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1. INTRODUCTION

In this a robotic system that is capable of trengglat underneath effluent water determining
blockage using ultrasonic sensors clearing by meéusilling mechanism is designed to work in naoieal
environments.

Robotic systems are becoming ever more complexdagrand the need for visual feedback based
systems is increasing by the hour for the develoyiroé efficient self-adaptive mobile robotic syst&nin
the system we present here, we amalgamate an MATha&d Graphical User Interface for a robotic
system. Here MATLAB acts as a Graphical User fatsx and the appropriate signals are sent to aomicr
controller through a serial interface. Once the m@md signals are received by the microcontroller th
appropriate actions are performed by the robothis semi autonomous type of robot is designedhad t
even in the case of faulty condition we can maguashtrol the robot.

Electronic systems onboard the robot has threeguyinasks, to communicate with the PC, control
the motion of the robot and to perform drilling rhaaism when an obstacle is detected. A serial iBnk
established between the computer and the micraaltertusing serial modules. Motion control is ashéd
by interfacing two geared DC motors to a standarBridge motor driver circuit. The microcontroller
interprets the signals received from the computeraccordingly controls the motion of the robotseynding
signals to the motor driver circuitry.

Additionally since these systems require differeoltage supplies, a dedicated circuit is built to
perform this task. The mechanical structure is gte=i keeping in perspective the weight and size
requirements, and the required degree of mobility.
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2. SYSTEM OVERVIEW

In this a semi autonomous robot that is fully sutsiide is to be designed that uses graphical user
interface by which user can click the desired phostion to perform the action. In our system MATLAB
software is programmed according to the requirernané a user click a push button the system ingiand
starts image acquisition from the device similasdyious action such as forward, reverse actionbeadone.
Once a particular push button is pressed an hekadecode corresponding to the particular value is
transmitted to the serial port, from the COM parserial port using RS-435 cable the data is trattsthto
the robot

In the robot PIC microcontroller is programmed uctls a way that in a infinite loop like while is
used to check for a hexadecimal code if that paldicvalue of the code is received it is moved riother
port , from that a driver circuit IC such as L29Bm®vides sufficient voltages to the motor to drive.

Since this type of the robot is semi autonomousnypowering up preferences will be given to the
ultrasonic sensor, it uses the echo pulse to dateabstacle. When an obstacle is detected in fsbiite
robot, the ultrasonic sensor initiates an intermmgchanism to the PIC microcontroller; upon recgjvihe
request drilling mechanism will be activated. Tlobat also has the provision of manually controkaisi
case of in faulty state. In addition a wired IR eaais fixed at front end which acts the robotarisi

In this the user has to open the MATLAB softward amecute the m-file that contains the created
MATLAB user interface, the graphical user interfaadws the following functions such as robot cohtr
function and image acquisition function. A robotimction includes start drill, stop drill, righeft and
forward. Image acquisition function includes captgdive video and stopping them using MATLAB tool.
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Figure 1. Block diagram of the overall setup

Once a particular push button is pressed an heiadecode corresponding to the particular value
is transmitted to the serial port, from the COMtpar serial port using RS-435 cable the data issimatted
to the robot, in the robot PIC microcontroller upeeeiving the value performs the desired acti@ne lthe
PIC microcontroller is programmed in such a wayt thlhen a particular value is received the desiba
is performed.

In addition to that robot has the IR Camera thdk pvbvide vision to the robotic system travelling
underneath effluent water, since it is wired ropotver constraints will not an issue. Thus the Gtghted in
MATLAB with appropriate coding will control the Robvia serial port that interface with the PIC
Implementation Modules
The working module constitutes:

e Creating GUI using MATLAB- Graphical user interface provides the user cbfiinction menu, when
an appropriate button is pressed desired actigreiformed. MATLAB has in build function called
guide which provides a set of tools for creatingpdnical user interfaces these tools simplify trecpss
of laying out and programming GUI, selecting andrahg the GUI components to be placed in it. For
each button an appropriate call back function isegated, when programming the call back functien th
desired response is obtained.

e PIC programming- The PIC microcontroller is programmed in suckiay that when a particular port is
set to input and using the infinite programmingddeep on monitoring for a value, since for diffgre
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combination of values different output action iskte performed and in situation when an interrupt
occurs it is served immediately.

