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Article history: The main course learning outcome in the Sensors and Transducers subject is the ability
Received 18 August 2024 of students to present the sensing mechanism for some specific sensors. This sensing

Received in revised form 19 September 2023 principle is physical or chemical in nature and cannot be seen with bare eyes. Different
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Available online 25 July 2024 kinaesthetic domain. Hence, an interactive tool has been proposed to motivate
students to be more participate in class and increase their understanding. The
proposed tool was the Arduino board, which was connected to five different sensors:
water level sensor, infra-red sensor module, proximity sensor, pH sensor, and
thermocouple. A graphical user interface (GUI) was developed using Visual Studio
software as a monitoring system to show the sensors’ outputs interactively. The tool
can be re-developed by students from the circuit connection given in the menu of the
monitoring system. The source code for the user-friendly Arduino board can be easily
obtained from any related electronics website. The developed GUI can be installed by
students on their laptops using the created setup file. Using the interactive tool,
students can see in real-time the output of the sensors on the monitoring system by
exposing them to their corresponding measurand. All sensors work as expected and
Keywords: the GUI correctly presents the data from the sensors. The setup file can also be installed
and the tool can run successfully on the computer even without the Visual Studio
software. The positive feedback from students and their performance also showed a
positive trend. From the performance of the students, the developed tool has been
proven to improve students’ understanding of the sensors learned.
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1. Introduction

Sensors and Transducers is a three-credit course and must be taken and passed by first-year
students of the Bachelor of Applied Sciences (Electronics and Instrumentation), Universiti Malaysia
Terengganu (UMT). This course is very significant as the sensors and transducers are two important
components in any instrument used in industry from a simple type of measurement to a complex
one. The course learning outcomes are to describe the effect of the sensing mechanism for various
types of sensors, compute the value of electrical components involved in the sensor-interfacing
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circuits, and present the use of sensors in electronic applications effectively. To achieve the first
learning outcome, the course covers five different types of sensors: radiation, magnetic, thermal,
mechanical, and chemical. The students learn the sensing mechanism of sensors which is how the
sensors convert different types of non-electrical energy (radiation, magnetic, thermal, mechanical,
and chemical) into an electrical signal. All sensing principles of sensors are covered in Chapters 2 to
6.

In Chapter 1, students are first exposed to the definition of the sensor, transducer, and actuator.
Students also learn six different ways to classify the sensors based on different sources in textbooks.
Students also need to get familiar with sixteen static characteristics of sensors, so that they
understand the information given in the datasheet. In the last chapter, students also learn how to
interface the sensors to electronic circuits and calculate all parameters involved in a voltage divider
circuit, the Wheatstone Bridge, AC bridges, six different configurations of operational amplifiers, and
four types of passive filters. All the learning process is done in a 3-hour lecture per week for 14
weeks in a classroom. The teaching and learning of the subject are supported by the Sensors and
Transducers books available in the university library by different authors [1-3].

The selection of specific sensors to be taught to students can be influenced by different factors.
For example, for mechatronics students, the types of sensors may focus on the sensors widely used
in the automotive industry. For electronics students, all sensors related to electronic devices and
widely used in the electronics industry will be focused more. The specific sensors covered in this
course can be categorized based on energy as in Table 1. In total, students have to understand
nineteen different sensing mechanisms for this course. The conventional teaching method was used
before to explain about all the sensing mechanisms. The use of texts, pictures, and videos are the
most common ways to show how physical variables can be transformed into electrical parameters.
However, from the theoretical aspects discussed by Othman and Amiruddin [4], the conventional
method does not cover the need of kinaesthetic learners.

Table 1
List of sensors taught in the subject based on different energy domains
Energy Types of sensors
domain
Mechanical Switch, potentiometer, pressure sensor, piezoelectric sensor, piezoresistive sensor, water
level sensor
Magnetic Hall effect sensor, Eddy current sensor, Magnetoresistive sensor
Radiant Photoconductive cell, Photovoltaic cell, Photodiode
Thermal Thermocouples, Resistance Temperature Detectors, Thermistors
Chemical Electrochemical sensor (pH sensor, fuel cell), Thermo-chemical sensor, Optical-chemical
sensor

Many factors contribute to the performance of students at the university level [5]. The factors
can be controllable and uncontrollable by educators. The uncontrollable factors are gender, race,
family income level, and family environment, receiving grant aid, completing advanced level classes,
time allocation for studies, parent’s education, and parent’s age. Meanwhile, controllable factors are
learning abilities, attitude toward attendance in classes, study habits, and academic interaction with
teachers and peers. As educators, the teaching methods used in the class play a vital role in
interacting with students, increasing students’ interest in learning and thus improving students’
understanding.

