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Abstract 
The classroom provides a setting where students may learn without being 

distracted by outside factors; yet, most classes have a large number of 

students. Overcrowding in classes can put the attendees' health and safety 

at risk, resulting in harm or injuries. Given the current state of the country 

(Covid-19 second waves and security concerns), a large number of students 

in a class can be divided into a variety of streams using an appropriate 

monitoring system. The goal of this work was to build and deploy a 

monitoring system that would prevent classroom overcrowding by 

identifying and counting the number of people at the entrance door. Two 

major circuit designs achieve this goal: one for counting and the other for 

identifying. The counting circuit is made up of an HCSR04 ultrasonic 

sensor, an Arduino nano, an ISD1820 voice recorder module, and a 

speaker. The identification detection circuit is made up of an RFID reader 

that reads the RFID transponder on the students' tags and a PIC16F877A 

microcontroller that sends signals to the LCD and buzzer. When the venue 

is filled or an unidentified guest enters the premises, a signal is transmitted 

to the alerting circuit, informing the person in charge of the entrance to 

close the door or act accordingly. This entrance closure prevents more 

people out of the classroom, preventing overcrowding. According to the 
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findings, the system can detect and identify the number of pupils entering a 

classroom with a defined capacity, preventing invasions and overcrowding. 

 

Keywords: RFID, Controller, Sensor, Detecting, Counting 

 
 

 

Introduction 
It is general knowledge that a healthy 

generation is a productive generation, 

just as it is common knowledge that 

the fewer pupils a teacher have to 

educate, the more time he commits to 

each student and, as a result, the more 

each kid gets out of school. 

Overcrowding has recently been 

linked to an increased risk of 

infection; therefore, a smaller class 

will be the best option. (WHO, 2020). 

The overcrowding of a hall can lead to 

accidents like the collapse of the 

structure, stampede, deterioration, and 

over usage of its facilities. The failure 

to manage the crowd in events can 

lead to the organizer being fined. To 

overcome the problem of 

overcrowding, people can be counted 

as they come in and leave but this can 

become cumbersome, and time and 

energy consuming for any human 

being (Neeraj, 2018) see also (John et 

al., 2019) 

According to the recommendations of 

the United Nations Educational 

Scientific and Cultural Organization 

(UNESCO), a classroom is a 

designated place for educational 

activities. In the formal school 

community, the teacher and 

pupils/student’s ratio of 1:25 is 

expected. Despite this 

recommendation, public schools in 

Nigeria operate on between 1:50, to 

1:70 Teacher-students ratio. This 

phenomenon has resulted in a shortage 

of infrastructures, books, instructional 

materials, and other useful items 

needed for effective teaching and 

learning coupled with the increase in 

the risk of transmission of 

communicable diseases such as 

LASSA and COVID 19 (Chai et al, 

2020).  

Students enrolled in small classes 

would achieve improved health status. 

The mean health-related quality of life 

scores was 0.74 for high school 

dropouts, 0.78 for high school 

graduates, and 0.87 for college 

graduates. The health status of the 

average college graduate aged 45 

years was comparable to that of the 

average high school dropout aged 25 

years, with both having a health-
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related quality of life score of approximately 0.89. According to the model, a 

student graduating from school after attending smaller-sized classes gains an 

average of 1.7 quality-adjusted life years and generates a net #67,372,400 in 

lifetime net revenue (increase in wages minus intervention cost) relative to a 

high school dropout who attended regular-sized classes (Bae et al., 2020). 

Volker E., Hajer F., and Ivo K. (2013) worked on improving human detection 

employing crowd density information. Human detection is especially 

challenging in crowded scenes which makes it important to introduce additional 

knowledge into the detection process. We compute crowd density maps to 

estimate the spatial distribution of people in the scene and show how it is 

possible to enhance the detection results of a state-of-the-art human detector 

using this information. The proposed method applies a self-adaptive, dynamic 

parametrization and as an additional contribution uses scene-adaptive learning 

of the human aspect ratio to reduce false positive detections in crowded areas. 

Social distancing should be practiced in combination with other everyday 

preventive actions to reduce the spread of COVID-19, including wearing 

masks, avoiding touching your face with unwashed hands, and frequently 

washing your hands with soap and water for at least 20 seconds (Brlek et al, 

2020).  

The above studies give reasons why our work is important, it lays the foundation 

for the need to monitor classroom overcrowding. 

