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ABSTRACT

The paper presents a new concept of communication method called as Intra-body communication for the purpose of
security. In this concept, our human body will be used as a medium of transmission of data. The use of this technology
eliminates the complexity of existing technologies that involves cables, wire connection for transmitting data. The
proposed model provides a secure and efficient communication system that consists of wearable devices for
authentication and also useful for transmitting the data to the master device in real time. Galvanic coupling is a
method for injecting an electrical communication signal into the body. Galvanic coupling provides a more power
efficient and more secure means of communication. These advantages make galvanic coupling useful for many
applications, especially in the medical field. This report discusses these applications, how galvanic coupling works, its
advantages over other communication techniques, and electrical properties of the body that affect galvanic coupling.
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I.INTRODUCTION

Intra-body communication (IBC) is a technology using the conductive properties of the human body to transmit signals,
thus providing a novel communication method among wearable sensors in body sensor networks. Compared with
current short-distance wireless technologies, such as Bluetooth and ZigBee, IBC technology has the advantages of high
reliability, high speed, low consumption, and security. In order to transfer data in a secured manner, we can use this
Intrabody communication process in which data in one's controller can be transferred to other person controller
connected with a Red Tacton device by making physical contact between them. This method overcomes the complexity
of wired and wireless communication. The intra body communication uses the human body as a conducting medium,
providing the security and is a noncomplex method. This paper investigates on signal propagation within the Human
Being by means of Intra Body Communications without radiofrequency waves but, instead, with lower (if not deeply
lower) frequency waves.

Body transmission systems based on capacitive and galvanic coupling. Capacitive coupling for data transmission
between transmitter and receiver units requires one signal path which is established through the human body while the
return path has to be connected by earth ground. Galvanic coupling follows the approach of coupling alternating current
into the human body. The two electrodes of the coupler and the two electrodes of the detector are coupled to the human
body. Therefore, ground is not required for reference as in the method of capacitive coupling.

In this paper, we investigate the modeling of galvanic coupling intra-body communication via human body using the
transfer function method. Firstly, we propose a circuit model of the galvanic coupling IBC via human body. Secondly,
the modelling process of the contacting parts between two individuals is discussed in detail. Furthermore, the
corresponding mathematical model of the whole IBC system is developed. Finally, the validity of the developed model
is verified by measurements. The characteristics of the galvanic coupling IBC via human body are compared and
discussed with that of the IBC via a single body channel. Our results indicate that the proposed method will lay a
foundation for the theoretical analysis and application of the IBC via human body.

I1.CIRCUIT MODEL

In the galvanic coupling intra-body communication via human body, as shown in Figure 1, when two individuals
(subject A and B); the IBC transmitter attached to subject A detects a triggering signal, prompting it to output digital
data through a pair of differential electrodes. The data signal transmits through subject A, the contacting part of the two
hands on metal pad, and subject B. Finally, it is detected by the IBC receiver attached to subject B. Therefore, the
galvanic coupling intra-body communication between subject A and B can be achieved by touching two hands on metal
pad of the transmitter and receiver.
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Figure 1. The Galvanic coupling intra body communication between subject A and B via Human Body

The circuit model of the galvanic coupling IBC via human body is developed by a four-terminal circuit model with
discrete complex impedances, as shown in Figure 2, which includes the IBC transmitting terminal model, the model of
the human body, and the IBC receiving terminal model. In the IBC transmitting terminal model, as shown in Figure 2,
Vi represents a voltage source, Ro is the internal resistance of the IBC transmitter, and Zc represents the coupling
impedances between the transmitting electrodes and the skin of subject A.
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Figure 2. The circuit model of the galvanic coupling intra-body communication via Human Body.

The model of the transferring of data through human body includes the circuit models of subject A, the contacting parts
corresponding to the touching hands to metal pad, and subject B, respectively. In the circuit models of subject A and B,
Zi and Zo are the input impedance and output impedance of the whole channel, respectively. Zb1 and Zb2 are the cross
impedances of the whole channel. On the other hand, ZAt1, ZAt2 represent the transverse impedances of subject A,
while the transverse impedances of subject B are represented as ZBt1 and ZBt2. Meanwhile, Zcp represents the contact
impedances corresponding to the contacting parts caused by touching hands to metal pad, which are very important for
the whole circuit model. In the model of the handshake channel, the body impedances except for contact impedances
are approximately equivalent to parallel circuits of resistance and capacitance, where parameters are up to Cole-Cole
equation. In the IBC receiving terminal model, Zc represents the coupling impedances between the receiving electrodes
and the skin of subject B, and Zr represents the input impedance of the receiver in the IBC receiving terminal model.

IHI.MATHEMATICAL MODEL
Based on the proposed circuit model, a mathematical model of a galvanic coupling IBC can be obtained. The
equivalent circuit of the proposed circuit model can be developed using the method of equivalent transformation.
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Figure 3. The equivalent circuit of the galvanic coupling IBC
According to Figure 2, the series impedance Ztl, Zcp, and Zt1’ can be equivalent to ZT1 shown in Figure 3, which is

the sum of Zt1, Zcp, and Zt1’; while the series impedance Zt1, Zcp and Zt1” can be equivalent to ZT1 shown in Figure
3. Therefore, the following equation can be achieved.

