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I. INTRODUCTION 
Pipelines are now the most widely used method of transport for gases and liquids [1–3]. Therefore, ongoing pipeline 

monitoring is necessary to assure its safety and health [4] Non-Destructive Testing (NDT) inspection techniques that are 

widely used includes optical testing, radiographic testing, ultrasonic testing, hydrostatic testing, among others [5]. 

However, because of the recent advancements in robotic technology [6, 7], which is being brought about by industry 4.0 

they are now the preferable choice. Robots are a superior choice because it is challenging for people to access a small 

pipeline [8]. Recent years have witnessed significant advancements in In-pipe Inspection Robots (IPIR), with innovations 

categorised into distinct locomotion patterns. In the references listed below are examples of the Pipeline Inspection Gauge 

(PIG) [9, 10], screw [11, 12], inchworm [13–19], wall press [20–24], walking [25–29], caterpillar [30–34], and wheel type 

[35–50]. These popular forms of movement have drawbacks in addition to their benefits [40]. 

 

1.1.In-pipe Inspection Robot Types (IPIR) 
The Pipeline Inspection Gauge (PIG) type can be utilised for large distances [51–55] and moves inside pipelines using 

water pressure. The inside surface of the pipelines is not harmed by the screw-helical type’s motion when it moves [56–

60]. The inchworm may pass through pipelines because of its strong grasp despite its poor traction [13–17]. Using contact 

force, the wall press type steadily passes through the pipelines [20–24]. The walking kind employs legs to move and has a 

complex mechanism, which causes reduced surface wear and slippage [25–29]. Caterpillars move inside pipelines using 

tracked wheels, and its system enables them to adjust to the circumstances there [30–34]. The wheel type is more mobile 

than the other varieties and can travel inside pipelines by simply rotating its wheels [35, 36, 43–45]. Due to the pipeline’s 

curved and branching pipes, these robots must overcome numerous obstacles. It encounters motion singularity and erratic 

motion while doing this [46–50, 37]. 
 

1.2.Motion Singularity 
The “Motion Singularity” is the loss of contact or traction between a robot and pipeline intersections such curved pipes, L-

branch pipes, and T-branch pipes [41, 42]. Due to its powerful traction force and substantial contact area, the caterpillar 

robot offers more stability and is the most widely used IPIR. The pipeline is kept in contact with the inner surface no matter 

how the pipeline is turning by using tracked wheels [30, 34, 41]. If one of the wheels loses contact with the inner surface 

of the pipe, it is unable to pass through it, leading to motion singularity [41]. A caterpillar robot that is travelling through 

ICON Journal of Engineering Applications of Artificial Intelligence 
Volume 02 | Issue 08 | 2026  

e-ISSN: 3051-3820 

p-ISSN: 3051-3812 

Journal homepage: https://iconpublishers.com/icon-j-eng-app-ai/ 

 

Corresponding author: Haruna Garba Rabo 

Department of Mechatronics Engineering, Nigerian Defence Academy 

(NDA), Kaduna, Nigeria. 

 
Received Date:    20 June 2026 

Published Date:  17 Aug. 2026 

 
 Abstract 

Future inspection robots are trending toward fully autonomous, AI-driven systems that combine multi-modal 

sensors (visual, thermal, acoustic) with swarm intelligence for efficient infrastructure monitoring. Key directions 

include enhanced 5G connectivity for real-time analysis, digital twinning for predictive maintenance, and increased 

miniaturization to access constrained industrial spaces. 
 

Keywords: Future Directions, Pipeline, Inspection Robot, Leakages, Problems, Solutions. 

https://doi.org/10.5281/zenodo.21974940


Citation: Rabo, H. G., Imam, A. S., & Haruna, M. M. (2026). Inspection Robots Future Directions. In ICON Journal of Engineering 
applications of artificial intelligence (Vol. 2, Number 8, pp. 13–17). https://doi.org/10.5281/zenodo.21974940 

 

    

T-branch pipes uses two modules in place of one to prevent motion singularity. Three caterpillar wheels are mounted on 

the first module at a 120° angle to one another, and the second module is infix at a 60° angle to the front module [41]. The 

“Famper” pipeline exploration robot loses contact with the inner surface of the pipeline when turning at Y and T-branch 

pipes, which results in motion singularity. The caterpillar wheels were positioned at a 5-degree inclination with regard to 

the robot body rather than set straight to compensate for the loss of contact. “Motion singularity” is thereby avoided [42]. 

A two-wheel chain robot that avoids the motion singularity is shown in [61]. 
 

1.3.Irregular Motion  
According to published research, conventional wheeled robots frequently employ wheels that are symmetrically positioned 

at a 120° angle to ensure even loading and improved stability while moving through pipelines. The wheeled robots achieve 

this stability through the wall press feature [30, 41], [62–64]. According to Li et al. [36, 43], the addition of six wheels 

corrects the uneven motion that happens along the circumferential axis of the pipeline in forward motion produced by the 

three-wheel arrangement in wheeled IPIR. The wheeled robot has a three-wheel layout and moves inside the pipelines 

using two different types of wheels. When moving forward, the robot’s single three-wheel design tries to rotate in the 

pipeline’s circumferential direction [65]. Only straight pipelines have been the subject of investigations about their motion. 

