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ABSTRACT  

            This paper presents the design and implementation of an intelligent Dynamic electronic billboard based on QR-Code 

(Quick Response Code) that can be used in a variety of interior locations such as offices, malls, universities, supermarkets, and 

other similar establishments. A screen display, a sensor such as a PIR motion sensor, and a QR-Code reader are all included in 

the system. Once scanned, the QR-Code should provide rapid access to information. While the motion sensor detects a nearby 

person and instructs the system to display the QR-Code on the billboard for the person to scan, the display device continues to 

display the company's products or announcements. The QR-Code contains Uniform Resource Locators (URLs) in our prototype, 

and once scanned, a user follows the link and begins exploring what he or she needs to see on a display device based on what the 

companies sell or communicate with the general public. As a result, the system allows users to interact with it by allowing them to 

search for what they need using QR-Codes. The Raspberry Pi houses the sensors and display device, allowing the system to relay 

sensory data to a web server using the HTTP (Hypertext Transfer Protocol) protocol. Because of its low cost, efficiency, and ease 

of use, the designed system is beneficial.  
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____________________________________________________________________________________________________

1. INTRODUCTION  

Marketing is a crucial strategy for businesses to express commercial products to customers or establish product care in the 

thoughts of customers in order to improve brand positioning and visibility [1] . To be successful, information must be delivered to 

the appropriate people at the right time and in the right place [2]; according to Boundless Business [3] , billboards are a great way 

to share the information with consumers. A billboard is a large outdoor advertising structure that can be seen in the form of 

generally positioned in high-traffic places such as alongside significant highways in the United Kingdom and many other 

countries of the world [4]. Passing pedestrians and automobiles are exposed to massive advertisements on billboards. Users 

employ static and dynamic billboards to communicate information to clients. Banners are static billboards that can be found in 

offices, restaurants, shopping malls, bus and train stations, universities, airports, and other public and private locations.  

Electronic information is shown on dynamic billboards, making it simple to target a specific audience [5].They are also used 

within firms or organizations to remind and inform customers about the company's policies and the project that needs to be 

completed (give them the news) [6], Universities use banners, direct mail, radio advertisements, magazines, emails, text messages, 

blogs, and websites to communicate information to staff and students. However, advertising through different means is more than 

just promoting, showing information and attracting customer’s attention; Dynamic billboard advertising provides the ability to 

communicate with the system, providing more information about the advertisement and receiving feedback in real time. In this 

work, an interactive billboard which consists of parts such as Billboard, PIR sensor, Database and QR-Code is described. Those 

parts are interconnected and timely communicate together to deliver a complete working system which is called QR-Code based 

dynamic billboard. Email, website, magazine, banners and other static forms of communication lack the capacity to interact with 

customers by providing more information on offered products. 

2. RELATED WORKS 

Different researches were done and brought solutions to the challenges that institutions and businesses were facing during 

information transmission. Most institutions in EAC (East African Community), like universities and hospitals, are using banners 
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that are not friendly environments, not targeting the potential customers, and most of them are holding expired information.  

Often, Dynamic billboards are rarely used to communicate the business product to the potential customer. Therefore, related 

works are divided into 2 main categories; there are billboards that are designed according to the technology used and others 

related to data mining but our project is mostly focused on technology used where our improved technology is easy and efficient. 

Recently developed billboards are embedded with high technology such as camera sensors that detect viewers using face 

recognition and provide relevant products to viewers thus minimizing waste of power and time; these technologies are expensive 

[7].   

The customer, upon seeing an advertisement on display, may initiate a request from his mobile device to start an interactive 

communication process with Interactive Wireless Electronic Billboard [8]; however this system disturbs people since they are 

sending notification to everyone who is passing by. An IoT based Intelligent Billboard using Data Mining was developed, in this 

system the collected purchased information through RFID (Radio-frequency Identification) reader are stored into database, 

products that are stored in database are organized and categorized in a way that can be read by RFID. The products which are not 

yet sold out are also stored in a database with their detailed information so that special offers can be attached to them and increase 

their chance to be sold out. This billboard recommends the customers some products according to the customers’ behaviour or 

preferences through data mining applied on sales then displayed on billboard [9] . This developed system is not real time and does 

not target customers individually; it displays the products from the server according to what is mostly purchased by others. 

