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Abstract. This research presents a technique for counting the number of people in 

a smart office room when walking in and out of the door by relying on a normal 

quality webcam. This means that the camera is not high resolution. The picture is 
not clear and sharp. Therefore, the image must be counted to adjust the color first 

before being processed in other steps. The designed system uses OpenCV and 

Raspberry Pi to help and is Edge Computing processing by comparing images in 
front view and top view. The front view is accurate at 58.44% for entering the room 

and 30.15% accurate for leaving the room. However, it was clear that the top view 

image would be more accurate at 87.82% for walking into the room and 80.75% out 
of 130 tests for walking out of the room. This system can also be used for counting 

people in other situations, such as counting people in factories, counting workers on 

the job site and counting people at trade fairs, etc. 
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1. Introduction 

This research uses simple webcams to help people count in smart office systems. Part of 

smart office systems is that we can automatically know the number of people in a room. 

Due to it will have a landing effect on adjusting the temperature in the working room. 

Facial recognition of who is in the office Security and much more [1]. This is the origin 

of this research in order to automatically count the number of people in the office which 

if the results of this experiment are satisfactory and practical. We were able to adapt this 

research to other work systems, such as counting people in a factory. Bringing people to 

the job site counting people who enter trade fairs, etc [2]. 

Counting people, there are many different techniques used to count people. Whether 

it is people counting from motion sensors, people counting from laser sensors, etc. This 

research presents how to count people in a room from conventional webcam cameras 

available in the market. That means, it is a cheap camera [3]. Relatively low resolution 

causing an effect on the image used for processing, it will be less clear as well. In addition, 

the processing in this system will be processed by the raspberry pi because we want the 
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system to be small, simple, with the limitations of the raspberry pi in terms of processing 

speed, memory size [4]. The more it takes longer to process. This research is therefore 

challenging to some extent [5]. 

In this research, we designed the processing to take place on the raspberry pi for 

another reason, because we also want to test how efficient it is in edge computing. Can 

it be applied to work or not? OpenCV is used to help in the work. In this paper, we will 

explain the detailed steps of the developed system along with showing the results 

obtained from the experiment by comparing from the actual experiment and running 

from the clip video file [6, 7]. 

The rest of this paper is organized as follows. Section 2 provides a brief overview 

of some theory which had to be implemented within this research. Then, in Section 3, 

the system and network designs are presented in detail. The experimental deployment is 

presented in Section 4 to demonstrate the design. The measurement results and 

performance are presented in Section 4. Finally, conclusions are drawn in Section 5 and 

following with acknowledgement section. 

2. Background 

2.1. Image Processing 

Image processing refers to the use of images to be processed or calculated by a computer 

to get the information we need both qualitatively and quantitatively. 

The important steps are to make the image sharper. Removing noise from images 

Segmentation of the object that interests us from the picture. To bring the object image 

to be analyzed for quantitative data such as size, shape and direction of movement of 

objects in the picture [8]. We can then analyze these quantitative data and create a system 

to take advantage of various tasks such as fingerprint recognition system to check who 

the existing fingerprint image belongs to. Product quality inspection system in the 

manufacturing process of industrial plants Sorting system for grade or quality of 

agricultural crops automatic postal code reading system to sort out the destination of a 

large number of mails each day using a photo of the postal code on the envelope. The 

system collects data of vehicles entering and exiting the building using photographs of 

license plates for safety purposes [9]. The system monitors and monitors road traffic 

conditions by counting the number of vehicles on the road in CCTV footage at each 

moment. Facial recognition systems for surveillance of terrorists in key buildings or in 

immigration areas, for example, can be seen that these systems require a large amount of 

image processing. Moreover, it is a process that has to be repeated in most of the same 

ways. which works in these ways If the human analysis It is often time consuming and 

labor intensive. Also, if a large number of images are needed to be analyzed. The image 

analyzer itself may experience fatigue. result in an error. Therefore, computers play an 

important role in performing these functions instead of humans. Computers are capable 

of calculating and processing huge amounts of data in a very short time [10]. It is 

therefore very useful in optimizing image processing and analyzing data obtained from 

images in various systems. 
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2.2. Programming Language for Image Processing

Python is a high-level programming language designed to make code readable by using 

"lightboxes" or whitespaces to separate lines of code under which block, rather than 

using other language curly braces ({,}). It is based on low number of lines compared to 

C++ and Java. It has many features such as self-management of memory, support for 

multi-paradigm, object-oriented, functional [11]. Python interpreters are compatible with 

a wide range of OS, meaning they allow the running of python code on many systems 

today. They are open source software and community-based developers, managed by the 

Python Software Foundation.

2.3. OpenCV Library

OpenCV is a library developed with support from Intel Corporation Limited as a software. 

Open source code (Library Open Source) for use in image processing (Image Processing) 

in order to be able to develop programs easily. It can be used on operating systems that 

are Linux and Microsoft Windows and can develop programs in a variety of languages. 

