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One who knows the truth is always certain that it is the senses that are engaged
in observations, like seeing, hearing, smelling, touching, and tasting and is the
involuntary participant of the actions happening around, just like opening and
closing of eyelids. Such observations are not the part of the ultimate knowledge,
but, when a seeker looks beyond them, finds the ultimate truth.

—The Bhagavad Gita (5.8 and 5.9)
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Preface

Applications today have been enriched with multimedia content consisting of
audio, video, augmented reality and consistently progressing toward multidi-
mensional rendering, such as stereo, 3D, ultrahigh definition, and fidelity. In
parallel, the user interaction with the devices and applications is delivering
engaging experience through voice, gestures, gaze, touch, and so on. Wearable
devices and body sensors are continually being integrated with applications
and user devices, such as a smartphone, remote control, and finding useful
applications in healthcare and remote monitoring. Humans interact with
applications and consume content through optical and auditory senses. But the
understanding is incomplete in the absence of information from and about the
other three sensory inputs, namely, olfactory (smell), gustatory (taste), and
tactile (touch). This is because all five senses interestingly interact among
themselves and the environment, such that being able to sense them, transmit
them, and render them at the receiver can potentially deliver powerful experi-
ences. This book on human bond communication (HBC) is about utilizing all
five senses to allow more expressive and holistic sensory information exchange
through communication techniques for more human sentiment centric com-
munication. The overall outcome is for the human brain to be holistically cog-
nitive of the subject of interest. This complete perceptive information is well
exchanged among humans through these senses and, when collectively agreed,
becomes knowledge. This is the first book of its kind to motivate research and
innovation in holistic communication and to launch a new era of novel products
and services to disrupt the status quo of contemporary applications and ser-
vices that only deal with aural and optical capture, transmission, and rendering
of information.

This book focuses on all technologies and issues related to HBC. It also
includes the use cases and business opportunities emanating from human-to-
machine and machine-to-machine applications, interactions, and communica-
tion. The chapters have been authored by the experts in the various fields,
which collectively would make HBC possible.
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Preface

This book is intended for graduate students, academic teachers, scholars,
researchers, industry professionals, and software developers interested in the
design and development of more engaging and holistic interaction experi-
ences. This book will also be of great interest to casual readers not necessarily
familiar with sensor and communication technologies. Therefore, the content
is more descriptive and qualitative than theoretical in style of writing.

We thank the contributors of this book for their time and effort to make this
book possible in a short period of time. We particularly acknowledge their
patience and for always responding promptly to numerous requests for revis-
ing their chapters.

Sudhir Dixit Ramjee Prasad
Woodside, California Aalborg, Denmark
January 2017
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Introduction to Human Bond Communication
Sudhir Dixit"? and Ramjee Prasad’?

! CTIF Global Capsule (CGC), Rome, Italy
2School of Business and Social Sciences, Aarhus University, Aarhus, Denmark
3 Basic Internet Foundation, Oslo, Norway

1.1 Introduction

Information and communications technologies (ICT) have progressed rapidly
in this millennium for people to communicate and exchange information using
multimedia (speech, video/image, text), and the same has extended to Internet
of things (IoT) and machine-to-machine and machine-to-human communication.
This trend is only going to accelerate in the years to come with powerful
human-computer interaction technologies to deliver engaging and intuitive
experiences. But these developments have remained confined to only the
sensing and transmission of aural and optical information in the digital domain
through the use of microphone, camera, speaker, and display devices. However,
the ability to integrate the other three sensory features, namely, olfactory
(smell), gustatory (taste), and tactile (touch) in information transfer and repli-
cation to deliver “being there in-person” experience, are still far from reality.
Human bond communication (HBC) is a novel concept that incorporates all
five sensory information from sensing, to digitization, to transmission and
replication at the receiver to allow more expressive, engaging, realistic, and
holistic information between humans [1] and in some cases between humans
and machines such as in remote sensing and robotic control. Lack of inclusion
of the other three senses in the digital world of ICT limits the full exploitation
of the cognitive ability of the human mind for a fuller perceptive information
experience. The five senses and the environment interact in interesting ways to
become complete knowledge for human species as its brain has developed and
evolved naturally from the time it came into existence on this planet. The
profoundness of perceiving an object depends on the incisiveness and extensity

