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This paper presents a novel digital device for ionizing radiation detection in biomedical imaging 

media. It is designed and built using emerging technologies, in order to provide lower cost and high 

performance compared to existing biomedical instruments. The BG51 modular sensor is used as an 

ionizing radiation detector with corresponding pulses as output.  Then, the ESP32 microchip acquires 

and digitalizes the ionizing radiation doses, and an associated 2.4-inch TFT LCD screen, is used as a 

hardware graphical monitor. A number of real time tests conducted in the laboratory, indicates that the 

ionizing radiation detection process, varies in the range [10µSv 2mSv]. In addition, the  sample size 

with  rate 30 samples per  second, is approximately 25 000. Furthermore, the experimental 

results show the graph of ionizing radiation doses within a real environment where the proposed 

biomedical instrument is located. 
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1. Introduction  

  The use of ionizing radiation in medicine has obvious 

advantages, but it is also associated with very harmful 

risks. These risks are caused by the radioactive products 

emitted by medical imaging equipment, which has the 

particularity of emitting ionizing radiation [1-2]. Ionizing 

radiation is particularly dangerous for humans for three 

reasons: it ionizes matter, i.e., it tears electrons from atoms 

during its journey; it causes electron diffusion or free 

radicals which can interact with the cell's DNA and cause it 

to break in various ways; it breaks hydrogen bonds and 

single or double-strand breaks, thus causing cancer [3-4-5]. 

Thus, ionizing radiation has an action, often negative, on 

the living matter [6-7]. Unlike light rays or radio waves, 

they are penetrating. They are not detected by the human 

sensory organs [8-9] which also distinguishes them from 

light, heat, or noise. For these reasons, a set of techniques 

has been developed to protect against ionizing radiation 

within governmental and international commissions called 

radiation protection [10]. In Cameroon, for example, the 

National Radiation Protection Agency (ANRP) is 

responsible for protecting people, property, and the 

environment from the harmful effects of ionizing radiation 

[11]. It records data on the dosimetry of the environment 

and professional environments. Despite this, there is a lack 

of continuous monitoring of radiological health personnel 

on the systematic measurement of the level of radiation 

they are exposed to [12]. This is usually due to a lack of 

adequate equipment and a lack of professional maintenance 

staff [13]. However, several scientific works in the 

literature present accessible and convenient tools that can 

be tropicalized for hospitals in Cameroon. In [14], different 

models of gowns recommended for medical imaging rooms 

are proposed while [15] proposes safety procedures for the 

installation, use, and control of x-ray equipment in large 
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medical radiological facilities. The works of [16-17] and 

[18] present the different personal dosimeters and 

topographical counters used in medical radiological 

facilities to measure and evaluate the radiation doses 

absorbed by the imaging staff on duty. This technology is 

the most widely used, unfortunately, the dose assessment is 

not in real-time; it is done after a period (usually a few 

weeks). In addition, the device must be sent to a 

specialized laboratory for approximate analysis of the dose 

rates received, hence its limitation [19]. The studies in [20] 

propose a modern measuring device with 3G Ethernet or 

Wi-Fi internet communication including a Geiger-Müller 

tube. Given the lack of equipment in Cameroon and the 

technologies proposed in the literature, we propose a tool 

for local measurement of ionizing radiation that considers: 

the permissible level of ionizing radiation by always 

alerting health personnel; the portability, miniaturization of 

the prototype, and reduction of the acquisition cost. The 

present study is structured as follows. Section 2 describes 

the data acquisition and communication procedure at the 

measurement site of our work as well as the different 

technologies used for implementation; the third section 

presents the tools and methods as well as the algorithms 

and design architecture of the communication interface. 

The third section is reserved for the presentation of the 

results, analysis, and discussions. Finally, the last section is 

reserved for the conclusion and some possible innovations. 