The orientation of the robot at the completing end is different from the starting end in circumstances [66] where it tries to 

roll over in order to maneuver through the curved pipeline. Additionally, steering inside branching pipes is challenging due 

to how the wheels are positioned. This study focuses on the development of a wheeled IPIR with a single three-wheel 

arrangement to prevent the motion singularity and the irregular motion while maintaining same orientation before and after 

entering the curved pipeline [67]. Contribution In this research article, a wheeled type of IPIR was proposed and developed 

to address the issue of irregular movement and motion singularity in pipelines. The wheels on this robot are different from 

those on conventional robots in that they are not fixed at a 120- degree angle from one another. The placement of the 

wheels ensures that they remain in constant touch with the pipe surface and prevents the robot from rolling over while 

travelling down a curved pipeline. It also aids the robot’s navigation through branched pipes [67]. 
 

II. PIPELINE INSPECTION ROBOT-RELATED PROBLEMS EXPERIENCED BY CLIENTS 
1. Are Pipeline Inspection Robot Maintenance Procedures Users-Friendly? 

The ease of maintenance procedures worries the pipe inspection robot. The maintenance times will climb in tandem with 

a linear increase in the frequency of robot operation. Consumers are worried about how simple these steps will be to 

execute; after all, they don't have unlimited time or energy to devote to the complete upkeep of inspection robots. 

2. Key Factors that Affect the Service Life of Pipeline Inspection Robots 

A number of variables affecting the service life of pipeline inspection robots are included in the problem that has customers 

upset. Customers place a high value on a robot's ability to maintain a stable running status and consider longer service life 

to be essential. Customers do not investigate short-running time inspection robots, which can easily lower their cost-

effectiveness and raise the price they pay. 

3. Essential Factors to Consider during Pipeline Inspection Robots Operations 

Customers may lead a dependable pipe crawler robot to penetrate pipelines deeply and quickly finish the work of detecting 

various pipes, streamlining the operation processes in the process. The several issues that need to be taken into 

consideration throughout the operating stage are the subject of the customer's question. The corresponding links need to be 

made clear sense they are concerned that incorrect operation will interfere with the robot's ability to function [70]. 

 

III. CRITICAL FACTORS FOR EFFECTIVE PIPELINE INSPECTION ROBOTS IN OPERATIONS AND 

MAINTENANCE 

1. Extreme security: Enter the pipeline using the pipeline robot to quickly assess its interior conditions and/or remove any 

potential hazards. Because of the high labor intensity and greater safety risks associated with manual labor; these jobs are 

not good for employees’ health. The Easy Sight pipeline robot’s intelligent operation may significantly enhance the 

operation’s performance in terms of safety. 

2. Labor-saving: Small and lightweight, the pipe inspection robot can be controlled by one person. The controller can be 

put on the vehicle, which will save time and room. 

3. Improved effectiveness and caliber: In addition to accurate positioning, the Easy Sight smart pipeline robot can display 

real-time data such as date and time, crawler inclination (pipeline slope), air pressure, crawling distance (meters of line), 

laser measurement results, and azimuth (optional). The function keys allow you to control the lens angle of view clock 

display as well as the display status of this information (positioning of pipeline defects). 

4. Great level of protection: There is no need to be concerned about the quality of the pipe camera because it has a high 

level of protection, airtight protection, and the material is waterproof, anti-rust, and corrosion resistant. 

5. Receiving and releasing cables won’t interfere with one another with a high-precision cable reel, and the length is 

configurable. The pipe inspection robot can inspect pipelines with diameters ranging from 100 mm to 2000 mm. It can 

raise productivity and save labor in addition to enhancing task precision. Additionally, it can maintain the pipeline in some  

locations where manual labor is not appropriate and quickly identify the internal sources of pipeline degradation [68]. 
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III. KEY FUTURE DIRECTIONS AND TECHNOLOGIES 
i) AI-Driven Autonomy: Integration of artificial intelligence and machine learning allows robots to navigate 

complex environments, perform real-time data analysis, and make autonomous decisions, reducing reliance on 

manual control. 

ii) Collaborative & Swarm Robotics: Future systems will leverage multiple robots working together, including the 

combined use of ground-based units and aerial drones for comprehensive site inspection. 

iii) Advanced Sensor Fusion: Combining technologies like LiDAR, advanced cameras, and acoustic sensors to 

improve defect detection accuracy and environmental mapping. 

iv) Digital Twins & Cloud Integration: Robots will feed data into digital twin models for instant, virtual 

representations of infrastructure, enabling enhanced predictive maintenance. 

v) Increased Autonomy in Hazardous Areas: Enhanced capabilities for specialized environments like oil, gas, and 

power grid inspection to replace humans in dangerous locations. 

vi) Lightweight & Energy-Efficient Design: Developing smaller, more robust, and energy-efficient units to 

increase operational uptime. 
 

IV. CONCLUSION  
The proposed wheeled type IPIR and the current wheeled type IPIR are compared in this paper. The three wheels are 

positioned 120 degrees apart in the current configuration. Both the suggested and conventional wheeled forms of IPIR are 

replicated. The most effective angles are 120°, 135.12°, and 104.88°. Each wheel's force and velocity study findings 

demonstrate how this design results in the wheels colliding with the pipelines. The created robot did not experience the 

unequal force encountered by the robot with a wheel mounting angle of 120° when traveling the curved pipeline [67]. 

Additionally discussed are the consequences of the in-pipe wheel robots [69,71]. 
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