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ABSTRACT 

Portable Electronic Sensor Trainer (PEST) is a training kit for teaching and learning. PEST comes with the breadboard, relay, 

solenoid, LCD, Arduino Nano and other electronic components. The PEST has been created to assist lecturers and students 

especially during their practical work on the subject of Industrial Electronics. PEST is developed starting with problem statement, 

idea exploration and then designed using Inventor. Inventor is a software that can be used to produce 2D and 3D views. It can also 

be drawn in orthographic drawings complete with dimensions. Once the design drawing is completed, Arduino programming 

begins with 15 different sensors to allow students to learn the functions and connections of each sensor. PEST also comes with a 

QR code where students can access the lab sheet as well as circuit connections. In addition, PEST also uses HP Reveal as a medium 

that allows students to understand demonstrations carried out by their lecturers by simply through scanning the sensor images and 

video of the connecting circuit that will be displayed on their smartphones. This PEST development involves processes of etching, 

drilling, soldering and component assembly. The results obtained are in terms of circuit connectivity and output of each sensor. 

Keywords: Arduino, Sensors, QR Code, Inventor, HP Reveal. 

 

1. INTRODUCTION 
Portable Electronic Sensor Trainer (PEST) is a portable sensor training kit. PEST is a complete set of electronic circuits with 15 

types of different sensors that can be connected by students to create a circuit connection according to the applications provided. 

PEST is convenient and user-friendly. PEST is created primarily for Industrial Electronics subject and Project 1, to help students 

to identify sensors that could be used perfectly for their final project. PEST is built with reference to the syllabus where it can 

conduct laboratory experiments consisting of Switch, Relay, Solenoid, and Sensor. PEST can be used for all Malaysian 

Polytechnics especially in Diploma in Mechatronics Engineering program.  

There are 15 types of sensors used to carry out the practical work namely touch sensor, rain sensor, alcohol sensor, smoke sensor, 

gas sensor, pressure sensor, temperature sensor, flame sensor, Hall Effect sensor, sound sensor, LDR light sensor, ultrasonic sensor, 

PIR motion sensor, vibration sensor, and colour sensor. One sensor will be used in one practical period using PEST. To enable 

PEST to be used on all sensors, the development of PEST will be described in more detail in the methodology section. PEST is 

also developed using a QR code where students can access the code provided and all sensor-related notes, as well as the lab sheet, 

will display on the smartphone. In addition, PEST is connected to the Hp Reveal apps which will allow students to easily visualize 

the circuit connection by simply scanning the sensor image and the video will display on the smartphone. This will facilitate 

lecturers during demonstration sessions as the theory and practice can be clearly understood. 

PEST has been registered under the Intellectual Property Corporation of Malaysia (MyIPO) with registration number 

LY2019005673 for the purpose of copyright security. PEST has also been used throughout the semester for the June and December 

sessions. It has received positive feedback from the lecturers, students and top management. In addition, PEST has won Gold in 

departmental and polytechnic innovation competitions while winning Silver in international innovation competitions. PEST is also 

able to reduce the cost of the department's assets as it is cheap and has the internal expertise to do troubleshoot or maintenance. 

 

2. PROBLEM STATEMENT 
One of the major problems faced by students and lecturers in teaching and learning of engineering subjects is the lack of equipment 

to do practical works. Despite the lack of equipment,  practical activities still can be done to ensure that students get the best results. 

Engineering Departments have limited equipment to enable students to practice their hand-on skills.  Therefore, the development 
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of PEST is a lecturer's initiative to ensure that all students are able to perform in hand-on work more efficiently and skillfully. In 

addition, the teaching and learning of the theories using slides cause students to lose focus. So this PEST comes with a manual 

video in which the lecturer prepare a guiding video that explains how to connect the circuit and students can easily access it by just 

scanning of the sensor image. Therefore, teaching and learning are more interactive and students are more engaged. Theoretical 

explanations and practical methods need to be in line to optimize students' understanding. 