One of the incentives to encourage students to be interested in this course is to introduce an
interactive tool as a teaching aid. The proposed tool is used to achieve the first-course learning
outcome because it is the most difficult part to understand without a strong physics background and
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covers almost 60% of the overall contents. The movements of electrons, the magnetic field, and all
effects involved in the sensing mechanism cannot be seen with bare eyes and is difficult to be
imagined by kinaesthetic students. The best way to learn for this type of learner is by doing. They
enjoy learning through hands-on methods [4]. That’s the purpose of the development of this tool.

Many different learning models have been proposed in the literature such as David Kolb’s model
that has been introduced in 1984 and revised many times [6], Honey and Mumford’s model [7],
Visual-Auditory-Kinaesthetic (VAK) model [8,9], and Neil Fleming’s Visual-Auditory-Reading-
Kinaesthetic (VARK) model [4,10,11]. Among them, Neil Fleming’s VARK model is the most widely
used as it covers all levels of education. According to the model, there are four types of learners,
which are visual domain, those who prefer to learn from graphs, charts, diagrams, etc.; aural who
best learn from lectures, discussions, tapes, etc.; read/write who prefer to read from books and write
notes, and kinaesthetic learners who learn best via explorations, projects, real experience, and
experiments. To incorporate different learning styles, educators must vary teaching and learning
activities in the classroom.

The sensors and transducers course are categorized under the Engineering, Science, and
Technology subjects. For this category, different learning styles have been discussed thoroughly [11].
In most textbooks, the sensing mechanism can be explained using text with the aid of figures. Video
animations explaining how certain sensors work by showing electrons’ movement on YouTube make
the concept easier to understand. According to Muda [12], it has been reported that the teaching
method for the Sensors and Transducers subject at UMT has been improved from one-way teacher-
centred learning to more interactive using video, question-and-answer method, more practical
examples, mind-map, pictures, and E-book. However, those techniques are only for visual, audial,
and read/write domain learners.

Different methods were discussed in the literature to include hands-on in this subject to meet
the demand from kinaesthetic learners. To support the theoretical part that has been learned in class
and help kinaesthetic learners to understand better, most educators use the sensor output to show
the effects of the sensing mechanism. The simplest and low-cost way to show the effects of sensor
output is by using a potentiometer and a fixed resistor to form a voltage divider circuit [13]. Using
this method, the behaviour of sensors can be experienced even in a classroom. Advanced circuit
sensors and transducers in the form of trainers were proposed [14,15]. The developed trainer [14]
was equipped with different sensors and transducers, while the trainer proposed by Basri et al., [15]
only has an inductive sensor which is the most important component for automotive engineering
students. Meanwhile, Sankaran et al., [16] used a project-based learning approach to teach
biosensors and transducers course. The project involved collecting and analysing the quality of the
components, checking the functions of components, setting the required parameters, calibration,
and testing, to increase students’ performance and understanding. However, these methods must
be executed in a physical environment which is now a big issue after the COVID-19 pandemic. The
best teaching method should be transferrable to online classes as well. In addition, the use of
trainer’s limits students’ understanding of the circuit connections of the sensors as they are all
embedded under the printed circuit board (PCB) layers.

A software was used to teach the subject as implemented by Wang et al., [17]. The technique is
called CDIO, which stands for conceiving, designing, implementing, and operating. However, the
objective of this subject is more on enhancing students’ ability in computer graphics and design and
it is suitable for Civil Engineering-based programs. Another software used for teaching this subject is
LabVIEW [18]. The software is used to develop an interactive graphical user interface (GUI) and linked
it with the hardware. The software is considered easy to use and does not need in-depth knowledge
of computers and indeed programming languages. However, the software itself is expensive. Branzila
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et al., [19] proposed a Laboratory Kiosk to attract students’ interest in the practical work of the
Sensors and Transducers course. The kiosk was developed as a website to present general
information about the lab, teachers, students, and their working projects. Though, the kiosk cannot
show directly the output from the sensors.

