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Abstract— During COVID19 pandemic, people are 
encouraged to practice physical distancing at least 1 meter when 
interacting with other people to prevent the spread of the 
COVID19. This study aims to develop a system that can monitor 
the physical distancing and track physical contact in a room 
using internet of things (IoT) and artificial intelligent 
technology. The system consists of a small single-board 
computer (Raspberry Pi), webcam, and web application 
displaying physical contact information. The system uses YOLO 
algorithms to detect the human object and euclidean distance 
formula to determine the distance between human objects. We 
evaluated the performance of YOLOv3 and YOLOv3-tiny 
running on Raspberry Pi. The evaluation result shows that 
YOLOv3 consumes more CPU resources than YOLOv3-tiny 
but has better accuracy in detecting human objects. YOLOv3-
tiny can process images and detect objects faster than YOLOv3. 

Keywords—COVID19, Physical Distancing, Internet of 
Things, Artificial Intelligence, You Only Look Once (YOLO). 

I. INTRODUCTION  
Covid19 has spread over the world causing many deaths 

everywhere. Although a vaccine has been developed for this 
infectious disease, physical distancing is still one of the best 
methods to prevent the spread of COVID-19. To reduce the 
transmission of COVID19, the government enforce the people 
to avoid activities in crowds and physical contact with other 
people by conducting self-isolation at home, working from 
home (WFH), and maintaining physical distance at least 1 
meter from person to person in the workplace. 

Recently, all countries in the world are implementing the 
WFH method which enforces citizens to work from home. 
However, some people are required to work in the office as 
essential worker including healthcare workers, engineers and 
law enforcements. so they tend to gather with other workers. 
In such circumstances required a physical distancing protocol 
in office to prevent the transmission of COVID19. To 
maintain the physical distancing protocol, we need a 
monitoring and warning system, so workers can obey the 
protocol. 

To prevent the transmission of Covid19, we built a system 
that can monitor indoor distancing violations using IoT and AI 

technology. This system can record and store these violations 
in a database to be used for tracking when the person who 
violates it is infected with Covid19 at some point. 

II. RELATED WORK 
There have been many studies related to physical distance 

monitoring systems. Reference [1] uses a PIR sensor attached 
to the arm like a wristband on each individual to monitor each 
other's distance. The components and sensors contained in the 
bracelet are two PIR Sensors for the front and back of the 
bracelet, Arduino Lilypad, Buzzer, push button and others. 
Reference [2] also proposed a system similar to reference [1] 
where the wearable prototype use Raspberry Pi camera, range-
finder sensor, and accelerometer sensor to maintain the 
physical distance. Reference [3] starts to fully use cameras in 
monitoring physical distance, and in this study no longer uses 
wearables unit device to detect physical distance violations. 
Some of the components used in this research are raspberry pi 
and camera. Authors compared the performance of physical 
distance monitors using several devices including the 
Raspberry Pi 2B, Raspberry Pi 3, and high-spec laptop. 
Reference [4] describe implementation issues and describes 
several approaches to real-time physical distance monitoring 
solutions. The authors discuss different camera calibration 
approaches and their pros and cons during implementation. 

The references that I mentioned earlier have their own 
advantages and disadvantages. By observing and utilizing 
some of these references, we have developed a system that 
utilizes cameras, and can track physical contact that has 
occurred using a web interface. We also use a Raspberry Pi 
4B to detect human objects and calculate the physical distance 
between the human objects. 

III. SYSTEM DESIGN 
Our system composed of hardware and software design as 

describe as follow: 

A. Hardware Design 
The main hardware used in our system consists of the 

raspberry pi, webcam, wireless router, and web server. The 
webcam placed in the corner of the room. The webcam 



 

 

captures the image and the image will be processed in 
Raspberry pi using the physical distancing algorithm to 
determine the distance between people in a room. The 
Raspberry pi will send data to the web server and activate the 
buzzer when there are people who are close to each other 
(<1m), which is violate the physical distancing protocol. 

 

 
Fig. 1. System Design 

B. Software Design 
The software used in our system consists of OPENCV 

python, and  PHP-based web application for monitoring and 
tracing contact. In this study, we used You Look Only Once 
(YOLO) [5] algorithm to detect objects (classify whether an 
object is a "human" class). The way YOLO works is by 
looking at the entire image once, then passing through the 
neural network to directly detect the object. While the method 
used to determine the distance between objects (humans) is 
using the 3D Euclidean Distance formula [6]. 

 
Fig. 2. Euclidean Distance Illustration 

𝑑𝑑(𝑃𝑃, 𝑄𝑄) = �(𝑥𝑥2 − 𝑥𝑥1)2 +  (𝑦𝑦2 − 𝑦𝑦1)2 (1) 

 If a human object has been detected in the image, a 
bounding box will appear showing the coordinates of the 
object. The midpoint of the bounding box is called the 
centroid. We calculate the centroid distance of each bounding 
box in pixel between person P and person Q as shown in Fig 
2. We apply the pythagorean theorem to obtain the distance 
d(P,Q) in pixels as shown in Eq.1. 