3. RESEARCH OBJECTIVES 
After reviewing the problem, PEST was developed with a few objectives in consideration. The first objective is to design a teaching 

tool is to facilitate lecturers and students to do practical work effectively based on the syllabus set by the Department of Polytechnic 

and Community College. The second objective is to help students to identify the function and operation of various sensors so that 

it can assist students in the final semester to create more innovative projects. The third objective is to know the output of each 

sensor types, the connection of the sensor circuit and to further develop the student's hands-on skills. 

 

4. LITERATURE REVIEW 
The literature review for the development of PEST revolves around studies on different types of sensors. A detailed study of sensor 

functions, sensor applications as well as how to program the sensor in accordance with the application requirements.  Gas Sensor 

MQ5 module is useful in domestic and industrial gas leakage detection. It is appropriate for H2, LPG, CH4, CO, and Alcohol 

detection. The measurements can be taken as soon as possible due to their high sensitivity and fast response time. The sensor's 

sensitivity can be changed using the potentiometer [1].  Nevertheless, the light-emitting portion and the light-receiving portion for 

detecting the smoke and the explosion-proof container containing the circuit board are isolated from each other in the photoelectric 

smoke sensor using optical fiber, and the photoelectric smoke sensor cannot be prevented being larger in size [2].   

The presence of LPG, Butane, Propane, Methane, Alcohol, and Hydrogen can be detected using smoke sensor MQ2. Depending 

on the type of gas the sensor resistance is different. The smoke sensor has an integrated potentiometer that allows the user to change 

the sensor sensitivity to the degree to which the user wishes to detect gas [3].  A touch sensor system includes a touch panel with 

at least one multiple touch sensing area, a multiplexer, and a touch controller. The touch controller contains a set of pins connected 

to the multiplexer via a plurality of touch control wires and touches sensing wires for control of touch driving and sensing on the 

touch panel, in which each pin is connected to one of the touch control wires or touch sensing wires. Each touch detection cable 

transmits driving signals to a corresponding multiplexer from the touch controller to drive on one of the touch detection areas and 

transmits sensing signals from the touch detection area to the touch control. The touch controller controls the multiplexer by 

activating the touch control wires in a specified order to perform touch driving and sensing in a specific order on the touch sensing 

areas [4]. 

The TTP223 is an IC touch-pad detector that provides 1 touch key. The touching detection IC is designed to replace a diverse pad 

size with a traditional direct button key. The key contact features for DC or AC applications are low power consumption and wide 

operating voltage [5].  A module rain sensor is an easy tool for detecting rain. It can be used as a switch when raindrop falls through 

the raining board and also to measure the intensity of the rainfall. The module features a rain board and the separate control board 

and for more convenient, an LED power indicator and a potentiometer are installed to indicate adjustable sensitivity [6].  The MQ3 

Alcohol Sensor is an alcohol sensor used to detect the concentration of alcohol in your breath. This sensor produces an analog 

resistive output dependent on the concentration of the alcohol. When the alcohol gas occurs, the conductivity of the sensor is higher 

along with the rising gas concentration. It is suited to detecting alcohol at different concentrations for various applications. Domestic 

alcohol gas alarm, commercial alcohol gas alarm, and portable alcohol detector are commonly used [7].  Ultrasonic sensors work 

by radiating sound waves at an unreasonably high recurrence for listening people. Trust the sound will be reflected back at that 

point, computing separation depending on the time needed. This is like how radar estimates the time it takes for a radio wave to 

return in the aftermath of hitting an item [8]. 

