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Abstract— In today's high-tech world, the use of robots in 

industry has become critical. Robots can do tasks that were 

previously impossible for humans. Robots have become an 

indispensable substitute, particularly in departments such as 

inspections. Inspection robots that use Non Destructive 

Testing (NDT) methods are required in hazardous 

environments such as nuclear waste management. Humans 

cannot perform inspection work in nuclear industries due to 

the risk of nuclear exposure. To avoid such a calamitous 

accident, the use of robots in nuclear industry inspection has 

become mandatory. In order to meet such demands, a survey 

of available robotic inspection systems capable of performing 

hazardous tasks was conducted. The primary emphasis is on 

to reveal the methodologies for designing and developing 

various mechanisms and robots, as well as their benefits and 

limitations. 
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I. INTRODUCTION 

Humans are the world's rulers. Regardless of the fact that 

some jobs are still out of their scope. Manufacturing, 

industrial, space exploration, transportation, medical, and 

educational robots are the various types of robots based on 

their applications [1]. Robots are in high demand in the 

manufacturing and nuclear power production sectors, where 

humans are exposed to hazardous environments [2]. They use 

robots as substitutes to protect themselves from harmful 

effects such as radiation, high temperatures, vibration, loud 

noises, and so on. Inspection robots are in high demand in the 

current market [3]. Nuclear waste storage inspection is the 

most dangerous inspection sector [4]. ‘Safety and accuracy, 

particularly in departments such as inspections in nuclear 

industries, created a demand for new robots. Many stainless 

steel canisters are used in nuclear power plants to store 

vitrified intermediate level waste’ [5]. ‘The weldments on 

these tanks are prone to flaws. These welds must be inspected 

for signs of damage throughout their service life. The 

inspection tasks are expected to be performed by a newly 

designed articulated robot’ [6]. The idea for conducting the 

survey work arose from previous work of a similar nature [7]. 

‘The environments of nuclear power plants undoubtedly offer 

high temperatures, humidity, and radiation areas, making 

human approach extremely limited. Robots are used in the 

nuclear industry as tele-operated machines to handle high-

risk movements in contaminated zones’ [8]. Robots are used 

for mobile monitoring and surveillance to eliminate the need 

for human inspection, primarily to measure radiation levels 

and temperatures, create contamination maps of nuclear 

facilities, and broadcast local images. This technology aids in 

the inspection and examination of reactor assemblies, 

pressure vessels, and pipelines [9-12]. 

A. Objectives of Review 

 To comprehend the importance of robotics in nuclear 

power plant inspection. 

 Research the areas that need to be inspected. 

 To examine the design and materials for nuclear-suitable 

robots. 

 To comprehend the various factors that cause faults in 

NPP components and to monitor them using an 

inspection robot. 

II. SURVEY OF EXISTING ROBOTS FOR INSPECTION IN NPP’S 

A. Ball Shaped Robots 

 “Prof. Harry Asada of Massachuttus Institute of 

Technology pioneered the development of ball-shaped 

robots. He designed the robot to enter underground pipes 

efficiently for inspection. The inspection is carried out 

without the need to dig up the buried pipe. The robot 

detects signs of corrosion and leakage. An onboard 

camera captures images of the interior of the pipes. 

Wireless underwater communication over distances of 

up to 100 meters” [2] 

 “Design and construction: Based on the principle of 

Centre of gravity change. A Ni-Cd battery is used to 

power the robot. The robot is similar to a hamster ball 

and uses an eye ball mechanism. Controlling the speed 

of the drive controls the speed of the robot, and mobility 

is provided by directly generating torque to the lever. The 

revolution of the robot is tracked by an inductive sensor. 

The large instrument board houses an onboard computer 

as well as interactivity tools. Sensors are used to measure 

the temperature, pan, tilt, and direction of the inner 

mechanism. Sensors such as a gyroscope to calculate the 

angular velocity of the ball's roll angle, an accelerometer 

to calculate motor acceleration, and an encoder to 

measure the rotational speed of the motors are also used 

in ball-shaped inspection robots” [2] 

 
Fig. 1: Ball shaped robot [2] 

B. Snake Arm Robot 

 When nuclear explosions occur, it is extremely difficult 

to determine the cause as well as the precise point and 

location of the explosion. For these robotic animals that 

could reach places that human are unable to reach. 

 It has also been discovered that when there is an 

explosion, pipes generally remain intact, making the 

snake-like robot ideal for navigating pipes. 

 It is a segmented robot that resembles an inchworm. 

Pneumatics is used to force a padded fit against the pipe 

walls [2]. 

 Snake arm robots are used for inspection, as well as 

maintenance and operation. 
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 It has three axes of motion. One end of the arm is 

outfitted with a pointing camera, while the other can hold 

a variety of tools for tasks such as 

1) Visual inspection of high quality. 

