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Abstract— Navigational systems are becoming more
challenging as the detection of obstacles ahead is to be
predicted in advance with greater accuracy to take corrective
actions. This becomes even more challenging in the case of
unmanned aerial vehicles. It is the requirement of the day to
device a predictive vehicle collision avoidance system in order
to safe guard the vehicle from occurrence of fatal accidents.
Fortunately, with the emergence of Internet of Things (1oT),
detection of object has become much easier. In the present
work, one such application of 10T has been taken under
considerations in which ultrasonic sensor has been used to
measure distance of obstacle using different loT development
boards. The obstacle distance has been measured using
Raspberry Pi, Arduino Uno board and ATMEGA 328
controller. Their performance have been compared in terms of
the error percentage. The obstacle material for all the
measurement has been taken as white paper sheet. It has been
observed that the measurement using Raspberry Pi gives
lowest error than the Arduino Uno board and AVR ATMEGA
328 controller. The value of error increases with increase in
the distance measured.
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l. INTRODUCTION

The emergence of Internet of Things (loT) have made
decision making capabilities more accurate and has reduced
the percentage error in automatic measurement [1]. This has
been possible owing to making the things (devices) smart by
introducing in them the computing, communicating and
sensing capabilities. Now using 10T things can see, hear and
talk to each other without any human intervention. In the case
of autonomous vehicles, unmanned aerial vehicle, etc. the
navigational systems are more challenging as the detection of
obstacles ahead is to be predicted in advance with greater
accuracy to take corrective actions [2]. It is the requirement of
the day to device a predictive vehicle collision avoidance
system in order to safe guard the vehicle from occurrence of
fatal accidents. The detection of object has become easier due
to advancement in technology. In the present work, one such
application of loT has been taken under consideration in
which ultrasonic sensor has been used to measure obstacle
distance using different development boards [3]. The obstacle

distance has been measured using Raspberry Pi, Arduino Uno
board and ATMEGA 328 controller. Their performance have
been compared in terms of the error percentage. The obvious
reason to select these development boards are compactness,
low cost, higher efficiency and user popularity. Arduino Uno
board has become a common name in the field of robotics and
automation [4]. Comparatively Raspberry Pi is costlier than
Arduino Uno board, but is much more efficient and versatile
and is considered to be a mini computer in itself. When the
cost of the project is to be reduced by many fold, then the
stand alone controllers are much ahead of the development
boards with almost comparable performance parameter. This
has been one of the major factor to include AVR ATMEGA
328 controller under the present work. It’s per unit cost is
much lesser than the other two boards under study [5].

Il.  ULTRASONIC SENSOR

The ultrasonic sensor shown in Fig. 1 works on the
principle of transmitting a 40 KHz signal of 10 ps (micro
second) pulse duration from the transmitter unit of the sensor.
The transmitted signal has 8 bursts of 10 ps TTL (transistor-
transistor logic) signal [6]. It travels toward the obstacle,
whose distance is to be measured and the reflected echo
(signal) is received back by the receiver unit of the sensor [7].

Figure 1. Ultra-Sonic Sensor HC-SR 04.

The distance to be measured is calculated by the time taken
by signal to travel from the transmitter unit to the obstacle and
arriving back (echo) at the receiver of the sensor. Since the
speed of the signal is approximately 340 m/s, equal to speed of
sound, the distance can be calculated from the formula,
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velocity = distance/time, or distance = velocity x time [8].
The timing diagram of ultrasonic sensor is depicted in Fig. 2.
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Figure 2. Timing Diagram of Ultra-Sonic Sensor
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The calculated distance value has to be further divided by
2 (two), to calculate the one way distance of obstacle from the
sensor to the object whose distance has to be measured [9]. In
this study HC-SR 04 ultrasonic sensor has been used. It works
with 5 volt DC input voltage, 15 mA DC current, at 40 Hz
frequency. It can measure minimum distance of 2 cm and
maximum distance 4 meter with resolution of 0.3 cm and
measuring angle of 15 degree. It generates trigger input signal
of 10 pus TTL pulse [10]. The working principle of ultrasonic
sensor is shown in Fig. 3.
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Figure 3. Working Principle of Ultrasonic Sensor

The obstacle material for all the measurement has been
taken as white paper sheet [11].

