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Abstract - This paper proposes a design for pipeline inspection robot that can detect various pipe cracks internally by using 
camera at very low cost. The economic value of pipelines which are used in industry for various purposes is very large. 
Pipeline inspection has become an important issue as replacement of defected pipeline is more costly as well as more 
complicated. Here the unique 3W chassis design and camera with micro SD card slot is selected for pipeline inspection 
robot. The hardware part consists of bot chassis, ARDUINO UNO board, Cmos-Camera with SD card slot, DC geared 
motors and motor drivers, LED’s etc. The detection part done on the images by using MATLAB which are captured by 
camera. The propose design valid for 7 to 8 inch diameter of pipe. 
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I. INTRODUCTION  
 
The pipeline inspection robots are highly useful to 
detect the pipelines or small tunnels internal cracks. It 
is more important as per the performance and life of 
pipelines are used. There are many pipeline inspection 
robot systems have been developed, and this pipeline 
inspection robots which are classified into several 
elementary forms according to the movement 
mechanism. Thus, many kinds of mechanisms have 
been developed, such as wheel type, inchworm type, 
legged mobile type, screw type, crawler type, PIG 
type, caterpillar type and passive type. Among them, 
wheel type and caterpillar type pipeline inspection 
robots were mostly popular [1][2][8]. 
 
If a small water pipeline bursts or leak, it can be a 
problem but it usually does not harm our 
environment. However, if a petroleum or chemical 
pipeline leaks, it can be the environmental and 
ecological disaster. In India, we can see many pipeline 
accidental reports at the National Transportation 
Safety Board’s Internet site. Thus, for keeping 
pipelines operating safely, periodic inspections are 
performed to find cracks and damage before they 
become cause for serious concern. When the pipeline 
used after a period, there exist possibilities of cracking 
or damage, also the pipeline was gotten into siltation 
or squeeze that made the pipe wall making irregular 
varieties. Therefore, the activities for periodic 
maintenances are required. Because the pipeline is 
restricted by many environmental factors, that limit 
makes more difficult to inspect the pipeline. For this 
problem, inspecting them by using robots is 
considered as a good alternative. 
 
A. Techniques/Methodology 
A survey of various methods of pipeline inspection is 
given below: 
1) Visual examination using Inspection Dig. 
2) External measurement such as Electrical Survey.  
 

 
3) Examination of corrosion coupons or probes placed 
inside the pipeline. 
4) Use of in-line inspection tool to identify areas of 
pitting or metal loss.  
 
For example, sewerage water can be overflowed when 
sewer pipelines are blocked by sludgy or dirty things. 
In that case, blockages have to be removed from the 
pipe. Otherwise all areas can be spoiled by dirty water 
due to outflow. There are several ways to remove 
these things. First, blocked pipes can be penetrated 
with a long stick or wire but it is very difficult to do 
so when pipelines are bent. Second, blockages can be 
blown out using air pressure, but it doesn’t work when 
pipe have outlets or clacks between the blockage and 
starting point of air pressure. Third is an excavation of 
the area which is suspected for clogging [1][2][3][4]. 
The difficulty here is a finding clogged area and it 
also takes long time and large cost. Solution for these 
problems is pipeline robot. If a pipeline robot can 
travel, find and remove these things in pipelines, we 
can significantly reduce the recovery cost as well as 
time. We can avoid man power for these jobs. 
Therefore, a pipeline robot can be a strongly 
recommendable solution for pipeline maintenance. 

 

 
Fig.1 PVC pipeline in INDIA 
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II. LITERATURE SURVEY  
 
Here the literature survey part is mainly dependent on 
contribution of significant papers which proved 
helpful in understanding the concept and making this 
report. 
 
Authors of paper [1] designed a pipeline inspection 
robot with belt driven ridged cone shaped skate 
modeland implemented. In this paper author 
developed a pipeline inspection robot with a linkage 
mechanical clutch, which consists a novel belt driven 
ridged cone shaped skate model that can be used to 
conquest irregular environmental barriers. The 
mechanical clutch is a 3-bar linkage mechanism. The 
robot was designed to be conformal to the 
environment: each chain being in touch with the walls 
of pipeline or tunnel. Thus, the robot can be operated 
in various configurations and sizes of pipeline, and 
can utilize the belt driven corrugate-ridged cone 
shaped skate model to advance in irregular barriers of 
pipeline. The prototype of the robot system has been 
developed, and experiments were carried out to verify 
the validity of design. 
 
