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A robot may be considered as a machine with built-in intelligence, called artificial intelligence. A robot replaces the 

role of a human being to perform any particular task. Mobile robotics have many indoor and outdoor applications, 

which can help to improve industrial production and some aspects of worker’s quality of  life, such as bomb disposal 

and detonation, and decontaminating radioactive environments. Robotics find applications in monitoring corrosion 

problems in oil pipelines, bridges, oil tanks and ship hulls. 
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1. INTRODUCTION  

A robot may be considered as a machine with built-in intelligence, called artificial intelligence. A robot 
replaces the role of a human being to perform a particular task. Several disciplines of Science, Technology and 
Engineering are involved in building a suitable robot for a specific application; thus making the field of robotics 
a highly inter disciplinary area of specialization. Robotics encompasses mechanical engineering, electrical & 
electronics engineering, (combination being Mechatronics), computers, manufacture engineering, material 
technology and several other fields of specialization. To build intelligence into the robot, powerful computers 
with artificial intelligence, artificial neural networks, fuzzy logic, genetic algorithms etc., are involved.  

Mobile robotics is still an open and challenging field with a big future, having many possible indoor as well 
as outdoor applications, that can help to improve industrial production and some aspects of worker’s quality of 
life, such as bomb disposal and detonation, and decontaminating radioactive environments.  

2.1 ROBOTICS IN NATURAL GAS PIPELINES [1] 

According to researchers at the University of Missouri-Rolla (UMR), detecting leaks and performing 
maintenance on America's aging network of natural gas pipelines will eventually be a job for wireless robots. 
And the pipelines themselves will enhance wireless communication. As the existing natural gas pipeline ages, it 
is critical that these pipelines be periodically inspected for corrosion, cracking, and other problems that can 
eventually cause a failure of the pipeline. For larger transmission lines, passive flow-powered platforms, also 
known as pigs, are used to carry an array of inspection sensors. However, in smaller, lower-pressure distribution 
mains, pigs are inappropriate, and so robotic devices are currently under development for the inspection and 
repair of these pipelines. In a DOE-funded study, a team of UMR researchers say they found that the 1.9 million 
km of natural gas distribution and transmission pipelines that crisscross the US could be used to build wireless 
networks. Operating under the 802.11 or wireless fidelity standard, the robots use radio links instead of cables to 
transmit data across a network. The pipeline can deliver gas and transmit a radio signal at the same time to 
support wireless inspection technologies for the evaluation of pipeline conditions 
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2.2 PERFORMING SHIP HULL INSPECTIONS USING A REMOTELY OPERATED 
VEHICLE [2] 

The measurement of hull paint thickness is one important aspect of underwater hull inspection. A complete 
measurement of the thickness of the hull coating, or Dry Film Thickness (DFT) can be performed with a 
Remotely Operated Vehicle (ROV). It is observe that this method of data collection is valid and the probe can be 
used to obtain a paint thickness profile of the hull of US Navy ships in an industrial harbor environment. 

2.3 CONSTRUCTION'S HIGH-TECHNOLOGY REVOLUTION [3] 

Today an extraordinary confluence of new technologies and a large and stable market for construction can 
bring about a revolution in the U. S. industry. The decay of the U. S. infrastructure - highways, mass-transit 
systems, ports, water mains, sewers, and other public works - will provide a market for new construction. 
Computers, robotics, and advanced materials stand ready to be used, especially in labor-intensive repair and 
maintenance. Like building the interstate system, repairing the infrastructure should provide a large, stable 
market for construction. Current estimates are that this repair will cost 1 trillion to 3 trillion over the next 20 
years. These estimates may be exaggerated, but even so there are plenty of cratered roads, weakened bridges, and 
polluted waterways to keep construction firms busy. 