Post-COVID-19, many new methods were proposed in the literature especially those involved
with hands-on [20,21]. Trudgen and May [20] proposed a remote lab to be used for both, offline and
online teaching for the Sensors and Transducers course. The proposed remote lab was developed to
ensure the outcome of the course which is to extract numeric values from experiments using
laboratory equipment can be achieved. In addition, augmented reality-based software was used to
support online learning in the practical course of sensors and transducers by developing learning
media containing applications and animation storyboards to show how the sensors work and react
in a specific situation [21]. Both papers suggested a very interesting method, however, it is to achieve
a different course learning outcome.

Arduino is a very popular microcontroller as it uses simple programming and is very user-friendly
[22]. Low-cost Arduino-based teaching aids are becoming popular and widely used to explore and
understand the application of sensors and transducers [22-24]. According to Organtini [22], a few
experiments related to physics subjects using Arduino were presented and the results showed that
this method was suitable to increase students’ engagement in the teaching and learning experience.
Meanwhile, Suwondo et al., [23] proposed a GUI system to display data from sensors connected to
Arduino Mega 2560 in the real-time operating system (FreeRTOS) AVR environment. Although most
of the actual systems were run in RTOS, most students had a laptop with a single-user multi-tasking
operating system, such as Microsoft Windows and Apple’s MAC, and using RTOS, they can only
depend on the educators’ computer without having a chance to run on their laptop. A concept of
developing GUI to help undergraduate students was proposed to solve non-linear equations [24].
Another microcontroller-based project for educational purposes was proposed by Adam et al., [25]
to control the traffic light system using 68HC11 microcontroller.

To ensure the students have the experience of running on their own devices, Hatmojo and Azis
[26] introduced an Android-based mobile application for the Sensors and Transducers subject. The
proposed system was for vocational education, and they used Adobe Animate software to create the
GUI before exporting it to the Android SDK platform. However, this method applies only to Android
users. Another researcher who focused on the smartphone were Hendeby et al., [27]. However, the
sensor fusion thought in the subject was run in real-time MATLAB software and streamed from
smartphones over Wi-Fi. The students must learn MATLAB software to implement this method, and
it is also limited to Android users.

In this paper, the objective of developing an interactive tool is to improve students’ ability to
explain the effect of the sensing mechanism for various types of sensors, both verbally and in writing,
especially for kinaesthetic students. Arduino-based method was used in this paper where five
different sensors that represent five different energy domains were connected to the board. The GUI
was developed to show the output of the sensors in real-time interactively. The paper is organized
as follows. Section 2 presents a methodology of this work starting from the hardware and software
parts of the Arduino board, and developing a GUI for the monitoring system. The results and
thorough discussions for all sensors are presented in Section 3. The performance of the students is
also discussed. Finally, Section 4 gives the conclusions of the paper.
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2. Methodology

In the class, the lecturer cannot identify which students are dominant in certain learning style
methods. So, variation of teaching techniques is needed to ensure all domains get the knowledge
equally and not lack behind. The idea is to focus on the kinaesthetic learning style as a support to the
existing conventional method. However, the complicated programming technique must be avoided
for first-year students with no programming background. So, in this paper, an interactive tool was
developed to include a simple hands-on that can be done in class physically and can also be shared
using an online platform.

This Arduino-based system was connected to five different sensors to represent five energy
domains covered in this course, namely a thermocouple (thermal), an infra-red (IR) sensor (radiant),
a pH sensor (chemical), a proximity sensor (magnetic), and a water level sensor (mechanical). The
proposed tool integrates the technology of Arduino and GUI. The programming for Arduino uses
open-source Arduino IDE software that can be downloaded and installed for free, and the code is
simple and accessible on any website. Although the programming of the GUI is quite complicated
using the Visual Studio software, students do not have to develop their GUI from scratch because a
setup file of the GUI can be created and installed on any computer. So, students can install the
proposed GUI on their laptops and run it using their sensor and Arduino board, since the circuit
connection is given in the GUI menu.

To present how the proposed system was developed, it can be separated into hardware and
software parts. The hardware part focuses on the circuit connection of five different sensors to the
Arduino board, as shown in Step 1 of Figure 1. Once the hardware connection was completed, the
software development for the Arduino board was developed to measure the data from sensors to be
sent to the monitoring system, as in Step 2. Then, the GUI of the monitoring system was developed
using Visual Studio software to display the collected data from the Arduino board, interactively. The
whole process is presented in Figure 1.

