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Abstract: Environmental monitoring is essential for accessing and avoiding
the undesirable situations in industries along with ensuring the safety of
workers. Moreover, inspecting and monitoring of environmental parameters
by humans lead to various health concerns, which in turn brings to the
requirement of monitoring the environment by robotics. In this paper, we have
designed and implemented a cost-efficient robotic vehicle for the computation
of various environmental parameters such as temperature, radiation, smoke,
and pressure with the help of sensors. Furthermore, the robotic vehicle is
designed in such a way that it can be dually controlled by using the remote
control along with the distant computer. In addition, contrary to the existing
researches, the GSM modules are used to achieve the two-way long distance
communication between the robotic vehicle and the distant computer. On
the distant computer, the above-mentioned environmental parameters can
be monitored along with controlling the robotic vehicle with the help of
Graphical User Interface (GUI). In order to fulfill the given tasks, we have
proposed two algorithms implemented at the robotic vehicle and the distant
computer respectively in this paper. The final results validate the proposed
algorithms where the above-mentioned environmental parameters can be
monitored along with the smooth-running operation of the robotic vehicle.
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1 Literature Review

Recently, the fourth stage of industrialization, which is also named as Industry 4.0, has
emerged as one of the main topics of discussion and research all over the world [1]. Moreover,
many researchers have presented various theories to define the concepts of Industry 4.0. Some
researchers have defined industry 4.0 based on business point of view [2], digitization, Internet
of Things (IoT), and many other interconnected technologies that are deemed to be implemented
in Industry 4.0 [3–5]. Actually, IoT is the core component of Industry 4.0 because it provides
automation and along with helping to communicate between things based on real-time monitoring
though sensors and other technologies [6,7].
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Various sensors are used to fulfill the requirements of Internet of Things such as Wireless Sen-
sor Networks (WSN) [8], Quartz Crystal Microbalance (QCM) [9,10], electrochemical sensors [11],
metal oxide semiconductor sensors [12]. WSNs are immensely investigated in the literature out of
the above-mentioned sensors in terms of their deployment and the integration methodologies [13]
because of their significant benefits. In WSNs, sensor nodes are used to sense the environment
along with sending the data to the base station (BS) where the main processing is performed [14].
WSNs are widely implemented for various applications such as traffic controlling, digital homes,
military, and the disaster management applications. In [15], WSNs are deployed for the monitoring
of air pollution such as industrial waste gases and motor vehicle exhaust. In [16], WSNs are
utilized for the automatic weather monitoring system to sense the environmental parameters such
as humidity, temperature, and the existence of gases. However, there are a lot of disadvantages
associated with WSNs such as geographical and energy issues, deployment issues, cost issues and
the limited bandwidth.

These drawbacks can be significantly resolved with the help of robotics especially for the
environmental monitoring. Actually, the data from the desired location is collected and transferred
to the base station or the server with the aim of monitoring the certain environment in envi-
ronmental monitoring. Environment can be monitored for various applications such as examining
volcanoes [17], industrial applications, fire detection applications [18], air quality monitoring [19],
with the aim of taking the required steps to overcome the undesired situations [20].

In [21], the authors have wirelessly monitored the temperature, light intensity, gas leakage,
humidity and the intensity of rain by using the Arduinno UNO. But the range of sending the
data along with receiving the instructions is so limited and the focus of the research is mainly
of the data analysis and visualization by using MATLAB. In [22], the authors have designed
an autonomous robotic vehicle for area mapping along with the environmental monitoring by
using various sensors. However, they are not able to transmit/receive the desired information at
a long distance because they used Raspberry Pi 3 in order to have the communication between
the robotic vehicle and the computer. In [23], the authors have developed a remotely operated
robotic vehicle for the monitoring of water quality based on IoT. In [24], the authors have
developed a solar powered robotic vehicle to monitor and manage the unstable networks. In order
to achieve the communication between the robotic vehicle and the computer, WiFi is used in that
research. In [25], a mobile robotic vehicle is used for the monitoring of plant’s volume and health.
The mobile robotic vehicle was equipped with different sensors to monitor the volumetric and
environmental conditions of the plants. In [26], the authors have designed and implemented a
troubleshooting and real-time monitoring system based on LoRaWAN communication. Actually,
WiFi allows the coverage of short and medium distances at high data rates, whereas LoRaWAN
allows the long-range coverage (5–10 km) at low data rates.

In this paper, we worked on the designing and implementation of a cost-efficient robotic
vehicle for the monitoring of environmental parameters such as temperature, radiation, smoke,
and the pressure with the help of sensors that are installed on the robotic vehicle. In order to
achieve the long-distance communication, we have used the GSM modules that are installed on the
robotic vehicle and the distant computer, respectively. Moreover, the robotic vehicle is equipped
with a dual-controlled mechanism such as controlling by using the remote control and the distant
computer with the help of GSM communication. The Arduino Uno and the Arduino Mega are
used to control the operations of the robotic vehicle. Actually, all sensors and the GSM module
are connected with the Arduino Uno, and the Arduino Mega controls the motion of the robotic
vehicle by using the instructions given from the remote-control device along with the distant
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computer. Furthermore, we have proposed two algorithms for the smooth-running operation of
the robotic vehicle. The experimental results, which can be seen on the distant computer with the
help of GUI, validate the proposed algorithm along with the smooth-running operation of the
robotic vehicle. The contributions and novelties of this paper are summarized as follows:

• Environmental parameters are computed and monitored by using the cost-efficient
robotic vehicle.

