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Abstract: In the existing solution, the robot is equipped 

with a camera for processing the bridge. It uses histogram 

evaluation, and fault recognition algorithms for image 

processing. Thereby, the time taken to inspect the robot 

will be increasing rapidly. The robot is traversed from 

start point to end point through an autonomous line 

following algorithm. Thereby, the data read to navigate the 

robot is becoming complicated. In the proposed solution, 

the robot is equipped with a GSM module to intimate the 

place of cracks/holes occurred to the manager with the 

simple SMS technology. The robot is also equipped with a 

RFID Reader to navigate from start point to end point, 

advanced step of autonomous line following algorithm. The 

entire bridge was divided into zones; if a crack is occurred 

in zone1 then a simple SMS is sent to the manager for 

speedy recovery. The place of identification is not done in 

the existing solution, but it is done in the proposed solution. 

Cracks were identified with the help of ultrasonic waves. 

Sensor Systems were used for identifying the cracks/holes 

of a bridge. Raspberry Pi is used as a processor for this 

robot, which is also best alternative used than the existing 

one. Zone identification is done with the help of slave 8051 

controller, processing and intimating the manager is done 

with the help of Raspberry Pi. 

I. INTRODUCTION 

In this project, the PIs aim to develop a robotic crack 

inspection and mapping (ROCIM) system which can 

conduct accurate assessment of cracking on bridge 

decks. Such a ROCIM system can be deployed on the 

bridge deck and it can collect raw data in an automated 

way. The final output of the ROCIM system is a crack 

map indicating the location and dimension of detected 

cracks. The targeted 3 minimum detectable crack width 

is 0.016 inch (0.41mm) and the inspection time for a 

medium-size bridge deck is about 10-30 minutes. The 

obtained crack map can be used for maintenance 

purpose. It can also be used in the bridge deck safety 

analysis so that the potential risks and their causes can 

be identified. In the ROCIM system, a mobile robot is 

utilized to create a two dimensional (2D) map of the 

bridge deck using a laser sensor and collect images of 

the bridge deck’s surface using a camera. Then, the 

collected images will be processed using image 

processing techniques to detect cracks. We store the 

crack location in the global 2D map, which becomes a 

crack map. The crack map will be useful for the bridge 

maintenance such as measuring, classifying and 

monitoring cracks periodically. There are several 

challenging problems that we need to address in order to 

implement the ROCIM system. 1. The mobile robot 

localization: to create a 2D map of the bridge deck, the 

mobile robot needs to know its current position. Robot 

localization is a challenging problem in robotics 

research. 2. The coordinate transformation: to create a 

crack map, the crack location has to be plotted in a 

global coordinate system which is the same coordinate 

system as the 2D map of the bridge deck. Since the 

crack is detected in the image coordinate system, we 

have to map the crack location from the image 

coordinate system to the global coordinate system. 3. 

The path planning of mobile robot: the path planning 

should ensure the mobile robot can inspect the whole 

area of bridge deck’s surface in the efficient way. Unlike 

a typical complete coverage path planning of a vacuum 

cleaner robot, which uses the robot body as the 

coverage, the mobile robot in ROCIM system is 

interested in the camera field of view as the coverage, 

which poses some difficulties in the path planning. 

 

Fig: Hardware section of Robot 
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II. EXISTING SOLUTION: 

In the existing solution, the robot is equipped with a 

camera for processing the bridge. It uses histogram 

evaluation, and fault recognition algorithms for image 

processing. Thereby, the time taken to inspect the robot 

will be increasing rapidly. The robot is traversed from 

start point to end point through an autonomous line 

following algorithm. Thereby, the data read to navigate 

the robot is becoming complicated.  

III. PROPOSED SOLUTION: 

In the proposed solution, the robot is equipped with a 

GSM module to intimate the place of cracks/holes 

occurred to the manager with the simple SMS 

technology. The robot is also equipped with a RFID 

Reader to navigate from start point to end point, 

advanced step of autonomous line following algorithm. 

The entire bridge was divided into zones; if a crack is 

occurred in zone1 then a simple SMS is sent to the 

manager for speedy recovery. The place of identification 

is not done in the existing solution, but it is done in the 

proposed solution. Cracks were identified with the help 

of ultrasonic waves. Sensor Systems were used for 

identifying the cracks/holes of a bridge. 

 Raspberry Pi is used as a processor for this robot, which 

is also best alternative used than the existing one. Zone 

identification is done with the help of slave 8051 

controller, processing and intimating the manager is 

done with the help of Raspberry Pi. 

IV. IMPLEMENTATION: 

Raspberry Pi is booted with a Linux OS Distribution of 

named Wheezy Raspbian and the robot is interfaced to 

Raspberry Pi via Motor Driver (Current Amplifier). 

