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Abstract—This paper illustrates the autonomous
rover fitted with an IR camera thatuses machine
learning models to discover cracks in pipelines using
captured IR (Infra-Red) video and images. Features are
extracted from the digital image of the surface of the
pipe using image processing technologies which include
the edge detection process. The pre-processed data is
then segregated into 3 levels of severity using a trained
ML model. The extracted features from the images and
videos are also stored separately for further
analysis.Geotagging of the cracks is also made possible
by using the timestamp of the image and the exact
distance travelled by the bot. Since GPS signals are not
available inside underground pipes a combination of
gyro and magnetometers are used along with a known
location of the bot to make the geotagging possible.
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. INTRODUCTION

Many of the world’s biggest and most important
piping structures are over decades old. As structures
grow older, they grow weak and become prone to
failures. Failure of freshwater distribution pipes
results in water leakage, if the piping system is
distributing chemicals or petrochemicals, it can cause
tremendous loss of life and property, and hence,
regular maintenance is required. Structural health
monitoring has an important role to play during the
operational phase of structures. Structural Health
monitoring also becomes a necessity during the
construction laying phase for large-scale piping
constructions and implementations.

Pipes are often subjected to cyclic loading, stress,
which lead to a crack that usually initiates at the
microscopic level on the surface structure. The cracks
on the structure reduce the local stiffness and cause
material discontinuity [1]. Early detection allows for
the preventive measures to be taken to prevent
damages and possible failures.

Crack detection can be made in two ways,
Destructive Testing and Non-Destructive testing.
Incorporating visual inspection and automated
surveillance tools such as SCADA, surface condition
deficiencies are evaluated.

Il.  CURRENT METHODOLOGY

In Mumbai, Tansa was the major source and these
water pipelines run along Bombay-Agra Road. After
independence;, Vaitarna-cum-Tansa project envisaged
a tunnelNbetween Vaitarna and Tansa and the water
supply®to, Malabar Hill Reservoir and Bhandarwada
Réservoir increased, besides serving the remaining
areas” directly from the main trunk. The Upper
Vaitarna Scheme, in 1973, provided 554 million liters
of water per day through the tunnels under the Thane
Creek. Then came the Bhatsai Scheme which also
envisaged construction of pumping, treatment and
conveyance at Pise, Panjrapur and Bhandup. Bhatsai
water is pumped into Vaitarna mains and brought
through tunnels to Bhandup's water treatment-cum-
pumping-cum-reservoir complex. Although the water
reservoirs are located just 100Km away from the city,
getting this water to the households requires about
650km of transmission mains pipe, 3,000km of
distribution mains and 3,200km of service pipes.
Most of these pipe structures are old and requires
regular maintenance to keep the infrastructure up and
running

If there is leakage in the pipe, a BMC worker has to
enter 40 feet deep below the road level and walk for
50 meters to reach the spot and fix the leak by
welding the pipe there. This one exercise can easily
take up to 150 workers and engineers and 60 hours to
fix the big leakages, but once the work is completed
the required standard cannot be guaranteed due to a
strict deadline to restart the water supply.

According to the BMC, the environment reports show
that conveyance losses (the amount of water lost in
transmitting from the source to the city distribution
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network) are at 7.74% of the total water supply in
2018-19. The same percentage could have served
23,92,593 persons water requirement in the city.
According to Praja Foundation, it has been noted that
on an average the BMC takes 24 days to solve a
complaint of a burst pipe as well as leakage in water
pipes, undoubtedly, this results in a lot of water
wastage: almost 10% to 20% of the water supplied is
wasted.

The Brihanmumbai Municipal Corporation (BMC)
uses “Sounding Mukadams” as the primary method to
detect leakages. Mukadams which translates to
“Officers” from Marathi, use a device called a
Sounding Rod to detect leakages. In an active
pipeline, a leakage causes disturbances to the area
surrounding the pipeline. For example, air bubbles
may start to form around the leakage. This creates a
change in sound frequency that can be detected by the
sounding rod. This indicates a leakage that is fixed
during maintenance hours of the BMC in which the
water supply is stopped.

The loss of the water is not the only problem with the
water leakage and cracks, but because of the crack the
transported water also has chances of getting
contaminated. The most common contamination issue
is the spread of diseases such as E Coli which can
cause diarrhea and pneumonia.