This paper aims to design and build an electronic system that can detect students 

entering and exiting a class based on the student's allocated number in a class 

with a predetermined maximum number of seats. As long as the preset number 

is not surpassed, the system will keep track. When the maximum number of 

participants is reached, the device will display "classroom capacity reached" 

with a warning sound. Also, to establish a link between classroom overcrowding 

and an increase in infection rates, the C++ language was used to write a program 

that controlled the microprocessors to detect students via two sensors, one for 

'counting' and the other for 'detecting identity,' as well as control the 16x2 LCD 

and trigger an alarm when the classroom was overcrowded. 

 

Materials and Method 

The system was achieved by two main circuit designs; one for counting and the 

other for student identity detection. The counting circuit is based on ultrasonic 

sensor HCSR04, Arduino nano, voice recorder module ISD1820, and speaker. 

https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/diy-cloth-face-coverings.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/diy-cloth-face-coverings.html
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The identity detection circuit is based on an RFID reader that detects RFID 

transponder on students tags then the PIC16F877A microcontroller act and 

transmits signals to LCD and buzzer. 

 

 
Figure 1: System Block Diagram 

The major components used to achieve this work are displayed in the table1 

below. 

 

Table 1: Material List 

S/N Description Label Quantity 

1 Push button switch Button 1 3 

2 Ultrasonic sensor Sensor1 1 

3 RFID reader  1 

4 RFID transponder tag  1 

5 Controllers Arduino nano/ PIC16F877A One each 

6 Speaker LS1 1 

7 voice recorder module ISD1820 1 

8 Buzzer BUZ1 1 

9 Display LCD1-2 2 

 

Power supply unit:  

The power supply to the microcontrollers, voice recorder module as well as 

LCD are all +5V Dc, as such the equipment can be made very portable when a 

9.0V DC battery is used to power it. The type is PP3, but the 9.0V must be 

converted to 5.0V, this is accomplished by using a 5v fixed voltage regulator of 
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the type LM7805. This regulator takes in 0 to 35 v and gives a regulated 5v at 

its output. The connection of the regulator is given below in figure 2. 

 
Figure 2: Schematic of the Power Supply Section 

 

Sensors 

To detect the presence of those entering the classroom, the HYSRF05 ultrasonic 

sensor was chosen: The sound waves travel through the air, and on sticking the 

obstacle, it bounces back to the sensor at its receiver. As soon as this happens, 

the echo pin of the ultrasonic sensor goes law. The micro-controller measures 

the time the echo pin remains high. If the tune the echo pin remains high is T 

and the speed of sound in air is approximately 34000cm/s.  

The time is divided by 1000 because the sound wave travels higher firstly. It 

travels to the obstacle and secondly, it travels back to the sensor before the echo 

pin goes low. From the ultrasonic sensor diagram below, the echo pin remains 

high for T seconds but it takes sound waves t second to the obstacle. Hence the 

distance between the obstacle and sensor is D, then 

D = (Speed × t) cm, t =  
𝑇

2
, D =

(speed x T)

2
𝑐𝑚  =

(34000 x T)

2
𝑐𝑚 

 

The main parts of the identity detection circuit are the RFID reader, the RFID 

tag, and the microcontroller (PIC 16F877A). The RFID reader used was the 

Parallax RFID reader module. It is a low-cost reader of passive transponder tags 

that can transmit data read from tags to hosts via a simple serial interface. It 

operates on 125 kHz frequency and can read tags up to a distance of 3” inches 

away (RFID Module, 2021). Below is a picture of the ultrasonic sensor and 

RFID reader module. 
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Figure 3: Diagram of Ultrasonic Sensor and RFID reader module 

 

Table 2: Parallax RFID Reader Module Pin Description (Taken from its 

datasheet) 

 
 

The RFID transponder tags used for the RFID control circuit were a tag 

belonging to the EM-4100 family of RFID tags (see appendix F). This was 

because the parallax RFID reader worked exclusively with this family of tags. 

Each of the tags was composed of an antenna coil and a silicon chip that 

included basic modulation circuitry and nonvolatile memory which contained 

unique identifiers (10 digits).  