I1l.  Lcp DisPLAY UNIT

The distance measured using Arduino Uno board and AVR
ATMEGA328 microcontroller have been displayed on
RG1602A, 16X2 LCD display unit as depicted in Fig. 4. It is
having green back light with 4/8 bit MPU interface and a
built-in HD44780 LCD driver [12].

Figure 4. RG1602A, 16X2 LCD display unit
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It is a 16 character by 2 line display module and operates
with 5 volts DC voltage.

IV. INTERNET OF THINGS DEVELOPMENT BOARDS
There are many development boards available for loT

prototype development which include Arduino Uno,
Microduino, Intel Galileo, Intel Edison, Beagle Board,
Raspberry Pi, standalone microprocessors and

microcontrollers, etc. In this work, we have used Raspberry Pi
3 model B +, Arduino Uno R3 and standalone AVR
ATMEGA328 microcontroller for measurement of object
distance using ultrasonic HC-SR 04 sensor [13]. The details of
the development boards used are explained in the following
paragraph.

A. Raspberry Pi Board

In this work Raspberry Pi 3 B + model has been used
which is shown in the Fig. 5.

Figure 5. Raspberry Pi 3 B + model

It has a 64-bit system on chip (SoC) broadcom
BCM2837B0, Cortex—A53 quad core processor with operating
frequency of 1.4 GHz. It has 40 pin general purpose input
output (GPIO) pins which can be configured through the
python programming code for connecting as either input or
output pins [14]. It has connectivity to dual band IEEE
802.11.b/g/n/ac wireless LAN in the industrial, scientific and
medicine (ISM) band of 2.4 GHz and 5.0 GHz frequency
range, Bluetooth 4.2 BLE, and gigabit Ethernet over USB 2.0.
It has 1 GB LPDDR2 SDRAM memory unit, it support video
and sound through HDMI port and multimedia. For loading
operating system and for data storage, we have used 16 GB
micro SD card. The input power requirement is 5 volt/ 2.5
amps DC through micro USB connector. Ethernet port is used
for connecting to the internet. It works with the Raspbian, an
open source operating system which is installed through new
out of box software (NOOBS) on the micro SD card [15]. The
program codes are written in python for the execution of tasks
through the Cortex controller A53 [16].

After inserting the micro SD card and installing the
Raspbian software, mouse and keyboard are connected
through USB cable [17]. Then the monitor/projector is
connected through the HDMI port and Ethernet cable is used
to connect it with internet. Finally a micro USB power supply
is plugged in to connect it to the power port, a red LED lights
up to indicate that power is connected to the board [18].

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

2325|Page



IJRECE VOL. 7 ISSUE 1 (JANUARY- MARCH 2019)

B. Arduino Uno Board

Arduino Uno R3 Board is one of the most commonly loT
development board used for the development of basic
automatic projects in the field of 10T or robotics. It is an open-
source platform which is based on the principle of easy to use
hardware and software [19]. It works with the suitable
Arduino integrated development environment (IDE) software
installed in the personal computer/ laptop. The computer codes
written in the simple version of C++ are uploaded on the
physical board which works in synchronization with Arduino
IDE software. It does not require any extra programmer
(hardware) in order to upload a new computer code onto the
board. All the board functions can be controlled with the help
of set of instructions to the microcontroller using the installed
(IDE) software [20].

Major essential electronics chips and devices required for
small 10T projects are embedded on the printed circuit board
itself constituting the development board. In figure 6 Arduino
Uno board model R3 is shown in Fig. 6.

Figure 6. Arduino Uno R3 Board
This board uses 8 bit microcontroller, AVR ATmega328,
at 16 MHz clock frequency. It has the provision of a USB,
power jack, ICSP header and also has one onboard reset

button. It requires 5 Volt DC power supply for its operation. It
has many general purpose input-output pins including 14

digital input-output pins, 6 analog input pins, 32 KB flash

memory, 2 KB SRAM and 1 KB EEPROM [21].

