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The Arduino UNO, ultrasonic sensor, servo motor, and Processing as visual software was used
to create a low cost ultrasonic radar system that can detect and determine the location of an
object, such as obstacles, in a short distance. Objects can be sensed up to 40 cm away from the

ultrasonic sensor and the ultrasonic radar's angular rotation can detect objects from 15° to 165°
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and counterclockwise. The obstacle objects will be displayed in the computer panel by running
the visual software. A comparative analysis of the distance error between the radar and the

obstacles is used to assess the feasibility of the proposed system. The findings obtained from

Arduino, Ultrasonic Sensor, Obstacle Detection

measurements of the obstacles are tabled to show that the planned design achieved a relatively

small error, with 90% as the lowest accuracy.
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INTRODUCTION

Radar is an electronic instrument that uses electromagnetic waves
to calculate the altitude, location, direction, and even speed of
moving and stationary objects. Ultrasonic radar, on the other
hand, uses ultrasonic waves rather than electromagnetic waves.
The ultrasonic radar's key features are its low power
consumption, low cost, and ease of deployment, which enable it
to be used in a variety of applications such as defense, robotics,
and also object detection [1].

Radar is an automated framework capable of detecting objects
within its transmitting and reception set. Radar systems come in
a variety of shapes and sizes, each with its own set of capabilities

2.

The history of radar (Radio Detection and Ranging) began with
Heinrich Hertz's experiments in the late 1800s, which
demonstrated that radio waves could be reflected by metallic
materials. It was German engineer Christian Hilsmeyer who was
the first to use them to detect object nearby. Over the next two
decades, a slew of similar systems was built that provided
directional information to objects at short ranges [3].

The invention of devices capable of producing brief bursts of

radio energy was a critical step in the development of advanced
radar systems. The range could be measured by timing the pulse,
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and the orientation of the system showed the angular position of
the targets [3].

One that immensely popular implementation of radar can be seen
on a radar system on marine. It serves to determine the obstacles
in the path of the marines. We can determine the bearing and
distance of other items such as ships and other obstacles using the
radar system, and further the radar system information can be
used to avoid collisions with obstacles [4]. By implementing that
example of radar system to detect object at the surrounding, we
can also implement the same exact method to detect obstacles or
other objects by using ultrasonic sensor to get relatively similar
system but low cost [5].

By using a programmable microcontroller, it can be developed
and implemented a low-cost ultrasonic radar detection system.
The device can built on a single prototype board and included an
ultrasonic sensor that was rotated from 15 to 150 degrees by a
servo motor operated by an Arduino microcontroller. If an object
is observed, a processing IDE shows the angle and direction [3].
User can access radar interface from computer that connected to
the microcontroller.

A microcontroller, a motor servo, and an ultrasonic sensor make
up the radar system. The system is regulated by an Arduino UNO,
which sends and receives signals in order to perform an operation.
If an object interrupts a signal sent by an ultrasonic sensor, the
signal bounces back to the ultrasonic sensor [6]. The software
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Processing is a program that displays the angle and distance of an
object sensed by an ultrasonic sensor [3].

Arduino UNO

The hardware brain box in the implementation is the Arduino
UNO, also known as the microcontroller, which manipulate other
modules for the complete performance of commands. The order
is, of course, imbued into the Arduino board from the machine
link in the form of code written in the Arduino IDE. The servo
motor is regulated by an Arduino UNO [7].

The Arduino UNO is a microcontroller that is open source. It is
made up of an ATmega328P microcontroller chip installed on the
circuit board. It has 14 optical 1/0 pins, 6 analog 1/O pins, serial
ports, USB power in port, 7-power socket port, 16MHz crystal
oscillator, reset button, and other parts.

Servo

A servo motor is an electrical unit that can precisely rotate
objects. It has a rotation angle that varies to some extent [3].

A servo motor is a rotary unit that can move from left to right,
right to left, or in an angular motion. It primarily serves as a
foundation or pivot for the movement of other components or
modules that are connected to it. It is the device that rotates the
ultrasonic sensor, looking for obstacles in the range to the front
and back [2].

A servo motor with 150 degrees of rotation is used to rotate the
ultrasonic sensor HC-SR04 in order to determine position in this
study [1].

Ultrasonic Sensor

Due to its ease of installation, the ultrasonic sensor has been used
to this application that low cost and providing fast operation. The
ultrasound wave used has a frequency over 20 kHz and up to
Gigahertz, which is too high for the human ear to hear [8].
Excellent distance measurement accuracy was demonstrated in a
study involving ultrasonic sensor use [9].

The ultrasonic sensor is also known as a transceiver because it
operates on the transmitting and receiving principle, which means
that it transforms electrical energy into sound or radio waves as
an activated signal that is transmitted from the microcontroller
(Arduino UNO) to the Ultrasonic Sensor in the capacity of 10uS
[10]. The Ultrasonic Sensor receives the pulse and produces an
acoustic wave that is then propagated along the air medium to
strike objects within the range. After a short period of time, the
Ultrasonic Sensor receives the echo and converts the wave back
into electrical energy, where the object's information is stored [2].