Authors of paper [2] implemented A Flat Pipeline 
Inspection Robot with Two Wheel Chains. In this 
paper a new pipeline inspection robot that has 
multiple sensors for inspection of 80-100mm 
pipelines. The robot device consists of two wheel 
chains which has a flat shape. The steering and 
moving motion can be generated by using just one 
robot module without having any singular motion.As 
another advantage, the flat shape of this robot allows 
mounting additional sensors on the both sides of the 
robot. The kinematics and three control modes are 
described i.e. driving mode, detecting mode and 
searching mode. Compared to popularly employed 
pipeline robots using three wheel chains, the new 
design allows simple robot control and easy user 
interface, especially at T-branch. 
 
Authors of paper [3] implemented semi-Automatic 
Pipeline Inspection Robot System. Here, author 
introduced a new semi-automotive pipeline inspection 
robot system for cleaning and inspection of the in-
house pipeline which is small in size. It consists of a 
cmoscamera, a steering mechanism, and sensors to 
locate the robot inside the pipeline. The robot system 
is carried by an extension cable, which is in advance 
being penetrated into the pipeline by a compressed air. 
A lab prototype pipeline was developed to test the 
feasibility of the developed pipeline inspection robot 
system and the feasibility of this semi-automatic 
pipeline inspection method was proven successfully 
through experimentation. This semi-automotive 
pipeline inspection robot system enables user to 
inspect the state of corrosion and water leakage inside 
the pipeline. Thus, it can be used as a decision making 

tool whether it is necessary to replace the pipeline 
with a new one or not. 

 
III.   ARCHITECTURE OF BOT 

 
A. The bot system  
The robot system shown in the Figure 2 consists of 
control box and a robot device. Upper plate consist of 
control box and it is separated by standing notches so 
that the robot device is separable from the control 
box. The robot system consists of a main chassis with 
2 plates, with 6 hanging notches which are used for 
three motors with 3 wheels and both the plates are 
separated by using standing notches. The width of 
robot is nearly 150 mm and exterior diameter of bot is 
194mm. The flexible mechanism is achieved by 
changing the wheels and grip of the wheels. So that 
the exterior diameters can adjust in range from 196 
mm to 225 mm. 
 
B. The designing of bot 
The bot designing part done by using Featured 3D 
mechanical engineering software i.e.SOLIDWORKS 
version 2016.SOLIDWORKS® Standard delivers 
robust 3D design capabilities, performance, and ease-
of-use. Not only we can create fully detailed parts, 
assemblies, and production-level drawings, but it also 
gives access to all the tools required to generate 
complex surfaces, sheet metal flat patterns, and 
structural welded assemblies. SOLIDWORKS. 
Discover increased design productivity with 
SOLIDWORKS Standard. Figure no 2 shows the final 
design in SOLIDWORKS [10]. 
 

 
Fig.2.final chassis design in SOLIDWORKS 

 
IV. IMPLEMENTATION 
 
The robot control is executed by a serial 
communication. In this system, we use ARDUINO 
UNO (Atmega328P). It control the motor speed by 
producing a PWM signal. It can control all of the DC 
motors by using UP and DOWN function. All the 
motor drives and UNO are integrated in the control 
box. The view of the pipeline is provided to the user 
by using a Micro CMOS camera mounted in front of 
the robot body. This camera module makes it possible 
to inspect the condition inside the pipeline [4]. 
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A.  Proposed design 
A design which can be used for pipeline inspection is 
shown in Figure 3. The diagram consists, control unit, 
camera unit and ARDUINO board 

 
Fig.3Block diagram for proposed pipeline inspection robot. 

 
The controlling circuit is provided in the form of PC, 
ARDUINO board and motor driver. Power supply 
unit will supply power (12 Volts) to motor driver. 
Arduino taking a power (5 volts) from motor driver. 
Camera rotation circuit consists of Cmos-Camera with 
memory card, 28BYH-48 stepper motor with driver, 
and some LED’s. 
 
