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ABSTRACT

Global use of autonomous systems to handle important and nuanced work is increasing. Nonetheless, the
importance of its many potential uses cannot be overstated. In this study, we introduce a system that can
recognise obstacles and steer a robotic lawnmower around them. The components include a gear DC motor, an
Arduino microcontroller, and two sensors (infrared and ultrasonic). The robot's route is monitored by
ultrasonic and infrared sensors that feed signals to a microprocessor. When an obstruction is recognised, the
microcontroller acts to reroute the robot by activating the motors in a different direction. The system has been
evaluated and found to have an accuracy of 85% and a failure probability of 0.15. Finally, an obstacle
detection circuit was built using infrared and ultrasonic sensors modules mounted to the front of the robot to
emit light and sound waves, respectively, at any obstacle; upon receiving a reflection, a low output is sent to the
Arduino microcontroller, which interprets the signal and causes the robot to stop.
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L INTRODUCTION
There is a steady daily increase in the scope and sophistication of mobile robot applications. They are finding more
widespread applications in the real world, from the military and medicine to space travel and domestic chores [1].
The way humans respond to and perceive an autonomous system is profoundly affected by motion, a crucial feature
of mobile robots for obstacle avoidance and route identification. This allows a robot to move about without any help
from a human operator. Mobile robots often utilise computer vision and range sensors to identify objects in their
environment. When compared to range sensors, the accuracy and cost of computer vision as an obstacle detection
technology are far higher. However, most autonomous robots on the market rely on a range sensor to detect danger.
The 1980s saw the beginning of the usage of radar, infrared (IR), and ultrasonic sensors in the creation of an
obstacle detection system [2]. After extensive testing, however, it was determined that radar technology was the best
choice because of its resistance to the effects of weather and other environmental factors. The radar method was also
a very practical and reasonably priced technological development. One charge-coupled device (CCD) camera and a
spherically shaped curved reflector were described in [3] as a means to achieve ultra-wide angle images. The
capabilities of the sensors extend well beyond those of only detecting obstructions. According to [4], an autonomous
robot can characterise plants by extracting characteristics from a variety of sensors and then applying the appropriate
quantity of fertiliser based on the kind of plant. To help a robot in its hunt for meteorites in Antarctica, [5] installed
cameras to assist with navigation and obstacle detection. Dead reckoning for planetary rovers was made easier with
the use of stereo vision [6]. [7]
Used ATVs equipped with (five) CCD cameras for reconnaissance and surveillance. The main disadvantage of
stereo vision is that it requires sufficient lighting to notice obstacles. As mentioned in [8, 4, 9], this is why cameras
are often employed as a backup.
Vehicle localization and navigation in [10, 11, 12, 13, 14] were accomplished with the use of sonar. To help the
robot navigate safely around obstacles, [15] programmed a sonar ring to detect and avoid them. One of sonar's

biggest drawbacks is that it can't provide enough environmental data for autonomous vehicles with only one sensor.
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As shown in [16, 17, 18, 19], several sonar sensor rings are often linked together to achieve maximum performance.
The process of putting this into practise is often time-consuming and costly. Despite its drawbacks, sonar is still an
effective backup method for detecting obstacles. In addition, [20] demonstrates how an autonomous ground vehicle
may employ a combination of a camera and a laser scanner to navigate around obstacles. As [21] explains, a local
route for an autonomous ground vehicle may be created using a machine called a support vehicle machine (SVM).
Moreover, [22] has reported their work on an unmanned ground vehicle system for remote-controlled surveillance.
Unmanned ground vehicle dependability and failure testing was conducted in [23]. The utilisation of industrial
robots across American businesses was analysed in [24, 25]. Finally, [26] demonstrates how an ultrasonic sensor
may be used by an obstacle-avoidance robot vehicle to clear a way for movement.

The goal of this research was to create and assess the effectiveness of a simple, low-cost autonomous system for

avoiding obstacles employing two (2) sets of dissimilar sensors.

11 METHODOLOGY
Within this part, the compositions of the hardware components and software implementations that were used during

the process of designing and building the project were detailed. The system's chassis and casing, both of which were

fabricated, are another topic of discussion.

a. Hardware design
Power supply unit, IR led/receiver sensor pair, ultrasonic sensor, Arduino microcontroller, geared DC motors;
these are the main components of the system. The ATmega328 is the basis of the Arduino Uno microcontroller board.
It has a USB port, a power jack, an ICSP header, a reset button, and 14 digital I/O pins (6 of which may be utilised as
PWM outputs). It also has a 16 MHz ceramic resonator. Because of its low price and low power consumption, this is

a popular option. In order to enhance the sensitivity and dependability of current systems, two distinct sensor

technologies—ultrasonic and infrared—were used.
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For detecting purposes, an infrared sensor employs the tried-and-true method of using the reflected light from the
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Figure-1. Block diagram of the system.

The HC-SR04 is an ultrasonic device whose main purpose is to periodically transmit a "ping" signal and listen for
a response. The microcontroller module was powered by a 9V battery, while the infrared and ultrasonic sensors were

powered by a 12V source that was controlled to 5V. Proteus8.5 was used to create the circuit seen in Figure-2.
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Figure-2. Schematic diagram of the system in Proteus.

b. Software implementation

Arduino was used to implement the system in C++. Figure 3 depicts the robot's flowchart at the beginning of
sensor initialization, which occurs at the same time as the motor is activated to propel the robot forward. Using a

frequency of 37 KHz, the ultrasonic sends out a signal and listens for a reverberating echo. When the system has an
estimated ahead-of-time supplied by:

D =M (1

where

D Distance between the sensor and the detected object.