WSN (Wireless Sensor Networks) Based Smart Advertisement in intelligent Transportation System using Raspberry pi was 

implemented, this system is based on transportation system where billboard is placed on smart vehicle. When passengers are 

passing nearby the smart vehicle, the system sends notification to the clients through mobile phone to upload ads. The system has 

administration panel which facilitates a control of uploaded ads by legalizing and approve ads by checking which is eligible to be 

displayed before being sent to a server [10]. After approval and processing, ads are displayed on the billboard attached to the car. 

This system is targeting the advertiser not consumer because the ads are displayed according to the uploaded one not considering 

the viewers if they are in need of the product or not. The system administrator must be always there to approve the advertisements.    

Smart Billboard System using data Mining and IoT implemented with considering both social and spatial data to provide 

promising results by considering user preference through giving them varieties of options to choose from. It delivers preferable 

sales to consumers, considering attention of the customers who are likely to buy the products based on buying patterns [11]. This 

system mainly focused on visualizing data.  In Australia, the smart billboards connected with cameras were set up at all key 

locations to take the snapshot of the vehicles. The information such as the make, model and colour are then communicated from 

the database. From this data, targeted adverts would be shown with tag lines like "Hey black Merc driver, the heavens have 

opened” and a driver make note of it; this billboard displays where you can find the spare parts of the model of the passing Car 

[12]. The system has some drawbacks, because it is placed along the road it can cause accidents. Furthermore, the system is not 

interactive by giving users the option to communicate with it.    

Generally, Existing systems are very programmed, and they display information according to the time set by the administrator, for 

example, the display displays information for no more than 15 seconds, which is insufficient for customers to absorb all 

information about the advertisement. This should be seen as amusing. The designed system solves this problem by allowing users 

to re-display advertisements and record all necessary information. Customers should be able to interact with the billboard and 

search for the products they require, as well as gather more information about those products. The customer may need products 

that are not their own and for which the face is not present to be categorized, as well as an option to interact with the billboard. If 

the billboard incorrectly categorizes age due to surgery performed by consumers to keep them looks young, that is the reason why 

they would need an option to interact with the display panel on their own. 

A QR-Code based interactive billboard is discussed in this project; QR-Code technology was originally intended to track vehicles 

during the manufacturing process, but today, QR-Codes may be found in a variety of applications, such as product labelling and 

equipment identification [13]. Instead of printing several banners and papers at the expense of the company's resources, a QR-

Coded URL that connects clients to what service or products they need, decreases the size of information; by QR-Coded, URL 

links clients to what service or products they need. In this technology, QR-Codes are combined with dynamic billboards. The 

device uses a motion sensor to identify nearby people and interact with the system, allowing the QR-Code to be displayed on the 

billboard. The system then posts information about the current and upcoming activities of companies in a timely manner, reducing 

and saving resources used to print flyers and banners, and maintaining a clean and safe atmosphere. 

 3. MATERIALS AND METHODS 

   3.1. System requirements 

Data was collected to gather the system requirements via an online questionnaire to the Nelson Mandela African Institution of 

Science and Technology(NM-AIST), School of COCSE (Computational and Communication Science and     Engineering) and 

interview the business man whose company is Dynamic Billboard located in Tanzania-Arusha.  
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The current way of conveying information to the public internally and externally is not efficient. In fact, according to the survey 

filled by students, most students don’t visit the university website regularly and they are don’t even check their email constantly. 

Therefore, an advertising billboard is needed to complement the current way of information. 