2.4 ANALOG ACTUATOR FOR MULTIMODAL ENVIRONMENTAL CORROSION 

MEASUREMENTS [4] 

The degradation of metallic materials due to the environment is a matter of strategic interest, because it is 
considered the number one enemy of the national infrastructure. For the Mexican industry is essential to know 
the degree of environmental corrosion in situ to take preventive action in order to extend the lifetime of the 
facilities, consider the type of materials used for construction, refurbish existing infrastructure and plan 
preventive maintenance services. To quantify the degree of atmospheric corrosion is necessary to develop a tool 
that allows in situ monitoring and measuring the level of corrosion using different methods for comparison. The 
design and construction of an analogue circuit that can operate as a potentiostat / galvanostat and allow 
electrochemical noise measurements intended for a multimodal portable corrosion measurement system for 
remote monitoring has been developed. The actuator section was simulated and tested in the laboratory. The 
experimental results agree with simulations and suggest that it is possible to build a portable, multimodal 
equipment for in-situ monitoring of environmental corrosion levels.  

2.5 DESIGN OF GREENHOUSE ENVIRONMENT WIRELESS MONITORING 

SYSTEM BASED ON ZIGBEE [5] 

In the greenhouse environmental monitoring, the wired sensor networks have some problems, for example, 
complex wiring, inflexible sensor location, cable aging and corrosion and so on. To solve the above problems, 
we use ZigBee technology to build a wireless sensor network for monitoring temperature, humidity, light 
intensity, carbon dioxide concentration has been used. And each node is low-power design. Based on the 
Modbus protocol,  RS-485 bus been built to achieve the communication between a number of greenhouse sensor 
networks and upper computer (PC). The system has advantages such as flexible sensors placement, low power 
consumption, easy installation maintenance and expansion, low cost, strong practicability.  

2.6 REAL-TIME NON DESTRUCTIVE EXAMINATION (NDE) OF STEEL CABLE 

USING ELASTO-MAGNETIC SENSORS INSTALLED IN A CABLE CLIMBING 

ROBOT [6] 

Recently, the steel cable used infrastructures are improved with progress in construction technology. In 
particular, the steel cable in long span bridges such as cable stayed bridges and suspension bridges are critical 
members which suspend dead load due to the main girders and bridge floor slabs. Damage at cable members can 
occur in the form of cross-sectional loss caused by corrosion and fracture, and it can lead structural failure due to 
concentrated stress of the cable. Therefore, nondestructive examination for steel cables is necessary so that the 
cross-sectional loss can be detected. A steel cable health monitoring technique using an elasto-magnetic (E/M) 
sensor installed in a cable climbing robot has been proposed. The E/M sensor is applied to detect the cross-
sectional loss ,   while it was originally developed for measuring the tensile force in the previous works. To 
verify the feasibility of the proposed damage detection technique, steel bars which have 4-different diameters 
were fabricated and the output voltage value was measured at each diameter by the E/M sensor. Optimal input 
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voltage and working point are chosen so that the linearity and resolution of results can ensure through repeated 
experiments, and then the E/M sensor scans the output voltage of the specimens based on the selected optimal 
condition. This E/M sensor based monitoring technique will be incorporated into the cable climbing robot in the 
further research. This proposed approach can be an effective automated tool for steel cable health monitoring. 

2.7 SPECIFIC VIBRATION FREQUENCY DETECTION BASED ON HETERO-

CORE FIBER OPTIC SENSING SCHEME FOR SECURITY ENVIRONMENT 

MONITORING [7] 

Fiber optic sensors have a potential to make ideal vibration sensors for smart structures because they can be 
operated without supplying the power at the sensor itself, have the capability of resistance to corrosion   and 
fatigue, immunity to electrical interference, usage for a long time and safe. Additionally, the fiber optic sensors 
are practically able to operate the remote sensing due to stable transmission fiber line. Especially, hetero-core 
optical fiber sensors for environmental monitoring system have several advantages such as high accuracy, 
repeatability and temperature independency. A novel approach to dynamic measurements for vibrations of the 
window using two types of the hetero-core optical fiber vibration sensors have been reported . A first vibration 
sensor can detect a vibration with high sensitivity due to effectively convert the vibration into change in the 
curvature of the fiber sensor. A second type of vibration sensor, which is lower sensitivity than the first type 
sensor, can detect vibrations with a few millimeters in thickness. It is shown that the vibration frequency depends 
on a fiber length of the two fixed points. A characteristic of spectrum peak shows the relatively wide frequency 
bands with ranging from 400 to 5000 Hz and from 1000 to 4500 Hz as the fixed points distances in the ranges of 
15 - 45 mm and 10 - 25 mm for the first and second types of sensors, respectively.  