Therefore, there is a growing interest in image-based
techniques for non-invasive testing.But one of the
difficulties in image-based detection is due to the
random nature and unusual size of the crackgand
various noises associated with image acquisition sugh
as bad illuminated conditions, blurring, and“shading.
Because of its ease of processing, a number of image
processing methods were proposed. Thesepmethods
are divided into the following categories, integrated
algorithm,  systematic method, and manual
methodology [2]

This section provides the simple architecture for
crack detection using the image processing technique.
The major advantage of the image-based analysis of
crack detection is that using the image processing
techniques provides accurate results compared to the
conventional manual methods. The processing
difficulty of the crack detection completely depends
on the size of the image [3]. Recent digital cameras
have an image resolution beyond 10 megapixels. This
increase in resolution enables the acquisition of
detailed images of surfaces. By using the cameras for
commercial purposes, a wide range of surfaces can be
acquired in a single shot. For inexpensive
applications, a wide range of images can be used for
practical crack detection [2]. Fig [1] shows a general
architecture for crack detection based on image
processing. The steps in the image processing

technique are as follows: collect the image of the
structure which will be subjected to the crack
detection process using the camera or any sources.
After the image acquisition, the collected images are
pre-processed within which the methodologies like
segmentation are done thereby making the crack
detection process more accurate.

Even though many of the commercial camera-based
image processing techniques rely only upon the pre-
processing, some techniques concentrate on the
integration algorithm where the feature extraction
would be made. The imaging technique is more
difficult to implement in the pipes because of no
presence of ambient light and the noise generated by
the artificial light due to reflections.

Random noise is one of the main problems which
may affect the results. Due to the physical
characteristics of the pipe, all the pictures captured
may be affected by random and uniform noise and
distortion, which has to be removed. Bilateral filter is
commonly used (in opposition to linear filter) to
smooth an image without losing edge properties
(which is going to be important for future steps). In
conventional linear filtering, a constant mask is used
in the whote domain taking into account Euclidean
distance, to"the central pixel (called Domain filter).
The/main‘eontribution of bilateral filtering is using an
additional "nonlinear mask that measures intensity
variations with central pixel (range filter).

Image Acquisition

——

Pre -
Processing
(colour space and
Gama carrections)

Image processing

Algorithm —» Crack detection ——®{ Feature Extraction

Fig .1

The domain filter aim is to transform the image into a
smoother one and the goal of the range filter is to
enhance the intensity discontinuities. This filter
works by comparing each near pixel intensity with
the central one, where lower pixel weights means
higher intensity differences. Finally, the resulting
filter applied to the image is obtained by a point-to-
point multiplication between both masks. For this
work, a fast approximation of the bilateral filter has
been used. The use of the bilateral filter is resource
extensive and requires a lot of computer resources.

I1l. PROPOSED METHOD

The video is recorded with the IP camera with IR
capability that is fitted on the rover. The
demonstrated algorithm can be run on the live image
or in the pre-recorded video to detect the crack.
Taking into consideration there may be a high level
of noise in the reconstructed image that is transmitted
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using the wireless medium, therefore, it was opted to
do processing on the recorded video.

The crack detection is done in 2 stages. First the
video frames are pre-processed. The pre-processed
frames are then passed on to a machine learning
model which segregates them into 3 levels of
severity. Once segregated each crack is geotagged
and stored into a database. Pre-processing involves
various image processing techniques to detect the
crack with greater accuracy. Firstly, to process the
image the colored image is converted into a grayscale
image using a technique called thresholding. The
grayscale image is passed through the gaussian blur
filter to remove the high-frequency noise, the Canny
edge detection algorithm is applied to determine the
crack. The contour of the crack is stored in a separate
variable, for further analysis. To reduce unwanted
contour in the image a black mask is used so that the
wall of the pipe is only recorded. Each step of the
image analysis is given in more detail below.

1. Image pre-processing

A. Smoothing Function (Blur):

Smoothing, also called blurring, is a simple and
frequently used image processing operation. The
smoothing of the image can be done using various
methods but here the method used is the Gaussian
filtering method [4].

Gaussian filtering is done by convolving each point
in the input array with a Gaussian kernel as shown in
Fig [2] and then summing them all to produce the
output array.
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Mathematically, using a Gaussian blur to an image is
the same as convolving the image with a Gaussian
function. This is also known as a two-dimensional
Weierstrass transform. By contrast, convolving by a
circle (i.e., a circular box blur) would more accurately
reproduce the bokeh effect.