 

2. Tools and methodologies 

2.1. Tools 

Fig. 1 shows the design flowchart of the proposed 

airborne ionizing radiation measuring device. It consists of 

a programmable ESP32 module that converts the pulses 

from the Radiation Click module. This module, in the 

presence of ionizing radiation, detects gamma, beta, and x-

rays using the BG51 sensor which is based on the operation 

of a custom PIN diode array. During the radioactive 

activity, the number of pulses is as dense as the radiation is 

high. To get the radiation dose corresponding to 

measurement during a time interval (in this case of the 

study we opted for one minute) the equation (1) is needed 

for the conversion. Multiply by 60 to obtain the number of 

pulses in one hour and a=5cpm/µSv/h is the sensitivity of 

the sensor [22]. 

60
( ) (number ( ))Dose Sv of pulse cpm

a
   ( 1) 

The data collected per measurement is stored in the SD 

card for database building. The radiation dose level is 

displayed in real-time on the TFT LCD screen. The latter is 

responsible for presenting the radiation dose and the curve 

over time. 

 
Fig 1. Synoptic of ionizing radiation measurement and user-

module interaction. 

 

Table 1. Hardware modules characteristics of the proposed 

instrument [21-22]. 
ESP32 (SOC device)  

 

 

 

 

 

 

 

 

GENERAL CAPABILITIES 

BASIC RESOURCES  

Dual cores 0 and 1  

Clock frequency  

SRAM  

ROM memory  

Supported flash memory 

CHARACTERISTICS  

Each core has 32 bits  

80 -240 MHz  

512 KB  

448 KM  

Up to 32 Megabyte 

MAIN RESOURCES  

Build-in Wi-Fi module  

Build-in Bluetooth 

module 23 general 

purpose pins (real time 

reconfigurable by user 

code)  

Electrode capacitive             

touch  

PCB antenna  

Hall sensors  

Low noise analog 

amplifier  

Cristal oscillator - 32 kHz  

USB connector  

03 operating modes  

02 on-board buttons  

Red LED for power ON 

CHARACTERISTICS  

Std: 802.11, 2.2 -2.5GHz  

Version 4.2 (BLE)  

DIOs, 18ADC, 

02DAC,16 PWM, 02 I2C, 

02 I2S, Touch, etc.  

10  

01  

02  

01  

01  

Version 2.0       

 

 

AP, Client, and Both  

Reset and enable  

01 

PINS FOR THE 

FRAMEWORK 

Pins 

 

GPIO 5 

GPIO 13 

GPIO 18 

GPIO 19 

GPIO 25 

GPIO 21 

GPIO 22 

GPIO 23 

Vcc  

GND 

Role  

 

TFT_LED        

INT in BG51 

TFT_RESET   

TFT_SCK     

TFT_DC      

TFT_MISO  

TFT_CS   

TFT_MOSI       

5V supply 

Ground 

ELECTRICAL AND THERMAL 

CHARATERISTICS  

Vcc supported  

Active voltage range  

Operation temperature 

5V-3.3 V  

2 V 3.6 V  

-40°C to +125°C 

Radiation Click device 

 

 

 

 

 

 

 

 

MAIN RESOURCES  

PWR LED GREEN  

LD2     IND  

PZ1      Buzzer  

SW1     indicator  

Number of pin 16  

SIGNIFICATION   

Power indication  

Radiation indicator LED 

Radiation indicator buzzer 

Enable/disable indicator 

Use MIKROBUS  

PINS USED AND CHARACTERISTICS 

GPIO  15 

Vcc  

GND    

Detects beta, gamma 

radiation and X-rays, 
Detector sensitivity: 5 

cpm/μSv/h,  

INT  

5V supply 

Ground 

High immunity to RF 

and electrostatic fields, 

Linear response (-

30°C to 60°C)   

LCD TFT ILI9341 with 

SD Card module 

 

 

 

 

 

 

 