C. The AVR ATMEGA328 Microcontroller

The AVR ATMEGA328 Microcontroller shown in Fig. 7
can be used as a standalone controller for implementation of
any loT project.

Figure 7. AVR ATMEGA328 Microcontroller

It is a family of high performance 8-bit RISC controller
with 32 KB in system programming (ISP) flash memory with
having capabilities of read while write [22]. It has 1 KB
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EEPROM, 2 KB SRAM, 23 GPIO lines and 32 general
purpose registers. It has 3 timers, external as well as internal
interrupts, serial interface, serial programmable USART, 6
channel, 10-bit Analog to Digital Converter (ADC), SPI serial
port and 6 pulse width modulation (PWM) pins. It comes with
28 pin configuration.  The controller is designed to operate
with 1.8 to 5.5 DC volts with features of software operated
power saving modes. The main advantage of this controller
are: high performance, cost efficiency, less power
requirement, real timer counter with separate oscillator, fully
static operation, on chip analog comparator, advanced RISC
architecture etc. Because of these features the Arduino Uno
development board also uses the AVR ATMEGA328
Microcontroller [23].

V. MEASUREMENT OF OBSTACLE DISTANCE

In the present study obstacle distance has been measured
using Raspberry Pi, Arduino Uno board and ATMEGA 328
controller. Their performance have been compared in terms of
the error percentage. The obstacle material for all the
measurement has been taken as white paper sheet.

A. Obstacle Distance Measurement using Raspberry Pi 3 B+
Board

The laboratory set up for obstacle distance measurement is
shown in the Fig. 8.

Figure 8. Laboratory setup with Raspberry Pi

After making necessary connections with keyboard,
mouse, power supply, monitor, etc. the computer code written
in python programming language has been run with Raspbian
software installed in the micro SD card inserted in the slot
provided in the Raspberry Pi board and measurement has been
displayed on projector/monitor [24].

The distance measurement working principle has been
explained in the ultrasonic sensor section. The measured
distance has been reflected in the table -1. Fig. 9 depicts the
computer code and the measured distance displayed on the
projector screen.

Figure 9. Distance measurement with Python code for Raspberry Pi

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

2326 |Page



IJRECE VOL. 7 ISSUE 1 (JANUARY- MARCH 2019)
B. Obstacle Distance Measurement using Arduino Uno R3
Board

The distance measurement using Arduino Uno R3 board is
shown in Fig. 10.

Figure 10. Laboratory setup with Arduino Board

After making the necessary connections the computer code
written in C++ programing language has been run in the
personal computer installed with suitable Arduino integrated
development environment (IDE) software. The distance
measured is displayed on the 16X2 LCD display unit. The
values obtained are shown in the table - 1.

C. Obstacle Distance Measurement using AVR ATMEGA 32
Controller
In order to compare the performance of development
boards with a standalone microcontroller, we have used AVR
ATMEGA 328 controller [25]. The laboratory setup diagram
is shown the Fig. 11.

Figure 11. Measurement using AVR Controller

The measured distance has once again been displayed on
16X2 LCD display unit shown in Fig.12 and measured values
are reflected in the table -1.

Figurel2. Distance Measurement Display on LCD
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VI.

RESULT AND DISCUSSIONS

The results obtained with three different 10T development
boards are shown in Table-1.

TABLE 1. VALUE OF DISTANCE MEASURED
Sl. Actual Distance Measured (cm)
No. | Distance [“RassherryPi |  Arduino ATMEGA 328
(cm) Uno
1 10 10.02 10.03 10.04
2 12 12.03 12.04 12.05
3 14 14.04 14.05 14.06
4 16 16.06 16.07 16.08
5 18 18.07 18.08 18.10
6 20 20.08 20.10 20.12

From the table-1 it is evident that the measurement using
Raspberry Pi gives lowest error than the Arduino Uno board
and ATMEGA 328 controller. The value of error increases
with increase in distance measured. Similarly Fig.13 depicts
the error percentage for all three different boards.
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Figurel3. Measurement Error in Percentage