The high frequency sound (ultrasound) waves are produced by an
ultrasonic sensor. When ultrasound strikes an object, it reflects as
an echo, which the receiver detects [3].

The HC-SR04 sensor is used in this framework. As a supply,
VCC is set to +5 V. GND stands for Ground. TRIG: Sensor
trigger input. The HC ultrasonic module receives 10 stimulus
pulses from the microcontroller. ECHO: The sensor's echo
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output. This pin is read by the microcontroller in order to sense
the obstacle or calculate the distance [3].

Since the signal passes from the HC-SR04 to the object and then
back to the HC-SRO04, the total distance is divided by two.

Total Distance = (343x time of high (echo))/2 )

Due to the obvious similarities in operation, the operation of a
radar or sonar may be used to explain the operation of an
ultrasonic sensor. In other words, by calculating the time it takes
to transmit and receive an ultrasonic wave, some characteristics
of the source or barrier that allows the wave to be reflected, such
as distance, can be determined [11]. The nature of the medium
and its temperature are normally two factors that influence the
speed of an ultrasonic wave in the medium, as seen in Equation
2, where T is the medium's temperature [1].

v=340+0.6(T —-15)m/s @

Programming Software

The Arduino IDE is the programming software for the Arduino
microcontroller. It's an open-source platform [3]. The Arduino
IDE is written in Java, but it has a simpler syntax [1].

Processing is also an open-source graphical library (IDE) that can
be used for non-programmers to visualize system. It was created
for the electronic arts and visual design communities.

Processing is based on the Java programming language, but with
additional features including extra classes and operations. It also
has a graphical user interface that makes the compilation and
execution stages easier.

METHOD

Figure 1 depicts the system's deployment and also its wiring
connection to Arduino UNO as the microcontroller and computer
as visual representation of obstacles detected.

Figure 1. Circuit diagram

Figure 1 shows a fully functional wiring diagram created with
Fritzing. The written computer code from the IDE software is
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checked to see how any of the components will interact with the
coding program to power an Arduino UNO controller [12].

The prototype ultrasonic radar system can do rotation over using
the servo motor. It has the ability to rotate in both clockwise and
counterclockwise directions.

Once the device is powered up, both ultrasonic sensors emit an
ultrasound wave within a certain range and detect the presence of
an object, which is then sent to the processing unit. Until the
machine is turned off, these cycles are replicated indefinitely. The
HC-SR04 sensor has four pins: “Voltage at the Common
Collector (VCC)” for control, “TRIG” for impulse trigger,
“ECHO” for impulse receiver, and “Ground (GND)” for ground
connector. Table 1 summarizes the pin connections for program
code to the control unit device.

Table 1. Pin Connection to Arduino UNO Board

PIN/Terminal Servo meter Ultrasonic Sensor
VCC 5V 5V
Signal 3 -

TRIG - 9

ECHO - 10

GND GND GND

The flow process of the whole system is depicted in Figure 2.
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Figure 2. Workflow of radar system

As seen in Figure 3, real-time system operation is shown.
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Figure 3. Work principle of radar system

The efficiency of the engineered device for a certain obstacle is
calculated using Equation (3) to find the percentage error.

real distance —measured distance)| +100% 3)
0
real distance |

Error = I(

where the parameters actual of distance and measured distance
indicate the distance in (cm) measured manually and by the
device, respectively [1].

RESULTS AND DISCUSSION

The proposed concept for a low-cost ultrasonic radar system to
detect obstacles has been deployed successfully and performs
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well. The ultrasonic radar senses an object and sends the
appropriate signal to the Arduino board, which then
communicates with the Processing program to measure and
visualize the object's distance, angle and position.

The ultrasonic radar system attached and communicated serially
with processing software that displays the detected object.

Figure 4. Default display when no object is detected

Figures 4, display a green background, which clearly indicates
that no objects were observed when the radar was rotated at angle
of 106°.

Distance

Object Detection

Figure 5. Object is detected at various angles
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(a) 117°, (b) 115°, (c) 60°

Figures 5 depict an object detected in various locations as the
angles are rotated clockwise and anticlockwise at 117°, 115°, and
60°. Object detection is indicated by the red background, while a
non-obstacle zone is indicated by the green region. The radar
captured obstacles at distances of 22 cm, 20 cm, and 19 cm,
respectively.

The design's validity has been put to the test in an experimental
environment at 20 cm as reference real distance but put at various
angles. The reference distance is located randomly, swapped over
clockwise and anticlockwise region. Several objects are regarded
as obstacles. The collected results are tabled to highlight the
difference between the true and observed distances, allowing the
measuring error to be determined.

