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Abstract— Automatic inspection system refers to the use of 

various inspection instruments to measure, indicate or record the 

main process parameters of the production process system. In the 

Fourth Industrial Revolution (Industry 4.0) era, competition among 

enterprises has become increasingly fierce. Most enterprises use 

automated testing to replace traditional manual testing to improve 

production efficiency and product quality. This paper investigates 

the current inspection process in the manufacturing industry. It 

proposes and designs an automated inspection system for sandwich 

filling coverage and thickness for sandwich production to replace 

the original manual inspection. After simulation and comparison of 

the improved production line, it was finally verified that the 

modified production line could improve the yield and quality of 

sandwiches and can help manufacturers save human resources. 

I. INTRODUCTION 

With the development of the world's equipment 
manufacturing industry, most enterprises and manufacturers 
adopt the operational mode of automated production lines. In 
the "Industry 4.0" era, enterprises and manufacturers will face 
many types of difficulties and challenges (see Figure 1) (1). 
Especially in the technical and economic aspects, effectively 
reducing staff and materials burden, reducing turnover time, 
improving productivity, and obtaining high-quality products 
are critical problems for enterprise upgrading (2). Factory 
automated production line consists of various technical tools 
and methods to complete testing, analysis, judgment, and 
control. The whole system can work properly only by 
performing accurate and timely detection of the parameters of 
the controlled object and converting them into signals that are 
easy to transmit and process. Therefore, automated inspection 
and conversion are indispensable parts of production line 
automation technology. 

 
Figure 1. Challenges for enterprises and manufacturers 

As shown in Figure 2, traditional testing methods can only 
pass visual inspection, which means that a worker needs to be 
assigned to examine the product through the eye (3). Because 
the development and application of automated production lines 
require higher technology, the enterprise costs a high price for 
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every highly skilled worker. It isn't easy to find the right talent. 
Moreover, Ashwini and Rudraswamy (4) believe many 
disadvantages to manual detection. The manual detection 
accuracy is low. If you work for a long time, the accuracy 
cannot be guaranteed, and the detection speed is slow, which is 
easy to affects the efficiency of the whole production process. 
Ultimately the product quality cannot be effectively controlled, 
and the production cost is increased. Therefore, building an 
automated detection system can help producers effectively 
manage quality, efficiency, and productivity and reduce costs in 
the long run. 

 

Figure 2. Manual inspection method 

The products that the user wants to use are all zero defects, 
which requires strict process control in the production process. 
For this purpose, visual detection systems are indispensable. 
The visual detection system combines sensors, cameras, lenses 
and other hardware and visual software to clearly "see" the 
products on the production line. Traditionally, visual sensors 
are based on the laser triangulation principle (5). The visual 
detection system can be applied in defect identification, spatial 
positioning, graph matching and size measurement. As shown 
in Figure 3, in the typical production line, intelligent cameras 
are generally used to conduct quality detection, part 
positioning, label position confirmation, etc., to complete the 
automatic detection tasks (6).  

 
Figure 3. Visual detection system 

This paper investigates the current manufacturing process 
of manual testing links, combined with many related visual 
inspection technologies. It proposes and designs a single 
production line manufacturing process automated testing 
system. The production line is simulated to verify the feasibility 
of the proposed system and compare it with the previous 
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production line to confirm that the efficiency and quality of 
products have been improved. 

II. LITERATURE REVIEW 

A. Inspection Process 

In a highly competitive environment such as the global 
market, ensuring high-quality products has become critical in 
standing out from competitors. The construction of the 
inspection process of an advanced production system requires 
the quantification of many links. The first is to subdivide 
human activities, processing conditions and states of equipment 
and products, creating detailed master data for standard 
conditions, thus visualising the state and time of these 
conditions in the production process and extracting problems 
from them (7). Today's inspection processes are developed to 
apply lessons learned from the past and explore new research 
areas to find solutions to modern problems (8). 