The following are System Requirements:  

3.1.1. Functional requirements of this system  

 To display relevant announcements  

 To have motion sensor to detect nearby person  

 To show a QR-Code that smart phone holders can scan to engage with the smart electronic billboard. 

  An administrator must be able to change data in the database through an interface. 

3.1.2. Non-functional requirements system  

 Advertisement will be available in working hours. 

 Minimize system failures by writing resilient code that prevents and detects failures before they happen. 

 To ensure security of a billboard. 

 The technology must be easy to use and perform well in real time. 

3.2.  Data Analysis 

     The above information has given us the idea of developing an Indoor Billboard to complement the current advertisement 

system and announcements of events and other helpful communication. Existing billboards of Digital Dynamic Company are 

displaying the products of companies randomly. The use of indoor dynamic billboards is effective and has many advantages over 

the traditional approaches of advertising such as display products, giving nearby people to search what they need while some of 

the existing indoor billboards are still based on printed banners. It is then essential to work on a project that improves the current 

indoor advertising systems [6]. According to recent information smartphone users are more than three billion worldwide in 2021 

[14]. Therefore, developing a system that helps smartphone users to take advantage of their device to get their desired information 

is necessary. 

3.3.  Description of the System Design 

In this section, the figures below give an overview of the whole system. Figure 1 presents data flow of the system from the scratch 

and how it is displayed.  The system is user-friendly which includes devices and websites. All data is stored in a database which 

by the end is viewed via a user-friendly interface. Each information is displayed in a given time of 30 seconds and replaced 

continuously by other information while figure 2 describes the interaction of the system with users. The system presents the 

interfaces which enable administrators to login and upload needed information into the system and perform other activities.  To 

display QR-Code, smartphone users will scan a QR-Code to get the search bar through a web-page; the information searched is 

sent to the webserver and visualized at the billboard through the HTTP Communication protocol.  

 

Figure 1: Flow chart diagram 
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Figure 2: Use case diagram 

3.2. System Description  

3.2.1. Hardware Description 

a. Raspberry 3 model B+ 

Raspberry Pi is a computer-like board with programmable GPIO (General Purpose Input Output) pins to enable the board to 

communicate with the external environment (Figure 3). A TV screen has been used as a screen and a USB (Universal Serial Bus) 

keyboard and mouse as peripheral input devices. An 8 GB Micro-SD card has been inserted in its appropriate place to enable the 

Raspberry Pi to load an Operating System, run programs and store data. The prototype uses Raspberry Pi 3 Model B+ is both the 

wireless network and wired network enabled. This feature allows the Raspberry Pi board to send sensed data to the web server      

through the HTTP Protocol. This board requires a 5.1V supply and  can be powered through      a USB peripheral with a 

Maximum total current draw of 1.2A [15]. 

 

Figure 3: Raspberry Pi 3 Model B+ board 

 

b. PIR Motion Sensor 

PIR stands for Passive Infrared or Pyroelectric Infrared. The PIR sensor is one of the motion sensors. A motion sensor or motion 

detector is an electrical device designed to detect and measure the movement of people within its range of operation [16].  The 

PIR sensor used in our prototype can sense the motion of people at seven meters and an angle of less than 120°. This module was 

chosen to allow people to interact with the system even though they are a bite far away from the TV screen. This is powered 

directly from the raspberry pi board [17]. The PIR Motion Sensor used accepts a Power supply range of 5V-12V input 

voltage[18], [19]. It is directly powered from a raspberry     pi board pin. 
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Figure 4: PIR Motion Sensor 

c.  32 inches-TV Screen 

For the developed prototype, the TV Screen acts as a billboard display. HDMI cable was used to connect the Raspberry Pi to the 

TV Screen. Power source and power cables are required for both the TV screen and Raspberry Pi. A 32 inches-TV Screen was 

used to visualize information in pictures and video formats. Therefore, files were converted into 720p (1366 X 768) pictures and 

videos resolution for better visualization. 

d. Computer  

During the software development, a computer with Linux Operating System was used for coding and testing. However, any 

computer can help access the web-based application to manage advertisements that are supposed to be displayed on the billboard. 