2.8 A SURVEY AND EVALUATION OF PROMISING APPROACHES FOR 

AUTOMATIC IMAGE-BASED DEFECT DETECTION OF BRIDGE STRUCTURES 

[8] 

 Automatic health monitoring and maintenance of civil infrastructure systems is a challenging area of 
research. Nondestructive evaluation techniques, such as digital image processing, are innovative approaches for 
structural health monitoring. Current structure inspection standards require an inspector to travel to the structure 
site and visually assess the structure conditions. A less time consuming and inexpensive alternative to 
current monitoring methods is to use a robotic system that could inspect structures more frequently. Among 
several possible techniques is the use of optical instrumentation (e.g. digital cameras) that relies on image 
processing. The feasibility of using image processing techniques to detect deterioration in structures has been 
acknowledged by leading experts in the field. A survey and evaluation of relevant studies that appear promising 
and practical for this purpose is presented in this study. Several image processing techniques, including 
enhancement, noise removal, registration, edge detection, line detection, morphological functions, colour 
analysis, texture detection, wavelet transform, segmentation, clustering and pattern recognition, are key pieces 
that could be merged to solve this problem. Missing or deformed structural members, cracks and corrosion are 
main deterioration measures that are found in structures, and they are the main examples of structural 
deterioration considered here. This paper provides a A survey and an evaluation of some of the promising vision-
based approaches for automatic detection of missing (deformed) structural members, cracks and corrosion in 
civil infrastructure systems are available.  

2.9 HIGHER ORDER MODES CLUSTER (HOMC) GUIDED WAVES FOR ONLINE 

DEFECT DETECTION IN ANNULAR PLATE REGION OF ABOVE-GROUND 

STORAGE TANKS [9] 

Corrosion detection in the annular plate region of above- ground storage tanks is a critical need for tank 
farm operators in the oil and gas industry. The critical zone between the tank shell wall and the first few inches 
of the annular plate is difficult to inspect with conventional floor scanning methods due to the presence of 
coatings, uneven surfaces and a lack of access due to the presence of the weld toe. This region, however, is prone 
to accelerated corrosion due to the additional stresses caused by the weight of the tank wall and the increased 
possibility of water entrapment under the annular plate. Repairs in this region demand replacement of the entire 
annular plate and this leads to long shutdown of the tank, and often failures occur without any warning. A new 
method using the Higher Order Modes Cluster Guided Waves (HOMC*) to detect and screen defects in the 
critical inaccessible zones in the annular plate is discussed. This testing can be carried out online while the tank 
is in operation using HOMC guided waves generated on the outer exposed region of the annular 
plate. Robotic scanners allow for the inspection to be carried out in relatively short periods of time. Data 
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collected in the laboratory as well as from the field trials are presented. The HOMC technique has potential for 
non-destructive inspection of inaccessible regions in structures for medium-range applications (2 to 3 m). 

2.10 DEVELOPMENT OF AN ON-LINE MONITORING SYSTEM FOR METAL 

CORROSION [10] 

Based on the linear polarization method and the weak polarization method, a new on-line monitoring 
system for metal corrosion was developed, and the metal corrosion rate and polarization resistance was on-line 
measured and real-time displayed. Compared with the result obtained with a constant potential meter, 
the monitoring system have many advantages, such as stable performance, prompt measuring velocity and 
credible measuring results.  