Ultrasonic sensor is also interfaced to Raspberry Pi for 

detecting cracks with echo algorithm, and a GSM 

Module is interfaced to UART port of Raspberry Pi. As 

the GPIO Hedar of Raspberry Pi is having only one 

UART port, the RFID Reader is interfaced to slave 8051 

controller UART port. The slave lines of 8051 were 

connected to Raspberry Pi for zone identification. 

A status LED’s were also connected to the Raspberry Pi 

for user understanding, what’s happening at Raspberry 

Pi. The three programs (Robot Running, GSM Sending 

SMS, Ultrasonic Detection) were written in Python and 

they were executed automatically upon a boot.  

 
Fig: Block Diagram of Raspberry PI Master 

 

Fig: Block Diagram of 8051 Slave 

A. Raspberry Pi B+ 

The Below is Raspberry Pi model B will help you to 

find out what peripherals present on Raspberry pi board. 

With help of this we are going to start the Raspberry Pi. 

Before going to start it first find out what we want to 

connect to Raspberry Pi and what we need to boot the 

OS into Raspberry Pi. 

 

Fig: Raspberry Pi 
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Requirements: 

 HDMI Cable (For display purpose, it can be 

connected to LCD display or desktop) 

 Micro USB power (it contains 5V,1A DC) 

 SD Card and followed by its adapter for Operating 

System 

 For Input devices like KEYBOARD and MICE is 

connected to the USB Ports 

 Ethernet Cable (for option you can connect WIFI 

Modem instead of Ethernet cable) 

INSTALLING OS INTO SD CARD: 

For installing here I used two software’s and one 

operating system called Wheezy Raspbian. 

1. SDFormatterv4(for format your SD card ) 

2. Win32DiskImager-0.9.5(to install OS into your SD 

card) 

3. Last Operating System is Wheezy Raspbian newest 

version (2014-09-09) 

First two are must be installed on your PC or Laptop and 

additional you must download this Operating system on 

your Laptop and it is open source 

The following steps are will show you how to boot the 

OS 

BOOT THE OS: 

Step 1:  

Insert your SD card into Adapter like below and put it in 

your laptop. 

Note: 4GB of SD card is minimum but I prefer 8GB SD 

card   

  

Fig: SD Card and Adapter 

Step 2:  

Open SDformatter and format your SD Card after 

inserting into your laptop or PC. That will look like 

below 

 

Press Format button over there then it will automatically 

format. 

Step 3: 

Next open Win32DiskImager that look like below 

 

 

There you will find folder icon click over there then 

select Wheezy Raspbian that have already downloaded 

into your laptop.  

 

 

Now click on Write button you can find there. Then it 

will automatically install into the SD Card. You must 

wait until it has finished.  

Step 4: 

After writing OS into the SD Card then take it off from 

your laptop and put it into the Raspberry pi directly if it 

is Model B, or if it is Model B+ then just insert your 

small SD card without adapter. I’m showing you below 

on Model B 
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Step 5: 

Next connect Keyboard and Mice in USB slots and 

Ethernet cable and also micro power  

 
After connecting all then you will get Linux shell on 

your display like below 

 

Then you will get pop up window of raspberry pi 

configuration, you just use up and down arrows on your 

keyboard and press finish there then you will get entry 

level there you reboot your system. For reboot type sudo 

reboot then it is automatically rebooting your system 

then you will get the window there you need to enter the 

username and password. 

 

After that enter startx command that will entering you 

into raspberry pi GUI. 

This is how you are booting OS into the Raspberry Pi. 

V. RFID READER 

In a basic RFID system, tags are attached to all items 

that are to be tracked. These tags are made from a tiny 

tag-chip, sometimes called an integrated circuit (IC), 

that is connected to an antenna that can be built into 

many different kinds of tags including apparel hang tags, 

labels, and security tags, as well as a wide variety of 

industrial asset tags. The tag chip contains memory 

which stores the product's electronic product code (EPC) 

and other variable information so that it can be read and 

tracked by RFID readers anywhere. 

An RFID reader is a network connected device (fixed or 

mobile) with an antenna that sends power as well as data 

and commands to the tags. The RFID reader acts like an 

access point for RFID tagged items so that the tags' data 

can be made available to business applications. 

An RFID reader, also known as an interrogator, is a 

device that provides the connection between the tag data 

and the enterprise system software that needs the 

information. The reader communicates with tags that are 

within its field of operation, performing any number of 

tasks including simple continuous inventorying, filtering 

(searching for tags that meet certain criteria), writing (or 

encoding) to selected tags, etc. 

The reader uses an attached antenna to capture data from 

tags. It then passes the data to a computer for 

processing. Just like RFID tags, there are many different 

sizes and types of RFID readers. Readers can be affixed 
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in a stationary position in a store or factory, or integrated 

into a mobile device such as a portable, handheld 

scanner. Readers can also be embedded in electronic 

equipment or devices, and in vehicles. 

