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1. Introduction

1.1 Concept of Intra-Body Communication

Intra—Body Communication ( IBC) is a signal
transmission technology using the human body as
transmission medium for electrical signals. IBC was
firstly proposed by Zimmerman'" . In an IBC system
shown in Fig. 1.1, signals from the IBC transmitter are
coupled into the human body through the transmitting
electrode, and signal transmitting within the human
body is detected by the IBC receiver through the
receiving  electrode. Finally, signal transmission
within the human body can be achieved.

IBC technology is based on the near-field coupling

mechanism, in which signals are confined in the

IBC Transmitter IBC Receiver

AL @»f,
in g SO Yout

Fig. 1. 1

Earth Ground

The concept of Intra-Body

Communication

human body, which acts as a signal guide that couples signals electrostatically. As a result,

low—frequency bands without large antennas can be used and there is no need to transmit high—

power signals, thus both the power consumption and the interference from the outside

environment can be considerably reduced. On the other hand, since the signal frequency used

in IBC is lower than the resonant frequency of the human body ( approx. 70 — 100 MHz) , it

does not resonate with the human body 4, Namely, the human body cannot be considered as

an antenna. Therefore, signals mainly propagate along the surface of the human body, rather

than radiating into the surroundings """, Additionally, clothing and sole can be considered as

a capacitance in an IBC system, and thereby it can couple Alternating Current ( AC)

signals. As a result, Intra-Body Communication can also be achieved in case that there is

clothing or sole and the other mediums between IBC transceiver and the human body.
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1.2 Safety Issue

Since the human body is considered as signal transmission medium in an IBC system,
safety is an important issue for IBC. As for the limitation of electric field to the human body,
the international guidelines have been issued by the Commission on Non-lonizing Radiation
Protection ( ICNIRP) * and IEEE Standard for Safety Levels ) Table 1. 1 shows the limitation
represented as threshold current to the human body. Actually, the contact currents of Intra—
Body Communication are far lower than the threshold current corresponding to the different
frequency ranges shown in Table 1. 1. Moreover, the primary sensation of the human body
corresponding to the frequency range of 100 kHz — 10 MHz is heat. Generally, if the increase
of the temperature is less than 1 degree, it will not result in adverse heating effect' .

Therefore, the safety of IBC can be guaranteed.

Table 1.1 The limitation of threshold current to the human bodym

Threshold current/mA
Indirect effect
50/60 Hz 1 kHz 100 kHz 1MHz
Touch perception 0.2-0.4 0.4-0.8 25 -40 24 -40
Pain on finger contact 0.9-1.8 1.6-3.3 38 =55 28 -50
Painful shock 8-16 12 -24 112 -224 n/a
Severe shock difficulty 12 -23 21 -41 160 - 320 n/a

1.3 Advantages of IBC

Compared with the short distance wireless communication technologies, such as Bluetooth
and Zigbee, Intra—Body Communication technology has several advantages, which can be
described as follows:

(1) High communication quality. Since signals mainly transmit within the human body
and little radiation leaks out in Intra—Body Communication, IBC avoids the disturbance of
environment electromagnetic noise. Therefore, compared with conventional short distance
wireless communication technologies, it has comparatively better communication quality.

(2) Low energy consumption. As a special cable communication using the human body as
transmission medium, signal transmission based on the human body requires comparatively

. [6] . . . T
lower energy consumption . Therefore, low power consumption is an important characteristic
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of IBC technology.

(3) Interaction based on body motion 7 In an IBC system, signal transmission path can
be established by the motions of the human body[s] , such as grasping, sitting down, walking or
standing. Therefore, the interactions such as starting a device, collecting data and triggering a
service can be achieved by the natural motions of the human body, which is very useful for the
interaction among wearable devices and electronic devices embedded in environment.

Given the advantages mentioned above, it is believed that Intra—Body Communication
technology will offer significant advantages in many fields, such as Personal Area Network

0]

( PAN) , biomedical monitoring[g’1 , interaction between human and environment'''> and

other related fields.

1.4 Applications of IBC

The applications of IBC technology can be divided into biomedical monitoring, consumer

electronics, security system and so on.
1.4.1 Biomedical monitoring

Recently, with the requirements of the remote biomedical monitoring, more and more
attention has been paid to the personal health systems[m based on Body Sensor Network
( BSN) . In these systems, a patient may have a set of biomedical sensors attached to or
implanted into the body, which are used for measuring physiological signals, such as
electrocardiogram ( ECG) , electromyography ( EMG) , blood pressure and pulse oximetry,
etc. Meanwhile, the communication technologies used in this field should meet the
requirements listed as follows.

(1) Low power consumption. Generally, since the communication device used in this
field should work for a long time with a small battery, its power consumption should be
decreased as low as possible.