Human Bond Communication: The Holy Grail of Holistic Communication and Immersive
Experience, First Edition. Edited by Sudhir Dixit and Ramjee Prasad.
© 2017 John Wiley & Sons, Inc. Published 2017 by John Wiley & Sons, Inc.
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of the sense organs. Incisiveness refers to the granularity and minute details or
variations an organ can detect, and extensity refers to the range of the physical
property that it can detect.

In the traditional world of digital information exchange, the subject is
described and presented partially via its aural and optical rendering, which
gives a sense of incompleteness and dissatisfaction in fully understanding the
subject. In the present era of ever increasing competition through innovation,
inclusion of all five senses to deliver complete experience is the holy grail of the
research community. Products have begun to appear through wearables and
other embedded sensors in the body, but sensors exploiting touch, taste, and
smell and embedding them into products remains a distant reality and is an
area of intense research today as would become evident from the chapters
included in this book.

Auditory and optical sensing is wave based. In audio sound travels through
waves and can be sensed and digitized. Similarly, light shining on an object is
reflected in electromagnetic radiation, and a part of this spectrum (called vis-
ible light in the range of wavelength 390-700nm) is visible to the human eye
and when rendered on the retina becomes a visual formulation of the object in
the nervous system. The camera does this nicely to capture an object visually
and digitize it for transmission. When rendered remotely on a display device in
2-D or 3-D, a person can see the object as though he or she was seeing it by
being physically present at a location where the camera was located. Other
human senses (tactile, olfactory, gustatory) utilize particle-based sensing and
rely on smearing the object with the sensors. Building such sensors remains a
technological challenge for the research community because each type of sen-
sor must deal with large range of parameters and their wide spectrum.
Digitization of these parameters is also a major challenge, and even if some
finite widely prevalent values can be captured and digitized, their replication
from the digital domain to the analog domain and their sensing by a person in
an unobtrusive manner is a complex human-sensor interface issue. Figure 1.1
illustrates the HBC system and depicts what is possible today and what is not.

HBC is about understanding the human sensory functionality and works
similar to human sensory system, which includes providing a perceptually
holistic understanding of an object combining all five senses while incorporat-
ing the object’s environment.

1.2 Human Bond Communication (HBC)
Architecture

The HBS architecture extrapolates the contemporary communications
architecture to include the missing three senses (or types of sensors): tactile,
olfactory, and gustatory, not in use today along with the aural and optic
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sensors. Nevertheless, some limited deployments are happening in machine-
to-machine and machine-to-human communication use cases where robots
are being used, such as in industry, law enforcement, hazardous material
handling, and surveillance. A proposed architecture is shown in Figure 1.2 [1].
It should be noted that the architecture goes beyond capturing just a person’s
senses to also deploying all five types of sensors in any environment to capture
smell (e.g., types of smoke, air pollutants), tactile information (e.g., surface
roughness, temperature, wind speed), and taste (e.g., liquids, dirt, waste) and
learning about an object or its surroundings.

The system consists of the three key building blocks: (i) senducers that sense
the characteristic parameters through stimuli and transform those analog
values to electrical and digital domain for further processing and transmis-
sion, (ii) human bond sensorium (HBS) that collects the data from the senduc-
ers, processes them to make them consumable for the human perceptive
system (i.e., human consumption) by removing a large amount of nonusable
and redundant data and information, transmits it to the far end to the receiver
gateway, and (iii) human perceivable transposer (HPT) that transforms the
received digital data to human consumable format, which includes replication
of the senses to a form that one would expect if the person was physically
present at the site where the sensory data were collected through senducers.
Until such time the replication solutions are not available, the HPT may prefer to
render the non-audio—visual sense data through digital means (such as colors,
emoticons, text, other gestures like vibration, pressure, temperature, etc.).