VI. GSM SIM900 MODULE 

The SIM900 is a complete Quad-band GSM/GPRS 

solution in a SMT module which can be embedded in 

the customer applications. Featuring an industry-

standard interface, the SIM900 delivers GSM/GPRS 

850/900/1800/1900MHz performance for voice, SMS, 

Data, and Fax in a small form factor and with low power 

consumption. With a tiny configuration of 24mm x 

24mm x 3 mm, SIM900 can fit almost all the space 

requirements in your M2M application, especially for 

slim and compact demand of design. ” SIM900 is 

designed with a very powerful single-chip processor 

integrating AMR926EJ-S core ” Quad - band 

GSM/GPRS module with a size of 24mmx24mmx3mm 

” SMT type suit for customer application ” An 

embedded Powerful TCP/IP protocol stack ” Based upon 

mature and field-proven platform, backed up by our 

support service, from definition to design and 

production 

VII. ROBOTICS 

For this project, we will be using three pairs of IR 

sensors which will be attached to the bottom of the 

robot. These 3 sensors will be classified as left sensor, 

middle sensor and right sensor. A view of the placement 

of the sensors is as below: 

 
The distance between the two sensors depends on the 

width. The sensor should be placed in such a way that 

maximum distance of two sensors is equal to the width 

of the line as shown in figure below. 

 

Sensor 
Response 

Left Middle Right 

W B W  Go Straight 

B W W  Turn Left 

W W B  Turn Right 

VIII. POWER SUPPLY: 

The input to the circuit is applied from the regulated 

power supply. The a.c. input i.e., 230V from the mains 

supply is step down by the transformer to 12V and is fed 

to a rectifier. The output obtained from the rectifier is a 

pulsating d.c voltage. So in order to get a pure d.c 

voltage, the output voltage from the rectifier is fed to a 

filter to remove any a.c components present even after 

rectification. Now, this voltage is given to a voltage 

regulator to obtain a pure constant dc voltage. 

 

Transformer: 

Usually, DC voltages are required to operate various 

electronic equipment and these voltages are 5V, 9V or 

12V. But these voltages cannot be obtained directly. 

Thus the a.c input available at the mains supply i.e., 

230V is to be brought down to the required voltage 

level. This is done by a transformer. Thus, a step down 

transformer is employed to decrease the voltage to a 

required level. 

Rectifier: 

The output from the transformer is fed to the rectifier. It 

converts A.C. into pulsating D.C. The rectifier may be a 

half wave or a full wave rectifier. In this project, a 

bridge rectifier is used because of its merits like good 

stability and full wave rectification. 

Filter: 

Capacitive filter is used in this project. It removes the 

ripples from the output of rectifier and smoothens the 

D.C. Output received from this filter is constant until the 

mains voltage and load is maintained constant. 

However, if either of the two is varied, D.C. voltage 

received at this point changes. Therefore a regulator is 

applied at the output stage. 

Voltage regulator: 

As the name itself implies, it regulates the input applied 

to it. A voltage regulator is an electrical regulator 

designed to automatically maintain a constant voltage 

level. In this project, power supply of 5V and 12V are 

required. In order to obtain these voltage levels, 7805 

and 7812 voltage regulators are to be used. The first 
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number 78 represents positive supply and the numbers 

05, 12 represent the required output voltage levels. 

IX. DRIVER CIRCUIT FOR MOTOR: 

Digital systems and microcontroller pins lack sufficient 

current to drive the circuits like relays, buzzer circuits, 

motors etc. While these circuits require around 10milli 

amps to be operated, the microcontroller’s pin can 

provide a maximum of 1-2milli amps current. For this 

reason, a driver such as a power transistor is placed in 

between the microcontroller and the motor. 

 

The operation of this circuit is as follows: 

The input to the base of the transistor is applied from the 

microcontroller port pin P1.0. The transistor will be 

switched on when the base to emitter voltage is greater 

than 0.7V (cut-in voltage). Thus when the voltage 

applied to the pin P1.0 is high i.e., P1.0=1 (>0.7V), the 

transistor will be switched on and thus the motor will be 

ON. 

When the voltage at the pin P1.0 is low i.e., P1.0=0 

(<0.7V) the transistor will be in off state and the motor 

will be OFF. Thus the transistor acts like a current driver 

to operate the motor accordingly. 

Motor interfacing with the Microcontroller: 

 

X. ULTRASONIC SENSOR 

Ultrasonic sensors work on a principle similar to sonar 

which evaluate distance of a target by interpreting the 

echoes from ultrasonic sound waves. 

This ultrasonic module measures the distance accurately 

which provides 0cm - 400cm with a gross error of 3cm. 

