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A B S T R A C T   A R T I C L E   I N F O 

The Covid-19 pandemic is a disease that is ravaging all over 
the world, one of which is in our country, namely Indonesia. 
At this time, officers are still monitoring physical distancing 
by giving direct warnings to physical distancing violators. 
Monitoring system that aims to detect physical distancing 
violations using detection based on biometric identification 
using faces. The monitoring system uses a Mixio F10 webcam 
with 1080p resolution which is processed with a Raspberry Pi 
4 microcomputer with specifications of 4 GB RAM and an SD 
Card to store the Raspbian operating system. The distance 
detection program between faces uses the Python 
programming language and requires the Open CV library. 
USB Speaker as an output medium in the form of sound as a 
warning against physical distancing violators. The tool 
detects the distance between adjacent faces equipped with 
a voice indicator if the distance between faces exceeds a 
predetermined distance with a maximum distance of 3 
meters and the level of accuracy of face detection depends 
on the distance of the face to the camera. 
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1 INTRODUCTION 
 
The implementation of physical distancing rules has become a necessity in various 

situations, especially to prevent the spread of dangerous and deadly viruses [1]. The global 
COVID-19 pandemic has demonstrated the importance of maintaining a safe distance 
between individuals to protect collective health and safety. However, in public places, there 
are often violations of the established physical distancing rules, resulting in the failure to 
achieve the intended objectives of these regulations. Individuals who disregard these rules 
increase the risk of virus transmission, threatening individual health and impeding pandemic 
control efforts. 

To address the issue of physical distancing violations in public places, an effective and 
efficient surveillance method is needed. One solution that can be employed is the use of an 
automated physical distancing detection system. This system can help replace the role of 
personnel in monitoring public activities, reduce direct human involvement, and minimize the 
risk of virus transmission. 

The physical distancing detection system is designed using a combination of a webcam and 
Raspberry Pi. By utilizing face detection algorithms like Haar cascade [2][3], the system can 
accurately detect the distance between individuals. This face detection method is based on 
visual pattern recognition, enabling the system to identify and measure the distance between 
detected faces. The system generates audio output through a speaker, indicating whether 
there is a physical distancing violation between individuals or not. 

Figure 1. shows the example of the Raspberry Pi. The utilization of Raspberry Pi as the core 
component of this detection system provides advantages in terms of capability and flexibility. 
Raspberry Pi is a single-board microcomputer module with the size of a credit card. It features 
digital input and output ports similar to microcontroller boards, but with broader capabilities. 
Raspberry Pi can be used to run office programs, computer games, and serve as a media 
player, including high-resolution videos. Its advantages over other microcontroller boards 
include the ability to connect to screens such as TVs or PC monitors, as well as USB 
connectivity for keyboards and mice. 

 

Figure 1. Raspberry Pi. 

In addition to Raspberry Pi, the webcam plays a crucial role in the physical distancing 
detection system [4-13]. Figure 2. shows the example of the webcam. A webcam is an external 
device that captures images or video and optionally records audio through a microphone. The 
webcam is controlled by a computer or computer network. The images captured by the 
webcam are displayed on a monitor screen, enabling the quick and efficient use of the 
physical distancing detection system [14]. 
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Figure 2. Webcam. 

The Haar cascade algorithm used in the physical distancing detection system is part of 
OpenCV (Open Computer Vision), a widely used API library for computer image processing. 
OpenCV provides various algorithms and functions for object recognition, face detection, 
object tracking, and various other image processing applications [15-22]. By utilizing OpenCV, 
developers can easily integrate image processing capabilities into their programs or systems. 

Python programming language is the suitable choice for developing this physical distancing 
detection system. Python is an interactive computer programming language with versatile 
applications. The design philosophy of Python focuses on code readability or scripts. 
Compared to other programming languages, Python offers good capabilities, combining 
clarity and easily understandable syntax. Python programming language also comes with a 
functional and extensive standard library. In a short period, Python has become a popular and 
competitive programming language. 