Step 1: Connect sensors to Arduino board

v

Step 2: Develop source code to collect data from output of the

v

Step 3: Develop Graphical User Interface using Visual Studio

v

Step 4: Interface the Arduino board to the developed GUI

v

Step 5: Test and troubleshoot the proposed sytem

v

Step 6: Create application file for the developed system

v

Step 7: Install and run the application file in a computer

Fig. 1. Flowchart of the overall procedure in developing the system
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2.1 Hardware Connection

All five sensors are connected directly to the Arduino board as shown in Figure 2 to Figure 6.
Three common wires from sensors must be connected to the power supply, the ground, and the
corresponding Arduino ports based on the analogue or digital signals produced by the sensor, except
for the thermocouple, which has two extra wires.

Refer to Figure 5, due to the low voltage produced by the thermocouple, it must be connected to
the MAX6678 amplifier to increase the amplitude of voltage generated by the sensor before
connecting it to the Arduino board. Two additional pins from the amplifier are the chip select (CS)
pin to select the device when needed, and the SPI clock (SCK) pin to synchronize the communication
between the amplifier and the Arduino board.

Water Level Sensor

Proximity Sensor

METAL

Fig. 2. Circuit connection for water level sensor Fig. 3. Circuit connection for proximity sensor

Photodiode Thermocouple

M(

Fig. 4. Circuit connection for IR sensor with a Fig. 5. Circuit connection for thermocouple
photodiode as a receiver
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pPH sensor

Fig. 6. Circuit connection for pH sensor
2.2 Software Development for Arduino Board

The source code for the Arduino board was written in Arduino IDE software. The flow of the
source code can be represented in Figure 7. From the figure, the code can be written based on the
circuit connection, either digital or analogue. For digital ports, which were connected to the IR sensor
and proximity sensor, the retrieved value was either bit 1 or bit 0. However, for the analogue port,
the obtained value was the corresponding analogue-to-digital (ADC) signal which must be converted
to the actual value based on the information from the datasheet provided by the manufacturer or to
develop a simple experiment to find the relationship between the actual reading and the obtained
ADC value.

Define all variables to be displayed on monitoring system

A4

Set communication baud rate

A 4

Retrieve data from all connected ports

\ 4

For analog signal, change the obtained ADC value to the corresponding
data using mathematical equation

A4

Send all data to serial communication

Fig. 7. The flowchart of the developed source code in Arduino IDE

A simple experiment was done for the analogue water level sensor to find the relationship
between the ADC value and the actual water level. When the sensor was slowly sunk into a cup of
water, the depth of the water was measured, and the corresponding ADC value displayed on the
monitor was recorded. The relationship between the height of the water level, h,,;, and the ADC
value, X,,;, can then be obtained as the following Eq. (1):
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le (1)

th = X h.m

Xm,wl

where the maximum height of the sensor used, h,, is 4 cm, and the maximum ADC value produced
by the sensor, X;, ,,; is 630.

For the thermocouple, the library of MAX6675 can be included in the software, and the built-in
function to read the temperature value in degrees Celsius, can be used easily. All related equations
are included in the built-in function.

The last analogue sensor is the pH sensor, where the datasheet was used to find the relationship
between the retrieved ADC value and the actual pH value that should be displayed on the monitoring
system. From the relationship between the ADC value, X, 4, and output voltage, V,,y, of the sensor in
mV, the following Eq. (2) can be obtained:

XpH X Vfullscale (2)
Xm,pH Xn

VpH =

where full-scale voltage, Viyiscate, is taken as 5V, the maximum ADC value of 10-bit ADC, Xy, ,, is
1023, and n is the number of samples taken in X,,; readings. From the V,,, the actual pH value can
be obtained from the following Eq. (3):

pH value =V, Xm (3)

where pH value is directly proportional to V,,; with a constant of variation, m, is 3.5. All the collected
data was then sent to the serial port connected to the computer via a USB cable.

2.3 Software Development for Monitoring System

Three important criteria were used to determine the selection of the software for monitoring,
i.e., the capability of setting up communication between the Arduino board and the software, the
availability of GUI components provided by the software, and the ability to create setup files for
installation on other computers. In this project, the Visual Studio IDE software was selected as it is
user-friendly and can be installed using a community license for free.

