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Preface

Minimally invasive robotic surgery (MIRS) was initially introduced in 1987 with the
first laparoscopic surgery, a cholecystecotomy. Before introduction of surgical robots,
numerous laparoscopic procedures had been performed with the development of newer
technology in conjunction with increased skills acquired by surgeons. This type of surgery
is known as minimally invasive surgery (MIS) because incisions are smaller, with the
conferred benefits that include less risk of infection, shorter hospital incarceration, and
speedier recuperation. One of the present limitations to MIS, however, is that the equip-
ment requires a surgeon to move the instruments while, at the same time, viewing a video
monitor. Furthermore, the surgeon must move in the opposite direction from the target
on the monitor to interact with the correct area on the patient in order to achieve a rea-
sonable level of hand—eye coordination, tactile and force feedback, and dexterity. Other
current drawbacks of laparoscopic surgery include restricted degrees of motion, increased
sensitivity to hand movement and, perhaps most significantly, lack of tactile feedback.
Although this latter aspect has been studied by many researchers, no commercial MIS
or MIRS with tactile feedback is currently available. One of the main reasons for this is
the sheer complexity of such systems. However, with the advent of recent advancements
in miniaturization techniques, as well as acceptance of surgical robots by many surgeons
and hospitals, it seems that now is the right time for a leap into the next generation of
minimally invasive surgical robots augmented with tactile feedback.

The objective of this book is to provide readers with a comprehensive review of the
latest advancements in the area of tactile sensing and displays applicable to minimally
invasive technology and surgical robots, into which the latest and most innovative haptic
feedback features will eventually be incorporated. Readers will not only learn about the
latest developments in the area of tactile sensors and displays, but also be presented with
some tangible examples of step-by-step development of several different types. Haptics,
as we know it today, is a multidisciplinary area including, but not limited to, mechan-
ical, electrical, and control engineering as well as topics in psychophysics. Throughout
this book, readers will become acquainted with the different elements and technologies
involved in the development of such systems. The regulatory aspects of medical devices,
including MIS systems and surgical robots, are also discussed.

This book is organized into 12 chapters. Chapter 1 introduces tactile sensing and
display systems. Chapter 2 introduces a wide range of tactile sensing technologies.
Chapter 3 discusses the piezoelectric polymer PVDF, which is a fundamental compos-
ite of several tactile sensors presented in this book. Chapter 4 details the design and
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micro-manufacturing steps of an endoscopic force sensor as well as a multi-functional
tactile sensor. Chapter 5 provides a study on the force signature of different soft materi-
als held by an endoscopic grasper. Chapter 6 focuses on the hyperelastic finite element
modeling of lumps embedded in soft tissues. This model uses the Mooney—Rivlin model
to investigate the effect of different lump parameters such as size, depth, and hardness
on the output of endoscopic force sensors. Chapter 7 provides a review of tactile display
technologies. Chapter 8 introduces an alternative tactile display method called a grayscale
graphical softness tactile display. Chapter 9 briefly reviews the current state of MIRS.
Chapter 10 deals with teletaction and its involved elements. Chapter 11 discusses the
design, implementation, and testing of a closed loop system for a softness sensing dis-
play. And, finally, Chapter 12 provides a review of the latest regulatory issues and FDA
approval procedures.

The authors are deeply indebted to many people for their help, encouragement, and
constructive criticism throughout the compilation of this book.

Saeed Sokhanvar

Javad Dargahi
Siamak Najarian
Siamak Arbatani
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1

Introduction to Tactile Sensing
and Display

1.1 Background

Throughout the ages, humans have become accustomed to the environment by using their
five senses: sight (vision), hearing (audition), touch (taction), smell (olfaction), and taste
(gustation). Most of us subjectively experience the world through these five dimensions,
although only two of these, sight and hearing, have been reliably harnessed for the work
of objective scientific observation. For the senses of smell, taste, and touch, however,
objective and accurate measurements are still being sought. This chapter will deal mainly
with the under-represented sense of touch, which perceives temperature, force, force
position, vibration, slip, limb orientation, and pain. The sense of touch confers upon us a
haptical experience without which it would be difficult to write, grasp a light object, or
to gauge the properties of objects [1]. Given the importance of touch (tactile sensing) in
scientific work and daily life, researchers have been striving to understand this sense more
thoroughly, with the goal of developing the next generation of tactile-based applications.
Though the concept of replaying audio and visual recordings is quite familiar to us, the
applications and devices for gathering tactile information and rendering it into a useful
form is not, as yet, well understood or characterized.

A conceptual comparison between collecting and displaying information for visual,
auditory, and tactile systems is shown in Figure 1.1.

Viewed objectively, touch is perceived when external stimuli interact through physical
contact with our mechanoreceptors. Contrary to our other senses, which are localized
in the eyes, nose, mouth, and ears, the sense of touch is a whole-body experience that
comprises arrays of different nerve types and sensing elements. Our skin is capable of
sensing force, the position of applied force, vibration (pulsation), softness, texture, and
the viscoelasticity of any object with which it comes into contact. This permits us to
determine things about any object we touch, such as mass distribution, fine-form features,
temperature, and shape. To some extent, these senses that are felt by the fingers can be
simulated by using signals from tactile sensors in order to provide proportional input
control to any grasping application [2]. Although touch is a whole-body experience,
research on touch-based (haptic) systems focuses primarily on the hand and particularly
the fingertips, which contain the greatest number of tactile receptors. Tactile information is

Tactile Sensing and Displays: Haptic Feedback for Minimally Invasive Surgery and Robotics, First Edition.
Saeed Sokhanvar, Javad Dargahi, Siamak Najarian, and Siamak Arbatani.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.
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Figure 1.1 Collecting and displaying visual, auditory, and tactile information

gathered by stroking the fingers across an object to provide information about its texture,
or by pressing on an object in order to determine how soft or hard it is, or moving fingers
around the perimeter of an object to gather information about its shape [3]. Generally, the
ways in which the human hand and fingers gather tactile information have been duplicated
by researchers when developing touch sensors for similar purposes.

In the 1990s, efforts by researchers to design a commercially viable robotic hand that
contained touch sensors proved unsuccessful. This failure was attributed to the sheer
complexity of such systems since touch sensors need to physically interact with objects,
whereas audio or visual systems do not. Also, tactile sensing may often not be the most
effective option in such a highly structured environment as the automated car industry.
Nevertheless, for unstructured environments where irregularities occur in any object that is
handled, or if there is any disorder in the working environment, the role of tactile sensing
in gathering tactile information through haptic exploration is pivotal [4]. It is also evident
that the use of remote tactile sensors is preferable in any hazardous or life-threatening
environment, such as beneath the ocean or outer space, and for which no other sensing
modality, such as hearing or vision, can be substituted. The purpose of this book is to
explore some of the features, challenges, and advancements of research in tactile sensing
and displays in a number of ongoing research projects in the areas of minimally invasive
surgery (MIS) and robotic minimally invasive surgery (RMIS), with the emphasis on
novel tactile sensing and display methods.