Since the Fourier transform of a Gaussian is another
Gaussian, applying a Gaussian blur actually reduces
the high-frequency components in the image; so

Gaussian blur works as a low pass filter. The
Function for the gaussian blur can be given by the
below equation.

G(z) = - e 202

where x is the distance from the origin in the
horizontal axis, y is the distance from the origin in the
vertical axis, and o is the standard deviation of the
Gaussian  distribution.  When applied in two
dimensions, this formula produces a surface whose
contours are concentric circles with a Gaussian
distribution from the center point [5].

Values from this distribution are used to build a
convolution matrix that acts as the mask to be applied
to the original image.

Each pixel's new value is set to a weighted average of
that neighborhood pixel. The original pixel's value
receives the heaviest weight (having the highest
Gaussian value) and neighboring pixels weight values
decrease gradually as distance increases from the
original pixel. This results in a blur as shown in
Fig[3] that preserves boundaries and edges properties.
For this reason, the gaussian blur was used so that the
boundaries and the edges are preserved but it
eliminates the other high-frequency noise that would
be detected as the edge [6].

Fig .3 Image after applying a gaussian blur

B. Edge Detection - Canny algorithm:

One of the most used methods to detect edges is the
first derivative of the image intensity because it is
zero on every low-variation region and provides a
constant value when there is change. Therefore, a
change within theintensity (a possible edge) is
revealed as an abrupt derived functionchange. This
characteristic is usually required todetect edges. The
Canny algorithm is based on this technique.

The canny algorithm consists of three main steps [7]:
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1) Find the intensity gradient of the image: In this
step, the scale of the gradient vector is calculated for
each pixel.

2) Non-maximum suppression: This step aims to
“thin” the edge to obtain a one-pixel width edge as
shown in Fig [4].

Gradient Gradient
Direction Direction
Yedge edge
Fig .4

3) Threshold Hysteresis: In addition to the previous
two steps, a final third step is included. Noise in the
image can cause open edges that should be closed.
This is achieved by looking for open edges and
continuing its direction based on the direction of the
maximum gradient until another open edge is
detected.

After applying the canny edge detection operation,
the crack in the image is detected and by adjusting the
threshold the crack properties can be refined. Next,
morphological filtering is used to enhance the crack.
It is the optional filter because using the

morphological operator can cause the width and
height of the crack to change [8].

Fig .5 edge detection using a canny algorithm.

Fig .6 Crack Feature Extracted

fig .7 Pipe Test image

Fig .8 Edge detection on a test image.

C. Morphological filtering (closing)

Morphological image filters are based on the
morphology study based on mathematical set theory.
Therg,are(many types of morphological filtering, but
the oneNproposed here is the use of a closing filter.
The(best filter for this work is the closing filter. The
clasing filter helps to fill minor gaps in the image
making the main crack continuous and more detailed.
The closing filter is defined as a dilation followed by
erosion. The dilatation process produces an extension
of the original image. Due to this extension, the gaps
are filled at the expense of increasing the size of the
objects in the image. For this reason, an erosion
process is performed to decrease the object size to its
original size [9].

Once all the operations have been done, the result is a
good image that properly defines the crack in the pipe
as shown in fig [10], fig [11], fig [12] which then
can be serviced.
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Fig 9 Image after Morphological filtering.
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Fig. 10 Gaussian filtered Image

2. Machine learning Model

The image preprocessing helps with reducing the
noise in the captured video frames. This allows the
machine learning model to segregate the images way
more accurately. The model was trained by using the
data collected by test running the bot in a few pipes.
The data that was collected were manually labelled
with the help of local pipe repair experts. The model
was tested and yielded a 75% accuracy with a very
low false negative rate. The model segregates the
cracks into three levels of severity. Machine learning
is done using supervised learning technique. This
requires to provide pre labelled data as an input to
the model. The model was provided with threg
different sets of data each containing 100 imagesyof
level 1, level 2 and level 3 cracks.