B. Manual inspection in manufacturing cell 

The inspection identifies the characteristics of a component 
and determines whether it meets design specifications, while 
manual inspection is the most used inspection method. Manual 
inspections are carried out entirely by manual inspectors, in 
which case it isn't easy to achieve 100% error-free judgment. As 
shown in table 1, manual detection and judgment accuracy 
depends on many factors, such as the worker's physical factors, 
surrounding environmental factors, motivation factors, and 
work-related factors (9). From the influencing mentioned above 
factors, the efficiency of manual testing and detection accuracy 
is lower than those of automated detection systems. This means 
that the traditional manual inspection process has gradually 
been eliminated in the production and manufacturing process. 
More and more automated inspection systems will be 
researched, developed, and used. 

Table 1. Factors impacting inspection performance 

Task Individual Environmenta

l 

Organisationa

l 

Social 

Defect Rate 

Defect 

Type 

Defect 

Salience 

Defect 

Location 

Complexity 

Standards 

Pacing 

Multiple 

Inspections 

Overlays 

Automatio

n 

Gender 

Age 

Visual 

Acuity 

Intelligenc

e 

Aptitude 

Personality 

Time in Job 

Experience 

Visual 

Lobe 

Scanning 

Strategy 

Biases 

Lighting 

Noise 

Temperature 

Shift Duration 

Time of Day 

Vigilance 

Workplace 

Design 

Management 

Support 

Training 

Retraining 

Instructions 

Feedforward 

Information 

Feedback 

Incentives 

Job Rotation 

Pressure 

Isolation 

Consultation 

communication

s 

 

C. Development of automated inspection systems 

Generally, the inspection link is divided into physical 
performance, quantitative measurement and product quality 
intelligent testing (10). Quantitative measurements include the 
detection of morphological features such as product size, 
shape, and colour. Qualitative testing is mainly aimed at some 
difficulties to capture the image to separate the product to be 
detected from the image's background. With the penetration of 
intelligent services into modern production environments (see 
figure 5), many enterprises are transforming digitally to 
integrate digital services and network physical production 
systems (CPPS) (11). In industrial production activities, to 
improve production efficiency and reduce the burden of labour, 
mechanical methods, ultrasonic and electrical methods have 

gradually been replaced by non-contact optical visual 
inspection over the past decade (12). It is faster, more 
sustainable, and accurate and avoids human interference, 
making it familiar in current inspection systems.  

 

Figure 4. Smart services permeate modern production environments 

D. Typical automated inspection system design schemes 

Automated visual inspection detects surface-related defects, 
surface integrity and geometry measurements, and 
computer-based visual inspection has become one of the most 
critical areas (13). For quantitative detection systems, the most 
used device is the RGB camera with laser detection. The 
simplest and fastest detection method is to check the grayscale 
and RGB pixel values. The workflow is shown in Figure 5. It 
matches them in the form of pixel matrix, finds out the 
proportional relationship between the length of the original area 
and the number of pixels, sets the threshold, and compares them 
(14). This approach eliminates the need for complex filters for 
visual inspection. 

 
Figure 5. The workflow of using grayscale and RGB pixel values to inspect 

As shown in figure 6, Torkzadeh and Toosizadeh (15) use 
RGB cameras and an inexpensive linear laser position 
inspection system to detect the size of impregnation and 
bending on panel surfaces. It can be used to detect products of 
variable size and specification. It scans panels thoroughly and 
uses camera calibration to eliminate distortion based on 
recommended physical structures. This is a system with 
acceptable accuracy and affordability. Stroppa and Cristalli 
(16) used industrial-grade cameras, lenses, and illuminators to 
form the most straightforward stereo vision system for 
measuring the position of the 2D plane of the various shapes 
and numbers of pins present in the connector, measuring their 



  

height as well as verifying continuity. They found that the 
system was superior to manual inspection in resolution and 
detection speed.  