(2) High safety. The signal transmission process should not interfere with the biomedical
activities of the human body, while the existing safe regulations must be strictly satisfied.

(3) High communication quality. The communication quality should not be influenced by
the outside electromagnetic environment, which becomes more and more complex with the
greatly increase of wireless communication devices.

In some personal health systems, sensors communicate by wire, which is not convenient

for patients and is hard to achieve real-time biomedical monitoring. Meanwhile, the
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conventional wireless communication technologies, such as Wireless Local Area Networks
( WLAN) and Bluetooth and Zigbee, have been used in BSN field. Table 1. gl compares
WLAN, Bluetooth and Zighee. However, the above conventional technologies cannot meet the
requirements of BSN completely. For instance, WLAN and Bluetooth modules have
comparatively higher power consumption, which is a considerable problem for the battery—
powered sensors. Meanwhile, Zigbee model generally offers insufficient data transmission rates
for the biomedical monitoring. Therefore, new communication technology is needed for meeting

the requirements of biomedical monitoring.

Table 1.2 Comparison of the short distance wireless technologies for BSN

Technology Frequency Data rate Power Size
WLAN 2.4/5.1 GHz 54 Mbit/s 100 mW PC card
Bluetooth 2.4 GHz 723. 1 kbit/s 10 mW PCB module

Zigbee 868 MHz 20 kbit/s 1 mW PCB module

As a novel signal transmission technology, Intra-Body Communication technology has the
characteristics of high communication quality, low power consumption and interaction based on
body motion, etc. It will play an important role in the biomedical monitoring. In the
biomedical monitoring system based on IBC technology, as shown in Fig. 1. 214 all the
wearable sensors as well as implanted sensors can communicate using the human body, and
thereby establish a biomedical monitoring system. Meanwhile, a central link sensor can be
integrated in a wrist watch or the other portable device ( such as cell phone) , which collects
all the biomedical data of the human body and communicates with hospital via conventional high
bandwidth wireless technology. Finally, the biomedical data of the patient is available for his/
her doctor, and thereby the patient’ s health can be monitored almost anywhere and anytime.

@ On Body Sensor

== [mplanted Sensor Cell Phone

Link Sensor
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1.4.2 Consumer electronics

One of the most important characteristics of IBC technology is that the interaction among
wearable devices and electronic devices embedded in environment can be achieved by the
natural motions of the human body, which will help to achieve ubiquitous computing. Moreover,
besides the human body, water and metals also have good conductivity, which indicates that
IBC technology can also be suitable for these materials. Therefore, the application of IBC
technology can be extended from the human body to its surroundings.
1.4.2.1 Interaction among the wearable devices

In consumer electronics field, the wearable devices can communicate with each other, and
the interaction among wearable devices can be achieved by using Intra—Body Communication
technology. For instance, recently, many wearable devices such as electronic watch have to be
integrated with Central Processing Unit ( CPU) , memory and display. If these devices can
establish a network using IBC technology, all the resources of BSN can be shared by the
wearable devices'"', and thereby we may only need a CPU, a memory and a display for the
whole BSN in the future.
1.4.2.2 Interaction among the wearable devices of the different human bodys

As a signal transmission technology using the human body as signal transmission medium,
IBC technology makes it possible to interact with each other among the wearable devices of the
different human bodys. As a result, two individuals can exchange data ( such as electronic

business cards) by shaking hands"™ , as shown in Fig. 1. 3.

Fig. 1.3 Two individuals exchanging electronic business cards by shaking hands

1.4.2.3 Interaction Between wearable devices and environment
Using IBC technology, wearable devices can communicate with the electronic devices

embedded in the environment by the physical contact between the human body and the
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electronic devices. For instance, when a person touches a

door knob, the electronic devices embedded in the door

knob can verify the authentication information stored in y R

the wearable devices using IBC technology, and then ’/ gl

the door will be opened automatically. Therefore, the

interaction is implemented by the natural motion

( turning knob) of the human body. Furthermore, the

other novel applications of IBC technology can also be

found, such as getting the detailed information of an Fig. 1.4 Getting the detailed information

of an exhibit by touching the electronic

exhibit by touching the electronic devices embedded in ] ) ]
devices embedded in environment

[15] , as shown in Fig. 1.4, ete.

environment
1.4.2.4 Interaction electronic devices through conductive material

Since IBC technology is also suitable for the materials with good conductivity ( such as
water, metal) , electronic devices based on IBC technology can automatically communicate with
each other when a person connects conductive materials. For instance, using IBC technology,

notebook computers belonging to different persons can be connected with each other and established

into a conference system automatically when they are put on a conductive metal sheet.