• The robotic vehicle is equipped with a dual-controlled mechanism such as controlling by
using the remote control and the distant computer with the help of GSM communication.

• Finally, we have proposed two algorithms for the smooth-running operation of the robotic
vehicle, and the experimental results validate the proposed algorithm along with the
smooth-running operation of the robotic vehicle.

The rest of the paper is organized as follows: The Section 2 contains the designing and
implementation of the robotic vehicle, and the working algorithms of the robotic vehicle are
discussed in the Section 3. Furthermore, the Section 4 includes the experiment results. Finally, the
Section 5 concludes the research work.

2 Designing and the Configuration of the Robotic Vehicle

The first step was the selection of motors for the robotic vehicle. We used two 12 V DC gear
motors for our robot with the following specifications [Tab. 1]:

Table 1: DC motor specifications

Parameter Value

Continuous current 1.2 amps
DC voltage 12 Volt
Gear ratio 128:1

The next step was the selection of the robotic base. Actually, there are two types of commonly
used robotic bases. The first one is the rectangular shaped base, where four motors are required
to operate the robot. However, the issues of using rectangular shaped base is the requirement
of having 4 h-bridge circuits along with the more power consumptions, which definitely will be
a costly option to opt for. The second one is the round shaped base, where we require only two
motors to drive the wheels along with the two freewheeling wheels. In this paper, we opted for the
latter one because of our aim of designing a cost-efficient robot. The Fig. 1 unveils the base of
the robotic base along with the attachment of motors. As far as the material of the robotic base is
concerned, we used backlight sheet because of being less weight. The next step was the designing
of motor driving circuits. We used H-bridge IC L298 to drive the motors, and it has four inputs
and outputs along with two enable pins as it can be seen in the Fig. 2. We connected one motor
between the terminals Output 1 and Output 2 and the second motor between the terminals Output
3 and Output 4. The configuration of motors can be seen in the Fig. 3. The Tab. 2 unveils the
logic of controlling the motion of motors, where the status of inputs and outputs can be seen
with respect to the motion of both motors.
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Figure 1: Base of the robotic vehicle

Figure 2: H-Bridge control IC

In order to control the operations of the robotic vehicle, we have used Arduino Uno and
Arduino Mega microcontrollers. The Technical specifications of the given microcontrollers can be
seen in the Tabs. 3 and 4, respectively.

Moreover, in order to monitor the temperature, smoke, radiation, and the pressure, we have
used the LM-35 (temperature sensor), MQ-6 (smoke sensor), GM Tube (radiation sensor), and
the pressure sensor (BMP-180). The technical specifications are shown in the Fig. 4. All the
sensors are connected with the Arduino Uno. To achieve the two-way communication between the
robotic vehicle and the distant computer, we have used GSM modem SIM900 which can perform
various tasks similar to normal mobile phones such as text messages, phone calls, TCP/IP, internet
connectivity, etc. The pin configuration and the technical configuration of this module can be seen
in the Fig. 5.
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Figure 3: Motor configuration with the drive circuit

Table 2: Motion of motors

Inputs Output Motion of motors

Input 1(0)
Input 2(1)

Output 1 (0)
Output 2 (1)

Forward movement of Motor A

Input 1(1)
Input 2(0)

Output 1 (1)
Output 2 (0)

Backward movement of Motor A

Input 3(0)
Input 4(1)

Output 3 (0)
Output 4 (1)

Forward movement of Motor B

Input 3(1)
Input 4(0)

Output 3 (1)
Output 4 (0)

Backward movement of Motor B

Table 3: Arduino uno

Parameter Value

Microcontroller ATmega328
Operating voltage 5 V
Digital I/O pins 14
Input voltage (recommended 7–12 V
Clock speed 16 MHz
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Table 4: Arduino mega

Parameter Value

Microcontroller ATmega2560
Operating voltage 5 V
Digital I/O pins 54
Input voltage (recommended) 7–12 V
Clock speed 16 MHz

Figure 4: Technical specifications of sensors

Furthermore, as we mentioned above that the robotic vehicle can be controlled remotely as
well, we have used the transmitter and receiver. We created another layer on the top of the robotic
vehicle where we connected the receiver with the Arduino Mega with the help of optocoplers as
can be seen in the Figs. 6 and 7.

