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Abstract

Background:

Extraterrestrial exploration is an integral part of scientific research, some unnavigable or hard-to-
reach places such as active volcanoes, bottoms of water bodies, radioactive sites and experimental
chambers, mountain caves, or even other planets may contain very valuable data about our universe
or some scientific phenomena. This project attempted to solve some of these accessibility problems by
designing and implementing a rover that could be used to explore such environments without putting
human life at stake.

Methodology:

The project adopts a very cost-effective approach, firstly, Arduino boards and Atmega microcon-
trollers are used for the design of control systems, and Bluetooth is used for remote communication.
Performance results showed that the Bluetooth technology is suitable for use in a clean environment
with fewer obstacles, the HC-05 Bluetooth was able to receive and transmit data up to 8 meters in a
clear environment and up to 2.5 meters through walls.

Results:

Furthermore, the rover was 86.7% accurate in detecting obstacles along its way using ultrasonic
sound sensors. The testing results are in the range of agreement with those of similar projects such as
the obstacle avoidance robotic car by Bilkis, Faiza, Susmita & Muhammad (2017).

Conclusion:

The results of the study showed that building exploration robots or rovers can be built using cost-
effective contemporary technology that is accessible to most developers, implementation of an obstacle
is possible with Ultrasonic sensors and short to midrange communication and control is possible via
Bluetooth.

Recommendation:

However, future researchers may investigate the use of renewable energy in powering the rovers and
improving the transmission quality of Bluetooth.
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1. Background

Bilkis (2017) Defines an autonomous robot as

" : one which can operate on its own without any
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Email address: kamyawilly2@gmail.com (Willy external interference in an environment that is
Kamya) unstructured and unknown to the robot or sys-
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tem. According to Crisp (2017), this can be made
possible by embedding a pre-programmed system
that can receive information about the environ-
ment through sensors and make decisions accord-
ingly, such as changing the path or moving around
the obstacle.

Autonomous machines are one of the fastest
and most rapidly evolving technologies in the
modern world today. Almost every car manufac-
turer is racing to be the first to produce the first
fully standalone self-driving car on the market,
Tesla (Tesla, 2022) and Mercedes-Benz (2022)
car makers have already rolled out several mod-
els with autopilot and driver assist functional-
ity which enables the car to move autonomously.
More to that, several industries are also turning to
robotic self-controlled machines to do repetitive
tasks, amazon, for example, automated most of
the sorting processes in its warehouses with robots
to increase efficiency (Li, et.al, 2016).

But it’s not just the automobile and e-
commerce industries, several other fields are
implementing self-controlled machines that can
work with less or even without any human as-
sistance. The idea of autonomous machines gets
even more useful when it’s needed to perform
things that put human life at stake such as
exploring extraterrestrial environments, these
could be very rough terrains, dangerous caves,
mountain tops, volcanoes, sea bottoms, and even
other planets! NASA, among others, has been
at the forefront of space exploration. Because of
the possible unknown circumstances in most of
these expeditions, it is too risky to send humans
on first-time missions, having an autonomous
system to survey the area first is always an alter-
native. On July 4, 1997, NASA landed the first
‘Pathfinder’ rover on mars to collect data that
would be used for future missions, according to
an article by NASA, an unprecedented amount of
data was collected and the rover outlived its pri-
mary estimated lifetime. Furthermore, the NASA
Mars Science Laboratory (MSL) on August 6,
2012, landed the curiosity rover on mars, another
autonomous vehicle to explore and collect data
about the ‘red planet’ (Arturo, et.al, 2021).

To implement autonomous machines, they

must detect and avoid obstacles. according to
(Kirti, Sayalee, and Shradda, 2016), Obstacle
avoidance is a combination of computational
intelligence (software) and physical machines
(hardware) such as motors and sensors. At the
heart of autonomous systems lies the funda-
mental idea of object detection, in self-driving
systems, this helps to avoid collisions and acci-
dents. Obstacle avoidance in robotics can bring
more flexibility in maneuvering in varying en-
vironments and would be much more efficient
as continuous human monitoring is not required
(Bilkis, et.al, 2016).

Some of the most valuable data about our uni-
verse lie in places that are so hard to reach by hu-
mans. Natural caves and volcanoes for instance
contain fossils and geological data, bottoms of wa-
ter bodies contain fossils that could tell us about
early lifeforms, and space contains data about the
nature of the universe and possibly its founda-
tions, Williford (2018). Next-generation explo-
ration research will need more ways to reach such
places that would put human life in danger, thus
enabling researchers to collect data and interact
with such environments remotely.