It is once again revealed that measurement taken in the
case of Raspberry Pi is lowest in terms of percentage than the
other two boards used in the study. When response time in the
distance measurement is compared among the three
development boards, the maximum time is taken by
ATMEGA 328 controller and the minimum by Raspberry Pi.
The response time of Arduino Uno board is greater than
Raspberry Pi but smaller than ATMEGA 328. When the cost
of the project is to be reduced by many fold, then the stand
alone controllers are much ahead of the development boards
with almost comparable performance parameter. This has been
one of the factor to include AVR ATMEGA 328 controller
under the present work. It’s per unit cost is much less than the
two boards under study.

VII. CONCLUSIONS

In order to safe guard the vehicle from occurrence of fatal
accidents, it has become necessary to device a predictive
vehicle collision avoidance system. In the present work,
ultrasonic sensor has been used to measure obstacle distance
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using Raspberry Pi, Arduino Uno board and ATMEGA 328
controller. Their performance have been compared in terms of
the error percentage. The results obtained reveals that the
obstacle distance measurement using Raspberry Pi gives
lowest error than the Arduino Uno board and AVR ATMEGA
328 controller. The obstacle material for all the measurement
has been taken as white paper sheet. The value of error
increases with increase in obstacle distance measured.

[1]
[2]

[3]

[4]

[5]

(6]

[7]

(8]

[0]

[10]

[11]

[12]

[13]

[14]

[15]

REFERENCES

J. David and N. Cheeke, “Fundamentals of ultrasonic waves,”
CRC Press, Florida, USA, 2002, ISBN 0-8493-0130-0.

D. Webster, “A pulsed ultrasonic distance measurement system
based upon phase digitizing,” IEEE Transaction on
Instrumentation and Measurement, Vol. 43, No. 4, Aug. 1994,
pp. 578-582.

C. C. Chang, C. Y. Chang, and Y. T. Cheng, “Distance
measurement technology development at remotely teleoperated
robotic manipulator system for underwater constructions,”
IEEE International Symposium on Underwater Technology,
Apr. 2004, pp. 333-338.

Essam Dabbour and Said Easa, “Proposed collision warning
system for right-turning vehicles at two-way stop-controlled
rural intersections”, transportation Research Part C, Volume 42,
pp. 121-131 ELSEVIER 2014.

O. Duran, K. Althoefer, and L. Seneviratene, “State of the art in
sensor technologies for sewer inspection,” IEEE Sensors
Journal, Apr. 2002, Vol. 2, No. 2, pp. 73-81.

H. He, and J. Liu, “The design of ultrasonic distance
measurement system based on S3C2410,” Proceedings of the
IEEE International Conference on Intelligent Computation
Technology and Automation, Oct. 2008, pp. 44-47.

Yadav Shatrughna Prasad, Kumbhare Abhijeet and Parab
Ravindra, “Smart Home Application using Internet of Things”,
International Research Journal of Engineering and Technology,
Volume 06, Issue 02, February 2019, pp- 520- 524.

Marc Heddebaut, Fouzia Elbahhar, Christophe Loyez,
“Millimeter Wave Communicating Radars for Enhanced
Vehicle to Vehicle Communication”, Elsevier Transportation
Research Part C: Emerging Technologies Volume 18, pp. 440-
456, 2010.

Y. Jang, S. Shin, J. W. Lee, and S. Kim, “A preliminary study
for portable walking distance measurement system using
ultrasonic sensors,” Proceedings of the 29th Annual IEEE
International Conference of the EMBS, France, Aug. 2007, pp.
5290-5293.

Jiann - Der Lee and Kuo - Fang Huang, “A Warning System
for Obstacle Detection at Vehicle Lateral Blind Spot Area”, 7th
Asia Modelling Symposium, pp. 154-159, 2013.

G. Benet, F. Blanes, J.E. Simo, P. Pérez, “Using Infrared
Sensors for Distance Measurement in mobile Robots”,
ELSEVIER Robotics and Autonomous Systems, Volume 40,
pp. 255-266, 2002.