It must be connected to the internet to access the software application hosted on an online web server. Alternatively, a mobile 

device can be used to access the website either through a web browser (Mozilla Firefox) or a mobile web app that was created 

after converting the website to a mobile app through Appsgeyser.com, an online platform [20]. 

e. Mobile phone Device 

Smartphones with suitable camera properties were used to scan the QR-Code.  The owner must install any app (QR-Code Reader, 

Firefox web browser), which can help them scan the QR-Code and access the web-based application. 

3.2.2.   Software description  

a. Raspbian  

Raspbian is a free operating system that works on Raspberry Pi board. A Raspberry Pi Imager was used to download and install 

the Raspbian on a MicroSD card. After the operating system was written on the MicroSD card. The MicroSD card was inserted 

into the raspberry pi board. Once the Raspberry Pi was powered, it automatically loaded the Operating System [21]. 

b. phpMyAdmin 

phpMyAdmin is free and open-source software that helps to manage databases through MySQL Database Management System. A 

prototype has one data and several tables, which helps record and manipulate all of the information regarding our web application. 

Our database is hosted on an online hosting provider which offers a phpMyAdmin tool to facilitate database management. 

c. Website 

A user-friendly website written in PHP, HTML, CSS, JavaScript (JQuery) and SQL(MySQL) was built to support administrative 

functionalities. The Sublime Text editor was used to write client and server-side scripts. Bitnami LAMP Stack 8.0.3-0 package 

was installed on Ubuntu distribution of Linux Operating system to enable the use of local web servers during the development and 

test of the web-based application. This package installed MySQL database and Apache Web-server modules on the computer. 

CodeIgniter and Bootstrap frameworks were used to develop an easy-to-maintain and responsive website quickly. A mobile web 

application was generated to facilitate access to our website from any mobile device which can install a mobile app file (APK 

file). However, a login (see Figure 8) is required for anyone who wants to access the system. 

The software was successfully tested on Google Chrome (Version: 91.0.4472.88), Raspbian Chromium, Opera 

(Version:73.0.3856.344) and Mozilla Firefox (Version: 89.0) browsers. 

d. FileZilla Client for Linux 

It is a free FTP (File Transfer Protocol) solution and open-source software application for transferring files from the local server to 

the online server. The tool was used to upload local website to the online server. 
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3.3 Design of the prototype 

The following figures present the interconnection of devices used in system’s architecture and circuits     . 

        

                     Figure 5: System architecture diagram                                               Figure 6: Circuit Diagram 

  

4. THE RESULTS AND DISCUSSION 

4.1. Interactive billboard with QR-Code 

In this prototype, the designed system displays NM-AIST(The Nelson Mandela African Institution of Science and Technology) 

advertisements and announcements on a billboard that can be placed inside the university in front of the NM-AIST Amphitheatre, 

which is located near the main entrance and where staff and students pass by on their way to offices, library, conference hall, 

classes, restaurants, and laboratories; this is to complement to the university's current method of delivering announcements. 

Unlike a commercial billboard that was created to promote smartphones in universities [22], this billboard is not focused on 

academic issues. 

The system developed by Rachwał(2019) [23], is a billboard that institutions use to recruit students and boost their recognition. It 

is used by universities such as the University of Poland, Michigan University, Concordia University, and other. This system uses 

banners that do not have the ability to change displays regarding the ongoing and upcoming events. Moreover, after advertising, 

banners must be removed, which is not environmentally friendly. 

This prototype can be installed through the area where staff, students and visitors travel. When a user approaches the board, the 

system detects them and displays a QR-Code that the user may scan to find what they are looking for on the board. Academic 

announcements, the location of several essential places inside the university, forthcoming events, and extracurricular events are all 

featured on the billboard. 