From this background, it is clear that au-
tonomous robotic systems will fuel future devel-
opments in exploration and discovery among oth-
ers. Such systems will enable researchers to reach
places that humans would not dare and collect
valuable data that could be used for further de-
velopments. To get there though, there’s still a
need for continued research and development into
how best these machines can be made more reli-
able and efficient.

2. METHODOLOGY

2.1. Research design

The study adopts an Exploratory research de-
sign; An exploratory design is conducted about a
research problem when there are few or no ear-
lier studies to refer to or rely upon to predict an
outcome (USC, 2022). This kind of approach is
best for this project since fewer projects have been
done in which Bluetooth and Arduino-based tech-
nologies have been used in controlling an explo-
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ration rover, it also allowed the researcher and
probably other researchers to continue exploring
the problem statement further.

2.2. Tools and materials

Arduino NANO

The project uses an Arduino NANO board with
an embedded ATmega 328P microcontroller and
programming circuit which contains 14 digital in-
put and output pins some of which can act as
PWM outputs, and another 9 act as analog in-
puts. It also includes a 16 MHz crystal oscilla-
tor, a Mini USB connection, an ICSP header, and
a reset button, more information can be found
in the official datasheet from the Arduino web-
site at (https://www.arduino.cc/en/uploads/Mai
n/ArduinoNanoManual23.pdf). The Nano board
doesn’t have a DC power jack like other Arduino
boards but instead has a mini-USB port. This
port is used for both programming and serial mon-
itoring. The fascinating feature of Nano is that it
will choose the strongest power source with its po-
tential difference, and the power source selecting
jumper is invalid.

This type was used because it has all the neces-
sary specifications needed for the project in terms
of I/O pins, power supply, memory, and RAM,
and was easy to interface with all other peripher-
als used in the project. ATmega 328P microcon-
troller

The microcontroller is a compact Integrated
Circuit (IC) designed to control a specific opera-
tion in an embedded system, it typically includes
a microprocessor, memory, and Input/Output
(I/O) peripherals on a single board.

(Adapted from: https://wwl.microchip.com/d
ownloads/en/DeviceDoc/Atmel-7810- Automotiv
e-Microcontrollers-ATmega328P Datasheet.pdf)

Arduino IDE

The Arduino Integrated Development Environ-
ment (IDE) is an open-source software developed
by Arduino used for programming Arduino-based
boards. It provides features such as code high-
lighting and debugging which make the program-
ming process rather easier.

Ultrasonic sensors

To implement object detection and distance
measurement, ultrasonic sound sensors were used.
These operate on the principle of reflection of
sound. During operation, they send ultrasonic
sound and when it meets an object, it bounces
off as an echo, the echo is then detected by the
sensors and this signal can be taken to the mi-
crocontroller for further processing and decision-
making. The HCSR04 model of Ultrasonic sen-
sors was used in the project, as described above,
it works by converting sound waves into electrical
signals and vice vasa (Blum, 2014).

The relationship between speed of the waves,
distance and time is as follows;

Speed = distance x time

But the waves move twice the distance (i.e., to
and from the object) before they are detected by
the sensor, thus for application purposes of this
Sensor;

Speed = 2(distance) x time

If the speed of the waves in the environment is
known (and usually it is), the time between send-
ing sound and receiving the echo is measured by
the sensor, thus the distance of the object can be
calculated.

Speed
2 X time

The specifications of the HC-SR04 Ultrasonic sen-
sor are as follows;

Motors and motor driver

The project uses two kinds of motors, DC mo-
tors attached to wheels for the motion of the en-
tire prototype and a servo motor onto which ul-
trasonic sensors are mounted for turning left and
right to seek a clear path.

The DGO1D-A130 geared motor was used for
system motion, this king was strong and versatile
enough to handle the entire weight provided it is
supplied with enough power.

The SG90 servo motor was used to turn the
ultrasonic sensors left and right to seek a clear
path whenever an obstacle is detected.

Specifications of the SG90 servo motor are;

Project build process

distance =
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Figure 1: Pinout view (Source:Arduino.cc)

Table 1: The specifications of theHC-SR04 Ultrasonic sensor are as follows;

Working voltage DC 5V

Current 15 mA

Frequency 40Hz

Max range 4m

Min range 2 cm

Measuring angle 15 degrees

Trigger input signal 10 pS TTL pulse

Echo input signal TTL lever signal and the range in proportion

HC-SR04 Ultrasonic sensor specifications

Table 2: Specifications of the SG90 servo
Size 22.4x12.5x22.8 mm
Quiescent current 5mA
No load current 90mA
Pulse signal PWM 50Hz / 0.5 — 2.5 ms
Operating voltage 4.8 - 6.0 V
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Figure 2: Arduino NANO board

Figure 3: ATmega 328P microcontroller
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Figure 8: SG90 servo motor

This subsection describes how the different
parts mentioned above are connected together to
design and build the project. It contains details
about the project block diagram and electronic
circuitry. In order for the prototype to fully func-
tion with the prescribed autonomous capabilities,
a software program will be coded and uploaded to
the microcontroller unit, the subsection concludes
with the algorithm and software design process
and description.