« Design of drilling type robot and to interface sems The perceptive of design is to have a drillipget
mechanism in front end, which is capable of detechilockage in underground sewer pipes.

A graphical user interface (GUI) is a graphicalpthy that contains devices, or components, that
enable a user to perform interactive tasks. Tooperthese tasks, the user of the GUI does not trageeate
a script or type commands at the command line.rDftee user does not have to know the detailseotabk
at hand. The GUI components can be menus, toolpash, buttons, radio buttons, list boxes, and sida
MATLAB, a GUI can also display data in tabular foamas plots.

GUIDE, the MATLAB graphical user interface develogmh environment, provides a set of tools
for creating graphical user interfaces (GUIs). Ehemls simplify the process of lying out and pargming
GUIs.

e GUIDE is primarily a set of layout tools

« GUIDE also generates an M-file that contains cadbandle the initialization and launching of the IGU
— This M-file also provides a framework for the iementation of the callbacks - the functions that
execute when users activate a component in the GUI.

The two basic tasks in Process of implementing d SUirst, laying out a GUI where MATLAB
implement GUIs as figure windows containing variaigles of Ul control (User Interface) objects. The
second task is programming the GUI, where eachcblmjist be program to perform the intended action
when activated by the user of GUI.

And finally writing the code to implement the bel@avassociated with each callback function in m-
files. A callback is a function that writes and @dates with a specific GUlI component or with th&IG
figure. It controls GUI or component behavior byrfpeming some action in response to an event for it
component. This kind of programming is often calleeent-driven programming. This last step is the
difficult one and has to make an extra reading ow ko write the coding before the GUI component can
perform some task that user desire.

MECHANICAL DESIGN

The Mechanical Design of the sewer pipe inspeatifiot plays a very pivotal role in the “Design
and Development of Vision Based sewer Pipe blockdggrance Inspection Robot”. The main objective of
the robot is to traverse through the horizontal aadical cross section of the pipe. Specific dadies
associated with this application include space ioenfient, size and weight restrictions, wireless
communication requirements, and adverse envirormheoinditions. The key problem in their design and
implementation consists in combining the capacityself-moving with that of self-sustaining and the
property of low weight and dimension. A very im@ort design objective is represented by the addjyabi
of the in-pipe robots to the inner diameters ofpilpes
DESIGN OF HORIZONTAL SECTION
The horizontal section of the pipe consists offttewing:

e Horizontal Telescopic set
* 2 DC Geared Motors

e aSpring

e 2 High Grip Wheels

Telescopic Set

Telescopic Set:

Figure 2. Telecopic Set

The telescopic set is made of drawer channelsdféager Channels are divided into two:
e stationary channel
* mobile channel
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Stationary Channel:

The stationary channel acts as the base for thelenoliannel to move in forward direction and
reverse direction. The stationary channel consitn L shaped clamp and a dc geared motor to dhee
wheel. The length of the stationary channel isc@2and breadth is 3 cm and the total area it oesugi27.6
square-cm. The L clamp Height is 2 cm and widtB.scm and the length is 1.5 cm. The function ef ith
clamp is to hold the spring. The L clamp is attattethe upper side of the stationary channel thighhelp
of the bolt and nut. The DC geared motor is attddhdahe bottom side of the stationary channel
Mobile Channel:

The pipe is of variable size i.e. its diameter @ariTo overcome this dampening environment, the
mobile channel is used to assist the robot in adgjtiself to the variable size of pipe. The molateannel is
smaller in size such that it fits inside the stadéicy channel. The mobile channel slides over thgostary
channel with an insubstantial amount of frictiomeTsides of the mobile channel are completely geas
that sliding does not pose any problem. The legtthe mobile channel is 7 cm and it extends outhef
stationary channel to a maximum of 2 cm. It alsnsists of an L shaped clamp to support the othdroén
the spring. The L clamp height is 2 cm, length.B dm and width is 2 cm. A DC geared motor theg h
been fixed to this channel. The wheels are fixethéeomotor shaft and the motors are fixed to thenakl in
such a way that the entire length of the vertieatisn is 22cm that is the diameter of the pipe.

DC Geared Motors:

The DC Geared Motors propel the robot in both thevérd and reverse directions of the horizontal
and vertical sections of the pipe. The motors dtached to the stationary and mobile channel of the
telescopic set. The motor has sufficient torqueub the robot against gravity while traversing trertical
cross section of the pipe.

Spring:

The spring plays the pivotal role in helping théabto adapt itself to the varying size of the pipe
The spring is fixed between the 2 L clamps of ttai@nary channel and the mobile channel. Holes are
drilled in the 2 L clamps of the stationary chanaedl the mobile channel in such a way that a s&sdixed
between them. A screw is inserted into the sprongrevent it from slipping out of the clamps wherisi
getting compressed. The screw holds the sprintpipasition.

High Grip Wheels:

The wheels help the robot to grip to the pipe. Wheel diameter is 4.5 cm and the wheel thickness

is 3.3 cm. The wheels are attached to the motdt bpalrilling wheel inner diameter
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Figure 3. Robot GUI Interface

3. EXPERIMENTAL RESULTS
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After laying out the GUI component, when executed m files, for each push button desired

output is obtained

After successful completion of creating GUI in MAAB, we used HDD SERIAL PORT

MONITER software to view the code generated fothgaush button pressed.
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Figure 4. Monitoring transmission of signals

CONCLUSION
At the end of this a prototype system for clearand removing blockage of large sewer pipes, has

been built and simulation results for software pafrtthe robotic system is created successfully gisin
MATLAB tool. The system has been tested in realesemipe during normal sewer operation. The cleaning
and inspection system is unique in that it canrclaad then carry out a high resolution, complete 3D
inspection of large sewers while the sewer is plytiilled and in operation. In addition to it tlebot has a
camera which can stream live video of the surrougpdihe camera is controlled by the PC which ersable
the user to view the video using a wired receivedufe. This vision feedback also enables us towsreof

the robot’s surrounding.

REFERENCES

(1]
(2]
(3]
5
(6]

[7]
(8]

(9]

Jose Saenz “Robotic systems for cleaning and inspecif pipes” 2010 IEEE International conference on
Robotics.

Robin Bradbeer stephen Harrold, Frank Nickols and Ea¥eung: “An underwater robot for pipe inspectiprpp
152-155, IEEE February 1997.

Majid. M. Moghaddam, and Alireza. Hadi: “Control a@diidance of a Pipe Inspection Crawler (PIC)” pp h&s
published a paper in 22nd International SymposiumAatomation and Robotics in Construction ISARC 2005-
September 11-14, 2005, Ferrara (Italy).

Chang doo “ optimal design of In pipe cleaning réi#11 IEEE International conference on Mechanics.

Yuan, Wang “Design and study of drainage pipe dregiRobot” 2010 IEEE international conference odustrial
Engineering.

N. Elkmann “Development of automatic inspectiontsys for concrete pipes partially filled with wasteater”
2007 IEEE International conference on Robotics

http://mathworks.com

Muhammad Ali Mazidi, Janice Gillispie Mazidi, Roli®.Mckinlay, (2003), “The PIC microcontroller and
embedded systems using assembly and C”,

Raj kumar bansal, Ashok kumar , (2010), “MATLAB amslapplication in Engineering”

IJRA Vol. 1, No. 1, March 2012 : 64 — 68