By combining all these components, the physical distancing detection system can become 
an effective and efficient solution for monitoring public activities in crowded places. In its 
implementation, the system can be deployed in various locations such as shopping centers, 
train stations, airports, or other public places with a high risk of crowds. The system will 
automatically detect the presence of individuals and measure the distance between them. If 
a physical distancing violation is detected, the system will produce an alert sound to inform 
individuals to maintain a safe distance. 

In the current pandemic era, the use of technology is crucial in combating virus 
transmission. The utilization of the physical distancing detection system with Raspberry Pi, 
webcam, and Haar cascade algorithm is a tangible example of leveraging technology to ensure 
compliance with physical distancing rules. Thus, the objectives of these rules can be better 
achieved, and the risk of virus transmission can be reduced. 

2 METHODS 
2.1 Block Diagram 

From this block diagram, the overall working principle of the circuit can be understood. It 
simplifies the process of designing and constructing the device, resulting in a system that 
aligns with the pre-designed specifications. The block diagram of the system can be seen in 
Figure 3. below: 
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Figure 3. Block Diagram. 

Based on the block diagram in Figure 3. it can be explained that this system utilizes 
Raspberry Pi 4 as the controller, Webcam as the input for detecting the distance between 
objects, and USB Speaker as the output that will provide audible warnings if the distance 
between objects is too close. 

2.2 Flowchart 

Flowchart is a standard way to depict a process. Each step in the system is represented by 
a symbol, and the flow of each step is indicated by lines with arrows. Flowcharts are created 
to simplify the recognition of the program flow embedded in the controller. In general, the 
flowchart consists of the controller initialization, where the controller recognizes the 
embedded program and its contents, followed by waiting for available commands to execute 
the program and provide instructions to the existing actuators. The flowchart of the system 
can be seen in Figure 4. 

In Figure 4. the flowchart of the device's working system is illustrated, which can be 
explained as follows: When the system is running, the Webcam will initialize and capture an 
image (camera capture). The captured image will then go through the Haar-cascade process 
(object detection method). The output generated from the Haar-cascade process is in the 
form of coordinate points of an object. These coordinate points are automatically checked, 
and if the distance between the object coordinates is too close, a warning will be sounded 
through the USB Speaker. 

2.3 Mechanical Design/Hardware Design 

The materials used in the construction of the physical distancing violation detection device 
include a camera and a USB Speaker. Figure 5. represents the form of the mechanical design 
framework created as follows: 
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Figure 4. Flowchart. 

 

Figure 5. Mechanical Design. 

The design of the device includes the following specifications: the overall height from the 
base to the camera is 150 cm, the height from the base to the Raspberry Pi is 110 cm, and the 
height from the base to the Speaker is 80 cm. The device is constructed using Holo Iron, 
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ensuring durability and stability. These measurements and materials are carefully chosen to 
create a robust and functional structure for the physical distancing violation detection tool. 
The use of Holo Iron provides strength and support to the components, ensuring the device's 
stability during operation. This mechanical design plays a crucial role in the overall 
effectiveness and reliability of the device, allowing it to effectively detect and address 
instances of physical distancing violations. 

2.4 Electrical Circuit Planning 

The electrical design is carried out using the Fritzing software. The design encompasses the 
entire measurement information system from input to output, and it can be viewed in Figure 
6. as follows: 

 

Figure 6. Electrical Circuit. 

Overall System Design involves using the Raspberry Pi 4 controller to process the captured 
images from the camera. The images are then processed for their coordinate points, and if 
the coordinate points of objects or images are close to each other, the USB Speaker will emit 
a warning sound. 

2.5 Design of Face Distance Detection Program 

The programming for face distance detection within the Raspberry Pi is depicted in the 
program shown in Figure 7. as follows: 
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Figure 7. Face Distance Detection Program 

From the sample acquisition experiment, the actual distance results can be observed in 
centimeters (cm) and in pixel measurements, indicating the camera's viewing range as shown 
in Figure 8. 