3. Geotagging

Geotagging is a really important feature as this allows
to keep track of each and every crack in the pipe
along with the exact location of the crack.
Geotagging a crack with GPS is not an option as the
pipes are buried deep in the ground. This requires the
use of an array of sensors along with some initial
location information to accurately tag the cracks. The
bot when being lowered into the pipes records the
initial location using GPS but once inside it is
completely blind. So, a combination of gyro sensors
and Magnetometers are used to help aid the bot in
locating itself accurately inside the pipe. Using a gyro
and magnetometer is not very accurate as these
sensors are subjected to drift. So, the encoders placed
on the wheels of the bot helps to measure the accurate
distance traversed by the bot. This along with the
timestamp acquired from the video recording makes
geotagging possible. Every crack is tagged and saved
into a database as per the level of severity.

Fig(.22 Crack Feature extraction and noise removing

IV. HARDWARE AND ROVER

Went through various iterations of the rover to get the
most reliable and accurate images from the rover, so
the rover was designed and simulated in the fusion
360 software for the various wheel bases and camera
placement.

Fig .13 1% Iteration

In the first iteration, the rover was made using the
Arduino Uno and a wired camera to test the concept,
but the images were distorted, and the camera was not
able to capture the proper image of the pipe.

© 2021, iJournals All Rights Reserved




iJournals: International Journal of Software & Hardware Research in Engineering (IJSHRE)
ISSN-2347-4890
Volume 9 Issue 10 October 2021

The rover robot is designed as shown in fig [16] and
fig [17] using the Arduino Uno which uses a
ATmega328p microcontroller. The rover has the
wireless camera on board with an independent
wireless control channel and it uses a four-wheel-
drive mechanism.

ATmega328p is an 8-bit high performance, low
power AVR microcontroller, it follows advanced
RISC architecture which enables it to perform most
of the instructionsin a single clock cycle. The
microcontroller has 32K bytes of self-programmable
flash memory, 1k Bytes of EEPROM, and 2Kb of
internal SRAM which is more than sufficient for
required application. ATmega328p was chosen
because of its low cost and the advanced low power
mode. The microcontroller has six low power
modes:Idle, ADC noise reduction, power-save,
power-down, standby, and extended standby. In
active mode the IC draws up to 1.5mA at 3V and 1uA
at 3V in low power mode.

Fig .14 Final Iteration

The microcontroller has six PWM channels, two of
which are wused to control motors. Since the
microcontroller cannot directly drive a motor the
signals were routed using L293D. It also supports
Program le serlal USART (Universal synchronous

Fig .15 Final Iteration. and a us receiver and transmitter) which is
e the HC-05 Bluetooth module. The Wi-

- module is connected to the controller using
bus and the signal to start and stop, the
ra can be sent directly on Wi-Fi or through

In the 2" and the final Iteration, the rover base wa luetooth through the controller. The Wi-Fi and the
redesigned to give the rover more stability @ Bluetooth on the rover are used because the Wi-Fi

achieve this, the wheelbase of the rover d camera module only supports one stream port and if

and shortened. The shortened wheelb o  the camera stream is started the Wi-Fi cannot be used

increased the stability in the rover while&I turns. for sending the command.

The camera was moved a bit upward to get'€lear and

more reliable images of the pipe walls. To program and interface the other hardware with the
controller and for rapid prototyping the Arduino Uno
board is used.

Arduino is an open-source hardware and software

platform. The board houses an ATmega328p
4 microcontroller with other peripherals such as the
Stand

USB to TTL converter and bootloader that support
. the rapid prototyping. The board has 14 digital 1/0
pins (six capable of PWM output), 6 analog 1/O pins,

DC Motor || HC-05 and is programmable with the Arduino IDE
120RPM || Slustooth : :
Moduie (Integrated Development Environment), via a type B
USB cable. It can be powered by the USB cable or by
e an external 9-volt battery, though it accepts voltages
Criver IC) between 7 and 20 volts [10].

The major advantage of using Arduino for the
prototype development is that it has an automatic
software reset, so rather than physically pressing the
reset button of sending the external reset command
form debugger, the Arduino board is designed in a

=] Vero Board(4*3 in) used as a chassns

Baltery IN =
Fig .16
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way that it allows itself to be reset by software
running on a computer. One of the hardware flow
control line (DTR) of the Atmega328p is connected
to the reset line of the on-board USB to TTL
controller via a 100 nano-farads capacitor, and when
the line is pulled low (taken to ground voltage level)
it triggers the reset on the IC. So, whenever the new
code is uploaded on the manual, reset is not required
on the IC to upload the code.

