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Abstract:  

Non-Destructive Testing (NDT) is being automatized at drastic rates like several other 
industrial techniques to satisfy stringent requirements with regard to quality, safety and cost. 
Artificial intelligence and robotic systems have been utilized for non-destructive testing of 
large critical infrastructure, often located in remote and hazardous environments.  National 
and international regulatory bodies such as IAEA, WHO, OSHA, COSHH formulate 
standards and codes that ensure safe human involvement in hazardous working environments 
such as ionizing radiation, thermal radiation, noisy, dusty, chemical, flammable, explosive, 
under-water, and high altitudes. 
 
The need for robots in NDT is inevitable when human involvement is increasingly becoming 
expensive and increasingly demanding from a safety point of view. Robotic applications in 
NDT is predicted to increase exponentially in several areas such as nuclear, petrochemical, 
thermal energy, ships and aviation industries. Miniaturization of sensors and actuators have 
led to development of robots with different locomotive abilities such as climbing robots, 
swimming robots, pipe crawling robots and drones that fly. These robots can ensure higher 
productivity, higher quality, and therefore, higher monetary returns compared to manual 
inspection. 
 
1.0 Introduction: 

The various NDT techniques are mostly being carried out manually by human inspection. 
However, due to several factors that will be elucidated in this article, intelligent robotic 
systems are being developed and preferred for the non-destructive testing and inspection of 
large critical structures often located in remote and hazardous environments.  Many of the 
NDT techniques, such as visual inspection, eddy currents testing (ECT) and ultrasonic testing 
(UT), Phased-array UT, TOFD can be easily automated and recently, there has been a 
growing interest in the development of these robotic systems for NDT. 
 

Miniature sensors and actuators have enabled robots that can climb, crawl, swim, dive and 
fly. Structures with complex geometry can be inspected by these robots as they have more 
degrees of freedom than humans. In the next section, the difficulty of carrying out manual 
inspection in hostile environments is discussed. In the subsequent sections, different robots 
currently in NDT applications, their advantages and constraints are discussed. 
 

2.0 Hazardous environments in NDT inspection and related Health Regulations 

2.1. Chemical environment:  

Exposure to chemicals for long duration may cause serious harmful effects on the health  of  
human workers. Therefore, strict regulations are in place to prevent any mishap related to 
chemical poisoning of humans in factories. One third of all occupational diseases are caused 
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by exposure to workplace chemicals. A human worker, once diagnosed with an occupational 
disease, has to be suspended from work to prevent further exposure. Apart from social costs, 
it has huge economical implications for the company as it incurs compensation payment, 
health-care cost, training for replacement worker as well as the cost of lost productivity.     
 
Some of the regulations pertaining to chemical environments include: Control of Substances 
Hazardous to Health Regulations 2002 (COSHH), Chemicals (Hazards Information & 
Packaging for Supply) Regulations 2002 (CHIP 3); Dangerous Substances and Explosive 
Atmospheres Regulations 2002 (DSEAR); and Classification, Labelling and Packaging of 
Substances and Mixtures (CLP) Regulations 2009. For example, the current Permissible 
Exposure Limit (PEL) as per the OSHA standard for carbon monoxide is 50 ppm or 55mg/m3 
averaged over an eight-hour work shift.  Substantial exposures to carbon monoxide continue 
to occur in many foundries. High concentrations may be fatal without producing significant 
warning symptoms. The OSHA Lead Standard specifies the PEL of lead in the workplace air 
at 50 µg/m3 averaged over an eight-hour workday for workers in general industry. Robots can 
be made with materials resistant to such chemicals or can be replaced if it malfunctions. 
Therefore, robots are the perfect means to carry out NDT in chemical environments. 
 
2.2. Dust Environment: 

Dusts particles ranging in size from below 1 µm up to around 100 µm, which may be  
airborne, cause immense harmful effects on humans. Cement dust may enter into the 
systemic circulation and affects the different tissues including heart, liver, spleen, bone, 
muscles and hairs. The different types of dust can be classified as mineral dusts (crystalline 
silica, coal and cement dusts), metallic dusts (lead, cadmium, nickel, and beryllium), 
chemical dusts (pesticides), organic dusts (flour, wood, cotton and tea dusts, pollens), 
biohazards (moulds and spores). Fibrous dusts (asbestos) cause serious health problems 
primarily due to the shape of the dust particles. Lead is considered a hazard when equal to or 
exceeding 40 µg of lead in dust per square foot on floors. Human workers in steel industries 
are exposed to airborne chromium and nickel compounds. Robots can easily overcome this 
problem. 
The robots on the other hand can be fit with 
commonly available IP65 sensors and 
actuators which are dust tight and does not 
allow ingression of dust. It also can resist 
water jets from any direction. Figure shows 
a dust and water resistant ASSET robot 
platform for inspecting in tank walls. 
 

