
Roboworm Analysis
Analyses were carried out using finite element software to determine the best design of  a 

roboworm actuator.

Analysis I - Fibre Analysis:
A small section of  the fibre/rubber cell was analysed so the bulging of  the bladder between 
the fibres could be reduced. This was done by choosing a fine fibre spacing rather than a coarse 
one. The analysis enabled me to do this 
accurately without needing to measure 
very small real world distances.

Analysis II - Actuator Analysis:
Analyses of  whole roboworm cells were 
performed to obtain data on how the 
cells would behave when pressurised 
and how multiples cells behaved 
when coupled together.

ROBOWORM
Background
An actuator is a device that converts energy into motion. A common example is a simple 
metal-cased electric motor. Actuators can be made from soft materials too. This project 
investigates the mechanics of  a hydraulic soft actuator developed at the Auckland 
Bioengineering Institute and how it can be used to create a worm-like robot.

The aim of  this project was to:
• Create single-axis soft hydraulic actuators capable of  doubling 
their length in a well-controlled manner under computer control.
• Effect movement in 3 axes by using actuators in 
parallel in a compact triaxial package.
• Use several triaxial units in series to create 
a device capable of  worm-like and snake-
like movements.

Control System
Forward Kinematic:
Roboworm actuator extensions were decided 
explicitly by the user. The MATLAB control program 
then converted these extensions into instructions 
that were sent to a microcontroller (an Arduino), 
where they were converted to electrical signals. 
The electrical signals were sent to control boards. 
These boards then powered the electric linear 
actuators which drove syringes. The syringes then 
pumped the roboworm cells full of  fluid which 
produces motion.

Inverse Kinematics:
This control system is similar to the forwards kinematic system, 

but the roboworm extensions were determined implicitly 
by control program. The user enters the desired 

motion, and the program works out the 
extensions that are required to 

produce that motion.

Movement
Two main types of  movement were achieved.

Crawling forwards:
This movement involved the roboworm 
crawling forwards, in much the same way as an 
inchworm.

Crawling Sideways:
This movement involved the 

roboworm moving like a sidewinding 
snake producing 
movement 

completely 
perpendicular to 

the axis of  the robot.

Applications
A robotic worm such as this could be used in the medical industry. If  

miniaturised, it could be used as a robotic endoscope for use in 
surgery. The soft flexible nature of  the device means that is 
could interact very gently with delicate human tissue and 
organs. Another use could be in found in search and rescue. 
The dexterity of  this device means that it would be able 
to navigate the rough terrain and tight spaces such as in 
earthquake damaged buildings.
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