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architecture consists of the master that sends the control’s reference
commands to a real-time cloud database and the slave robot’s controller

MIT App Inventor that uses the commands from the cloud to move the robot. The results of
Master-slave the indoor floor test showed that the robot moved according to the

instructions given by the masters in the forward, backward, left and right
DOI: directions at two different speeds and stopped the navigation when
10.24191/jerinn.v11i2.631 moving closer to an obstacle at a predetermined distance limit. The

successful results proved the practicality of the master-slave control, the
established wireless communication, software and hardware interfaces
and the IoT integration.

1. INTRODUCTION

In many industrial and service applications, robotic arms are often fixed in one place, which limits their
ability to move freely and reduces overall flexibility and efficiency (Yamamoto et al., 2021). Traditional
control systems use wired connections, RF transmission, or Bluetooth with physical controllers (Gore, et
al., 2019), which have become less practical in modern environments where robot’s movement across
different locations is needed. These conventional systems also require operators and robot to stay close to
each other, making operations more difficult and less natural.

Recent mobile robotic platforms have been designed to work in various types of environments and
offer more flexibility than traditional static robots (Song et al., 2023). These robots became smarter and
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more efficient when combined with wireless and IoT technologies, which allowed real-time monitoring,
cloud-based control, and data sharing (Bhala et al., 2023), (Munasinghe et al., 2019). They were especially
useful in dangerous and difficult workplaces such as in agriculture, industrial factories and disaster areas
(Xiang et al., 2024).

In the manufacturing industry, the application of mobile robots in tasks such as material transfer,
machine monitoring and maintenance work has proven to reduce dependence on human operators and
further save production time. In agriculture, they are used to monitor crops, spray pesticides, and harvest
crops. During disasters, they are used for search and rescue, deliver supplies, and inspect building damage
(Jing et al., 2022). Meanwhile, in terms of mobile robot control, various control methods have been
introduced to meet the needs in various environments and requirements. For example, a hand gesture
control method developed by Ullah et al. (2019) utilized MPU6050 sensors (accelerometer and gyro
sensors) to measure tilt movements of human hand gesture and converted them to forward, backward, left,
and right commands for their robot. In the work by Koh et al. (2023), the information of moving obstacles
measured by a 2D range scanner was used to estimate the obstacle trajectory for their obstacle avoidance
method in an indoor environment. Their proposed method aimed in simplifying the complexity of detecting
and tracking dynamic obstacles (Lee et al., 2021) when using low-cost sensors for obstacle avoidance
strategy.

Many studies supported the idea of building gestures and application-based mobile robots. Works by
Kale and Sakhare (2020), Mhetre et al. (2023) and Yunus (2022) used RF communication for the
transmission of the user’s hand gesture data measured by accelerometer sensor to be sent to motor
controller. These studies have shown the development of hardware that realized gesture-controlled mobile
robots but have not demonstrated the interoperability and efficiency of the wireless communication for real-
time control of their robots. Similar study by Sriram and Palaniswamya (2019) applied an image recognition
of user’s hand gesture as an easier way for the disabled or senior citizens to select the predefined mobile
robot paths for task execution of the robot. On the other hand, a wireless communication platform that can
continuously changes its transmission rate was introduced by De Sant Ana et al. (2023) to generate better
precision and accuracy of their autonomous mobile robot trajectory based on sensor and control data. This
method provides better control results when compared to using a fixed data rate in numerical analysis tests
for trajectory accuracy, thus demonstrating the importance of having a reliable and suitable communication
platform for increasingly challenging robotic applications.

In addition to the various wireless communication platforms available for mobile robot applications,
current technology also demands the use of Internet of Things (IoT) to provide flexible access to robot
control and execution, directly by users. The use of IoT is very broad as it can be embedded in a variety of
devices from home electronics to industrial machines as long as they are connected to the Internet, enabling
communication of data and information in near real time (Younis & Alwan, 2023). Study related to using
IoT include work by Roy et al. (2024) who developed an IoT platform in wristband device that collect
physical pressure, oxygen level and pulse rate of the user as a protection device for women when attacked
by a stranger. Other studies related to healthcare monitoring were done by Mujeeb Rahman et al. (2023)
and Buthelezi et al. (2022) where their measurement devices collect user’s physiological measurements
such as electrocardiogram, oxygen saturation, body temperature, pulse rate and etc. for patients staying at
home or in remote arecas. However, these studies involve measuring and displaying data on smart devices
only, which is different from IoT applications for robotic systems that involve more complex components
including physical sensors and robot actuators.