2.3.1 Serial communication
The serial communication menu as shown in Figure 8, must be included in the monitoring system
to set up communication between the Arduino board and the application file. Using the menu, the

user can choose the available communication port, the baud rate, and connect and disconnect the
connection using the provided button. The status of the connection was also displayed.
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COM PORT Settings COM PORT Settings COM PORT Settings
COM PORT : - COM PORT : |cOM4 ~|  COMPORT: |coms =
COM3
BAUD RATE : W_ BAUD RATE : [9600 ~|  BAUDRATE: |9600 y
9600
STATUS - STATUS - ﬁgggo STATUS : _
DISCONNECTED CONNECTED CONNECTED
Connect Disconnect Disconnect

(a) (b) (c)
Fig. 8. Set up communication between Arduino board and monitoring system (a) port selection (b) baud
rate selection (c) port is connected

2.3.2 Monitoring menu

For the water level sensor, five menus were provided as shown in Figure 9: the sensor’s output
voltage, the corresponding ADC value, and the actual water level value. The vertical progress bar was
also used to represent the water level interactively and the info button was provided to help the
users know how to connect the sensor to the Arduino board.

Water Level Sensor Water Level Sensor Water Level Sensor

4dcm 4cm 4dcm

Output Vokage : Output Vokage : [ 291 | Output Vokage :

ADCVae: [ 0| ADC Value : ADC Value :

Water Level : IIl Water Level : Water Level
oo Ocm

Info

Info Thi Info

(a) (b) (c)
Fig. 9. Water level sensor menu on the monitoring system (a) no water (b) water level at 2 cm (c) water level
at3cm

For the pH sensor, six menus were available to be monitored: output voltage, ADC value, the
actual pH value, and the status of the measured specimen, either acidic, neutral, or alkaline, as
depicted in Figure 10. The vertical progress bar showed the pH value interactively, and the info button
was also provided to guide the user on the connection between the pH sensor and the Arduino board.
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pH Sensor pH Sensor pH Sensor
14 14 14
Output Voltage : | 2.14 Output Voktage : | 2.37 Output Voltage :
ADC Value : ADC Value: | 485 ADC Value :
pHValue: | 748 pH Value : | 829 pH Value: | 208
Specimen Type : NEUTRAL Specimen Type :  ALKALINE Specimen Type : ACIDIC
Info 0 Info Info 0 -

(a) (b) (c)
Fig. 10. pH sensor menu on the monitoring system for (a) water (b) aqueous solution of sodium bicarbonate
(c) vinegar

IR sensor module is a digital sensor that only produces either 1 or 0 to indicate whether the object
is detected or not. It consists of IR LED to transmit IR light to the object, and reflect light from the
object captured by the photodiode. The monitoring menu for the sensor is only four, which are digital
values retrieved from the sensor, the corresponding output voltage, the status of whether the sensor
detects an object or not, and the info button to show the connection between the IR sensor and the
Arduino board as depicted in Figure 11.

Photodiode Photodiode
Output Voltage : | 5.00 I Output Voltage | 0.00 l
Digital Value : | 1 | Digital Value : | 0 |
Status : NO OBJECT DETECTED Status : OBJECT DETECTED!
Info Info

(a) (b)

Fig. 11. IR sensor menu on the monitoring system

Similar to the IR sensor, the proximity sensor is also a digital sensor, thus the information that
can be retrieved from the sensor is either bit 1 or 0. From the data, the corresponding output voltage
can also be displayed, and the status of metal detection can be obtained as in Figure 12. The info
menu is also provided to display the connection of the sensor.
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Proximity Sensor Proximity Sensor

QOutput Voltage : | 5.00 I Output Voltage : I 0.00 |
Digttal Value : | 1 | Digital Value : I 0 ]
Status : NO METAL DETECTED Status : METAL DETECTED!!
Info Info

(a) (b)

Fig. 12. Proximity sensor menu on the monitoring system

The temperature value measured from the thermocouple is displayed in text and using the
progressive bar as shown in Figure 13. The status menu is added to show that from the measured
value, the monitoring system can be used to identify the temperature status, whether cold, normal,
or hot. Similarly, the info button guides the user connection between the thermocouple and the
Arduino board.