CHARACTERISTICS 

Display color  

UGS  

Screen size  

Type 

IC driver  

Resolution 

Interface module  

Supply voltage 

Operation temperature 

Integrated SD card 

module 

Arduino compatible  

RGB color 65K 

MAR2406 

2.4 inches 

TFT 

ILI9341 

320*240 

8 bits parallel interface 

3.3V-5V 

-20°C to +60°C 
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Table 1 describes the characteristics of the hardware 

modules used. The EPS32 module and the LCD screen are 

compatible with the Arduino IDE environment. To 

program the display in the Arduino environment, the 

following libraries are necessary:  SPI.h (Serial Peripheral 

Interface) is a synchronous serial data protocol promotes 

fast communication of the microcontroller between one or 

more devices over short distances in master-slave mode. It 

uses three lines common to all devices:  MISO (Master In 

Slave Out) is the slave line for sending data to master, 

MOSI (Master Out Slave In) is the master line for sending 

data to the devices, SCK (Serial Clock) is the line that 

synchronizes the transmission of data generated by the 

master. An additional pin named SS (Slave Select) can be 

added to enable or disable one of the peripherals; 

Adafruit_GFX.h Arduino to provide a common syntax and 

set of graphical functions for all Adafruit LCD (Liquid 

Crystal Display) and OLED (Organic Light-Emitting 

Diode) displays and Adafruit_ILI9341.h allows to take into 

account the function of the display integrating a touch 

screen and a micro-SD card. 

2.2. Methodologies 

2.2.1. Schematic diagram of the new instrument 

In Fig. 2, we show in the Proteus/ISIS environment 

simulation the electronic circuit of the ionizing radiation 

measurement prototype. It consists of all the electronic 

modules described in sub-section 2.1 and presented in table 

1.  

 

Fig 2. Electronic circuit of the proposed module in Proteus/ISIS environment 

 

2.2.2 Digital signal acquisition and monitoring 

To design the interface of the ionizing radiation acquisition 

module, we propose an architecture based on the flowchart 

in Fig. 3 whose subprograms are given in Figs.4, 5, 6. In 

Fig.2, the program imports all the libraries and libraries 

that reference the 2.4-inch TFT ILI934 LCD screen into the 

Arduino program editor. Three subroutines will be 

executed: the first one allows to define the area and the arc 

of the radiation dose indicator frame as described in Fig. 3. 

The second one allows drawing the gauge that allows 

indicating the number of pulses as described in Fig.5. The 

last subroutine allows representing the marker where the 

ionizing radiation dose level will be plotted for fourteen 

minutes. This subroutine is described in Fig.6. The 

evaluation of the number of pulses is done for 10 seconds. 

However, the actual dose considered will be that of the 

preceding evaluation. After this time, the measured pulse 

number is changed back to the hour and the new ionizing 

radiation dose is calculated as described in equation (1). To 

represent a point in the curve over time, we propose the 

following equation to calculate the chord.                 

x=0.00178*time+48            

y=-0.015*pulse_count+308





 
 
                            (2) 
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When the time variable accumulates 14 minutes, it is reset 

to zero and the marker is reset for a new trace. The data 

collected through the "count_pulse" counter can be stored 

directly in the SD card to serve as a database. In the global 

operation, the subprograms are called when an indicator 

changes its position 

 

Fig. 3. Flowchart design of the data acquisition and collection program and display interface 
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Fig 4. Flowchart of the frame for the indication of the ionizing 

radiation dose. 

 

 

Fig 5. Flowchart design of the pulse count indicator gauge 

 

 
Fig. 6. Flowchart for drawing the benchmark 
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In Fig. 7 we present the main program of the flowchart of fig. 3 in 

the Arduino environment and the compilation of the program is 

presented by the Windows window of Fig. 8 where we observe 

the program of the flowchart of Fig. 5. 

 

Fig. 7. A view of the Arduino IDE/C++ framework of the main program presented by the flowchart in Fig.3. 