Therefore, in this work, a mobile robot carrying a robot arm shown in Fig. 1 which was previously
developed by Hisam (2025) was proposed using a master-slave wireless controlled method. By bringing
the robot arm to the user's desired destination, it can increase the usability of the robot to perform tasks in
different locations, thus reducing the cost of using multiple robots. The wireless master-slave robot control
system consists of an IoT app as the first master and a hand gesture measurement device as the second
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master that were used to navigate a mobile robot named MoBOT as the slave to a destination according to
the user’s commands. For the implementation of IoT features, a mobile application was designed using
MIT App Inventor to send commands from anywhere as long as internet access is available. The IoT
application enables the master and the slave controllers to send or receive data and commands via internet
and cloud database.

Fig. 1. Previously developed 4-DoF robot arm

2.  WIRELESS GESTURE-BASED MOBILE ROBOT SYSTEM

The work aimed to develop a wireless, gesture-based control system for a mobile robot, addressing the
limitations of fixed robotic arm setups and wired controls. The work consists of three main phases which
includes investigation of suitable open-source software platform for IoT application, development of the
hardware and software interfaces and programming of the master and slave, and verification of the robot
performance. In the first phase, literature investigation was done to compare the specifications of different
open-source software platforms available in the market where MIT App Inventor was identified and chosen
for the next phase. The robot hardware was designed and assembled, and the controllers of the master device
and slave robot were programmed to convert sensor data to the equivalent input for moving the motors of
the robot in phase 2. An IoT application using MIT App Inventor as the main master has also been
developed in this phase. Finally, the prototype was tested in phase 3 to verify the performance of MoBOT
when using hand-gesture based controller and the MIT App Inventor as the two masters.

2.1 Phase 1: Wireless connectivity options and IoT platforms

In this phase, the work investigated the best way to connect the master device and the slave robot
wirelessly as well as selecting the suitable open-source software platform for loT application. Three
common wireless connection types were investigated i.e. Bluetooth direct master-slave, MAC address
connection, and WiFi-based cloud connectivity. Bluetooth method offers cost effective and fast
communication over short range but requires pairing, while MAC address connection allows devices to
connect with each other on a network but lacks security. Meanwhile, WiFi uses radio waves for transferring
data in short distance and allows devices to be connected with internet which offers access to cloud
platforms like Firebase for long-range control and monitoring, making it more flexible for users (Younis &
Alwan, 2023). After comparing all options, WiFi was chosen as the most suitable method due to its wide
availability and compatibility with the required features.
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The comparison between MIT App Inventor, Kodular, and ThingSpeak as available open-source
software platforms for IoT application are listed in Table 1. MIT App Inventor is a user-friendly with drag-
and-drop features and supports real-time control through WiFi and Bluetooth, though it requires installing
and updating APK files manually and works best on older Android versions. Kodular offers more advanced
tools and easier updates via QR code but it is challenging to learn (Roy et al., 2024). ThingSpeak is good
for visualizing sensor data but its limitation in transmitting real-time signal could cause delayed and lost
signal data. Based on simplicity and functionality, MIT App Inventor was chosen to be used for designing
the master control via [oT application. MIT App Inventor has been integrated with Google Firebase, as it
is easy to use, offers powerful integration capabilities, and supports real-time control functions (Younis &
Alwan, 2023).

Google Firebase works as the main communication system to provide real-time database for data
transfer between the master and slave. It is connected to two master devices as input; the master that
measures the hand gestures of the user wearing the glove device and the master MIT App Inventor’s IoT
app. The master hand glove controller converts its MPU6050 sensor data to the equivalent user’s hand
gesture angle and send it to the cloud to be retrieved by the slave robot to move the mobile robot according
to the commands. The slave robot or MoBOT could move at two speeds, turn left and right using differential
motor control, and stop if an object is detected in its path by the ultrasonic sensors.

Meanwhile, the MIT App Inventor master uses block-based programming as shown in Fig. 2, which is
easy to understand and modify. Each block handled an event that updated the database in real time to
provide smooth and quick communication between the application and the robot controller.

Table 1. Comparison between three open-source software platforms

Criteria MIT App inventor Kodular Thing Speak

Simple and focuses on the function Dashboards for visualizing IoT

g:‘sgie N design. Best for basic app aHdl\%:rll};:él;tomdzzﬁliitesrla?:l(%%r data (charts, graphs) like things
& development and IoT integration. PP ’ board.
User Beginner-friendly. Drag-and-drop Drag-and-drop programming Limited to data presentation.
. ; require extra knowledge for . .
interface block-based programming. . - Primarily used for monitoring.
complicated designs.
Cloud Able to connect to external cloud
Service Supports Google Firebase cloud services such as Firebase. [oT data It has its own clouds. Limited
. data storage. visualization must be setup cloud function.
Provider
manually.
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Fig. 2. Part of the coding created using the MIT App Inventor for sending data to slave controller