Themocouple Themocouple Themocouple
100 100 100
Temperature : | 2525 [degC Temperature : deg C Temperature : | 93.25 |degC
Status : COLD Status : NORMAL Status : HOT

Info 0 - — 0

(a) (b) ()

Info 0

Value of "102" is not valid for "Value'. 'Value' should be between
‘minimum’ and ‘'maximum’,
Parameter name: Value

(d)

Fig. 13. Thermocouple menu on the monitoring system at different conditions (a) cold (b) normal (c) hot (d)
greater than 100°C

2.3.3 Create a setup file
The developed monitoring system was tested a few times to make sure all the menus correctly

displayed the data sent from the Arduino board by comparing the values shown in the GUI and the
monitoring windows on Arduino IDE software before the setup file was created. The setup file could
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be used to install and run the monitoring system on another computer even if the computer was not
installed with the Visual Studio software.

3. Results

This section presents how to use the proposed tool, what happens to each menu when the
collected data from the sensors change, and how the user interacts with the menu.

3.1 Serial Communication

For setup serial communication between the Arduino board and the monitoring system
application, the COM PORT menu shows all the available ports on the computer as shown in Figure
8. The user needs to choose the correct port from the list. Then, the user also needs to choose the
correct baud rate, which is the same rate as in the programming of serial communication on the
Arduino board. After choosing the correct port and baud rate, the user presses the connect button
to set up the communication. Once the connection is established, the status changes to CONNECTED.
To disconnect the communication, the user simply presses the Disconnect button.

3.2 Monitoring Menu

The proposed tool was tested for each sensor to validate the data displayed on the monitoring
system. First, the water level sensor was tested by soaking the sensor in a cup of water. Before
soaking, the initial value displayed on the monitor was zero, which is correct as shown in Figure 9(a).
Then, the sensor slowly dipped into water, and the correct reading was displayed on the monitor as
in Figures 9(b) and (c). The corresponding output voltage and ADC value were also correctly displayed
following Eq. (1). The water level value was set as an integer to be used in programming the vertical
progress bar, so no decimal point was displayed, and the water level increased for every 1 cm.
Although the resolution was high, the most important thing to focus on was the change in water
level. If the user presses the Info button, Figure 2 will be popped up so the students know how to
connect the sensor to the Arduino board.

From Figure 2, it can be seen clearly that the water level sensor used consists of ten lines of bare
conducting wires, five power traces, and five sense traces. These traces are interlaced in parallel.
These traces are not connected, in other words, it has high resistance and low in terms of
conductivity, which does not allow any current to flow from the power trace to the sense trace. When
the sensor is dipped into water, the water becomes a bridge between the power and the sense trace,
thus reducing the resistivity and increasing conductivity. The higher the water level, the higher the
conductivity of the sensor and produce higher voltage.

To test the pH sensor, the sensor was exposed to water with a known range of pH value of around
7, an aqueous solution of Sodium Bicarbonate with a pH of around 8, and vinegar with a pH of around
2. Before getting readings from different specimens, the sensor was washed with water to remove
the previous specimen on the sensor. The readings shown on the monitor as in Figure 10 were
validated with the data from the internet. When the user presses the Info button, Figure 6 will be
shown.

From Figure 6, the pH electrode is composed of two different tubes, a reference, and a
measurement tube. Both tubes are filled with a neutral solution, potassium chloride. Inside the tubes
are silver/silver chloride (Ag/AgCl) wires. The measurement tube is made of a sensitive glass
membrane, with the end of the tube in bulb shape. The bulb glass can be seen clearly at the end of
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the electrode. Meanwhile, the reference tube is inside the casing. When the glass tube is exposed to
the tested solution, Hydrogen ions (H*) in the solution that is small size in nature can penetrate the
membrane glass to be detected by the Ag/AgCl wire. Using Nernst in Eq. (4), the relationship between
electrical voltage, U and H* concentration can be obtained, where U, is the initial voltage, R is the
universal gas constant, T is absolute temperature, n is the number of electrons, and F is the Faraday
constant.

