ZUTS

UNIVERSITY

OF TECHNOLOGY

SYDNEY

Tactile Based Active Perception of
Structural Members in Truss
Structures

by Lili Bykerk

Thesis submitted in fulfilment of the requirements for
the degree of

Doctor of Philosophy

under the supervision of Distinguished Professor Dikai Liu
and Professor Kenneth Waldron

University of Technology Sydney
Faculty of Engineering and Information Technology

March 2020






Certificate of Original Authorship

I, Lili Bykerk, declare that this thesis is submitted in fulfilment of the requirements for
the award of Doctor of Philosophy in the School of Mechanical and Mechatronic Engineer-
ing, Faculty of Engineering and Information Technology at the University of Technology

Sydney.

This thesis is wholly my own work unless otherwise referenced or acknowledged. In addi-

tion, I certify that all information sources and literature used are indicated in the thesis.
This document has not been submitted for qualifications at any other academic institution.

This research is supported by an Australian Government Research Training Program

Scholarship.

Production Note:
Signature: Signature removed prior to publication.

Date: 21/02/2020

iii






Tactile Based Active Perception of Structural Members in
Truss Structures
by

Lili Bykerk

A thesis submitted in partial fulfilment of the requirements for the

degree of Doctor of Philosophy

Abstract

Complex Three-Dimensional ([BD)) truss structures such as power transmission towers re-
quire regular inspection and maintenance during their service life. Developing a robot to
climb and explore such complex structures is challenging. Changing lighting conditions
can render vision sensors unreliable; therefore, the robot should be endowed with a com-
plementary sensory modality such as touch for accurate perception of the environment,
including recognising a structural beam member and its properties of cross-sectional shape,

size and the grasping Angle-of-Approach (AoA).

The research presented in this thesis addresses three questions related to grasping and
touch based perception of beam members in truss structures. (1) Methods for designing
adaptive grippers for grasping a wide variety of structural beam member cross-sectional
shapes and sizes; (2) Sensing for data collection and methods for classifying beam mem-
ber properties; and (3) Efficient methods for selecting the next best grasping action to

confidently recognise a beam member.

A stiffness constrained topology optimisation design method is developed and applied in
designing a soft gripper for grasping a variety of cross-sectional shapes of beam members.
The gripper design is verified through both simulation and experiments. It is found that
the gripper is proficient in grasping different shapes and sizes of beam members, with

adequate contact points.


lili.bykerk@student.uts.edu.au

vi Abstract

A comparative study of commonly used machine learning classifiers is conducted to analyse
the effectiveness of recognising a structural beam member and its properties. Using data
collected during grasping with a soft gripper, the cross-sectional shape, size and grasping
AoA of a beam member are classified. Evaluation of the various classifiers revealed that a
Random Forest (RF) classifier with 100 trees achieved high classification accuracies, with

short training and classification times.

An information-based method for selecting the next best grasping AoA to confidently
recognise a beam member is developed. This method is verified through simulation using
grasping data collected with a soft gripper. The results show that this method can correctly
recognise a structural beam member and its properties, typically with fewer than four
grasping actions. This method can be generally used with many different gripper designs

and sensor arrangements.
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x; An element in the design domain

Te The design variable

v; Volume of an element in the design domain

v The prescribed volume limit of the design domain

H;; A weight factor

L A unit length vector with all zeros at all degrees of freedom except

at the output point where it is one

n The number of elements used to discretise the design domain
F A vector of nodal forces
U(x) A vector of nodal displacements

K(x) Global stiffness matrix



Nomenclature

XXV

Naoa
]Vba

= =

grasps

S w

Nrsr
NCTLC

Information-based Method

Number of beam members

Number of Angles-of-Approach (AoAs)

Number of beam-angle pairs

Number of grasps performed for data collection

Number of grasps executed for beam member identification
Angle shift increments

Force Sensitive Resistor (ESR]) data

Information for a candidate Angle-of-Approach (AoA)

Number of individual [ESR] sensors

Number of encoder readings

Number of predicted beam member AoAs after a haptic glance
Average of [ESR] data for a given sensor number and AoA
Variance of [ESR] data for a given sensor number and AoA
Threshold value above which to count the Random Forest (RF)

classifier votes as valid






Glossary of Terms

Autonomous

Compliance Match

Effector

Extensor Digitorum Communis

Exteroception

Haptic Glance

Haptic Perception

Interphalangeal Joint

Metacarpophalangeal Joint

Modulus of Elasticity

Without human intervention.

The principle that contacting materials should
share similar mechanical rigidity in order to evenly
distribute internal load and minimise interfacial
stress concentrations.

An organ or cell that acts in response to a stimulus.
A muscle of the posterior forearm present in hu-
mans and other animals. It extends the medial four
digits of the hand.

By which one perceives the outside world.

A brief, spatially constrained contact that involves
little or no movement of the fingers.

The ability to identify something by active explo-
ration of surfaces by a moving subject.

Hinge joints between the phalanges of the fingers
that provide flexion towards the palm of the hand.
Hinge joints between the metacarpal bones and the
proximal phalanges of the digits.

A quantity that measures an object or substance’s
resistance to being deformed elastically when a

stress is applied to it.
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xxviil Glossary of Terms
Papillae A small rounded protuberance on a part or organ
of the body. Associated with nerve endings, they
are able to relay sensory information.
Phalanges Finger or toe bones.
Proprioception The ability to sense the position, location, orienta-

Tactile Pattern

tion and movement of the body and its parts.
A distribution of tactile sensor readings collected

during grasping.
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