Block diagram

Figure 9, above is a block diagram showing the

connection and interaction of the different hard-
ware parts. The central part of the system is a
micro controller which acts like the ‘brain’ of the
entire system, it receives, processes, and executes
instructions based on data from sensors or data
from the controller.

Ultrasonic sensors continuously send out ultra-
sonic waves, when an echo is detected, the signal
is sent to the microcontroller for further process-
ing and decision-making, based on the outcome of
the processed signal, the microcontroller sends in-
structions to the motor driver which further con-
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Figure 9: Block diagram showing connection of the hardware components

trols the voltage and current distribution to the
motors.

The microcontroller unit is powered by 5 volts
DC, to provide extra power to the motors how-
ever, another source of 9-12 VDC is connected to
the motor driver to supply the motors.

Circuit Diagram

The figure 10 shows the electric circuit diagram
for the project. It shows how all the components
described above are put together to make the elec-
tronics system of the proposed prototype.

Flow chart and software

The code or software for this project is written
following the above flow chart or algorithm and
the Arduino Integrated Development Environ-
ment (IDE). Following the flowchart above, when
the microcontroller unit is powered on, the pe-
ripherals connected to it are initialized to standby
mode, ready to take instructions from the control
unit. The software code for running the entire de-
vice has been attached in the appendix, comments
are inserted where due to explain the functional-
ity of the code.

Testing parameters

To ensure the prototype is working well and ef-
ficiently, the following test parameters are used in
chapter 4 for testing, analysis, and establishment
of efficiency and accuracy limits.

Obstacle detection

The researcher measured how efficient the pro-
totype is in detecting obstacles through the at-
tached HCSRO04 ultrasonic sensors and avoiding
these obstacles by stopping before the collision.
The researcher will place objects of different na-
tures in the rover’s path and calculate the percent-
age of successful detections and avoided collisions.
Here, efficiency will be defined as;

Wireless communication via Bluetooth

Interaction between the rover and the human
controller for this prototype is via Bluetooth tech-
nology, here, the researcher measured the time
taken for the signals to be transmitted from the
control device (android phone) to the rover and
vice vasa. The time measurements were taken
with a stopped clock with an accuracy of up to a
millisecond.

The maximum communication distance was
also tested and measured using a tape measure,
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Figure 10: Electricalcircuit diagram showing connections between the components

allowing the researcher to know and establish lim-
its within which the prototype can be controlled
remotely.

Ethical considerations

Research ethics were considered during the
project, and all external sources of information
and literature used in any form were carefully
cited and referenced thus the original authors
were acknowledged for their work on the subject.
All computer systems and software used in the
project were used in a way that does not under-
mine the integrity of the systems involved. Recy-
clable materials will be used as much as possible
in the design implementation to protect the envi-
ronment.

3. PRESENTATION AND ANALYSIS OF
RESULTS:

Obstacle detection and avoidance

Objects of different kinds were placed along the
rover’s path to act as obstacles, the researcher
counted the number of obstacles that were suc-
cessfully detected. The results were recorded be-
low and used to establish obstacle detection accu-
racy or efficiency.

above shows results of detection of obstacles of
different kinds. Out of the thirty obstacles tested,

twenty-six of them were successfully detected.

. _ Number of successful detections
FI'OIH, ACCUT’CLCy " Total number of obstacle tested
100%

26
Accuracy = 30 100% = 86.7%

The ultrasonic sensors on the rover were thus
86.7% accurate. Of the materials used, the wire
mesh had large spaces which likely couldn’t reflect
the sound waves; thus, such an obstacle couldn’t
be detected by this principle. It is worth noting
that all these objects were placed somewhat di-
rectly Infront of the rover in a range within which
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waves sent by the ultrasonic sensors would reach
them.

Bluetooth sensitivity

The prototype uses Bluetooth for remote com-
munication and control. Since Bluetooth runs on
short-range radio frequency, it was necessary to
test the range within which the controller could
still efficiently communicate with the rover. The
figure below is a graph of the time taken to trans-
mit or receive a message from the rover versus
distance for two different environments.