— RT +
U= Up+-—xIn(H") (4)

If the tested solution is neutral, the H* concentration in the reference and the measurement tubes
are the same, thus producing the same electrical voltage, and the potential difference between the
wires is zero. Meanwhile, for an acidic solution, the concentration of H* is higher, thus producing
higher electrical voltage and positive potential difference. In contrast, the alkaline solution has less
H* and produces low voltage and negative potential difference. The pull-up resistor is used to change
the range of voltage produced by the sensor. The pH value can be calculated from Eq. (3).

For the IR sensor, the photodiode is connected in reverse bias, where the p-type material is
connected to the negative terminal and the n-type material is connected to the positive terminal
power supply. This connection produces a high potential barrier that prevents the flow of current
inside the photodiode. Thus, no current flows during no or low intensity of light. When the photon
from light strikes the photodiode, the electron-hole pairs are generated, known as the inner
photoelectric effect. These carriers are swept from the p-n junction by the built-in electric field of the
depletion region. Thus, the holes move towards the anode side and the electrons move towards the
cathode side. The movement of carriers produces a photocurrent.

To validate the theoretical concept of the photodiode, a simple experiment was done to expose
the IR sensor to any object, both metal and non-metal. The sensor can detect all objects except black
objects. For a black object, all lights were absorbed by the object, and the photodiode received no
reflected light. Thus, the sensor cannot produce a photocurrent to indicate that the object was
detected. For other objects that can reflect the light, the reflected light strikes the photodiode to
produce current. From the experiment, the digital value, the corresponding output voltage, and the
detection status were displayed correctly as shown in Figure 11. The Info button is used to display
Figure 4.

The proximity sensor was used to detect metal. Similar to the IR sensor, only two values were
generated by the sensor, either 1 or 0, and the corresponding voltage was either 5V or OV. It uses the
concept of Eddy current. When the proximity sensor is connected to the power supply, the inductor
inside it turns to be a magnet, which has a magnetic field. When the magnetic field is passing through
a surface, it creates a flux. When there is no movement, the flux is not changing, consequently, no
current is induced. However, when there is movement, either close to far from the metal object, the
change of flux induced the Eddy current on the surface of the metal due to Lenz’s Law. The Eddy
current can be induced on non-metal objects. The status of whether the metal was detected or not
was validated correctly with a simple experiment by closing the metal or non-metal to the sensor. If
the non-metal object was close to the sensor, it gave a value of 1, and 0 when metal was detected.
The results obtained were shown in Figure 12. Similarly, the Info button is used to display the circuit
connection as shown in Figure 3.

Thermocouples consist of two dissimilar metals, joined together at one end. Using the Seebeck
Effect, a conductor generates a voltage when subjected to a temperature gradient. For two different
metals with differences in their thermal conductivities, the speed of electrons move varies with
different metals at the same temperature. Thus, the voltage is generated between two junctions.
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The higher the temperature difference, the higher the voltage. The thermocouple monitoring menu
showed the detected temperature value and displayed the hot status for temperatures greater than
50°C, cold if the temperature was lower than 30°C and normal for others. The displayed temperature
was validated for cold conditions by comparing it with the air conditioning value. Meanwhile, the
sensor was exposed to a heat source, i.e., a lighter, to get normal and hot conditions, and the results
were shown in Figure 13. Although the thermocouple can measure higher than 1000°C, for safety
reasons, the vertical progress bar set the limit up to 100°C only. Over the limit, the error message
popped up as in Figure 13(d). The Info button is used to show Figure 5.

3.3 Overall System Performance

Once the setup file was created, it was tested by installing the file on a computer that did not
have the Visual Studio software, and the file was successfully installed. The overall monitoring system
of the GUI can be seen in Figure 14.

g Sensors Monitoring System

- m] X
COM PORT Settings Water Level Sensor pH Sensor
4cm 14

M :

COM PORT : |COM4 e Output Voltage : | 0.55
Output Voltage : |  2.00
BAUD RATE : | 115200 v ADC Value : | 114
ADC Value : -264
pH Value :
sarus | Water Level

Specimen Type : ACIDIC
CONNECTED

Info m Info 0
Disconnect Ocm g |

Photodiode Themocouple Proximity Sensor
100
Output Voltage : Output Voltage :
Temperature : | 2425 |degC
: Status : COLD
- M A n
Status : OBJECT DETECTED! Status : METAL DETECTED!!

