspection of 

machine parts after processing, checking product 

packaging, checking product labels, etc. 

4. CONCLUSIONS 

In this study, a system for capturing the entire fruit 

surface images with the support of a mirror system 

and a flipping mechanism was proposed and tested. 

The proposed system was evaluated through surface 

image capturing of pomelo and mango fruits. 

Evaluation results show that all parts of the fruit 

surface were fully observed with two shots. The 

results of this study show that the proposed imaging 

system has great potential in capturing the entire 

surface images of fruits at low cost and can be easily 

integrated into the automatic inspection process to 

evaluate the quality of agricultural products and 

other extended applications. 

ACKNOWLEDGMENT  

This study was funded in part by Can Tho 

University, number code: T2022-20 

REFERENCES  

Alfatni, M. S., Shariff, A. R. M., Abdullah, M. Z., Ben 

Saeed, O. M., & Ceesay, O. M. (2011). Recent 

methods and techniques of external grading systems 

for agricultural crops quality inspection - review. 

International Journal of Food Engineering, 7(3). 

https://doi.org/10.2202/1556-3758.1932 

Baek, I., Cho, B.-K., Gadsden, S. A., Eggleton, C., Oh, 

M., Mo, C., & Kim, M. S. (2019). A novel 

hyperspectral line-scan imaging method for whole 

surfaces of round shaped agricultural products. 

Biosystems Engineering, 188, 57–66. 

https://doi.org/10.1016/j.biosystemseng.2019.09.014 

Cubero, S., Aleixos, N., Moltó, E., Gómez-Sanchis, J., & 

Blasco, J. (2011). Advances in machine vision 

applications for automatic inspection and quality 

evaluation of fruits and vegetables. Food and 

Bioprocess Technology, 4(4), 487–504. 

https://doi.org/10.1007/s11947-010-0411-8 

Kurita, M., Kondo, N., & Ninomiya, K. (2006). Defect 

detection for tomato grading by use of six color CCD 

cameras. Shokubutsu Kankyo Kogaku, 18(2), 135–

144. https://doi.org/10.2525/shita.18.135 

Li, Q., Wang, M., & Gu, W. (2002). Computer vision 

based system for apple surface defect detection. 

Computers and Electronics in Agriculture, 36(2–3), 

215–223. https://doi.org/10.1016/S0168-

1699(02)00093-5 

Loc, N. P., Ngoan, P. T., Khang, T. V. G., Ngon, N. C., 

& Nghiem, N. C. (2022). Building a system to 

collect full-surface images and identify frontal 

images of the four main sides of mango for 

automatic mango classification. The 6th International 

Conference and Exhibition on Control and 

Automation (VCCA 2021), (pp. 736–741). 

Nguyen, T. K. T., Nguyen, H. K. N., Truc, T. T., & 

Toan, H. T. (2021). Physicochemical properties of 

Da Xanh and Nam Roi pomelos growed in the 

Mekong Delta. Can Tho University Journal of 

Science, 57(Special issue on Food technology), 118–

126. https://doi.org/10.22144/ctu.jsi.2021.013 (in 

Vietnamese). 

Nikon. (2014). Digital camera D3300 reference manual. 

https://download.nikonimglib.com/archive2/E7vrv00

ZwHJt02sHgtZ15XIHOb30/D3300RM_(En)03.pdf 

Reese, D., Lefcourt, A. M., Kim, M. S., & Martin Lo, Y. 

(2009). Using parabolic mirrors for complete 

imaging of apple surfaces. Bioresource Technology, 

100(19), 4499–4506. 

https://doi.org/10.1016/j.biortech.2008.11.059 

Reese, D. Y., Lefcourt, A. M., Kim, M. S., & Lo, Y. M. 

(2007). Whole surface image reconstruction for 

machine vision inspection of fruit. In Y.-R. Chen, G. 

E. Meyer, & S.-I. Tu (Eds.), Proceedings of Optics 

for Natural Resources, Agriculture, and Foods II 

(Vol. 6171, pp. 140-148). SPIE. 

https://doi.org/10.1117/12.738406 

Sofu, M. M., Er, O., Kayacan, M. C., & Cetişli, B. 

(2016). Design of an automatic apple sorting system 



CTU Journal of Innovation and Sustainable Development  Vol. 16, No. 2 (2024): 57-65 

65 

using machine vision. Computers and Electronics in 

Agriculture, 127, 395–405. 

https://doi.org/10.1016/j.compag.2016.06.030 

Zhang, B., Gu, B., Tian, G., Zhou, J., Huang, J., & 

Xiong, Y. (2018). Challenges and solutions of 

optical-based nondestructive quality inspection for 

robotic fruit and vegetable grading systems: A 

technical review. Trends in Food Science & 

Technology, 81(November 2017), 213–231. 

https://doi.org/10.1016/j.tifs.2018.09.018 

Zhang, B., Huang, W., Li, J., Zhao, C., Fan, S., Wu, J., 

& Liu, C. (2014). Principles, developments and 

applications of computer vision for external quality 

inspection of fruits and vegetables: A review. Food 

Research International, 62, 326–343. 

https://doi.org/10.1016/j.foodres.2014.03.012

 