When inactive state, the RFID reader module continuously transmitted RF 

signals. If an EM-4100 RFID transponder was in the range of the transmission 

of the RF signal, the signal passes through its antenna coils thus generating an 

AC voltage across the coil. The AC voltage is then rectified and when the 

voltage reaches a certain level, the unique identifier of the tag is transferred to 

the reader through the reflection of the reader’s RF signal. It will be transmitted 

as a 12-byte ASCII string via the TTL-level SOUT (Serial Output) pin in the 

following format (Al-Amir et al., 2008) 
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                   Figure 4: Format of Unique Identifier Transfer (Taken from the 

Parallax RFID Reader Module Datasheet) 

 

Detection circuit 

when the RFID reader detects the reflected signal - which means a tag was 

detected and its unique identifier had been transmitted- the reader then sends 

the unique identifier code of the detected tag to the microcontroller. The 

microcontroller then sends strings to the LCD to display a message saying the 

tag had been detected. Then it compares the code it received from the RFID 

reader to a pre-stored code. If the received code matches any of the pre-stored 

codes, the microcontroller sounds a buzzer and transmits instructions to the 

LCD to display the student’s name and identification number assigned to that 

tag. However, if the code sent by the reader does not match any of the pre-stored 

codes, that is – in a case that the unique code of an RFID tag is not pre-stored 

in the microcontroller (where the student does not belong to that class stream), 

the LCD is prompted to display a message saying the user was not found in the 

database.  

When the RFID control circuit is in an idle state, the microcontroller sends 

strings to the LCD to display the words “Tag Identifier”. 

The microcontroller in the circuit was pre-programmed with the unique 

identifiers of the tags to be detected along with a name and ID number assigned 

to that unique identifier. These unique identifiers (decimal) were printed on the 

RFID tag (as in appendix F). However, before these digits were pre-

programmed into microcontrollers they were converted to their hexadecimal 

form. 

The microcontroller was also interfaced to a 2x20 LCD that displays the name 

and identification assigned to the tag. 
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Figure 5: Detection Circuit Diagram 

 

The SOUT pin of the RFID reader module was connected to a pin of a 

microcontroller (PIC16F877A). This enabled communication between the 

reader and the microcontroller through the Universal Asynchronous Receiver 

Transmitter (UART) method of serial communication. 

The microcontroller in the RFID circuit is connected to the RFID Reader. It 

communicates to the RFID reader via a serial communication interface known 

as USART (Universal Synchronous Asynchronous Receiver Transmitter). 

USART can be configured as a Full or Half duplex depending on the devices it 

was going to be used with. For this project, it was configured as a Full duplex 
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because the communication between the microcontroller and the RFID reader 

was going to be asynchronous. Some configuration was required in the 

programming to set up the USART. Some required bits were enabled while bits 

that were not essential were disabled, according to the microcontroller datasheet 

see flowchart in appendices.                   

 

Counting circuit 

The chosen microcontroller is the Arduino nano which uses an ATmega328 8 

bit microcontroller with 4K Bytes flash with the following datasheet 

specifications and features: -Compatible with MCS-51™ products, 4K Bytes of 

reprogrammable flash memory with the endurance of 1,000 -Write/Erase 

cycles, 3.0V to 6V operating range, fully static operation from 0 Hz to 24 MHz, 

two-level program memory lock, 128 x 8-Bit internal RAM, 15. The Arduino 

microcontroller was used in this design because of the relative ease of 

programming and also because of its teaming community available online see 

appendix A. To be able to get a status visual an LCD is incorporated in the 

design. The LCD used is a green 16 by 2 LCD, which can display 16 columns 

and 2 lines of data which is sufficient for this work. The display is chosen as it 

uses a 5V power supply and can be interfaced with the Arduino directly, see 

figure 6 

The ISDI820 voice module is a board that is embedded with an ISDI820 voice 

recorder chip. The chip is capable of driving a speaker because it has an internet 

audio amplifier that can drive a 0.500, 8Ω speaker directly (Datasheet, 2021). 

The chip can also record a message of length between 8 seconds to 20 seconds. 

In other to operate the module, the constructed sound of the voice is recorded 

into the memory of the module through a microphone on the module by pressing 

the record button. After that, the module is then connected to the micro-

controller, then the controller sends an appropriate signal to the voice recorder 

chip to announce the pre-recorded message that is addressed to pin play through 

the speaker (See appendix E). This module announces the massage 

“WARNING!!! THE CLASSROOM REACHED MAXIMUM! 

CLASSROOM REACHED MAXIMUM!!” 

The individual components were connected as shown in the completed circuit 

diagram as shown below in figure 6 
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Figure 6: Diagram of the Complete Circuit 

 

Testing, Results, and Discussion 

The test was carried out on each circuit, visual and functional with a multi-

meter. 