Table 2. The Distance Measurement at VVarious Angles
No Real distance Measured distance Error

(cm) (cm)
1 20 19 5%
2 20 20 0%
3 20 20 0%
4 20 21 5%
5 20 20 0%
6 20 22 10%
7 20 21 5%
8 20 18 10%
9 20 20 0%
10 20 19 5%

From the measurement conducted, the error ranges from 0% up
to 10%. The percentage error rate is small and acceptable. The
error may arise for several reasons. Ambient factors and also
human error can influence an instrument's systematic error [13].

The percentage error for the calculated distance was good using
the proposed design, according to the data. It can be concluded
that the design is operating correctly with a reasonable level of
error.

CONCLUSIONS

The Arduino UNO, servo motor, and ultrasonic sensor were used
to create a low-cost but powerful radar system for obstacle
detection. The radar system can track obstacles or other objects
in 15 to 165 degree anticlockwise and 165 to 15 degree clockwise
directions using the attached radar system. The proposed model
can detect the position of an object and converts this data into a
visual representation through a monitor display. System can also
calculates the distance and angle of any point it encounters in its
direction, allowing it to predict the obstacle's range distance. The
percentage distance error observed does not exceed 10%,
according to the results. This method was created with a rational
degree of reliability and simplicity.

15 https://doi.org/10.25077/ajeeet.v1il.7

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]
(7]

(8]

(9]

[10]

[11]

[12]

[13]

H. R. Hatem, A. I. Abdalla, and Z. N. A. Al-Rawi,
“Design and implementation of ultrasonic radar system
for distance measurements using Arduino,” Int. J. Eng.
Technol., vol. 7, no. 4, pp. 3115-3118, 2018, doi:
10.14419/ijet.v7i4.18103.

I. Risi, A. Raymond, and N. N. Tasie, “Arduino Uno
Controlled Robotic Radar System Object Detector Using
Ultrasonic Sensor,” Am. J. Eng. Res., vol. 9, no.
December, pp. 1-8, 2020.

A. Kelvin Benjamin, P. Kenneth Ainah, and B. Ariebi
John, “Design and Implementation of a Low-Cost
Ultrasonic Radar System using an  Arduino
Microcontroller,” Int. J. Sci. Res. Eng. Dev., vol. 3, no.
July, 2020.

N. Gupta and A. Kumar Agarwal, “Object identification
using super sonic sensor: Arduino object radar,” Proc.
2018 Int. Conf. Syst. Model. Adv. Res. Trends, SMART
2018, pp. 92-95, 2018, doi:
10.1109/SYSMART.2018.8746951.

O. Appiah, E. Quayson, and E. Opoku, “Ultrasonic
sensor based traffic information acquisition system; a
cheaper alternative for ITS application in developing
countries,” Sci. African, vol. 9, p. e00487, 2020, doi:
10.1016/j.sciaf.2020.e00487.

L. N., Ridenour, Radar System Engineering Radiation,
Volume 1 0. New York: McGraw-Hill, 1947.

A. Baba, M. M. Abdulkareem, Q. A. Mohammed, and
M. M. Shakir, “A Short Range Radar System,” Res.
Gate, Sep, no. September, 2016, doi:
10.13140/RG.2.2.31179.59687.

N. Seckel and A. Singh, “Physics of 3D Ultrasonic
Sensors,” Res. Gate, Jul, no. July, pp. 1-11, 2019, doi:
10.13140/RG.2.2.25396.19849.

J. Azeta, C. Bolu, D. Hinvi, and A. A. Abioye, “Obstacle
detection using ultrasonic sensor for a mobile robot,”
IOP Conf. Ser. Mater. Sci. Eng., vol. 707, no. 1, pp. 1-
5, 2019, doi: 10.1088/1757-899X/707/1/012012.

E. Technology and D. B. Kadam, “Arduino Based
Moving Radar System,” Int. J. Innov. Stud. Sci. Eng.
Technol., vol. 4863, no. April, pp. 0-3, 2017.

S. E. Li et al., “Kalman filter-based tracking of moving
objects using linear ultrasonic sensor array for road
vehicles,” Mech. Syst. Signal Process., vol. 98, pp. 173—
189, 2018, doi: 10.1016/j.ymssp.2017.04.041.

Z. Adnan, M. Z. Hassan, N. Abwahab, S. M. Najib, and
N. S. Nasir, “Vehicle blind spot monitoring phenomenon
using ultrasonic sensor,” Int. J. Emerg. Trends Eng.
Res., vol. 8, no. 8, pp. 4357-4365, 2020, doi:
10.30534/ijeter/2020/50882020.

F. Attivissimo, A. Cataldo, L. Fabbiano, and N.
Giaquinto, “Systematic errors and measurement
uncertainty: An experimental approach,” Meas. J. Int.
Meas. Confed., vol. 44, no. 9, pp. 1781-1789, 2011, doi:
10.1016/j.measurement.2011.07.011.