2.2 Phase 2: Integration of hardware and software platforms

An ESP32 Dev Board serves as the main controller board for both the master and slave units, with its
built-in WiFi and Bluetooth enabling wireless communication and data transfer through Firebase cloud.
Arduino IDE was used to write and upload the programming codes to the ESP32. The hand gesture master
as shown in Fig. 3(a), is a wearable glove that houses a controller board and an MPU6050 module consisting
of a 3-axis accelerometer and gyroscope sensor. The master controller converts the user's hand gesture into
tilt angles in 3-axis directions before sending them to the cloud. Only 8, and 6,, were used.

For the IoT master, MIT App Inventor was used to design a mobile control application for users to
direct the robot's movements using user-friendly IoT app on mobile devices. Google Firebase acts as a
cloud-based real-time database to store and transfer commands between the master, slave, and MIT Inventor
application, ensuring complete remote control functionality. The user interface (Ul) in Fig. 3(b) shows the
motor direction and speed buttons in the IoT application, resembling a robot control console. The control
buttons include Stop (ST), Left (LT), Right (RT), Forward Speed Level 1(FR), Forward Speed Level
2(FR2), Backward Speed Level 1(BK), and Backward Speed Level 2 (BK2). When the user presses any of
these buttons, the app sends commands to the Firebase database and the slave controller will retrieve the
commands from the cloud to move the motors of MoBOT in real time remotely. To ensure that the user has
full control over the robot's movements, the IoT master has been programmed as the main control master
that can override the commands sent by the hand glove master.

Fig. 3(c) shows the slave unit consisting of a mobile robot with two ultrasonic sensors, a controller
board, a motor driver, two DC motors, and it carries a robot arm on it. Slave controller uses data from the
cloud to drive the robot’s wheels using L298N motor driver via differential control. L298N motor driver
pin settings use a combination of ENA and ENB pins to set the motor speed, and IN1-IN4 pins for the
motor direction. For higher speeds (FR2, BK2), the same pin directions are used with higher ENA and ENB
values. Meanwhile, ultrasonic sensors installed at the front and back of the robot are used to detect obstacles
and used by the programming to stop the motor to avoid collision when obstacle is detected within 20 cm

from the robot.
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Figure 4(a) shows the architecture of the hand glove master unit which receives input from the
MPU6050 accelerometer and gyroscope modules. Through its built-in WiFi module, the ESP32
microcontroller sends the converted angle data to the Firebase real-time database under the previous
“movement” bucket in Fig. 2. Next, Fig. 4(b) shows the architecture of the slave robot that uses the ESP32

to read commands from the Firebase database.
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(b) UI of Master MIT Inventor App

(c) Slave mobile robot

Fig. 3. Masters and slave of MOBOT
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(b) Slave MoBOT controller for receiving command

Fig. 4. The architecture of the master hand glove and slave units

2.3 Phase 3: Validation through simulation and experimental tests

The final phase was testing and validating the IoT and MoBOT systems to ensure that all master and
slave units were functioning properly. First, through the master using hand gestures, testing was performed
to ensure that the master could send data to Firebase and the slave robot could follow the instructions
accordingly. For the IoT app as the master, data was sent to Firebase via MIT App Inventor to generate
commands to the slave robot. This was followed by testing the robot in real time with obstacles to test the
obstacle detection algorithm and MoBOT’s actions to avoid collisions. Any issues detected during
validation were addressed through hardware and software fixes.

Motor differential control was used in the project to manage the turning movement of MoBOT by
adjusting the speed and direction of the motors on each side as in Table 2. This method allows the robot to
turn left or right without using a steering mechanism, by simply changing the rotation of the motors. VM
represents the speed amount of the motor rotation. The maximum speed that the motor can achieve is
represented as 1M which is equivalent to 255, the maximum value of an 8-bit processor. Decreasing the
https://doi.org/10.24191/jcrinn.v11i2.631
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value will slow down the motor speed thus helping in controlling the movement of the MoBOT more
efficiently, especially during turns. If the VM value is positive, the motor will rotate in the forward direction
while for a negative VM, the motor will rotate in the opposite direction. This is an important strategy when
moving a robot using differential motor control, where one motor moves forward and the other moves
backward to rotate the robot around a point.