Wende Zhang, “LIDAR-Based Road and Road-Edge
Detection”, TEEE Intelligent Vehicles Symposium (IV), pp.
845-848, June-2010.

Byoung-Suk Choi and Ju-Jang Li, “Localization of a Mobile
Robot Based on an Ultrasonic Sensor Using Dynamic
Obstacles”, International Symposium on Artificial Life and
Robotics, Volume 12, Issue 1-2, pp. 280-283, 2008.

Yanwu Xu, Dong Xu, Stephen Li and Tony X. Han, “Detection
of Sudden Pedestrian Crossing for Driver Assistance Systems”,
IEEE transactions on Systems, Man and Cybernetics - Part B:
Cybernetics, Vol. 42, No. 3, June 2012.

Shoma Hisaka and Shunsuke Kamijo, “On-board wireless
sensor for Collision Avoidance: Vehicle and Pedestrian

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

Detection at Intersection”, 14th International IEEE Conference
on Intelligent Transportation Systems, October 2011.

Bin-Feng Lin, Yi-Ming Chan, Li-Chen Fu, “Integrating
Appearance and Edge Features for Sedan Vehicle Detection in
the Blind-Spot Area”, IEEE Transactions on Intelligent
Transportation System, Vol. 13, No. 2, June 2012.

C.T. Chena and Y.S. Chen, “Real-Time Approaching Vehicle
Detection in Blind Spot Area”, IEEE Conference on Intelligent
Transportation System, October 2009.

Jonggu Kang, Minjung Jin, Jeehoon Park and Dongho Park, “A
Study on Application of Sensor Fusion to Collision Avoidance
System for Ships”, International Conference on Control
Automation and Systems 2010.

J. Seja and M. Banshidhar. 2013. Obstacle detection and
avoidance by a mobile robot. National Institute of Technology,
Rourkela. B.Sc. thesis. pp. 1-9.

Ala Al-Fugaha, Mohsen Guizani, Mehdi Mohammadi,
Mohammed Aledhari, and Moussa Ayyash, “Internet of
Things: A Survey on Enabling Technologies, Protocols, and
Applications”, [IEEE Communication Surveys & Tutorials, Vol.
17, No. 4, Fourth Quarter 2015, pp- 2347- 2376.

O. Vermesan, P. Friess, P. Guillemin et al., “Internet of things
strategic research roadmap,” in Internet of Things: Global
Technological and Societal Trends, vol. 1, pp. 9-52, 2011.
Pallavi Sethi and Smruti R. Sarangi, “Internet of Things:
Architectures, Protocols, and Applications” Hindawi, Journal
ggElectrical and Computer Engineering, Volume 2017, pp- 1-
D. Evans, “The Internet of things: How the next evolution of
the Internet is changing everything,” CISCO, San Jose, CA,
USA, White Paper, 2011.

J. Manyika et al., “Disruptive Technologies: Advances that
Will Transform Life, Business and the Global Economy”. San
Francisco, CA, USA: McKinsey Global Institute, 2013.

L. Atzori, A. lera, and G. Morabito, “The Internet of Things: A
survey,” Computer Networks, vol. 54, no. 15, pp. 2787-2805,
2010.

Shatrughna Prasad Yadav
received B. Tech. (AMIE) degree
in electronics and communication
engineering from the Institution
of Engineers (India) in 1992,
MBA in marketing management
from Indira Gandhi National
Open University, New Delhi in
1998, M. Tech. in digital systems
from Motilal Nehru National
Institute of Technology,
Allahabad in 2002 and Ph.D. in
Electronics and Communication Engineering from Gujarat
Technological University, Ahmedabad in 2017. From 1986 to
2006, he was with Indian Air force. From 2006 to 2007, he
worked as senior lecturer in electronics and communication
engineering department at Institute of Technology, Nirma
University, Ahmedabad. 2007 to 2018, he worked with the
Indus University, Ahmedabad as a head of Electrical and
Electronics Engineering department. From 2018 onwards he is
working as associate professor at Symbiosis university of
applied sciences, Indore. His research interest includes digital
communication systems, loT, electromagnetics, and digital
signal processing.

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

2328 |Page