 

Figure 7: Billboard Screen 
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4.2.  Improving user experience through mobile application 

A web mobile app was developed to facilitate the work of advertisement management as well as the search bar. The mobile app 

for advertisement management was able to record any kind of information in the form of pictures and videos as well. The 

advertisement recorded would be visualized on the billboard either randomly by the system itself or when the user scans the QR-

Code and search for it. 

 

Figure 8: Left to Right; Login page, Adverts recording form, Adverts searching form 

4.3.  Motion detection 

Motion detection detects human movement approaching a door, sounds an alarm, and turns on the camera to capture the face and 

match it to the owner's image [24]. This system may be installed everywhere in the house. A motion sensor can detect human 

movement, which is an advantage over an ultrasonic sensor, which can detect any moving item, including people or an object. 

Each time a person approached, the human motion was examined. When motion is detected, the system shows a QR-Code in front 

of other moving advertisements, allowing users to engage with the system via the search feature. The billboard screen would show 

the search result. 

                                                                

                                                               Figure 9: prototype of the system 

The motion sensor and billboard were both connected to the Raspberry Pi and communicated through the board. The motion 

sensor detects nearby people and sends data to the board, which then sends the data to the cloud to be analysed. After 5 seconds, a 

QR-Code appeared on the screen to be scanned, which has a link interconnected with the billboard website and holds a lot of 

information about the institution, which is different from the existing billboard where some are static and others are dynamic, but 

displays the announcements imputed by administrators and controlled by themselves. 

4.4 Advantages of QR-Code based Interactive Dynamic Billboard with Motion Detection  

● It can be used to replace conventional methods of communicating information, such as static billboards, which are 

harmful to the environment. 

● It enhances interactivity by allowing users to search for more information  

● It gives users the option to re-display advertisements by capturing all relevant information.  

● It can be installed indoors and so cannot cause an accident when positioned near a road. 
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The project was developed and successfully tested using NM-AIST usual announcements. The Raspberry Pi was able to work 

more than 12 hours per day without either going to the sleeping mode or being turned off, which confirms the excellent 

performance of the prototype even when working in real applications. Billboard for advertisement through a web mobile based 

application enriched by the QR-Code is a better solution in advertisement systems. The companies as well as businesses would 

implement it to advertise products and services to their customers. The customers would then be able to check especially the 

needful information according to their convenience. 

4.5. Uniqueness of the developed prototype and testing results 

The proposed system is both interactive with nearby people and displays announcements; it can be used in a variety of institutions, 

including hospitals, to make appointments with doctors, display precautions to the public, and display available rooms for 

patients. 

Scanning QR-Codes and searching for what they needed to present on the billboard screen has a lot of fun. This is a positive 

experience for advertisement systems since it improves the communication channel by allowing targeted customers to search for 

their needs. 

 

5. CONCLUSION AND RECOMMENDATION 

This prototype that improves advertising solutions through human motion detection and QR-Code was successfully designed and 

developed. Both Hardware and software work properly as it was expected.  

The QR-Code based Interactive Billboard is suitable for many applications; as other indoor advertising billboards, it can be used 

in any institution or/and a business company that wants to eventually convey their information to the general public from their 

indoor places such as Supermarkets, Universities, Banks, Hospitals, and etc. 

 

However, the implemented system can be upgraded in the future by adding more sensors such as cameras to recognize faces and 

identify whether a person is a staff or visitor and then customize announcements and advertising regarding the detected person. 

Moreover, applying machine learning algorithms is necessary to predict users' preference and taste in announcements considering 

what kind of information is mostly to be searched for. Finally, it is also essential to create a mobile app that can run on a bright 

Android TV Screen. This could decrease the activities performed by the Raspberry Pi and hence increase the performance and 

security of the whole system.  

On the other hand, the implementation of the system in a Local Area Network(LAN) can protect the system. Therefore, the access 

to the system would then be done by someone whose device is connected to that LAN through a local wireless connection.  
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