Info Info 0 - Info

Fig. 14. The overall sensor monitoring system

3.4 Students’ Feedbacks

In early 2022, Malaysia was shifting from the pandemic to the endemic phase of COVID-19. Thus,
the lecture started with an online class for three weeks before shifting to a hybrid and slowly to a
fully physical class. During the online class, the lecturer shared the tool by demonstrating how the
sensor was exposed to the measurand using the DroidCam application and at the same time shared
the screen with students so they could see both the circuits and the monitoring system as in Figure
15. The same way was used during the hybrid, but the students in the class had the advantage of
seeing the demonstration live. Since the tool can be installed on any computer, when the class started
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physically, the students had the chance to conduct the experiment and see the changes directly on
the monitoring system using a computer provided in the lecture hall. However, since the students
attended the class physically towards the end of the semester, they had no chance to buy Arduino
and sensors and install the software on their laptops.

DroidCam O X [M@ Sensors Monitoring System - o

SENSORS MONITORING SYSTEM

COM PORT Setings. Water Level Sensor pH Sensor

4om 1
COM PORT: |COM4 ~ Output Vokage : | 185

Output Votage
BAUD RATE: 115200 v ADC Value : [ 378 ]
o e [58]
pH Vale
sarus: waerleve: [ 3]
Specimen Type : ACIDC
CONNECTED
rio o 0
= e
Protodode Themocouple Proindy Sensor
8 100
Ot Ve RO - —
Temperature : [ 27.
oo [ 1] v [ o ot T ]
Sttus: NORMAL
Status: NO OBJECT DETECTED Sttus : NO METAL DETECTED
o rio 0 - o

Fig. 15. Demonstrating the proposed tool to students

At the end of the semester, students were given a feedback form to see their opinions on the
proposed tool. The feedback can be seen in Figure 16. For Question 1, students were asked if they
agree to have a better understanding if the actual sensor shown to them after learning the sensing
mechanism. From the feedback, 96% of students agreed to understand better the concepts taughtin
the class after experiencing the simple experiment. For Question 2, students were asked if they agree
to have a better understanding if they are allowed to develop the system shown in the class. A total
of 92% agreed to understand better if they had a chance to develop the circuit by themselves.

Question 1 Question 2
4% 2% 2%

|

=Yes =No

=Yes = Half - No = Definitely, with a proper arrangement

(a) (b)
Fig. 16. Feedback from students for (a) Question 1 (b) Question 2

Some comments from students were also collected from the feedback as follows:

i. |like that lecturer demonstrated the actual sensor.
ii. Having a demo and doing it together with students
iii.  Veryfunand learned
iv.  Having a demo about the circuit in real
v. Interested in developing the system with a proper arrangement
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3.4 Students’ Performance

Students’ performance was measured based on the final exam questions. The students were
asked to select three of five types of sensors to explain their sensing mechanism in an essay form.
From the five questions, two questions were related to the sensors used in the interactive tool, which
are the IR sensor consisting of the photodiode in question 4 (Q4) and the proximity sensor that used
the converting principle of Eddy Current in question 3 (Q3). Meanwhile, three other questions were
not used in the proposed interactive tools, which are Question 1 (Q1) — Potentiometer, Question 2
(Q2) — Resistance Temperature Detector (RTD), and Question 5 (Q5) — Fuel cell. The average marks
for each question were analysed.

From the average marks obtained for each question in Figure 17, it can be seen that the highest
average mark was Q4 followed by Q3, Q2, Q5, and lastly Q1. Both sensors used in the tools had high
average marks, indicating that the proposed tool increased the understanding level of students on
the theoretical parts of the sensors. Students can better explain for Q4 and Q3 than questions about
sensors that are not included in the proposed system.

Q1 Q2 Q3 Q4 Q5

Number of questions

Average marks

O L N W b U O N 0 ©

Fig. 17. Average marks for each question
4. Conclusions

The interactive tool to learn the Sensor and Transducer subject was proposed to enhance the
understanding of kinaesthetic domain learners. It can be proven from the students’ average marks
in the final exam. The proposed tool is not only successfully worked, but also can be used as an
additional teaching aid via online, hybrid, or physical classes. The positive feedback from students
and students’ performance also points to a positive trend, in which students participate more in the
class and gain a better understanding. For future extend, the tool can also be connected to all types
of sensors taught in the class. The GUI concept can also be applied to other subjects such as
mathematics and physics to be more interesting to learn.
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