PIR sensor detects a human being moving around within a range of about 10 m. This is an average value since the actual range of 

detection is between 5 m and 12 m. PIR is essentially made of a pyroelectric sensor capable of detecting levels of radiation in the 

infrared. For various important tasks or objects that have to be discovered when a person has left or entered the field. The PIR 

sensors are amazing, flat control and minimal effort, have a wide range of lenses and are easy to work with. Nowadays, this is one 

of the widely used sensors and can be found in many home security systems. Passive Infrared Detectors look at changes in the level 

of infrared energy caused by moving objects like humans and animals [9].  This module of vibration sensors produces logic states 

that are dependent on the vibration and external force applied to it. This module gives a logic LOW output when there is no 

vibration. If it feels vibration then this module's output will go to logic HIGH. This circuit's working bias lies between 3.3V to 5V 

DC.  The sensor frame is constructed using simple shafts and springs, which demonstrates a conceivable direction in achieving 

nonlinear semi-zero solidity and thus allowing broadband without vibration point for direct estimation of the removal in vibrational 

stages.  The theoretical investigation of the impact on the bioinspired sensor framework of different structure parameters is 

conducted to achieve an amazing seclusion property and thus to understand an exceptional exhibition of estimations [10]. 
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5. RESEARCH METHODOLOGY 
Firstly, the researcher will explain how to use the Portable Electronic Sensor Trainer (PEST) during laboratory experiments, there 

are several procedures to be implemented. First of all, identify the components to be used as the components that are built-in or the 

components that will be used during the process. The built-in components are relays, solenoids, LEDs, LCDs, potentiometers, 

Arduino nano, and voltage regulators, while the components to be connected and tested are 15 types of sensors to be used during 

the experiment. PEST is started by connecting it to a power supply using a 12V adapter. The rocker switch is then turned on to 

ensure that PEST is in standby mode. When the training kit has been turned on, the LCD display will light up and display the 

"Portable Electronic Sensor Trainer". Turn on the scanner and scan the QR code provided in the training kit to get the lab sheet and 

view the selected sensor circuit connections. Then download the application shown after the scan, the page will navigate to the 

PEST home screen. If it does not connect, retry the previous process. The next step is to select the sensor to use for the experiment 

and run the experiment in accordance with the component layout and circuit connections shown in the application screen. Connect 

the jumper wire, electronic components, and sensors on the breadboard according to the layout specified in the lab sheet. If the 

input does not match, the student can troubleshoot to get the proper output. When the output matches, the LED will produce a green 

light and the LCD will display the data. Once the data are received, unplug the jumper wire and turn off the rocker switch. 

Secondly, the author describes how to develop PEST. The development of PEST began with the design of PEST using Inventor 

Software to draw 2D and 3D drawings to obtain the PEST rough shape with the appropriate size to be developed. 

 

 
             Figure 1 (a) 2D Drawing                              Figure 1 (b) 3D Drawing 

 

Next stage is constructing the circuit using Proteus Software [11]. The process starts with click the “New Project”, enter the project 

name which is PEST and click into create a PCB layout from the selected template and chose default. Selecting components and 

starting to draw in schematic capture, Proteus can also be used to perform simulations to make sure the circuit is built correctly. 

After that the circuit needs to be drawn in the form of PCB layout to produce PCB board. 

 

                
Figure 2 (a) Schematic Capture                                Figure 2 (b) PCB Layout 

 

After complete sketching in PCB layout is ready, the sketching is printed on a transparent paper sheet using a laser printer then the 

printed sketch is placed into the circuit in UV imaging frame. Next, place the PCB board into the etching solution and agitate for 

25-30 minutes or until all the copper has dissolved around the design.  After etched PCB board complete, drill the holes on the 
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PCB board by using PCB driller and then drill the size hole corresponding to the width of the pins of components used.  Solder the 

components and test using multimeter in continuity mode to check if all the connections are continuous.  

 

                
Figure 3 Process to Produce PCB Board 

 

Next, programming is written using Arduino software to enable PEST to function as it should. The program code should be 

compatible with the function of each type of sensor to obtain accurate data. Once the program is written, the interface is designed 

using MIT software to enable students to access the lab sheet using QR code. MIT software also uses block type programming and 

can generate QR code as a reference for students to obtain sensor circuit connections.  To obtain sensor connectivity videos using 

PEST, students can upload the HP Reveal application in the Google Apps Store and scan on the desired sensor image, then the 

sensor circuit connection will be displayed on the smart phone. 