 
Figure 6. RGB cameras and inexpensive linear laser position inspection 

system 

3D scanning and digitisation are gaining importance in the 
dimensional inspection of engineering components, geometry, 
and tolerance (GD&T) quality inspection can improve the 
accuracy and proficiency of complex contours (17). For 
example, Chetima and Payeur (18) designed a detection system 
consisting of linear scanning cameras, fluorescent lamps, and 
lasers. The camera above the conveyor belt produces a 
real-time top-down image as the product passes under 
fluorescent lights. The fluorescent lights continuously 
illuminate the field of view of the overhead camera, and laser 
stripes are projected vertically on the conveyor belt and another 
additional contour camera, generating 3D information for each 
project. The system can reject products that do not conform to 
the established quality by analysing product characteristics.  

E. Image processing and intelligent learning solutions 
In recent studies, new processing methods such as projection, 

filter-based, and computer-based intelligent learning methods 
have replaced template matching and image subtraction. The 
most popular sensors in image acquisition analysis are the 
Charge-Coupled Device (CCD) and frame grabber (19). Image 
analysis plays an essential role in identifying features and objects, 
developing, and strengthening environmental limitations. In 
addition, systems can be developed using features and algorithms. 
The corresponding CAD model can be built to localise it and 
bring it into the same coordinate system (20). The inspection 
process is shown in figure 7. An algorithm is proposed for the 
registration process, and the scan model is compared with the 
CAD model to find defects. Artificial intelligence is also 
gradually being applied to production systems in terms of deep 
learning. Iglesias et al. (21) use automated graders based on 
artificial vision and artificial intelligence technology to detect 
slate defects. Deep learning and testing by artificial intelligence 
can more effectively and accurately identify defective products. 

 

Figure 7. Inspection system workflow for scanning models to compare with 
CAD models 

III. METHODOLOGY 
 

A. The process of manufacturing a production line and the 

workflow of the methodology 

This paper improves the sandwiches' automated production 
line (see Figure 8). The workflow of the original production 
line is for the robot to arrange the bread in turn from the feed 
mechanism to the conveyor belt, after which the conveyor belt 
transports the bread to the first inspection link, and the 
machine confirms that the position angle and size of the bread 
are uniforms. The filling machine then coats the bread every 
other time, and the staff needs to confirm the amount of bread 
covered and whether the filling covers the whole bread. After 
manual inspection, the machine covers the unpainted bread 
over the stuffed bread and then cuts it half-cut and folds 
diagonally. Finally, the robot clips the sandwich to the 
packaging mechanism for packaging and storage.  

 
Figure 8. The original sandwich production line 

The manual inspection process requires the staff to confirm 
with their eyes whether the filling coverage and thickness of 
the sandwich meet the requirements, which takes a certain 
amount of time, and the test results are relatively rough. 
Understand the inspection of the selected aspect, then use 
Tecnomatix Process Simulate to simulate the production 
process of the complete production line. The quality inspection 
chosen area was then automatically improved to create an 
inspection system that could replace manual inspection. The 
improved production line is simulated, and the results of the 
two simulations are compared. The workflow of the entire 
research methodology is shown in Figure 9. 

 
Figure 9. the workflow of the methodology 

B. The three-dimensional structure of the inspection system  

To ensure the efficiency and quality of testing, the main goal 
of this design is to design an automated inspection system to 
replace the above-mentioned manual inspection link: 

• Coverage inspection of fillings: to be transported to 
the filling area detection module, trigger photoelectric 
sensors. The signal is fed back to the CCD camera, 
directly above the conveyor belt, to take a picture of 



  

the sandwich's semi-finished product for a clear and 
accurate image to determine whether the filling is 
completely covered on the surface of the bread. 

• Thickness inspection of fillings: After the area 
detection is complete, it is transported to the thickness 
detection module. The laser scanner performs a full 
scan of the objects on the conveyor belt to determine 
whether the thickness and quality of the filling are 
within the scope of the standard. 

• Light source: Add an LED ring light to the detection 
system to illuminate the target and increase the 
brightness. Illumination can overcome ambient light 
interference, obtain sharper edge outlines, and form 
an effect conducive to image processing. 

• Reject module: If a defective product is detected, the 
control system PLC will transmit a high-level signal to 
the solenoid valve. At that point, the reject cylinder 
will quickly reject the defective sandwich 
semi-finished product. 