Table 2. Motor differential control

MoBOT movement Angle Accelerometer Left Wheel Speed Right Wheel Speed
Stop 70°<60,<110°&70°<0,<110° - -

Left 0,<70° —0.5 VM 1 VM

Right 6,>110° 1 VM -0.5 VM

Forward1 90°<6,<139° 0.5 VM 0.5 VM

Forward2 140 °<6,<180° 1 VM 1 VM

Backward1 50°<6,<89° -0.5 VM -0.5 VM
Backward2 0°<6,<49° -1 VM -1 VM

3. RESULTS AND DISCUSSION

3.1 Confirmation of two-speed levels

A basic test was conducted to evaluate the time required for the robot to reach a 4-meter-long track.
The calculated speed values in Table 3 confirm that the slave controller and motor driver have responded
according to the two desired speed levels, FR and FR2, as programmed in the slave controller.

Table 3. Two-speed levels

Speed Level 1 Speed Level 2

FR Normal Speed 1: FR2 Faster Speed 2:

FR—4m—016 FR2—4m—027
=255 0d6m/s =155 027m/s

3.2 Motor driver output voltage for different MoBOT directions

Fig. 5 shows the measured voltage signals sent to the right and left motors from the motor driver for
different directions. L298N motor driver generates high power PWM to run the motor and uses H-bridge
circuit to control the speed and directions. During the forward movement, both the right and left motors
received equal PWM signals, shown in green line, with a voltage level of around 11.96V to 11.98V. This
indicates that both motors were rotating in the same direction and at the same speed, allowing the robot to
move straight forward. The consistent voltage level between both motors confirmed that the robot
maintained balance and did not drift to either side. For backward movement shown in red lines, both motors
received equal signals but the PWM polarity was reversed to rotate the motors in the opposite direction.

When the robot performs a turning motion, a different PWM signal is applied to each motor to create
the differential control. For a right turn, the left motor continues to move forward (green waveform), while
the right motor is reversed (red waveform). This causes the robot to rotate or spin to the right around its
midpoint. The voltage levels remain nearly the same, indicating that the turn is balanced and controlled by
direction rather than speed difference. The opposite method is used to control both motors for a left turn.

https://doi.org/10.24191/jcrinn.v11i2.631
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This turning behavior demonstrates a turn in place which is efficient for mobile platforms operating in
confined spaces.

Forward Backward Turning Right Turning Left
11.96V
Right Motor(V)
ov
11.98V
Left Motor(V)
ov
i |
i |
1 l

Fig. 5. Measured output voltage from the motor driver for different motor directions

3.3 Motor driver output voltage in the presence of obstacles

Fig. 6 shows the measured voltage signals sent to both the right and left motors for a forward direction
when the front ultrasonic sensor detects obstacles at two different distances from the MoBOT. When the
obstacle is more than 20 cm from the robot, the actuating voltage sent to the motors keep the robot moving
forward. When the obstacle reached 20 cm or less, the output voltage drops to OV as shown in the red line,
which triggered the robot to stop. This behavior indicates that the ultrasonic sensor has successfully detected
the nearby objects and sent the correct signal to stop the robot in time to avoid collision.

Finally, Fig. 7 shows the snapshots of MoBOT navigation test using the proposed master-slave system.
For the MIT app master, the IoT app was displayed on a handheld tab to control the robot like using a robot
control console (Fig. 7(e) — 7(1)).

1 } | 1
From Front Ultrasonic sensor Distance >20cm Distance <=20cm

11.99V
Distance to
Obstacle 200cm to 20cm

o

Fig. 6. Voltage output measured from motor driver in the presence of obstacle
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(h) Master MIT App instructed moving backward

(g) Master MIT App turning left
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(i) Automatically stopped to avoid the door (j) Automatically stopped to avoid the wall

Fig. 7. Snapshots of MoBOT navigation using master-slave system

4. CONCLUSION

This work has solved the problem of static robot arms and the execution of robot tasks at a fixed location
by developing a wireless master-slave mobile robot system control via an IoT application as the first master
and a hand glove device as the second master. The master unit uses a hand glove with an MPU6050 sensor
to measure hand gestures, while the slave robot uses a DC motor to move the robot and an ultrasonic sensor
to detect obstacles. To ensure user’s full control over the robot's movements, the IoT master has been
programmed as the main control master that can override the commands sent by the hand glove master. A
Firebase cloud database is used to store data sent by the master and retrieved by the slave, allowing for
wireless remote control of the mobile robot. The successful navigation results of MoBOT in experimental
tests demonstrate the feasibility of both masters for the robot master-slave system, proving the practicality
of the wireless communication, software and hardware interfaces, obstacle detection algorithm, speed and
direction control, and IoT integration. For future applications in undefined environments, 3D laser sensors
can be added for obstacle recognition and used in autonomous obstacle avoidance navigation methods.
Furthermore, compact and long-lasting batteries can be used to provide sufficient power supply to the robot
for longer usage distances.
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