From the graph 12, it can be seen that the used
Bluetooth module is more sensitive in a clean en-
vironment without obstacles, under such condi-
tions, the maximum range of sensitivity was 8
meters. When tested in an environment with
walls, the sensitivity quickly drops, as seen in the

Project software flowchart

graph, the response time increased rapidly with
an increase in distance and transmission ceased at
about 2.5 meters. Furthermore, for both environ-
ments, the response time increased with distance
from the rover. The results indicate that Blue-
tooth transmission technology is highly affected
by the environment in which it is being used.

Power consumption

There was a lot of stress on the battery com-
ing from the inductive components, especially the
driving motors and servo motors. The motors
need a lot of energy for their operation, especially
since they are geared motors. The motor driver
shield is powered from the same source as the Ar-
duino board. The Arduino requires a 5V supply
and it was supplied power using double lithium-
ion batteries, each of 3.7V while the motor driver
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Table 3: Detection results for different obstacles

Serial Number
Object 1
Object 2
Object 3
Object 4
Object 5
Object 6
Object 7
Object 8
Object 9
Object 10
Object 11
Object 12
Object 13
Object 14
Object 15
Object 16
Object 17
Object 18
Object 19
Object 20
Object 21
Object 22
Object 23
Object 24
Object 25
Object 26
Object 27
Object 28
Object 29
Object 30

Status
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Not Detected
Detected
Detected
Detected
Detected
Detected
Not Detected
Detected
Detected
Detected
Detected
Detected
Not Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Not Detected
Detected

shield requires 5-28V and was supplied power with
two 3.7V Li-on batteries connected in series. The
motors, servo motor, and sensor all required 3-6V
each. With fully charged batteries for the motor
driver shield, it took about 3 hours of operation
before the power supplied was insufficient to ro-
tate the motors.

4. CONCLUSION AND RECOMMEN-
DATIONS

5. Conclusions

The goal of the project was to describe and
build a prototype of a rover robotic car based on
Arduino and Bluetooth technologies. Finally, the
prototype was designed and made and its perfor-
mance was tested and reported. The following key
design and performance issues are worth noting.

The accuracy of the rover in detecting and
avoiding objects depends on the nature of the
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obstacle, its location relative to the sensors, and
the rover’s speed. Firstly, the obstacle should be
dense enough to reflect sound, it should also lie
within the detection range of the sensors, if an ob-
stacle say approaches the rover from the sides, it
won’t be detected. The speed of the rover was also
adjusted (by reducing the power in the driving
motors) so that the rover can easily brake when
an obstacle is detected, this was also enhanced by
using rubber wheels to increase friction.

Regarding the performance of Bluetooth for
communication and control, results for different
environments showed that it is more efficient in
a ‘clear’ environment without obstacles such as
walls and metallic barriers. Further, the response
time was dependent on the distance from the con-
trol device (phone) to the rover.

The software to control the rover was written
in C++ using the Arduino IDE, the code or pro-
gram execution and data processing on the AT-
mega 328P microcontroller unit was efficient, and
no runtime errors were experienced.

Some undesirable performance issues included
abrupt disconnection of the Bluetooth module,
requiring a reconnection during operation, which
could at times lead to delays or even unseen even-
tualities due to loss of communication and con-
trol. Also, as the rover moved away from the con-
troller, given that the Bluetooth signal strength
decreased, there was a time lag between transmis-
sions which to a smaller extent deters real-time
communication.
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6. Recommendations:

The use of multiple sensors would improve ob-
stacle detection and avoidance accuracy, some of
these sensors could be placed on the sides and
at the back of the rover to detect side and be-
hind obstacles in case of reverse motion. The sen-
sors could also be placed at different angles and
heights and optimized to cover as much range as
possible.

The addition of a Camera into this project
could help the controller to direct the rover even
beyond line of sight. Also, the camera could be
used for image processing purposes and capturing
data from the test environment.

For this project, though the rover has some au-
tomated capabilities such as detecting obstacles
and stopping to avoid a collision, and checking its
left and right paths to find out if there’s a clear
path, it still needs a human controller to be able
to execute some functions, for example, what to
do next after detecting an obstacle and stopping.
Though this was suitable for this project, writ-
ing software that would make it fully autonomous
would be a good idea, though it should allow hu-
man intervention at some point.

Lastly, using long-range industrial-grade Blue-
tooth modules could improve the operating dis-
tance of the rover, and the addition of antennae
could also add to the sensitivity.
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