2.3. Noise Environment 

Twenty-two million workers are exposed to potentially damaging noise at work each year.  
An estimated $242 million is spent annually on workers' compensation for hearing loss 
disability.  High noise levels can contribute to cardiovascular effects in humans and an 
increased incidence of coronary artery disease. The ISO 1999-1990 standard recommends a 
limit of 85 dB(A) for eight-hours and has found acceptance in most countries. The ACGIH-
TLV (American Conference of Governmental Industrial Hygienists-Threshold Limit Value) 
for an eight-hour time-weighted average (TWA) sound level is 85 dBA.   OSHA also states 
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that "exposure to impulsive or impact noise should not exceed 140 dB peak sound pressure 
level. 
 
Remote operation of inspection robots allows robot to enter very noisy environments where 
humans cannot operate for long. Autonomous path planning of robots eliminates the 
necessity of human operator. Working in hostile environments for long hours decrease the 
capability of human inspectors due to fatigue and boredom. Robots work efficiently and 
increase   productivity, accuracy, repeatability and decrease in inspection cost.  
 
2.4. Working at Height and High Altitude Environments: 
 

Inspection of tall structures such as cranes in ports need additional inspection platforms for 
inspectors to climb up the crane. Apart from physical discomfort, inspectors are at risk when 
they have to do frequent inspections. Altitude sickness, also known as acute mountain 
sickness (AMS), is negative health effect of high altitude, caused by acute exposure to low 
amount of oxygen at high altitude. (above 2400 meters).  Increased muscular fatigue, 
deterioration of mental function and increased breathing at high altitude. Acute mountain 
sickness can progress to high altitude pulmonary edema (HAPE) or high altitude cereberal 
edema (HACE), both of which are potentially fatal. 25% more time is required to complete a 
work content at an altitude of 3300 metres than comparable work at sea level. 
  

 
2.5. High Temperature Environment 

The regulatory requirements for workplace temperatures are set by the Workplace (Health, 
Safety and Welfare) Regulations 1992. The units of heat stress exposure are expressed as Wet 
Bulb Globe Temperature (WBGT) values in C.  The WBGT measurement takes into account 
air temperature, air movement, radiant heat and humidity. The WBGT meters called "heat-
stress indicators". 

General Heat Stress  - From the National weather service 

Danger Category Apparent 
Temp(°F) 

Heat Syndrome 

IV.  Extreme Danger >130° Heat stroke or sun stroke imminent 

III.  Danger 105° - 130° Heat stroke or sun stroke likely 

II.  Extreme caution 90° - 105° Heat stroke or sun stroke possible 

I .  Caution 80° - 90° Fatigue possible with prolonged physical activity 
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High temperature robot suits can be used for robots that 
operate at high temperature applications such as welding. IP 
69K sensors and actuators provide resistance to high 
temperature as well as high pressure environments. Figure 
shows an ABB welding robot with the high temperature robot 
suit. 
 

 

 

 

 

2.6. High Energy Radiation Environment: 
Organizations such as the International Atomic Energy Agency 
(IAEA) and World Health  Organization (WHO), prescribe an 
occupational exposure dose limit as 20 mSv per year averaged 
over five consecutive years, and of 50 mSv in any single year. 
For public exposure, the dose limits are an effective dose of 1 
mSv in a year.  A whole body dose of over 4 Sv (400 R) is a 
lethal dose which is fatal. Robots are immune to high energy 
radiations. Figure shows an inspection robot used in the 
Fukushima nuclear plant disaster. 
 
 
2.7. Under Water Environment: 

High pressure environment may cause increased rate of breathing and fatigue of the 
respiratory muscles. Visual acuity in underwater is adversely affected by the difference in 
refractive index between water and air. For technical divers, the recommended maximum 
depth is 100 meters. In petroleum industry, ocean exploration, military and nuclear power 
plants inspections are conducted under water. 