 

Figure 8. Face Distance Detection Program. 
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3 RESULTS AND DISCUSSION 
3.1 Testing Face Distance Identification to the Camera 

Face identification testing is performed by displaying a video on the display and detecting 
the distance between the face and the camera that corresponds to the real distance. Table 1. 
is based on the results of the face distance detection accuracy testing of the system by 
comparing the camera readings with actual measurements 

Table 1. Results of Face-to-Camera Distance Experiment. 

No Jarak Real (cm) Percobaan ke-1 (cm) Percobaan ke-2 (cm) Percobaan ke-3 (cm) 

1 50 51 50 51 
2 100 99 99 99 
3 150 148 147 147 
4 200 196 196 196 
5 250 244 245 244 

 
3.2 Face Distance Identification Testing 

Next, distance identification testing was conducted between faces. It can be observed that 
the system detects distances between faces less than 100 cm. In such cases, the system 
displays a red line, while if the distance between faces is greater than 100 cm, the line appears 
green. 

Below is Figure 9. showing the testing of face distance identification within a range of less 
than 100 cm: 

 

Figure 9. Display of Face Distance Identification Less Than 100 cm. 

In Figure 9. it is indicated that the distance between two individuals is 89 cm, the distance 
between the face of a person wearing a black shirt and the camera is 116 cm, and the distance 
between the face of a person wearing a red shirt and the camera is 125 cm. In the image, it 
can be seen that the distance between individuals is marked with a red line, indicating that 
the distance between them is unsafe. 
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Below is Figure 10. illustrating the testing of face distance exceeding 100 cm: 

 

Figure 10. Testing Of Face Distance Exceeding 100 cm. 

In Figure 10. it can be explained that the distance between the individuals is 128 cm, and 
the distance between the face of the person wearing black clothing and the camera is 112 
cm. In the image, it can be observed that the distance between the individuals is indicated by 
a green line, indicating that the distance between them is considered safe. 

3.3 Testing with 5 Objects 

In Figure 11. it can be explained that the distance between the second and third person is 
79 cm, indicated by the red line, indicating an unsafe distance. However, the first, fourth, and 
fifth persons are not detected due to lighting intensity. 

Based on Table 2. according to the system testing results, it can provide a warning if two 
or more people are detected to be in close proximity with a distance less than 1 meter. 

Table 2. Results of Testing with 5 Objects 

No Number of People Result 
1 1 Detected 
2 2 Detected 
3 3 Detected 
4 4 Detected 
5 5 Detected 
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Figure 11. Display of Testing with 5 Objects. 

3.4 USB Speaker Testing 

The testing was conducted by trying out at specific distances, which can be seen in Table 
3. 

From the testing, it can be observed that there is an unreadable condition where if the 
distance is more than 100 cm. And when the distance is less than 100 cm, the USB Speaker 
lights up. 

Table 3. USB Speaker Testing 

No Distance Between Faces (cm) USB Speaker 

1 30 On 
2 60 On 
3 90 On 
4 120 Off 
5 150 Off 
6 180 Off 
7 210 Off 
8 240 Off 
9 270 Off 

10 300 Off 

4 CONCLUSION 
 

Based on the testing results and data collected during the research, several conclusions 
can be drawn. Firstly, the system for detecting the distance between the camera and the face 
showed a relatively lower level of accuracy. As the distance between the camera and the face 
increased, the error in the testing results also became more significant. Secondly, the system 
for detecting the distance between faces proved capable of identifying more than two faces 
and issuing warnings when faces were in close proximity to each other. However, it should be 
noted that the system's performance was affected by lighting conditions. Objects became 
harder to detect under excessively bright or dark lighting. Additionally, the system had a 
maximum range of 300 cm. Finally, the USB Speaker served as an audio output that activated 
when the distance between faces was less than 100 cm.  
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Based on the testing results and data collected during the research, several 
recommendations can be made. Firstly, considering the use of a higher-specification camera 
would improve the accuracy of distance readings and reduce errors. Secondly, careful 
consideration should be given to the resource utilization of the Raspberry Pi to ensure optimal 
performance. Lastly, it is important to acknowledge that this device focuses solely on 
detecting the distance between faces, which may limit its overall effectiveness in certain 
scenarios. 
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