 

 

 

 

 

 

 

 

 

Figure 4 (a) QR Code                             Figure 4 (b) Hp Reveal 

 

6. RESEARCH FINDING 
PEST is connected to the Portable Smart Fan (PSF) project to obtain data for testing ultrasonic sensors and temperature sensors. 

The test for ultrasonic sensors is to analyze the distance to detect an object or human. The data are measured in terms of radius 

readings as well as distances where the test is conducted to determine which radius or distance is best detected by the ultrasonic 

sensor.  From these data, readers can determine the appropriate distance and radius for them to use in developing their innovation 

projects. 

 

Table 1 (a) Radius Accuracy                                                Table 1 (b) Distance Accuracy 

Radius (Degree) Accuracy  Distance (cm) Accuracy 

80° Sufficient  200 Sufficient 

85° Good  100 Good 

90° Excellent  80 Good 

95° Good  60 Excellent 

100° Sufficient  30 Excellent 

 

For the temperature sensor, it is to analyze automatic temperature control speed and also to analyze power consumption. Data 

obtained is to determine the voltage, current, fan speed and motor. The tested temperature is more than 32 degrees and less than 32 

degrees (32 degrees is a randomly selected value for testing purposes only). In the programming code, the researcher has set the 

temperature level according to two conditions,  i) if the temperature is less than 32 degrees, the fan will automatically turn on at 
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speed 1, ii) while if the temperature exceeds 32 degrees, the fan will automatically change the speed level from speed 1 to speed 2 

. Table shown below is for the reader to see the changes in the values of voltage, current and motor readings. 

 

Table 2 Temperature condition 

Temperature Voltage (V) Current (A) Fan Speed Motor (rpm) 

<32° 9 1.1 1 699.8 

>32° 12 1.8 2 1274.2 

 

 

7. DISCUSSION 
The findings of the study showed that it is an interactive teaching and learning that allows students to construct circuit well and 

gained correct output. Therefore, the objectives of this research are achieved. PEST has also been a necessity for students in 

performing practical work as it enhances student engagement in circuit connectivity as well as enhances student hand-on skills.  

After completing the PEST programming, the installation of casing has been done to ensure that the training process is completed.  

In this process, a complete casing is assembled with the two boxes to make it as a compartment to store the jumper wires and 

sensors. The casing is designed with complete labeling to ensure the PEST is easy to use.  Figure 5 shows the PEST with its 

specifications. The results obtained are in terms of sensor circuit connections.   

 
Figure 5 Portable Electronic Sensor Trainer and its specifications 

 

Experiment 1 - Determine the output of Ultrasonic Sensor. 

 

Ultrasonic sensor is an instrument that measures the distance from one object to another using ultrasonic sound waves. An ultrasonic 

sensor uses a transducer to send and receive ultrasonic pulses that relay back information about an object’s proximity [8]. Ultrasonic 

sensors work by emitting sound waves at a frequency too high for humans to hear. Next, they wait for the sound to be reflected 

back and calculating distance based on the time required. What equipment needed for application of this ultrasonic sensor are loop 

control, full detection and robotic detecting [12]. 

 

  
Figure 6 Circuit Connection of Ultrasonic Sensor 

 

The analysis had been constructed from the experiment as shown on the circuit connection (trainer) which had been connected to 

all components based on the figure shown in the schematic circuit connection using pin connectors. For the purpose of this research, 
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the VCC pin was connected to the pin 5V power supply, ECHO pin to pin D13, TRIGGER pin was to pin D12, GND pin to GND, 

DO pin to a pin digital I/O pin and the AO pin connected to the analogue output pin. The pin number will be based on the actual 

program code. After all the pins are connected all the pin, the data would appear on the LCD screen when the Arduino is connected 

to a computer or power bank using a USB cable. 