The improved sandwich automated production line is 
shown in Figure 10. 

 

Figure 10. The improved sandwich automated production line 

 

C. The hardware design of the detection system 
The hardware structure of the automated inspection system 

is shown in Figures 11-12. It mainly includes an image 
acquisition module, image processing module, computer 
system intelligent processing module and control output four 
main parts. The image information output from the camera is 
converted to a digital image, stored, and post-processed. After 
the image is processed, the result is output through serial, 

input, and output. 

 

Figure 11. Coverage inspection system for sandwich fillings 

 

Figure 12. Thickness inspection system for sandwich fillings 

Image processing module: The digital signal processing 
system can be programmed with the detection object 
characteristics and purposes. The detection result is fed back to 
the display in real-time, thereby achieving rapid interaction 
and significantly increasing the modifiability of the entire 
machine vision inspection system.  

Output control module: The core of the output control 
module controller is PLC, which is mainly responsible for data 
reading and display, and issuing relevant operating instructions 
and parameter settings.  

Display module: by the LCD, LCD controller and touch 
screen, LCD can be a real-time display of image processing 
structure, and the touch screen is mainly responsible for PLC 
system control. I/O units are primarily used for system input 
and output control.  

D. The software design for the inspection systems 

The coverage and thickness inspection system for sandwich 
fillings consists of several modules for the control and 
monitoring of the visual inspection system. The workflow of 
this automated inspection system is shown in Figure 13: 

 

Figure 13. The workflow of the automated inspection system 

E. Simulation of the production line 

The way to verify whether the automatic inspection system 
of the production line can improve efficiency is to simulate the 
original production line and the optimised production line 
separately and compare the cycle times of the two simulations. 
The design uses Siemens's software Tecnomatix Process 
Simulate to modularise the production line designed with 
Solidworks, and then import each module into Process Simulate 
for position adjustment and reassembly, as shown in Figure 
14-15. 



  

 

Figure 14. Assembled production line at Tecnomatix Process Simulate 

 

Figure 15. Modular parts and resources 

According to the operation plan of the production line, the 
action design of each module of the production line is carried 
out, as shown in Figure 16. The simulation process uses the 
maximum amount of bread that a single inspection mechanism 
can detect at one time, four rows of bread. The actions of each 
step are first edited and adjusted for each step of the original 
production line, and then the simulation runs, and the time 
taken for each step is recorded, as shown in table 2. 

 

Figure 16. Action design for each module of the production line 

Table 2. Simulation runs without the automated inspection 

Step Run Time 

1 The robot places the bread on the production line 6s 

2 The machine confirms that the position angle and size of 

the bread are uniforms 

6s 

3 The filling machine coat the bread 6s 

4 Manual inspection 14s 

5 The machine covers the unpainted bread over the stuffed 

bread 

8s 

6 The robot cuts the sandwich in half  6s 

7 The machine folds the sandwich, and then the robot 

transports it to the packaging and storage area 

14s 

 

IV. RESULTS 

A. Cycle time 

As shown in table 3, by simulating the optimised production 

line, it can be concluded that the time required to complete a 

cycle is about 54 seconds. The previous simulation results of 

the original production line showed that it took 1 minute to 

complete the whole process. Compared to the production line 

without automated inspection, the manual inspection link takes 

14 seconds, while the automated inspection only takes 8 

seconds, and the time of other links is consistent. Suppose the 

defective product is found and pushed out. In that case, it takes 

about 2 seconds, which means that if the sandwich filling 

coverage inspection and thickness detection both have 

defective products that need to be launched, it only takes 58 

seconds to complete a cycle. This means that the optimised 

production line can save 2-6 seconds per cycle.  

