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ABSTRACT
This paper represents a method to calculate the length of plane objects by using ultrasonic sensor and
Raspberry Pi. The work in such a way that, the servo moves the ultrasonic sensor from 0-180 degree and detects
the angle at which side of the object starts and ends thus creating a virtual triangle and length is calculated using
law of cosine. This length data is send to the android application using python sockets via Wi-Fi and displayed in
the screen .The Raspberry Pi runs a modified version of Linux and uses python programming to processing the
task. The android application is written in kivy language.
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1. INTRODUCTION

The Raspberry Pi as shown in figure.l is a low cost credit-size single-board computer with ARM
architecture. It’s capable of doing everything you’d expect a desktop computer to do, from browsing the internet
and playing high-definition video, to making spreadsheets, word-processing, and playing games. It runs Linux a
free operating system from a SD card and it is powered by a USB phone charger. It is currently having 5 different
models; Model A, A+, B, B+, Generation 2 Model B. Model A, A+, B, B+ all are powered by 700 MHZ single-
core ARM1176JZF-S, whereas the new 2™ generation Model B is powered by 900 MHZ quad-core ARM Cortex-
A7.Model A and A+ have 256 of RAM, Model B and B+ have 512 MB of Ram and 2" Generation Model B has
1GB of RAM. These Pi have USB port within them and have ability to do networking. All of these Models are
powered by Broadcom Video Core IV @ 250 MHZ and power source is a 5V via Micro USB or a GPIO header. In
this project we are using model B+.

igure.1. Raspberry Pi Model B Plus

Ultrasonic sensors shown in Figure 2 uses sound to accurately detect objects and measure distance between
them. Ultrasonic sensors work in the principle of echolocation-sound waves transmitted, bounced back and
received, with the time difference used to calculate the distance of objects. In this project we have used HC-SR04
module which is cheap and offers excellent non-contact range detection with high accuracy and stable readings in
an easy-to-use package. It operation is not affected by sunlight or black material like Sharp range finders (although
acoustically soft materials like cloth can be difficult to detect). It comes complete with ultrasonic transmitter and
receiver module. The power supply for this module is 5V and is given by Raspberry Pi. It has a Ranging Distance
upto (2cm — 400 cm) with a resolution of 0.3 cm. The pulse width for triggering the module is 10uS.

Figure. 2. HC-SR04 Ultrasonic Module
A servomotor as shown in figure.3, is a rotary actuator or linear actuator which are used for angular
positioning and typically have a movement ranging to 180 degrees and is modified to a range of 210 degrees. The
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output shaft of a servo does not rotate freely, but rather is made to seek a particular angular position under
electronic control. They are typically rated by torque and speed. It consists of a small DC motor, potentiometer,
gear system and a control circuit. The motor is attached by gears to the control wheel. As the motor turns, the
potentiometer's resistance changes, so the control circuit can exactly manage how much development there is and
in which course. When the shaft of the motor is at the desired position, power supplied to the motor is stopped. If
not, the motor is turned in the appropriate direction. The suitable position is sent via electrical pulses through the
signal wire. The motor speed is relative to the distinction between the first position and coveted position. So if the
engine is close to the sought position, it will turn gradually, else it will turn quick. This is called corresponding
control. This implies the motor will only run as hard as necessary to accomplish the task at hand.

Figure.3. Servo Motor
Law of cosines (also known as the cosine formula or cosine rule) relates the lengths of the sides of a
triangle to the cosine of one of its angles. It states
¢ = a® + b — 2abcos~y
The law of cosines is helpful for processing the third side of a triangle when two sides and their encased
edge are known, and in figuring the edges of a triangle if every one of the three sides are known. An average case
outline for computing the length as appeared in the Figure 4. In Figure 4 the length of x is 28.05 cm.
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Figure.4. Law of cosine for calculating x

Kivy is an open source Python library for developing mobile apps and other multi touch application
software with a natural user interface. It can be run on Android, iOS, Linux, Os X and Windows.
Interfacing Wlan Adapter with Pi: The WI-FI adapter is connected to pi via 2.0 USB port. We used a high gain
TP-LINK (TL-WN722N) model with 150 Mbps rate speed. The adapter was plug-n-play and easily interfaced with
pi without drawing too much current thus keeping the pi alive.
Setting up Pi: The components are connected to the Pi as shown in Figure.5. A voltage divider is used from the
echo pin to Pi, because the general purpose input/output pins of Pi have maximum input voltage of 3.3v whereas
the output of echo pin is 5v, the resistors used are 1K ohm and 2K ohm.
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Figure.5. Connections
The hardware setup is shown in Figure 6(Top View) and Figure.7 (Front View).

Figure.6. Hardware Setup (Top View) Figure.7. HardWare Setup (Front View)
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Setting up a Server in Raspberry Pi: The Raspberry Pi runs a server. This server waits for a client i.e., android
application to connect and waits for the instruction to measure the length or not. This server is setup to listen in
port 488 by the following instruction.

import socket
g = socket , socket (sock AF_IMET, sock, S0CKS _STREAM)
s.bindi ** ,483) #Bind to local host at port 483

5, listen{10)
Whenever the application connects, it binds to a process function in a discrete thread using the threading
module in python. This was done by following instruction

While True:
Conn, addr = s.accept()

t = Thread(target=process, args=(conn, addr))

t.starti)
Setting up the Android App: The android app has a very simple structure. It consists of three buttons namely
“connect”, “disconnect” and “scan”. The connect button will connects to the Raspberry Pi, while the disconnect
button disconnects the application from the Raspberry Pi. The scan button when pressed gives instruction to the
Raspberry Pi to scan the object placed in front. The application structure is as shown in the Figure 8.

Figure.8. Application Structure

2. EXPERIMENTAL SETUP
The raspberry Pi waits for instruction, after receiving SCAN instruction the servo motor starts to find the
object by ultrasonic sensor. It moves 180 degree. The servo motor decrements its movements from 180 degrees till
the ultrasonic hits the object. The distance between the ultrasonic sensor and the object is measured and stored as
variable. The length is calculated by using cosine formula and displayed the length.
Working: The Working of the method can be understood by the following block diagram as shown in Figure.9.
hits “SCAN™ detects the object in a variable and moves to

The application
connections to
raspberry Pi
180 degree position.

The length is calculated X The servo decrements its
. . The distance between the ]
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and transferred to application till the ultrasonic hits the
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The servo starts to move from 0 degree till the
The raspberry Pi waits for ultrasonic sensor detects the object. If yes, the
instruction until the user angle of the servo at which ultrasonic sensor

Figure.9. Block diagram
We placed a simple plane object to measure the length and we got the output with 15.4 cm as Shown in
Figure.10. When the length measured manually by scale was 15.7 cm.
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15.07 CM

Fig.10. Application Output

3. RESULTS

By Raspberry Pi, ultrasonic and servo motor combination we were able to calculate the length of plane
objects. Many ultrasonic sensors and servomotors setup can be added up to calculate other parameters like breadth
and height. By This data we were able to calculate volume, area, etc. of any plane object.

4. CONCLUSION
The length of the object can be calculated By Raspberry Pi, ultrasonic and servo motor combination. In
this method we can calculate the Volume, area of any objects in future. This method is very easy, reliable efficient.
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