N Time Between transmitted and received reflected wave.
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Ultrasonic wave propagation speed in air at normal speed 344m/s.

If the distance ahead is less than 40 m, the controller instructs the motor to make a 90-degree turn and go forward,
as shown in Figure-3. Once the ultrasonic section is clear, the infrared sensor will transmit its signal; if it, too,

identifies an impediment, the automobile will reverse, turn to the right, and go on ahead, as illustrated in Figure 4.
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Figure-3. Obstacle detection and avoidance using ultrasonic sensor.
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c. DATA COLLECTION
Two separate sensors were deployed to scavenge information from the surrounding area, digitise that data, and

transmit it to the microcontroller, which then processed the information and carried out the users' specified
commands. The IR sensor module and Ultrasonic sensor are two examples of the sensors used for data collection.
Side-by-side IR emitter and receiver make up the IR sensor module, with the latter sending a low output in response
to a reflection and a high output in the presence of an input signal. The robot's frame is equipped with a pair of
infrared (IR) sensors that face the ground and scan just above the grass level for obstacles in the robot's path. Another
IR sensor module is installed in the robot's front opening to serve as an obstacle detector.

The microprocessor measures the distance between the robot and the pavement using the ultrasonic sensor, and then

the robot turns right or left when it reaches the end of the wall to prevent colliding with the grass.
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igure-4. Flow chart of the developed system.

d. SIGNAL PROCESSING
All of the sensors on the board have their outputs wired directly to the Arduino microcontroller board. Given the

digital nature of the collected information, if an IR sensor module does not detect an incoming reflection, it will
transmit a signal with a high bit value. Because of their digital nature, these input devices for the automobile
avoidance system are wired to the digital pins on the Arduino. When the Arduino microcontroller receives data from
the sensors, it consults a stored set of instructions to determine what to do with the information. The Arduino
microcontroller's output devices are dc motors that steer the vehicle and power the mower's blade.

e. Chassis design and fabrication
The car's outline was created with the Autodesk investor programme seen in Figure-5. Changes were made to the
drawing and mistakes were fixed to ensure accurate component meshing and simulation throughout this design phase.
Aluminum plate of Imm thickness was used to realise the design. There are three wheels total on the robotic chassis:

two in the back and one in the front. Plastic wheels are mounted directly to the servo motor on the back.
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Figure-5. Design and simulation of sketched car robot
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The small weight of a caster wheel was a major factor in its selection for usage on the robot. The robot's
chassis was intended to house all necessary system components. The infrared (IR) sensor module is mounted low on
the chassis so that it can see the ground and check for obstructions just above the grass. The robot's ultrasonic sensor
is mounted high enough so that it can avoid paving over the grass as it moves along. In a similar vein, a quick
experiment was run in the Arduino IDE to see how long it takes for the ultrasonic sensor to accurately pinpoint an

object's location, and the results, acquired through the serial monitor, are shown in Table-2. Figure 6 depicts a

tart Pulse

simple experiment using an ultrasonic sensor for object detection.

Figure-6. How the ping sensor works [13].

RESULTS AND DISCUSSIONS

In order to keep the robot from becoming too heavy, caster wheels were utilised. The robot's chassis was built to
house all the necessary components. The infrared (IR) sensor module is mounted low on the chassis, where it can look
out for obstacles just above the grass's surface. The robot's ultrasonic sensor is mounted high enough so that it may
avoid colliding with the grass while still following the pavement. Again, a quick experiment was run in the Arduino
IDE to see how long it takes for the ultrasonic sensor to accurately pinpoint an object's location, and the results,
retrieved through the serial monitor, are summarised in Table 2. Figure 6 depicts a common experimental setup for

using ultrasonic sensors for object detection.

To=Ac1+Ac2 2

So, we have an 85% success rate and a 15% failure likelihood. Table-2 displays a comparison between the estimated
and measured times it takes for an ultrasonic sensor to determine the distance to an item. To determine tIN, we use the

aforementioned Equation (1) and make certain assumptions about the obstacle's distance (duration).
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Figure-7. The robot completed frame work.

Table-1. Analysis of Ultrasonic sensor for different actual object distances.

Calculated Experimentalt;y Actual
S. no. . . distance
t;n (Duration)(ms) (Duration) (ms) by f obiect
ultrasonic sensor ol objec
(cm)
1 680 580 10
2 1360 1160 20
3 2040 1754 30
4 2720 2322 40
5 3400 2956 50
6 4080 3510 60
7 4760 4031 70
8 5440 4656 80
9 6120 5262 90
10 6800 5859 100
11 19040 1651 280
4
12 20400 2000 300
0

As can be seen in Figure-8, the characteristic profile produced by the ultrasonic sensor is linear and steady. This is
because the refraction surface of the barrier employed in the experiment was very smooth and effective. Figure-8

further shows that there is some discordance between the estimated and experimental profiles produced during the
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same time period. It has been determined that the time needed for the ultrasonic sensor to detect the item grows

linearly with the distance between the obstacle and the sensor.
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Figure-8. Response of the Ultrasonic sensor with respect to the obstacle detection at various distances.
f.  CONCLUSIONS

In this study, we introduced a basic, low-cost obstacle detection and avoidance system for an autonomous ground
vehicle. The mobile robot used two sets of sensors that were completely different from one another to identify
potential hazards in its route. The chances of failure were reduced and an acceptable level of accuracy was achieved.
The results of the examination of the autonomous system prove its capacity to navigate around hazards, avoid
collisions, and adjust its location. It's obvious that additional features can be added to this design to enable it to carry
out more tasks autonomously. In the end, an infrared (IR) receiver and a remote control were added so that the robot
could be operated from a distance. The areas of defence, security, and dangerous environments will all benefit from

this effort.
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