The utilization for the development of computer vision programs (Computer Vision) is 

capable of processing digital images, both still images and animations such as Image 

from VDO camera or VDO File is easy [12]. There are ready-made functions for 

managing image data and basic image processing such as image edging, image filtering.

2.4. Edge Computing

Edge Computing is a network system that requires compute to be located as close to the 

source of data as possible in order to reduce latency and bandwidth used to send data or 

to understand it in another way, there are fewer processes running on the cloud and 

moving those processes to the source instead. Since bringing compute to the network 

edge reduces the communication distance between the client and the server [13].

A Network Edge is a device that can connect to the internet and is installed within 

various internet-related devices such as computers or processors in IoT cameras [5, 14]. 

Also, unlike Physical Server and Cloud Server, no matter where they are installed, they 

can communicate with the source as shown in Figure 1.

Figure 1. Edge Computing in Smart Office.
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2.5. Node Red 

Node-RED is a visual programming interface designed for the Internet of Things concept. 

It requires minimal coding experience and makes it easy to connect physical things to 

the cloud. Provide tools to make the process much less hassle [15]. 

Node-RED is an event handling and management tool based on Node.js. Node-RED 

applications typically run as web servers and users can customize and manage 

connections between different hardware and build workflows from the base any 

computer browser, no expensive software. However, it is easy and works in a web 

browser. This server application also has the ability to run on devices such as the 

Raspberry Pi. 

The whole function of Node-RED is that the user no longer needs to enter all the 

codes. At least most of the time and works with existing code. Node-RED's user interface 

is simple and revealing, so users have little trouble developing IoT projects with it. Node-

RED streams on GitHub are rendered in JSON (JavaScript Object Notation) and can be 

exported to the clipboard easily or can be imported into Node-RED or shared online [16]. 

3. System Design and Architecture 

3.1. Using Raspberry Pi with a Camera to Create a Person Counting Program 

The Raspberry Pi can work with cameras. We can use python to write processing 

commands, coupled with image processing libraries like OpenCV that can be used to 

capture people, capture various movements which may be applied [17]. For creating a 

program to count the number of people entering and exiting the door until obtaining the 

net number of the number of persons at that time.  Then, perform installation and write 

commands to try using Raspberry Pi for counting the number of persons. 

Camera Installation Procedure is divided into two different methods and will bring 

the results be compared to choose the best method out of the two methods: 

Counting the number of people in front view. 

Counting the number of people in a top view. 

3.2. Camera Installation Procedure Counting the number of people in front view 

Get all the devices ready and then take the Raspberry Pi that is already connected to the 

camera. Place it in front of the desired door in distance and perspective [18]. The whole 

door is seen in the center of the picture. Therefore, installing the camera in the front view 

can be easily and versatile, for example, the rear view in Figure 2. 

3.3. Camera Installation Procedure Counting the number of people in top view 

Get all the equipment ready and bring the Raspberry Pi connected to the camera already 

up to install on the ceiling above the door in a manner parallel to the earth. Bring blue 

tape to stick on the floor to cover the door area [19]. The tape must be blue only and must 

be longer than the width of the tape so that the program does not detect errors as shown 

in Figure 3. 
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Figure 2. Camera installation in front view.

Figure 3. Camera installation in top view.

3.4. Develop a Program to Count People

Once installed, it's up to the process of developing the program. Which will be divided 

into 2 methods as well, namely.

� Counting the number of people in front view.

� Counting the number of people in a top view.

Program schematics and descriptions for counting the number of people in a top 

view.

Start the program.

Reading images from cameras or video clips.

Convert the resulting image. It's a black and white picture by making it black only 

for dark spots to focus attention on the hair. 

K. Namee et al. / Edge Computing Based on Raspberry PI for People Counting in Smart Office 395



Read the tape mark on the floor every 2 minutes or start the program for the first 20 

frames by calling the checkMarkLine function. 

Then detect movement with Background SubtractorMOG2 algorithm which will cut 

off other parts, leaving only the point where there is movement. 

Sort the results by size. 

To display the reference line according to the reading position.  

Looping frames that can be motion detected. 

Do check the size of each point. If the frame size is too large, it would be good to 

say with changing light conditions or moving the camera function will be called 

checkMarkLine to redraw the reference line. However, if the frame is too small, 

the program will ignore it that movement [20]. 

Calculate the center point of that frame. 

Tracking with trackMove function. 

Check that the first point. Is it too close to the reference line? To prevent duplicate 

tracking. 

Check the condition of leaving the room. If the first point that appears inside the 

room and the latest point is outside the room. It will be considered leaving the 

room. After that, subtract the number of people by 1. 

Check the condition of leaving the room. Where if the first point that appears outside 

the room and the latest point is inside the room. It will be considered to enter 

the room. After that, add the number of people to 1. Example result as shown 

in Figure 4. 

3.5. Rule Engine 

Node-RED is a brand of rule engine. It is a visual programming model. It uses conditional 

points and then connects lines to make it easier to understand. There are many API 

integrations and online services to choose from. Raspbian, the operating system for the 

Raspberry pi, comes pre-installed with Node-RED. This allows users to start using them 

immediately. 

