
 

 

 

  

Abstract— In this paper, a pneumatic worm-like micro robot 

with active force control (AFC) capability is modelled and 

simulated in a constrained environment (pipe). A mathematical 

model that represents the dynamic characteristics of the 

worm-like micro robot is first presented. Then, the dynamic 

response of the robot system subjected to different input 

excitations is investigated. A proportional-integral-derivative 

(PID) controller is applied to the micro robot system to follow 

the desired trajectory while an AFC controller is utilized to 

reject the unwanted disturbances which may be created due to 

frictional forces or fluid viscosity in the pipe. The control system 

is tuned so that an accurate trajectory tracking is possible. The 

performance of the control system under different types of 

disturbances is evaluated through a rigorous simulation study. 

The obtained results clearly demonstrate an effective trajectory 

tracking capability of the worm-like micro robot in spite of the 

negative effects of the external disturbances. 

 
Index Terms—Active Force Control, Micro Robot, PID 

Controller, Robust Tracking, In-pipe.  

 

I. INTRODUCTION 

Micro robotics is a field that has generated much interest 

amongst researchers and robot engineers alike due to its 

potentials operating in adverse working conditions and 

constrained environments. Examples can be seen in micro 

robots performing various tasks such as exploration and 

inspection in industrial pipes that can be associated with 

petroleum piping installations, chemical plants, heat 

exchangers, and gas or water supply systems; a much smaller 

scale robotic system may be applicable to carry out 

endoscopic procedure in vessels of the human body. An 

in-pipe inspection micro robot is useful to inspect the state 

and conditions of the pipe to detect leaks, cracks or 

modification of cross section in pipe lines. The robot is able 

to move effectively in the pipe and transport exteroceptive 

sensors that give different results such as finding or detecting 

the position/location and type of problem and measurements 

about the environment.  

Some basic research on mobile micro robotic mechanisms for 

use in pipes have been reported, such as those that are driven 

by piezoelectric actuators [1, 2, 3], by giant magnetostrictive 

actuators [4] by pneumatic actuators [5, 6], or by 
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electromagnetic actuators [7]. 

However, most of these robots are still in the 

developmental stage and certain problems still have to be 

addressed and solved before they become practical. Such 

micro robots for small pipes have low pulling force and have 

difficulty negotiating curved pipes or vertical pipes. Besides, 

commercial charge-coupled device (CCD) cameras are too 

big to mount on these robots. 

Lim et al. invented an inchworm like micro robot by using 

only one pneumatic line [8]. It is based on drilling 

different-sized micro holes in two plates among three 

chambers.  The rear clamp, the elongation module, and the 

front clamp work sequentially as the air flows to each 

chamber.  It enables the robot not only to generate inchworm 

like locomotion, but also to allow significant reduction of the 

stiffness of pneumatic lines and the drag force due to one 

pneumatic line.  In order to operate the robot efficiently, the 

stroke according to the supplied pneumatic pressure is 

investigated. 

In another design, a pneumatic flexible robot prototype for 

in-pipe inspection was designed and experimented as 

described in [9].  A dynamic model which takes into account 

the flexibility, damping and friction was developed. A 

number of experiments were carried out in order to 

characterize the robot and provide the input for the numerical 

model.  The model was validated by comparing the 

experimental and numerical robot gait in time domain. The 

robot motion for different pipes network geometry is also 

presented in the research. The works described above mostly 

focus on the principle of actuation and assume an open loop 

control configuration that does not include sensory feedback 

information and control algorithm for critical task 

applications. 

In the proposed research, we incorporate a robust feedback 

control mechanism into a pneumatically actuated micro robot 

taking into account the robust tracking performance in a 

constrained environment in pipe. The strategy used is based 

on active force control (AFC) technique that has been 

successfully applied to many dynamical systems [10-13]. 

Pioneering AFC work applied to robotic manipulator was 

presented by Hewit and Burdess (1981), in which an efficient 

disturbance rejection technique was established to facilitate 

the robust motion control of the dynamical system in the 

presence of disturbances, parametric uncertainties and 

changes that are commonly prevalent in the real-world 

environment [10]. Mailah et al. investigated the usefulness of 

the AFC method by introducing intelligent mechanisms to 

approximate the mass or inertia matrix of the dynamic system 

to trigger the compensation effect of the controller. It was 
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