Its compact size, higher range and easy usability make it 

a handy sensor for distance measurement and mapping. 

The module can easily be interfaced to micro controllers 

where the triggering and measurement can be done 

using two pin. The sensor transmits an ultrasonic wave 

and produces an output pulse that corresponds to the 

time required for the burst echo to return to the sensor. 

By measuring the echo pulse width, the distance to 

target can easily be calculated. Features non-contact 

measurement with blinding from 0-1cm*. 

XI. APPLICATIONS: 

 Distance measurement. 

 Distance Ranging. 

 Robotics for mapping. 

 Colored Line sensing 

 Object/obstacle detection 

 RFID Navigation for Autonomous Robots 

 Detection of mines in Forest Areas 

 Robotics in Military Applications 

 Robots in Emergency Cases 

XII. RESULT : 

In this project design and implementation of robotic 

crack inspection for bridge deck maintaince based 

secure system for monitoring and control of accidents on 

bridge’s using Raspberry Pi and sensor ultra-sonic was 

proposed implemented and deployed that successfully 

detected accidents in bridges and roads. 

XIII. CONCLUSION: 

The project “DESIGN AND IMPLEMENTATION 

OF ROBOTIC CRACK INSPECTION FOR 

BRIDGE DECK MAINTAINCE.” has been 

successfully designed and tested. It has been developed 

by integrating features of all the hardware components 

and software used. Presence of every module has been 

reasoned out and placed carefully thus contributing to 

the best working of the unit. Secondly, using Raspberry 

pi, 8051 Controller and with the help of growing 

technology the project has been successfully 

implemented.   

REFERENCES: 

[1]  Wikipedia. http://en.wikipedia.org/wiki/i-35w 

mississippi river bridge. 2007.  

[2]  V. Giurgiutiu, C. A. Rogers, Y. J. Chao,M. A. 

Sutton, and X. Deng. Adaptive health monitoring 

concepts for spot-welded andweld-bonded 

structural joints. Proceedings of the ASME 

Aerospace Division, 54:99– 104, 1997.  

http://en.wikipedia.org/wiki/i-35w%20mississippi%20river%20bridge.%202007
http://en.wikipedia.org/wiki/i-35w%20mississippi%20river%20bridge.%202007


International Journal of Recent Advances in Engineering & Technology (IJRAET) 

________________________________________________________________________________________________ 

 

________________________________________________________________________________________________ 

ISSN (Online): 2347 - 2812, Volume-3, Issue -9, 2015 

73 

[3]  C. R. Farrar,H. Sohn, and S. W. Doebling. 

Structural health monitoring at los alamos 

national laboratory. The 13th International 

Congress and Exhibition on Condition 

Monitoring and Diagnostic Engineering 

Management (COMADEM 2000), 2000. 

[4]  H. Sohn, C. R. Farrar, M. L. Fugate, , and J. J. 

Czarnecki. Structural health monitoring of 

welded connections. The First International 

Conference on Stell and Composite Structures, 

2001.  

[5]  E. Sazonov, K. Janoyan, and R. Jha. Wireless 

intelligent sensor network for autonomous 

structural health monitoring. Proceedings of the 

SPIE - The International Society for Optical 

Engineering, 5384(1):305–314, 2004.  

[6]  N. Xu, S. Rangwala, K. K. Chintalapudi, D. 

Ganesan, A. Broad, R. Govindan, and D. Estrin. 

A wireless sensor network for structural 

monitoring. In SenSys’04, 2004.  

[7]  D. R. Huston. Adaptive sensors and sensor 

networks for structural health monitoring. 

Proceedings of SPIE - The International Society 

for Optical Engineering, 4512:203–211, 2001.  

[8]  W. Sheng, H. Chen, and N. Xi. Navigating a 

miniature crawler robot for engineered structure 

inspection. IEEE Transactions on Automation 

Science and Engineering, 5(2):368 –373, April 

2008.  

[9]  Y. Yu, J. Gu, G. K. I. Mann, and R. G. Gosine. 

Development and evaluation of object-based 

visual attention for automatic perception of 

robots. IEEE Transactions on Automation 

Science and Engineering, PP(99):1 –15, 2012.  

[10]  S.N.Yu, J. H.Jang and C. S. Han. Auto inspection 

system using a mobile robot for detecting 

concrete cracks in a tunnel. Automation in 

Construction, 16:255–261, 2007.  

[11]  S.K. Sinha and P.W. Fieguth Automated 

detection of cracks in buried concrete pipe 

images. Automation in Construction, 15:58–72, 

2006.  

12]  P. C. Tung, Y. R. Hwang, and M. C. Wu. The 

development of a mobile manipulator imaging 

system for bridge crack inspection. Automation 

in Construction, 11:717–729, 2002.  

 
 