As it can be seen in the Fig. 6, outputs of the optocoplers are connected with Arduino
Mega. When we press left/right/forward/reserve keys from the remote control, then the respective
optocopler responds and the motion of motors can be controlled accordingly with the help of
Arduino Mega.
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Figure 5: Pin configurations of sensors

The Fig. 8 unveils the hardware connections of the robotic vehicle where it can be seen that
all the sensors are connected with the Arduino Uno along with the GSM module. Following the
reception of the desired motion of the robotic vehicle from the distant computer via the GSM
module, the Arduino Uno compares the received SMS message with the set format and passes
the desired motion message to the Arduino mega. Consequently, the Arduino mega controls the
motion of the robotic vehicle. As it can be seen in the Fig. 8, the remote controlling mechanism
is also implemented at the Arduino mega. The Fig. 9 unveils the block diagram of the hardware
at the distant computer where it can be seen that the GSM module is connected in order
to send/receive the messages with the help of Arduino Uno. The robotic vehicle with all the
connected hardware can be seen in the Fig. 10.
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Figure 6: Controlling motor through optocoper circuits

Figure 7: Second layer of the robotic vehicle
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Figure 8: Block diagram of the hardware connections at the robotic vehicle

Figure 9: Block diagram of the hardware connections at the distant computer

Figure 10: Robotic vehicle
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3 Working Algorithm

In this section, we have discussed the proposed working algorithms implemented at the robotic
vehicle and the distant computer, respectively. The first step is the initialization of GSM module
and the environment monitoring sensors. Following the initialization of sensor, we have to set
time to send the environmental parameters. If the time has not set, then the system will check
that whether the GSM has received the command or not. If the command has received, then
the motion of the robotic vehicle will be controlled accordingly as can be seen in the Fig. 11.
Furthermore, if the time to send the environmental parameters has set, then the robotic vehicle
will read environmental parameters along with sending the values from the vehicle GSM to the
GSM installed at the distant computer accordingly.

Figure 11: Robotic vehicle controlling algorithm

At the distant computer, we have to initialize the GSM module as can be seen in the Fig. 12.
Following the initialization of GSM module, we check that whether the system has received the
desired senor values or not. If the environmental values have received, then the system will read
the desired parameters and plot the graphs accordingly. Moreover, if the environmental parameters
have not received, then the system checks that whether the user has pressed any key to control the
motion of robot or not. If the user has initiated any motion, then the required motion message
will be send to the GSM installed at the vehicle accordingly.

4 Experimental Results and Discussions

In this section, we have presented and discussed the experimental results. The experimental
results are shown by using the GUI on the distant computer with the help of line graphs.
The values of temperature, pressure, radiation and the smoke detector are shown on the GUI.
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Moreover, the motion controlling mechanism of the robotics vehicle is also shown on the bottom
right corner of the GUI. The values of temperature, radiation, pressure, range from 0 to 40 C,
0 to 40 hPa, 0 to 2000 counts per second, respectively. The output of the smoke sensor is labeled
as “Smoke Detected”, “No Smoke Detected” on the GCU.

Figure 12: Proposed controlling algorithm at the distant computer

The Fig. 13 unveils the line graphs where the values of temperature, pressure, radiation
and smoke sent by the robotic vehicle located on the under-consideration site can be seen. As
the under-consideration site has no smoke/fire, the GCU displays “No Smoke Detected”. The
radiation detector shows 1100 counts per second.

The Fig. 14 shows the environmental parameters sensed by the robotic vehicle located at the
different site compared to the Fig. 13, where it can be seen that the radiation comes out to be 50
counts per second. In order to check the performance of the smoke detector, we used a cigarette
lighter near to the robotic vehicle and the distant computer successfully displays the message
“Smoke Detected” on the GCU as it can be seen in the Fig. 15. It is worth mentioning that the
data was collected on three consecutive days. The Fig. 13 shows the collected data on the first
day, whereas the other figures (Figs. 14 and 15) unveil the collected data on the next two days
respectively. All the line plots are based on real time processing with a time interval of 30 s, and
the validity of the collected data is dependent on the environment of under-consideration sites.
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Figure 13: GUI with no smoke detected

Figure 14: GUI with different environmental values



CMC, 2022, vol.71, no.1 485

Figure 15: GUI with the smoke detected

5 Conclusions

In this paper, we worked on the designing and implementation of cost-efficient robotic vehicle
for the environment monitoring applications in industries. Actually, the main aim of this research
was to create a robotic vehicle in order to ensure the safety of health workers in industries
as inspecting and monitoring of environmental parameters in industries could possibly lead to
severe health issues. The values of temperature, radiation, pressure, and smoke were computed
with the help of sensors that were installed on the robotic vehicle. The robotic vehicle was
equipped with two way controlling mechanism, i.e., remote control and the distant computer.
Contrary to the existing researchers where the communication between the robotic vehicle and
the user was limited to short distances, we used the GSM modules with the aim of achieving
a long-distanced communication. In addition, the proposed algorithms worked perfectly and the
experimental results could be seen with the help of GUI on the distant computer. The real time
values of the temperature, smoke, pressure, radiation along with the controlling mechanism could
be seen on the GUI.
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