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Abstract— Every year, foreign substances such as insects and 

hair are detected in the various foods we eat. Foreign substances 

found in these foods may be offensive to the consumer or 

adversely affect humans when consumed with the food. 

Considering the process of food passing through to consumers in 

terms of manufacturing and transportation, we propose a 

solution to the original problem in the manufacturing process. In 

manufacturing, hyperspectral cameras are used to inspect the 

raw materials and finished products of food passing through the 

conveyor belt. From the human eye, it is difficult to distinguish 

due to the small amount of foreign matter or the color similar to 

the food. Also, the speed of the conveyor belt is high and the 

ability to detect at high speed is also required. Therefore, by 

comparing the spectroscopy for each pixel in the VNIR (Visible 

and Near Infrared) region, the possibility of foreign material 

detection using a hyperspectral camera is suggested. 
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I. INTRODUCTION 

Foreign objects can be found in the variety of foods we eat, 
which can be offensive to consumers or ingested with food, 
which can adversely affect humans. In the manufacturing 
process, foreign materials are precisely detected by using a 
hyperspectral camera for raw materials and finished products 
of food passing through the conveyor belt. In the human eye, if 
the foreign matter is small in size or similar in color to food, it 
is difficult to distinguish and inspect the foreign material at the 
speed of the conveyor belt. Therefore, this study presents the 
possibility of real-time detection of food on conveyor belts 
using hyperspectral cameras. Visible Near Infrared (VNIR) 
hyperspectral image is a 3D cube data set consisting of 2D 
spatial images and 1D spectral data at VNIR (400-1000 nm). 
Hyperspectral images have hundreds of bands in each pixel. 
For this study, because there are 256 bands and 512 pixels, 
there is a lot of spectral data in each pixel. This very large data 
needs to be processed in real time. In this paper, we present the 
possibility of detecting foreign substances in real time in food 
passing through the conveyor belt.  

II. OBJECT SPECTRAL INFORMATION 

Detection simulation methods include the manufacturing 

process environment of conveyor belts and hair and seaweed 

that cannot be distinguished by human eyes. 

                 

 
Figure 1 Object environment, (a) Seaweed, (b) Hair 

 

Hyperspectral cameras are SPECIM's FX10E, which can 

detect a range of Visible and Near Infrared (VNIR) spectra of 

400 to 1000 nm. Figure 2 shows the spectral information of 

hair and seaweed, and Figure 3 shows the selected pixels of 

each object. 

     Figure 2 Hyperspectral spectrum 
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Figure 3 Selected pixels, (a) Seaweed, (b) Hair 

 

III. REAL-TIME DETECTION 

In this paper, we present the possibility of detecting foreign 

substances in real time when food passes by conveyor belt 

using hyperspectral camera. In the experimental environment 

of this study, the conveyor belts actually used in the 

manufacturing process are used, and spectral image data are 

obtained with hyperspectral cameras (FX10e). During a single 

camera shoot, 224 band data are acquired at 512 pixels 

each.(Total 114,688 data) The conveyor belt speed is 0.5 m/s, 

and the camera transmits the shot at 200 FPS to the PC via 

GigE communication in ENVI-BIL format. The spectral image 

of each seaweed, hair, and conveyor belt are stacked in a 

database, stored, and the average value of the data is learned in 

advance to link to the PC program. The data obtained in 

advance and the incoming data in real time are compared pixel 

by pixel and shown in PC program as shown in Figure 4. 

 

Figure 4 PC program 

 
As shown in the picture above, the hair (foreign material) is 

placed on top of the seaweed and it can be seen in real time as 

it passes through the conveyor belt. Each spectral image was 

detected and the conveyor belt was recolored in white, seaweed 

in black, and hair in red. 

 

IV. CONCLUSION 

In this paper, there are limitations in distinguishing hair 
from seaweed by human eyes, so to overcome this, 
hyperspectral cameras are used. We present the possibility that 
food on the conveyor belt can detect foreign matter in real time 
as it passes by. Spectral data such as seaweed and hair were 
saved in the database in advance, and when compared with 
new incoming spectral image data and pixel units, it was 
confirmed that real-time processing was possible. Future 
research will focus on classifying substances other than 
designated foods as foreign objects, even if they are not in the 
database, in a real-time conveyor belt environment. 

ACKNOWLEDGMENT 

This research was supported by a grant(no.19163MFDS521) 
from Ministry of Food and Drug Safety of Korea. 

 REFERENCES 

[1] Behmann, Jan, et al. "Specim IQ: evaluation of a new, miniaturized 
handheld hyperspectral camera and its application for plant phenotyping 
and disease detection." Sensors 18.2 (2018): 441.  

[2] Weksler, Shahar, Offer Rozenstein, and Eyal Ben-Dor. "Mapping 
Surface Quartz Content in Sand Dunes Covered by Biological Soil 
Crusts Using Airborne Hyperspectral Images in the Longwave Infrared 
Region." Minerals 8.8 (2018): 318.  

[3] X. Qi and J. Ebert, "A computer vision based method for fire detection 
in color videos," International journal of imaging, vol. 2, no. S09, pp. 
22-34, 2009. 

[4] S. Amici, M. J. Wooster, and A. Piscini, "Multi-resolution spectral 
analysis of wildfire potassium emission signatures using laboratory, 
airborne and spaceborne remote sensing," Remote sensing of 
environment, vol. 115, no. 8, pp. 1811-1823, 2011. 

[5] Q. Li, X. He, Y. Wang, H. Liu, D. Xu, and F. Guo, "Review of spectral 
imaging technology in biomedical engineering: achievements and 
challenges," Journal of biomedical optics, vol. 18, no. 10, pp. 100901-
100901, 2013. 

– 52 –