B. L298N  H-BRIDGE 
Controlling circuit part consists of simple L298N H-
Bridge motor driver, it’s a dual motor driver.L298N is 
used to control the speed and direction of two DC 
motors, or control one bipolar stepper motor. The 
L298N H-bridge module is used with motors that 
have a voltage of between 5 and 35V DC. 
 
There is also an onboard 5V regulator, so if supply 
voltage is up to 12Vthen it can also source 5V from 
the board. The H-Bridge controller is based on L298 
chip and has 2 channels (A and B) for motors control. 
According to datasheet each channel is providing up 
to 2 A of current to the motor. This controller requires 
two separate sources of voltage (connected to blue 
terminals), one for controller’s logic (+5V terminal) 
and the other one for the motors 
(VCC terminal).Motors are to be connected to input 
terminals. Each channel is controlled by three inputs, 
one is for speed control and others are for direction 
control. Channel A, ENA is for speed control, IN1 & 
IN2 for direction control. Channel B, ENB is speed 
control, IN3 & IN4 for direction control. Speed is 
controlled by PWM signal[11]. 

 
Fig.4.  L298N H-Bridge 

C. ARDUINO UNO BOARD  
Arduinois an open-source electronics platform based 
on easy-to-use hardware and software. Arduino 
Uno is a microcontroller board based on the 
ATmega328P. It has 14 digital input/output pins 
(of which 6 can be used as PWM outputs3336 
analog inputs, a 16 MHz quartz crystal, a USB 
connection, a power jack, an ICSP header and a 
reset button. 

 
Fig.5 ARDUINO UNO board 

Arduino Uno microcontroller have several PWM 
capable outputs (It has 6 pins as PWM.). For motor 
power supply there are 2 options. The first and 
preferred option is to have separate power supply for 
the motors and another power supply for the 
controller’s logic. The second option is to have 
common power supply for both motors and logic. In 
these design power supply directly connected to 
motors and for logic there is on-board voltage 
regulator that produce +5V out of VCC [9]. 
 
D. The robot device  
For the bot chassis acrylic sheets are used. The motors 
are embedded in the lower plate with the notches. The 
wheels are also made up from acrylic sheets and 
rubber gripper is used. The 12V DC geared motors are 
used. The maximum torque of DC motor is 3 kg.cm 
and the current with load is 1A. The total width of the 
robot device including the camera and the lighting 
device is 180mm. And the weight of the robot is 515g. 
In this paper, a pipeline with diameter of 200 mm is 
employed. 
 
E. The camera module 
In this paper, CMOS camera module were used. The 
camera, SD card slot and charging circuit is embedded 
on one PCB. The length of PCB is 4.5cm and width is 
2.7cm. For the rotation of camera stepper motor is 
used. The specification of the camera are1/4” CMOS 
WXGA HD Sensor / H.264/AVC1 DSP / Hynix 
512M DDR2.Built in Rechargeable LIPO Battery 
(200mah), with Battery Charger Manage IC.Video- 
1280 x 720 HD,Video Format: .MOV (and optional 
.AVI). Photo- JPG 1280*960.Snap Photo- JPG 
1280*720. Supports up to 32GB micro SD / SDHC 
memory cards. 
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V.   EXPERIMENTAL RESUILT 
 
Crack detection is done on the actual photograph 
which are taken from the camera module circuit. 
Crack is detected by MATLAB. The proposed design 
is verified by using concrete pipeline with 200mm 
diameter.  

 
Fig.6  Pipe cracks 

 

 
Fig.7The Crack detection by using MATLAB 

 
CONCLUSION 
 
A low-cost, portable Pipeline inspection robot design 
has been proposed. Research and development for the 
sensor part is in progress. In this system we only used 
one camera in the front module of robot and crack 
detection done by using MATLAB. Further, we will 

implement one more camera in order to provide better 
visual information to the user. Another further work is 
the retrieval function. Sometimes, the robot gets stuck 
inside the pipeline for various reasons. In these cases, 
the robot needs to be taken out of the pipeline by 
using some retrieval function.  
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