2) Infrared examination. 

3) Tightening and loosening the bolted assembly. 

4) Repair temporary leaks in pipes. 

 

 
Fig. 2 Snake arm robot [2] 

C. Wall climbing robot: 

 Climbing robots have a wide range of inspection 

applications.  

 Wall climbing robots can walk and climb on walls. These 

robots are also used to inspect underwater pipes. • As 

shown in the figure below, this robot has eight articulated 

legs [2].  

 The legs of the robot are controlled by a microprocessor, 

making it more accessible [16].  

 The vacuum suction cup on the robot's legs adheres to 

both vertical and horizontal surfaces [16]. 

 In the event of a high-altitude accident, this robot could 

be useful in gathering information about the affected 

areas. It is equipped with a camera and a transmitter, 

allowing us to gain access to those locations [2]. 

 The following are the main components of these robots 

[16]:  

1) Sensors: a) Pressure sensor, b) Ultrasonic distance 

sensor, and c) Inclinometer sensor  

2) Stepper motor  

3) Suction vacuum pump 

 

 
Fig. 3: Wall climbing robots [2] 

III. PIPE INSPECTION ROBOT: CASE STUDY 

A. INTRODUCTION 

 Pipelines have been shown to be the safest method of 

transporting and distributing gases and liquids. To keep 

that status, it must be inspected on a regular basis [1].  

 It is advantageous to have a robot with an adaptable 

structure to the pipe diameter, enhanced dexterity, 

maneuverability, and the ability to operate in hostile 

conditions. Wheeled robots are simple, energy efficient, 

and have a high potential for long-distance use [1].  

 A multi-frame robot has a few advantages in terms of 

maneuverability, such as the ability to adapt to in-pipe 

unevenness, move vertically in pipes, and stay stable 

without slipping in pipes [1].  

 Combining mobility with autonomy and light weight is a 

design and implementation challenge [1]. 

B. ELECTRONIC CIRCUIT AND COMPONENTS: 

“The assembled robot must start or stop instantly. Its motion 

direction should also be easily changed. A relay circuit and a 

remote control can be used to accomplish this. A double pole 

double throw (DPDT) relay is an electromagnetic device that 

is used to electrically separate and magnetically connect two 

circuits. They are frequently used to connect an electronic 

circuit that operates at a low voltage to an electrical circuit 

that operates at a high voltage” [1]. 

 “The assembled robot must start or stop instantly. Its 

motion direction should also be easily changed. A relay 

circuit and a remote control can be used to accomplish this. 

A double pole double throw (DPDT) relay is an 

electromagnetic device that is used to electrically separate 

and magnetically connect two circuits. They are frequently 

used to connect an electronic circuit that operates at a low 

voltage to an electrical circuit that operates at a high voltage” 

[1]. 

C. COMPONENTS: 

1) Four Channel Relay 

2) Power Supply Board 

3) Wireless camera with Radio Receiver 

4) DC Motors 

5) Battery 

1) Four Channel Relay 

The IR Remote control relay is a combination of an infrared 

transmitter and a receiver that contains four relays and one 

fan with speed control via TRiAC that can be controlled 

wirelessly, as shown in Fig.4. This makes the unit very simple 

to operate and integrate with existing systems. The receiver 
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board's corresponding relay is activated by the remote control 

[1]. 

 
Fig. 4: IR 4 Channel Remote Control Relay [1] 

2) Power Supply Board 

“The power supply board, depicted in Fig.5, regulates the 

voltage to the camera plate. A potentiometer on the board can 

be used to change the resistance, and thus the voltage. As a 

result, the motor's speed can be controlled” [1]. 

 
Fig. 5 - Power supply board [1] 

3) Wireless camera with Radio Receiver 

“Wireless cameras are wireless transmitters that transmit a 

camera signal. Figure 6 depicts the components. The camera 

is connected to a wireless transmitter, and the signal is 

transmitted between the camera and the receiver. This works 

similarly to radio. A channel is also available for wireless 

cameras. The picture is obtained after the receiver has tuned 

in to the appropriate channels. The transmitter sends the 

wireless camera image to the receiver, which collects it and 

sends it to a computer or television monitor, depending on the 

receiver type” [1]. 

 
Fig. 6: Wireless camera with radio receiver [1] 

4) DC motors 

“The principle of a direct current (DC) motor is that when a 

current carrying conductor is placed in a magnetic field, it 

experiences torque and has a tendency to move. When the 

direction of current in the wire is reversed, so is the direction 

of rotation. When a magnetic field and an electric field 

interact, a mechanical force is produced, and the working 

principle of a dc motor is established as a result. DC motors 

are used to drive the wheels and rotate the rods. Figure 7. 

depicts two types of DC motors used in the project” [1] 

 
Fig. 7: Electric Motor [1] 

5) Battery 

“To turn the wheels, use electricity stored in a battery pack to 

power an electric motor. When the batteries are depleted, they 

are recharged with grid electricity, either from a wall socket 

or a dedicated charging unit” [1]. 