2.11 THE CYBERNETIC REHABILITATION AID: A NOVEL CONCEPT FOR 

DIRECT REHABILITATION [11] 

The evaluation and teaching of motor skills in relation to patients are two important aspects of motor skill 
training. These two points or problems must be resolved in order to make such training effective. To address the 
issues simultaneously within a single system, this study proposes a Cybernetic Rehabilitation Aid (CRA) under 
the concept of direct teaching using tactile feedback with an EMG-based motor skill evaluation function. The 
CRA involves a human-machine- human (physiotherapist-rehabilitation robot-patient) interface known as a 
Cybernetic Interface Platform using biological signals not only to monitor patients' motor skills but also to 
directly teach such skills to them. The CIP can also be used as a human-human (physiotherapist-patient) system 
as well as a human-machine (physiotherapist-rehabilitation robot) system. In order to evaluate motor skills, the 
motions of the physiotherapist (T) and the patient (P) were analyzed using a loglinearized Gaussian mixture 
model that can classify motion patterns via electromyography (EMG) signals. Tactile stimulators were used to 
convey the instructions of the therapist or the system to the patients. A rehabilitation robot known as the Biodex 
System was integrated into the developed setup for a number of rehabilitation tasks.  

2.12 FUNDAMENTAL TECHNIQUES OF MOBILE ROBOT FOR INSPECTION OF 

CAS IN OIL TANKER [12] 

It is dangerous for a technician to inspect the inner parts of an oil tanker for defects and conditions because 
of many harmful gases, complex structures, etc. However, these inspections are necessary to many oil tankers of 
old years. In this reason, we proposed the fundamental techniques of mobile robot for inspection of CAS in oil 
tanker. The developed CAS inspection mobile robot has four modules, a measurement module of oil tanker's 
thickness, a corrosion inspection module, a climbing module of the surface on a wall, and a monitoring module. 
In order to getting over at a right angled path, the driving control algorithm was developed. And, magnetic 
wheels were used to move the surface of a wall. This study constructed a communication network (Bluetooth) 
and the monitoring program to operate the developed mobile robot from remote sites. In order to evaluate the 
inspection ability, the experiments using developed mobile robot have been conducted. 

2.13 TOWARDS DEVELOPING MICRO-SCALE ROBOTS FOR INACCESSIBLE 

FLUIDIC ENVIRONMENTS [13] 

The development of dedicated hardware capable of controlling autonomous micro-scale robots for fault 
detection/repair in complex inaccessible fluidic environments has introduced. This work is part of a European 
Union funded project entitled SOCIAL, (Self-Organized societies of Connectionist Intelligent Agents capable of 
Learning No IST-2001-38911). The project's aim is to produce a swarm of micro-scale (5cm 3) autonomous 
robots that, through indirect communication, are capable of achieving fault detection and reparation in difficult, 
challenging and inaccessible environments. An application benchmark for this project is the on-
line monitoring and maintenance of underwater pipelines like those found in the oil industry or desalination 
plants. The robots would move through the fluidic environment, continuously sensing for corrosion and scaling 
faults in the pipeline.  

2.14 PRELIMINARY RESEARCH ON AUTOMATIC INSPECTION OF 

SECONDARY LOOP INSIDE STEAM GENERATORS USING MICRO ROBOTS [14] 

The inspection of pipes in steam generators of a pressurized water reactor (PWR) is two fold. One is to 
inspect the defects and deposits inside the pipes, which leads to many developments of micro robots in pipelines 
and other automatic apparatus. The other is to inspect corrosion and deposits on the connecting portions between 
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the supporting plates and the outsides of pipes. This paper presents a preliminary research on the 
automatic robotic inspection of defects or deposit on the supporting plates. The scheme of the robotic inspection 
system proposed includes a wheeled mobile robot, a CCD camera mounted on the robot, 
a monitoring/processing subsystem, and a computer control subsystem. Two kinds of micro mobile robots were 
designed and tested. One is driven by micro motors, and the other is driven by PZT elements based on the 
frictional/inertia principle. 
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