 

Fig. 8. Compilation window of the Arduino C++ sketch for the ES-32 microchip (view of the Arduino code in the flowchart of Fig.5). 
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2.3. Experimental Workbench and prototyping instrument 

strategy 

The experimental bench that led to the results of section 3 

is presented by Fig.9. It is composed of a computer (1) 

which allows to code and compile the algorithms presented 

in Fig. 3, 4, 5 and 6 in Arduino environment and to upload 

the program in the microcontroller.   The display monitor 

(TFT LCD) is shown by (2), the BG 51 module for 

ionizing radiation acquisition is shown by (3). Its 

measurement range varies from 0.1µSv/h to 100µSv/h and 

corresponds to output pulses with periods ranging from 

50µs to 200µs (5kHz to 20kHz) [22]. (4) represents the 

ESP 32 module and (5) the oscilloscope which allowed to 

check the effectiveness of the pulse.  

 

Fig 9. The experimental bench 

3. Results and Discussion  

The experimental result obtained after the test  in the 

laboratory  of Higher Technical Teachers Training College 

of University of Yaoundé I in Ebolowa are presented in 

Fig. 10, 11 and 12. Dose measurements are made in the air 

in the first instance and in the second, we excite the sensor 

radiation of a Wi-Fi antenna placed near a phone in call 

emission.  This operation excites the BG51 radiation sensor 

and creates an emulation of the ionizing wave 

environment. Fig 10 shows the behaviour of the output of 

the sensor module BG 51 during the emulation phase of 

this process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 10. Output signal of the BG 51 module during the 

emulation phase. 

 

The results in Fig.11 show the prototype in the validation 

phase in the Arduino programming environment. The plots 

are in micro-Sievert. We observe a similarity between the 

two curves of Fig. 11(a) and 11(b). this test validates the 

function and the quality of tracer to be reproduced in time 

that we have proposed. 

 

 
(a)  

 
(b) 

Fig 11. Testing the prototype and the plotter through the 

Arduino environment: (a) Curve obtained with the tracer of 

Arduino environment; (b) Curve obtained with the tracer of 

the proposed protocol 

The interface shown has a pulse-per-second gauge shown 

as (1) in Fig. 12(a). The ionizing radiation dose is indicated 

by a dial with the measured value multiplied by 10 as 

shown by (2) in Fig. 12(a). An additional numerical display 

option is present and is indicated by (3) in Fig. 12(a). A 

frame is reserved for the representation of the time 

evolution of the radiation dose in the air as indicated by (4) 

in Fig. 12(a). In Fig. 12(b), we present the results obtained 

in the measurement environment in the absence of 

radiation activity. During this phase, the ionizing radiation 

measurement is very low and can vary in time despite the 

presence of a peak around 7. The time scale is in minutes 

and one division corresponds to two (2) minutes on this 

scale. On the y-axis, one division corresponds to 0.4mSv. 

The proposed measurement interface around the ESP32 

card shows the measurements obtained during an ionizing 
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radiation activity in Fig. 12(c). This figure shows a well-

varying radiation activity over time. The number of 

samples represented by the graph is 25,000 or 

approximately 30 samples in one second. 

 

 

(a) 

 

(b)  

 

(c)  

Fig 12. Results of the proposed measurement prototype 

4. Conclusion 

The work that was carried out in this paper was to present a 

digital biomedical electronic instrument for biomedical 

imaging personnel exposed to high radiation risks. We 

have reviewed the different means of protection and 

measurement technologies available in the literature. Based 

on the identified limitations, we proposed a digital ionizing 

radiation measurement device with an oscilloscope option 

for medical imaging personnel. The ESP32 card combined 

with a radiation click module equipped with a BG51 sensor 

allows the measurement of the radiation dose in the air. 

The results of the measurement are indicated through a 2.4 

inch TFT display with indicators such as gauge, needle 

dial, and graph. Our main contributions were to introduce 

an expert system capable of measuring, collecting data, 

analyzing, and alerting the operator or medical imaging 

technician of an overdose. The future work in this study 

will be to miniaturize the prototype if necessary and to 

make the communication interface multitasking and multi-

measuring across several technicians. 
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