Implementation, design and setting of personnel conditions. By default, it gets the 

number of people from NETPIE to which the data was sent to the device. Count the 

number of people, and then check the following conditions in Figure 5. 

Is there access to the room after working hours 17:30 – 07:30 Monday to Friday and 

24 hours on Saturdays and Sundays or not if the above conditions are met? It 

will alert the intrusion to the NETPIE mobile app. 

It has the room left until 0 people left or not if the conditions are met. It will alert 

you that no one is in the room and will turn off the lights. 

Is the current number of people 1 and before the number of 0? If true, that person is 

considered to be the first to enter the room. Turn on the lights and air 

conditioning and notify the first person to arrive. 
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Figure 4. Camera in top view for checking the condition. 

 

Figure 5. Setting conditions for the number of people. 

4. Results 

4.1. Test the number of people counting function in a room using a camera 

Made by recording videos at different angles in real-life situations and bring the video to 

be compiled with the program to count the number of people. Then take the results from 

the program. Let’s compare with the actual events in the video, then save the result. The 

results will be categorized as follows in Table 1: 

Table 1. Different types of results from the program as compared to reality 

Label Activity Result 
A IN IN 
B EXIT IN 

C 
D 

E 

F 
G 

H 

IN 
EXIT 

- 

- 
IN 

EXIT 

EXIT 
EXIT 

IN 

EXIT 
- 

- 
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Table 2. The example results of people counting program in front view with testing video 

Video File Length Reality Run Script Result Label IN EXIT Time IN EXIT Time 

File1.mp4 10:17 

 / 3:18    FALSE H 

/  4:20 /  4:22 TRUE A 

 / 7:58  / 8:02 TRUE D 

File2.mp4 5:30 

 / 0:07    FALSE H 

/  0:29 /  0:29 TRUE A 

/  0:47 /  0:48 TRUE A 

/  0:49 /  0:52 TRUE A 

File3.mp4 6:34 
 / 2:50  / 2:52 TRUE D 

 / 2:53  / 2:59 TRUE D 

File4.mp4 3:02  / 0:37  / 0:41 TRUE D 

Table 3. The example results of people counting program in top view with testing video 

Video File Length Reality  
Run Script Result Label 

IN EXIT Time IN EXIT Time 

File5.mp4 23:13 
 / 0:06  / 0:06 TRUE D 

/  20:17 /  20:18 TRUE A 

File6.mp4 14:28 

 / 0:39  / 0:44 TRUE D 

 / 2:55    FALSE H 

   /  5:01 FALSE E 

    / 5:15 FALSE F 

File7.mp4 13:17  / 0:08  / 0:11 TRUE D 

4.2. The test of the program to count the number of people in front view 

From the test with 51 front view video clips, total length 9 hours 29 minutes, 

summarizing all results. It is shown in Table 4. In all, the results obtained from the test 

were separated into two cases: traffic entering the room and traffic out of the room. In 

each case, the test results can be summarized as follows in Table 2 and 4. 

Inbound traffic: A total of 77 walks into the room were counted correctly 45 times, 

representing 58.44%. 

Outbound traffic: A total of 105 walks into the room were counted correctly 41 times, 

representing 30.15%. 

When taking the accuracy obtained from both cases to calculate the average of all 

accuracy. The total accuracy is 44.29%. 

Table 4. Summary of the test of the program to count the number of people in front view 

Label Activity Result Number of Times 
A IN IN 45 
B EXIT IN 1 

C 

D 
E 

F 

G 
H 

IN 

EXIT 
- 

- 

IN 
EXIT 

EXIT 

EXIT 
IN 

EXIT 

- 
- 

0 

41 
31 

10 

32 
94 
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4.3. The test of the program to count the number of people in top view 

In all, the results obtained from the test were separated into two cases: traffic entering 

the room and traffic out of the room. In each case, the test results can be summarized as 

follows in Table 3. 

Inbound traffic: A total of 157 walks into the room were counted correctly 137 times. 

The accuracy of traffic entering the room was 87.82%. 

Outbound traffic: A total of 161 walks into the room were counted correctly 130 

times. The accuracy of the traffic leaving the room was 80.75%. 

5. Conclusion 

This research presents edge computing using raspberry pi as a processor to count 

people in a smart office system where people walk in and out all the time by relying on 

a normal quality webcam. This means that the camera is not high resolution. The picture 

is not sharp. Therefore, the image must be counted to adjust the color first before being 

processed in other steps. The designed system uses OpenCV and Raspberry Pi to help, 

and is Edge Computing processing, comparing images in front view and top view. The 

results obtained from the experiment show that the top view image. The view is more 

accurate and accurate, at 87.82% for entering the room and 80.75% out of 130 tests for 

walking out of the room. Flickering from the camera trying to adjust the light. When a 

person walks by, causing the motion detection system by focusing on dark objects, not 

working normally. In addition, the Raspberry Pi is quite slow when working with high 

resolution image processing. This system can also be used for counting people in other 

situations, such as counting people in factories, counting workers on the job site, etc. 
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