The Motor is driven using the L293D motor
controller that gets the signal from the Arduino board.
L293D devices are quadruple high current half-H
drivers. The motor driver IC can provide bidirectional
drive current of up to 1A at the voltage of 4.5V to
36V.The motor driver IC at each output has a
complete totem-pole drive circuit with a Darlington
transistor sink and pseudo-Darlington source. The
external high-speed output clamp diodes are used to
suppress the inductive transient response. The rover
is designed to take the soft and hard turns. The soft
and the hard turn are controlled by the PWM signal
generated by the microcontroller.

For demonstration and data gathering the rover is
fitted with an HCO05 Bluetooth which works on SPP
(serial Port Protocol) for control purposes. The HC —
05 has the sensitivity in -80dBm and can transfer RF
power up to +4dBm. It works on the operating
voltage of 3.6V which suits best for demonstration. In
actual implementation it is advised to use the 400
MHz to 700 MHz RF communication. If the pipe is
made of metal the concepts of the waveguide and the
wave propagation can be used to transmit the signal
and the video stream. If the pipe is made-af plastic or
cement then the most RF power will get dissipatéd”in
the ground. So, to transfer the data and Afideq,Stream
high power RF transmitter and receivery’will be
required or it is advised to use the wire transmission
for data and video stream.

If the wireless transmission of the data and video is
not required, there is a provision on the rover design
to have the on-board video recording of the pipe in
which the rover is travelling. The video can be first
pre-recorded then the crack detection algorithm can
be used to run on that recorded video.

Video recording is done using an Infrared based Wi-
Fi camera that can record in the pitch dark. (as it is
going to be dark inside the pipe) The IR lights
alsomake cracks more visible. The camera is the 8
Megapixel CMOS capable of capturing the image in
IR range. The camera module has the IR led in board
which acts as the IR source. For imaging the IR light
can be turned ON or OFF using the Arduino signal or
directly sending the signal to the camera module
using Wi-Fi. The camera module has the in-board
imager per processor and the Wi-Fi network

processor that hosts the RTSP (Real time stream
protocol) server which is responsible for the wireless
video stream transfer. The module has an
onboardstorage system with the time stamp
functionality and so the streamed video is also
recorded simultaneously on the rover. If there is a
loss in Wi-Fi connection or frame drops then dropped
frames can be recovered from the on board recorded
video.

The wheel is fitted with an encoder to keep track of
the distance travelled. Using the timestamp of the
recorded video and the encoder values we can
calculate the accurate position where the crack is in
the pipe.

Fig .17 Actual prototype

The” rover is powered using the 7.4 V 2200mAh
battery lithium-ion battery and has a separate power
distribution module to supply the appropriate voltage
and current to the camera and the controller module.

CONCLUSION

The local Mumbai Municipal Government may find it
cost-effective in the short run to use Sounding Rods
instead of increasing expenditure on Research and
Development Equipment that could automate the
leakage detection process. It is a thought for the long-
run implementation, as the model rover presented in
this paper can identify cracks with machine learning
based approaches. Higher quality cameras with better
image collection, along with further training the
machine learning model can help increase the crack
detection capabilities of the bot and can potentially
help the BMC’s Hydraulic Engineer’s Department
adopt a new method for leakage detection, saving
potentially millions of tons of water for residents and
the environment. Since the bot can segregate cracks
into 3 levels of severity and also geotags them, the
officials can use this data to their advantage and act
upon level 3 cracks while keeping a track of level 1
and level 2 cracks during the scheduled maintenance.
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In this study, there is an implementation of a cost-
effective rover and a lightweight simple crack
detecting algorithm that can be used for the effective
detection of crack.

FUTURE SCOPE

1) Microwave image: - Microwave imaging is a
technique adapted to evolve from radar techniques. It
uses electromagnetic waves in a microwave regime
(i..,300 MHz-300 GHz) to detect the hidden
embedded objects in a structure (or media). They are
of either quantitative or qualitative type. The
parameter evaluation is done by solving a nonlinear
inverse problem by inverse scattering method. It will
help to get a clear image of the crack and reduce the
surrounding noise.

2) Applying the machine learning algorithm to
automatically classify the crack into various
categories more precisely.

3) Include the mechanism in the rover to
automatically fix the crack.
4) Make the IPx8 rated rover so the inspection
can be done without draining the pipe.
5) Make a customizable rover to fit into various
sized pipes.
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