 
Fig. 3. System Workflow 

Physical distancing monitoring pseudocode includes the 
detection of human objects, calculating distance between 
human objects, triggering a buzzer, and  image data 
to database system. The following is the pseudocode: 

 
Input  : Image from Camera 
Output  : Send the screenshot of distance violation image to 
database 

1. Load our YOLO object detector trained on COCO 
dataset 

2. Connect to the Database System 
3. Initialize minimum distance on pixel 
4. Grab frame from camera 
5. Ensure that at least two people detected in order to 

compute pairwise distance maps 
6. If there are at least two object detected, then extract 

all centroid from objects (bounding boxes) 
7. If there are at least two box detected, then compute 

the Euclidean distance between all pairs of the 
centroids 

8. If distance between boxes < minimum distance, then 
capture the screenshot from distance violation frame 
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9. Send the screenshot of violation frame to the 
database 
 

The system captured the image and stored in database 
when violation occurs. 

IV. EXPERIMENTS AND ANALYSIS 
We conducted experiment to evaluate our system. In this 

experiment, we recorded the activities of 6 people in a 
computer room. We have arranged the tables in the room so 
that there is a distance of 1 meter between one table and 
another. 

 
Fig. 4. Hardware 

A. Measurement of Actual distance and Pixel 
We measured the distance (pixel) between two objects in 

the image by drawing a straight line from the center of the 
bounding box of one object to another. To determine a 
distance of 1 meter in an image, we take the image and 
measure the actual distance of two objects in meters using a 
tape measure and then compare it to the number of pixels in 
the image. From these measurements, we obtained that 1 
meter is equal to 30 pixels. This value may change depending 
on the position and view angle of the camera. 

 
Fig. 5. Measurement of actual distance vs number of pixels 

As can be seen from Fig.5 that people with green bounding 
boxes identified that they are keeping a distance of one meter 

from each other. On the other hand, people with red bounding 
boxes identified that they are less than one meter apart and 
violate physical distancing protocol. 

B. Web-based Monitoring 
We developed a web-based monitoring displaying the 

image captured by camera when a violation occurs as shown 
in Fig 6. In addition to image, Raspberry pi send the number 
of violator and times when violation occurs to web server. 
The web server stores all data from Raspberry pi in a database 
and displays it to a web application so that users can monitor 
and conduct contact tracing when someone in the room is 
infected with covid19 in the future. 

 

 

Fig. 6. Web-based Physical Distancing Monitoring 

C. Comparison of YOLOv3 and YOLOv3-tiny 
We have implemented both YOLOv3 and YOLOv3-tiny 

using OpenCV python. YOLO algorithm has been trained on 
the Common Objects in Context (COCO) dataset [8] for 
classification. We tested both algorithm on a Raspberry Pi 4B 
that has a Broadcom BCM2711 @1.5GHz CPU and a RAM 
size of 2GB LPDDR4-3200 SDRAM.  

 

 
Fig. 7. FPS comparison of YoLov3 and YoLov3-tiny 
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Fig. 8. CPU load comparison of YoLov3 and YoLov3-tiny 

 
Fig. 9. CPU temperature comparison of YoLov3 and YoLov3-tiny 

The frame rate of YOLOv3 is only around 0.12 Frame per 
Second (FPS) as shown in Fig 7, this indicate that YOLOv3 is 
slow in detecting objects in Raspberry Pi 4B. The frame rate 
of YOLOv3-tiny can reach around 1.5 FPS. This indicate that 
the frame rate of YOLOv3-tiny is better than YOLOv3 in 
terms of detecting objects in Raspberry Pi 4B. 

Another difference between the two algorithms is in terms 
of CPU load and temperatures. The YOLOv3 has a CPU load 
value of 84% and a temperature of 83°C when running on a 
Raspberry Pi 4B. Meanwhile, the YOLOv3-tiny has a CPU 
load value of 74% and a temperature of 78°C. CPU load on 
YOLOv3-tiny is 10% less than YOLOv3 as shown in Fig 8. 
CPU temperature on YOLOv3-tiny is 5°C lower than 
YOLOv3 as shown in Fig 9. This indicate that YOLOv3 
consumes more CPU resources than YOLOv3-tiny in 
detecting human objects.  

We also conduct experiments to evaluate the accuracy of 
YOLOv3 and YOLOv3-tiny to detect human objects. When 

using YOLOv3, all human objects are detected properly. On 
the other hand, when using YOLOv3-tiny sometimes some 
human objects are not detected, hence, the bounding box does 
not appear. This may affected by view angle of the camera and 
the clarity of the object. When the object is clear or close to 
the camera, then YOLOv3-tiny can detect the object properly. 
When the object in the image is unclear or small or far away 
from camera, then the object sometimes cannot be detected by 
YOLOv3-tiny. It can be concluded that YOLOv3-tiny can 
process images and detect objects faster than YOLOv3 but 
less accuracy in detecting human objects. 

V. CONCLUSIONS 
In this study, we have developed a system that can monitor 

indoor physical distancing protocol violations using IoT and 
AI technology. This system aims to prevent Covid19 
transmission in indoor environment.  The system used YOLO 
algorithm to detect the human object and euclidean distance 
formula to determine the distance between objects (humans). 
The system will send data to the web server and activate the 
buzzer when there are people who are close to each other 
(<1m), which is violate the physical distancing protocol. We 
tested the distance accuracy by comparing the actual distance 
using a tape measure and the number of pixels in the image. 
We also conducted the experiment to evaluate the 
performance of YOLOv3 and YOLOv3-tiny in Raspberry Pi 
4B. The experiment result shows that YOLOv3 consumes 
more CPU resources than YOLOv3-tiny but has better 
accuracy in detecting human objects. YOLOv3-tiny can 
process images and detect objects faster than YOLOv3 but 
less accuracy in Raspberry Pi 4B. 
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