1.4.3 Secure space

A secure space system based on Intra-Body Communication technology has been
proposed[m. In the proposed system, an IBC transmitter is integrated into an Identity ( ID)
card, which is put in a pocket. When a person with the authorized ID card stands on the floor
in front of the door, the authorized information transmits from the ID card to the IBC receiver
embedded in the floor along the person’s body path. Finally, the IBC receiver verifies the
authorized information, and the door is automatically opened. As a result, the authentication
certificate process is implemented by the natural motion ( standing) of the human
body. Moreover, IBC technology is also used for dividing different zones with different security

Lol & security lamp will flash in case that an unauthorized

levels in the secure space system
person walks into the zone. Using the IBC technology mentioned above, the inconvenience
brought by the complex authentication certificate is avoided, and a “secure office space” can

be achieved.
1.4.4 Application prospect

As a novel signal transmission technology, Intra—Body Communication technology has the
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characteristics of good communication quality, low power consumption, human—computer
interactions based on body motions, and thereby it will offer significant advantages in medical
information systems, payment systems and smart spaces, etc. Some promising applications in
the future can be described as follows.

e Using the medical information system based on IBC technology, doctors may gather the
biomedical information of their patients just by touching the patients’ wrists.

® The payment of subway tickets can be implemented synchronously when passengers
walk through the gate integrated IBC devices.

e Using IBC devices integrated in automobiles and aircraft, the individual habits of drivers
and passengers ( such as seat height, backrest angle) can be recorded. Therefore,
the systems can automatically adjust to their favorite settings next time.

Finally, it should be noted that Intra-Body Communication is very helpful to achieve
ubiquitous computing in the future. Nowadays, massive information has reached our computer,
mobile phone and the Internet interface embedded in the wall, but how can the information be
enrolled into our life conveniently and naturally? Actually, Intra-Body Communication provides
a good choice, which helps us to get information from different terminals by our natural body

motions, such as touching, sitting, holding and stepping.

1.5 The Scope of This Book

1.5.1 The modeling and the simulation of IBC

To guarantees the safety of the human body, the modeling and the simulation serve as an
important role in the investigation of Intra-Body Communication. Two methods have been used

17,18 , in which the transfer function of IBC is

in this field. One is the transfer function method"
developed firstly for describing the mathematical relations of the different parts in IBC system,
and then the IBC simulation can be achieved by using the transfer functions. The other method
can be called the Finite—Element method ™", in which the Finite—Element (FE) model of the
human body parts is developed firstly, and then the IBC simulation is implemented by using

the developed FE model.
1.5.2 The implementing methods of IBC

Generally, an IBC system consists of a transmitter, a sensor and the corresponding

receiving circuit, in which the transmitter is used for modulating and coupling the base band
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signals into the human body through the transmitting electrode, the sensor is used for detecting
the signal transmitting within the human body at the receiver terminal, while the receiving
circuit is mainly used for processing ( such as amplifying, filtering and demodulating) the signals
received by the sensor. On the other hand, in order to achieve reliable signal transmission based
on the human body, the sensor plays an important role in IBC system. Recently, some
sensors used for IBC have been developed, which can be devided into electrical sensors and
Electro—Optical ( EO) sensors. However, since the electrical sensor has comparatively lower
input impedance and is easy to be interfered by electromagnetic noise, the typical signal
transmission distance based on this kind of sensor is only approximate 30cm and the
corresponding signal transmission rate is limited to 40 kbps'® . As for the Electro-Optical
sensor, the influence of electrical noise can be greatly decreased because of its extremely high
input impedance. Moreover, the ground electrode of the EO sensor is electrically isolated from
the electronic circuits, which eliminates the influence of the floating ground potential . As a
result, both the noise and the distortion of the receiving signal are decreased greatly, and
thereby it results in comparatively higher signal transmission rate. Therefore, the EO sensor is

believed as a suitable sensor for detecting signal transmitting within the human body.

1.5.3 Book contents

The modeling, the simulation and the implementation of Intra-Body Communication as
well as the authors’ works in these fields are introduced in this book. The contents of this book
can be described as follows:

In Chapter 2, the theory foundations of Intra—Body Communication have been discussed. We
address the types of Intra-Body Communication, then the theoretical explanation of galvanic
coupling IBC and electrostatic coupling IBC have been discussed in detail.

In Chapter 3, the transfer functions of IBC system are introduced by the modeling of the
galvanic coupling IBC as well as electrostatic coupling IBC, while both the in—vivo measurements
and the corresponding mathematical simulations based on the proposed transfer function are
carried out along with different signal transmission paths of the human body. The experiment
results show that the signal attenuations of simulation results coincide with the corresponding
in—vivo measurement results.

A Finite—Element method for modeling the whole human body is introduced in Chapter 4,
while both the simulations of the IBC based on the whole human body and the corresponding in-vivo
measurements have been carried out. Finally, some important conclusions have been deduced.

In Chapter 5, the implementing methods of IBC based on Mach—Zehnder EO modulator