 
Fig. 8: Battery [1] 

D. Working   

“Following the completion of the robot's assembly, the 

project moves on to the next phase – working. The robot's 

performance of the desired functions is evaluated here. Drive 

to the wheels is provided by direct current (DC) motors. 

These motors are linked by relay switches, which control the 

start/stop functions as well as the rotational direction of the 

motors. The robot operates via an electronic circuit - 

mechanism interface. One manual relay switch is used to 

control the expansion and contraction of the frames. The 

camera at the other end of the robot is activated manually. 

The RF receiver is connected to a television monitor. The DC 

motors that drive the wheels are activated by a four-channel 

relay circuit.  

 This causes the wheels to rotate at a constant rpm of 

60. When the frames are sufficiently inserted into the pipe, 

the manual relay switch is activated, causing the frames to 

expand to accommodate the pipe diameter. The expansion 

process is repeated until a sufficient grip is achieved. The 

gripping ensures movement in either the horizontal or vertical 

direction. For forward motion, the remote activates the 4-

channel relay circuit. Another relay on the circuit board 

controls the camera plate. This is used to start the camera 

rotating. Wireless signals are transmitted to the receiver as the 

robot moves inside the pipe, providing a view of the inside 

surface. The surfaces are visually inspected for flaws” [1]. 

 
Fig. 9: Fully assembled pipe inspection robot [1] 

E. Design Parameters 

 Pipe – 

Diameter – 200 to 260 mm   

Material – PVC or concrete [1] 
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 Wheels of robot- 

Diameter – 80 mm 

Material – rubber 

Wheel shaft material – C45 steel [1]                                                                                                                                                                                                                                

 Link –                                                                                                                                                                          

Length – 65 to 85 mm 

Angle - 67.4° to 44.9°  

Material – Mild steel [1] 

 
Fig. 10: Links of robot [1] 

 
Fig. 11: Design of Pipe inspection robot [1] 

IV. RESULTS 

 The robot could adapt to pipe diameters ranging from 

200 mm to 260 mm. The robot's motion was tested in a 

250 mm PVC pipe [1].  

 The wireless camera transmitted the video feed to a TV 

screen via the RF transmitter up to a range of 40 m [1].  

 The DC motors for the wheels are powered by a four-

channel relay circuit. This causes the wheels to rotate at 

a constant rpm of 60 [1].  

 The robot's velocity is 30 cm/s [1].  

 To control the expansion or contraction of the frames, 

one manual relay switch is used [1]. 

A. Inspection-required areas in nuclear power plants 

 Storage Tank for Radioactive Waste. 

 Inspection of Pipes 

 Examine the nozzle welds in the nuclear power plant's 

primary circuit. 

 Nuclear Reactor Inspection 

 Conduct a review of nuclear waste management. 

 Examine the pressure vessel shell. 

 Examine the radiation shell, stocks, and structures. 

 Reactor and underwater pipe inspection 

 The Benefits of Inspection Robots in Nuclear Power 

Plants 

 Improve product productivity, safety, efficiency, quality, 

and consistency. 

 Capable of working in hazardous environments. 

 There is no need for environmental comfort. 

 Ability to work continuously in the absence of human 

needs and illnesses. 

 Maintain consistent precision at all times. 

 Are more accurate than humans, with millimetre or 

microinch precision. 

 Can have abilities that exceed those of humans. 

 Can process multiple stimuli or tasks at the same time, 

whereas humans can only process one. 

 Replace human workers who may cause economic 

issues. 

V. CONCLUSION  

 Robots can be used effectively as tools to perform tasks 

in labor-intensive, hazardous, and inaccessible work 

environments. 

 Robots can be used for mobile monitoring and 

surveillance to eliminate the need for human inspection, 

specifically to measure radiation levels and temperature. 

 Robots used for inspection in nuclear power plants can 

also be used for maintenance and some operations such 

as welding, laser cutting, radioactive waste handling, and 

so on. 

 By monitoring the various components of NPPs with 

robots, we can identify the factors that cause component 

failures and, by focusing on these factors, we can 

increase plant efficiency. 

VI. FUTURE SCOPE AND GAP IN RESEARCH 

Someone can use techniques likes SWARM, MONO-RAIL 

in inspection robot we can achieve much higher efficiency. 

Most of the robots which are developed they uses different 

types of steel for the different components of robot if we use 

the ductile material like aluminium their then we can 

decreases the power to weight ratio of the robot.  

 We can use SWARM like technology in inspection 

robot where one robot do the inspection work and when some 

faults are detected in some material other robots can repair 

that fault.  
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