Table 3. Simulation runs with the automated inspection 

Step Run Time 

1 The robot places the bread on the production line 6s 

2 The machine confirms that the position angle and size of 

the bread are uniform 

6s 

3 The filling machine coat the bread 6s 

4 Automated inspection 8s 

5 The machine covers the unpainted bread over the stuffed 

bread 

8s 

6 The robot cuts the sandwich in half  6s 

7 The machine folds the sandwich, and then the robot 

transports it to the packaging and storage area 

14s 

B. Human resources 

For the original production line, we can see that in this 
inspection process, two employees are required to stand on 
both sides of the production line to inspect the semi-finished 
sandwich manually. The improved production line requires 
only one mobile worker to examine and modify the image 
processing program. The construction of automated inspection 
systems can free workers from heavy physical labour and serve 
more in design and regulation.  

C. Criteria / parameter for inspection 

Since the shape of the sandwich bread is square during the 
inspection stage, and the side length of each piece of bread is 
121±0.5 mm, the surface area of each piece of bread is about 
14641 mm². The filling should cover the bread with more than 
96%, but it must not overflow the surface of the bread. 
Therefore, the filling area must be controlled at about 
14055.36mm²-14641mm². With the use of the resolution of the 
processed image information to calculate the surface area of 
the detected object, the error between the obtained data and the 
actual situation is minimal and can almost reach the nano level. 

The sandwich filling thickness standard set by the 
production line is 5mm±0.5mm. The precision light scanner 
uses infrared light at the nanometre level as a light source, and 
its scanning frequency is about 5Hz to 15Hz, which can scan 
multiple detected objects in a short period. Whether it is from 
the scanning range, working area, or angle resolution can meet 
the requirements of this inspection link.  

D. The task of the inspection system 

The main task of the inspection system is to automate the 
inspection of the sandwich filling; from the above 
improvement before and after the production line comparison 
results, a better automatic inspection system design scheme 



  

can be put into the actual production and manufacturing 
process. In addition, the position of the system located under 
the conveyor belt is also equipped with a cylinder and a 
jacking frame. When the detection module detects the 
defective product, the cylinder receiving the signal can be 
pushed out, and the jacking frame can be raised to push the 
defective product out.  

V. DISCUSSION 

During the detection of the surface coverage of the 
sandwich filling, if the grayscale value of the captured image 
filling and the background is uneven, it is difficult for the 
image processing module to distinguish the detected object 
from its background. This leads to the possibility that the 
module may mistakenly identify the background as part of the 
object being detected. Due to the irregularity of the surface of 
sandwich filling, the detection accuracy of filling thickness 
needs to be improved. The current laser scanner measurement 
can only measure the average thickness of the sandwich filling. 
Future research will require the development of new detection 
algorithms to calculate more accurate error ranges based on 
the characteristics of sandwich fillings so that the thickness of 
the filling can be analysed more accurately, thereby improving 
the inspection accuracy and obtaining higher quality products. 

In addition, in the culling process of this design, only the 
sandwich that was tested for non-conformity was pushed out 
by the cylinder, and the recycling mechanism for these raw 
materials was not considered and designed. To recycle faulty 
products, a bypass can be added to the production line so that 
the launched bread will reach the designated recycling area 
along this bypass. Or we can consider marking the position of 
the non-conforming sandwich instead and then sending the 
signal to the unloading robot at the end of the production line; 
After receiving the instruction, the robot stores the product 
separately from the qualified product. This experiment verifies 
the proposed system through a "simulation experiment" 
method, and the practical availability of this method requires 
further exploration. 

VI. CONCLUSION 

The automated vision inspection system is an 
interdisciplinary research field. This paper builds a new 
automated inspection system by investigating and 
understanding today's automated inspection systems and the 
automated optimisation design and simulation of sandwich 
automated production lines. The system's design caters to the 
development concept of equipment manufacturing in the era of 
Industry 4.0, which effectively shortens the turnaround time, 
reduces the cost of process management, obtains high-quality 
and high-stability products, and can also liberate people from 
heavy physical labour. The design of the inspection system 
will change the multi-worker assembly line work method used 
by most sandwich and similar food manufacturers today. 
During the commissioning of the simulation system, the design 
conforms to the process scheme for sandwich filling quality 
inspection. The designed system is stable and reliable through 
the final system test, highly scalable, easy to understand and 
upgrade, and meets the design requirements. However, the 
actual availability of the proposed system requires further 
testing. 
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