Visual tests were done to check if all connections are done correctly and if there 

are any short or open circuits on the board, this is done without applying power 

to the circuit. The second test is done after powering the circuit; a digital meter 

is set at continuity and then voltage range to check for the polarity of supply, 

correct voltage levels across and between components. 

The last tests were done on the functional system to establish if it can sense the 

presence of a person crossing the sensor, RFID reader response to Tags 

transponders, and also establish if the microcontroller can accept commands 

from the keys.  

The RFID control circuit was arguably the most difficult and complex part of 

the project largely due to the programming which required a lot of testing. After, 

the microcontroller in the circuit had been programmed; the circuit was 

connected to the breadboard. The RFID control circuit in its idle state displays 

the words “student’s Identifier” on the LCD. When the RFID reader detects an 

RFID tag that has its unique identifier pre-stored in the microcontroller.                                       

It displays the name and an identification number attached to that tag. In the 

case of the picture, the name “TUKUR AHME” and the I.D number 
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“1E00822391” were displayed. The I.D number displayed on the LCD in the 

picture is the hexadecimal equivalent of the number printed on the tag. 

However, when the RFID control circuit detects an RFID tag that didn’t have 

its unique identifier pre-stored in the microcontroller It displays the word “User 

not found in database” see appendix B. 

The RFID control circuit had a reading range of around 6.5 cm, which was fairly 

good. This was helped by the fact that the reader was connected to a few external 

components (e.g., BJT, resistors). The reading range on the final model is shown 

in appendix F. 

 

Table 3: Function Test Results on Counting Circuit 

S/N Preset Status Obstruction Display Warning 

1 Preset at 11 (10 

students plus 1 

teacher) 

Sensor triggered 5 

times 

Total in 

Class=5 

OFF 

2 Preset at 11 (10 

students plus 1 

teacher) 

Sensor triggered 

Triggered 11 Times 

Total in 

class=11 

OFF 

3 Preset at 11 (10 

students plus 1 

teacher) 

Sensor triggered 

Tiggered 12 Times 

Class 

Overcrowded 

ON 

 

Results of visual tests done on the circuit show all relevant terminals were 

correctly connected as such there should be no issues when the circuit is 

powered. Results of static tests done on some of the components of the circuit 

show that all components are functional and that the battery has a full potential 

of 9.0v which the regulator takes and converts to 5V dc correctly. The push-

button switches were also discovered to be functional closing the circuit when 

pressed. 

The function test on the circuit shows that the microcontroller accepts preset 

classroom size from the buttons and counts every person that passes the sensors 

till the preset number is reached when the speaker is sounded with a warning 

statement. At every point in time, the status is displayed on the LCD screen. 

 

Conclusions 

The work has been challenging but successfully executed. Test show that it can 

easily be adapted for controlling entry and number of personnel in any building. 
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The best part of the work is that the objectives set out were all achieved, thus 

Study was able to establish the link between classroom overcrowding and an 

increase in infection rates. Also, the link between classroom overcrowding and 

negative learning was established. A program was written in c+ language to 

control an Arduino microprocessor to detect intruders via the sensors for ‘going 

into the classroom’, to control the 16x2 LCD, and to trigger the alarm when the 

classroom is overcrowded, finally, the system was able to perform the functions 

of detecting intrusion, displaying status and notifications. 

To improve and modify various stages of this work is recommended to use two 

sensors one for entry and one for an exit so that the net number of students in 

the class will be Total entered minus the total that exited the class. It is also 

highly recommended that artificial intelligence be incorporated into the project 

such that the input can be voice prompts. Also, a wireless module shall be 

employed such that a monitoring team in a distant location can enforce the 

overcrowding rule when the signal for that particular class gets to them. 
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Appendix A: program flowcharts for Detecting and Counting circuits respectively 

 
Appendix B: RFID Control Circuit displaying Tag details and when user not 

found 

 

http://www.parallax.com/dl/docs/prod/audiovis/RFID-Reader-v1.2.pdf
http://www.parallax.com/dl/docs/prod/audiovis/RFID-Reader-v1.2.pdf
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Appendix C: Sensing objects at various distances 

 
 

Appendix D: Testing of ultrasonic sensor and Display 

 
 

Appendix E: Testing of Voice recorder chip and speaker 

 
 

Appendix F: Picture of the EM4100 RFID Tag (Students Stream Tag) and 

RFID circuit 

 