 

Experiment 2 - Determine the output of Vibration Sensor. 

 

Vibration Sensors used to measure vibration come in three basic types which are displacement, velocity, and acceleration. 

Displacement sensors measure changes in distance between a machine’s rotating element and its stationary housing (frame). The 

features are digital output, the default state of the switch is close and supply voltage 3.3V-5V [13]. Application of this vibration 

sensor are from the machine shafts and bearings to hard disk performance, vibration causes machine damage, early replacement, 

low performance, and inflicts a major hit on accuracy [10]. 

 

                  
Figure 7 Circuit Connection of Vibration Sensor 

 

The analysis constructed from experiment as shown on the circuit connection (trainer) that had been connected with all the 

components based on the figure shown in the wiring diagram using pin connectors. VCC pin was connected to the 5V power supply 

pin, DO pin to a digital D3 pin and the AO pin connected to the D9 pin. Pin number will be distinguished based on the actual 

program code. After connecting all the pins, data would appear on the LCD screen when Arduino is connected to a computer or 

power bank using a USB cable. 

 

Experiment 3 - Determine the output of Colour Sensor. 

 

The TCS3200 colour sensor as shown in the figure below uses a TAOS TCS3200 RGB sensor chip to detect colour. It also contains 

four white LEDs that light up the object in front of it. By selectively choosing the photodiode filter’s readings, able to detect the 

intensity of the different colours [14]. The sensor has a current-to-frequency converter that converts the photodiodes’ readings into 

a square wave with a frequency that is proportional to the light intensity of the chosen colour. The features are single-supply 

operation (2.7V to 5.5V), power down feature and support LED lamp light supplement control. The application of this TCS3200 

colour sensor is RGB LED consistency control, Industrial process control, and medical diagnostic equipment [15]. 

 

           
Figure 8 Circuit Connection of Colour Sensor 

 

The analysis constructed from the experiment as shown on the circuit connection (trainer) that had been connected with all the 

components based on the figure shown in the wiring diagram using pin connectors. VCC pin is connected to the 5V power supply, 

OUT pin to pin D8, S2 pin to the pin D7, S3 pin to pin D6, GND pin to the GND, S1 was connected to the pin D5, S0 pin to pin 

D4, DO pin connected to a digital I/O pin and the AO pin to the pin analogue output pin. The pin number will be based on the 
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actual program code. once all the pins are connected, the data would appear on the LCD screen when the Arduino is connected to 

a computer or power bank using a USB cable. 

 

8. CONCLUSION 
In conclusion, the researcher conclude that PEST is well-represented throughout the institution as it is relatively inexpensive and 

can help in meeting the syllabus’s requirement. However, it is still undergoing research for improvements in the use of LCDs as it 

can be replaced by touchscreen displays, while sensor testing can be added to more than 15 types, more compact designs and other 

requirements. The first objective is to develop a trainer kit that able to use during laboratory experiments or learning sessions in 

teaching and learning purposes. The trainer built is portable and is user-friendly. Students will find it easy to use because it is not 

very complicated and students can learn using the training kit very quickly. Thus, it will make the lecturer easy to be taught and 

ease the learning process. The trainer kit also looks attractive and futuristic which attract students to use it. Therefore the first 

objective of this research is fulfilled. 

Secondly, the objective is to invent teaching and learning tools to test 15 types of sensors. The trainer has all the 15 sensors 

programmed. Student have to use jumper wires to connect with the components according to the lab to obtain the result. Students 

can read notes and control the trainer using the mobile application created by just scanning the QR code provided by the trainer. 

The second objective is fulfilled.  The last objective is to get an output with its application of 15 types of sensors. The training kit 

has an LCD display installed to display the result obtained from every experiment. It will display the result once the experiment is 

correctly done. Students can also read and understand the notes in the App created specifically for the trainer. The third objective 

is fulfilled. 
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