Environmental Protection Agency  allows  dives shall not exceed 130 feet of salt water 
(FSW). A significant number of fatalities in the diving industry involve a differential pressure 
(Delta P) situation. Delta P is invisible to a driver and strikes suddenly, without warning. 
Once entrapped by Delta P there is almost no way to escape.  Figure shows OceanOne, a 
waterproof humanoid robot for inspection and underwater manipulation applications.  
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3.0     Robotic systems in NDT applications 
Robots can help advanced NDT methods if they meet the basic standards of automated NDT 
testing: data acquisition, repeatability, accuracy and precision. Challenging factor for using 
industrial robots for NDT application is the required data acquisition speed.  The heart of the 
automated inspection system is an inspection cell comprising two six-axis robot arms, 
capable of working independently and co-operatively. In-house developed software 
synchronises the robot movement with the ultrasound signal acquisition. The operator can 
load the inspected component geometry CAD file into a software application and pick the 
areas to be inspected. The software then generates the scan path for the robots.  
 

Magnetic flux leakage (MFL) test  

Diakont’s Stingray service tool is equipped with water jets and power scrubbers to inspect  
tank floor allowing the onboard magnetic flux leakage (MFL) test.  
 
 

Magnetic Flux Leakage Testing - Robot
Eddy current testing- Robot

 
 

 

Eddy Current Testing 

With minimal or no human intervention, robotic eddy current testing can perform high 
quality flaw detection in real time.  
 

Alternating Current Field Measurement Test 
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NDT in Radiation area 

Toshiba has developed a robot that is able to withstand high radiation, making it capable of 
working in nuclear disaster sites, such as is capable of climbing over debris and venturing 
into radiated areas off-limits to humans.  
 

• High Voltage Robotic Pipeline Crawler X Ray 

Machin

Digital X-ray Blade 

Inspection System

 
Acoustic Emission Testing+Robot 

 

 
 
Ultrasonic Testing – Guided Wave Ultrasonic Testing 

 

Mooring lines are safety-critical systems on offshore floating and semi submersible 
platforms.   The lines are usually subject to immense environmental and structural forces 
such as currents, oceans waves, and hurricanes.   The MoorInspect robot places an NDT 
collar consisting of ultrasound probes around the full circumference of each link to be tested.  
The robot is capable and strong enough to carry a sensor payload up to 70 kgs. 

 
  

 



NDE 2017 Conference & Exhibition of the Indian Society for NDT (ISNT),14-16 December 2017, Chennai, India 
 

7 

 

 
Crocells inspection robot is controlled wirelessly and deploys phased-array ultrasound to look 
for weld defects in tall steel structures.   
 

 

 

 

Infrared Thermography 

ThermoBot - robotic system for thermo-graphic detection of cracks. The detection of cracks 
is currently done by using magnetic particle inspection, which is a decades-old, inefficient 
and ecologically undesirable process.  
 

 
 

Visual inspection 

 

Visual inspection is one of the most common applications of robotics in NDT. The robot is 
able to move the camera sensor head to the desired position. The camera transmit high quality 
video feed with real time image processing capabilities. Figure shows the Explorer robot 
(perched on top of a test pipe) features an articulated body that can travel great distances to 
generate high-resolution images of a pipe's surfaces. 
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4.0     Advantages of Robotic systems in NDT 

Real-time data analysis makes structural integrity efforts more effective and convenient.  
Robotic tools inspections can include an immediate reporting threshold.  Continuous 
monitoring allows for tool repair or/and inspection scope adjustment.  Real-time data 
monitoring allows daily reports and makes a preliminary report (containing only the most 
serious anomalies) possible.   
Robotic NDT tools are specifically designed to navigate more complex environments. Many 
inspection areas pose significant safety hazards to human occupants that can be eliminated 
and regulatory requirements are fulfilled by robotic NDT tools.  Repeatability, accuracy, 
productivity, customer Satisfaction,  speed of inspection, immediate test result, Fast data 
acquisition, future analysis, high volume data storage  and analysis, inspection of complex 
geometry are higher in robotics system. 
 
5.0      Constraints of Robotic systems in NDT 

High Initial cost and operating cost are very much higher comparing manual inspection.  
Hardware requirement for Robots is critical  due to complex shape of components.   Robot 
Software program is to be written separately for each application.   Interfacing hardware and 
soft ware program is critical.   Sufficient number of Trained Personnel for robot application 
in Nondestructive Testing is also critical.  Machine safety should be ensured.   
 

6.0      Conclusion: 

Robots are inevitable for Non-Destructive Testing in several applications where human 
beings cannot inspect due safety reasons.  Even though the initial installation cost is higher 
for robotic inspection compared to manual inspection, it will ensure higher productivity, 
quality and safety. The accuracy of inspection results are very much higher compared to 
manual inspection. It is greatly recommended for companies to avail the benefits of robotic 
inspection to sustain in the highly competitive non-destructive testing industry. 
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