Iy =Zan+Zep +Zpn
Zra=Zpp+Zop+ Lpn

The transfer function can be expressed by five linear equations, which can be calculated by a matrix form.

v, 22 47+ Ry Z 0 0 0 i
0 -7 Li+In+Zy -Zn ~Zn 0 iz
0 = 0 Zr Zry + /,.: Lo 0 L i
0 0 Zn 0 lry A loyn 420+ 7, 2 = Ly i

i

0 0 0 —Zs —2Z; —Z, Zo+Z, + 27,

The matrix multiplication form is:
V=2ZI

Where V is a column vector, in which the elements represent independent voltage source in each mesh, Zisa5 5
impedance matrix, and | is a column vector holding mesh currents. Thus, the values of | can be obtained by multiplying
the voltage vector by the inverse matrix of Z, and

1=Z'V

Therefore, the value of output voltage Vo can be calculated as:
Vo = (|4 = |5) Zr
On the basis of Equations, the transfer function H can be obtained,

H = |VU|
Vi
Therefore, the whole transfer function can be expressed,
. 2 HyZ: Z;Zy
— (2 +2Z WM Zi Zy + (2Z+Ro ) Z; +Zy ) )
4 21220+ Zp>210)
e i Z2Z+Zpo 2,

= (Zi1 + Zpp + Z5—kZ5) (25— Z12Hy)
(k—1)Z]

Hy = g—57
1 k — ZnZn+ZnZo+ZnZp+ZoZn

T ZmZnivZnZo+Zr2ZT1+VZ0ZT
Zti = Zan +Zpn + Zep
Zts = Zar + Zpy + Zep
Z5 = Zo I/ (2Zc42Z;)

\

Above shows the whole transfer function of galvanic coupling intra-body communication via human body, which
includes the transmitter, subject A, the contacting parts, subject B, and the receiver, and can simulate the whole signal
transmission for this kind of IBC. H represents the whole transfer function; Zh represents the total impedance of dotted
portion shown in Figure 3; Hh represents the transfer function of the circuit between Vi’ and Vo’; k is the ratio of i4 to
i3; ZT1 is an equivalent series impedance formed by Zt1, Zcp, Zt1’; ZT2 is an equivalent series impedance formed by
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712, Zcp, 712’; and Zo’ is the impedance corresponding to the Vi’ between nodes Bol and Bo2. Finally, the attenuation
of the signal transmission in the galvanic coupling IBC channel can be determined by
G=201logl0H+K

Where K is the correction factor used for correcting the inherent error between the measurements and the simulations.
Generally, K is influenced by the modelling method, the parameter determination method and the measurement
precision.

IV. MEASUREMENTS AND ANALYSIS
e Measurement Setup:

An in vivo measurement setup was built to verify the feasibility of the developed mathematical model. Meanwhile, the
amplitude-frequency characteristics of the galvanic coupling IBC were carried out. In our experiments, two males were
chosen as the subjects, the definitions of the geometry parameters are shown in Figure 4a. The measurement setup was
composed of a signal generator (Tektronix AFG3101, RO = 50 Q), a digital oscilloscope (Tektronix MSO3012, Zr =1
MQ), the galvanic coupling electrodes and two high-power lithium power batteries, as shown in Figure 4b. In our
measurements, the galvanic coupling electrodes included two pairs of circular copper electrodes with

G (b)

Figure 4. Parameter definitions and measurement setup. (a) Definitions of the geometry parameters;
(b) The measurement setup

Considering the geometry of the arm, both the transmitter electrode and the receiver electrode were attached to the arms
at a distance of 6 cm. Moreover, 10 in vivo measurements were conducted within 10 days to eliminate the influence of
time, with the average attenuations being considered to be the measured values in our experiment. In addition, the
signal generator output sinusoidal signals had an amplitude of 5 V (peak-to-peak value), which is below the safety
thresholds and avoids resulting in adverse heating effects. The frequency range of 100 kHz—6 MHz was selected, for
which the lower boundary is well above the spectrum of biological signals of the human body. Meanwhile, according
to, the lumped circuit model is generally valid only when Lc < 4, where Lc is the circuit characteristic length, and £ is
the circuit operating wavelength. For IBC, due to the fact that two subjects are involved in the signal transmission
channel, the dimensions (the circuit’s characteristic length) of the IBC via handshake channel is about double that of
the IBC via single body channel, which indicates that the operated frequency should be cut in half. Therefore, the upper
limit frequency should be set at approximate half of the upper limit frequency (10 MHz) of the IBC via single body
channel. As a result, the signal electromagnetic field transmitting within two human bodies can be regarded as a near-
field region, which can be modelled using a static circuit model. Finally, the upper limit frequency was set at 6 MHz in
our experiments. Additionally, the influence corresponding to the operated frequency between the measurement
instruments and the cables was ignored.

o Signal Transmission of the Different Distances:

The in vivo measurements along the arms and hands of the two subjects who were shaking hands were carried out. As
shown in Figure 5, the transmitting electrodes were placed on the positions of A1, A2 and A3 of subject A, while the
receiving electrodes were placed on B1, B2, and B3 of subject B, resulting in signal transmission distances of 30 cm
(A1-B1), 40 cm (A2-B2) and 50 cm (A3-B3), respectively. Additionally, according to our measurement experiments,
the tiny gap between the two hands had a small influence on the signal attenuation of the IBC. In our subsequent
experiments, in order to unify the experimental conditions, the two hands of the two subjects contacted tightly in the
processes of shaking hands, and the influence of the tiny gap between the two hands was ignored.
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Figure 5. The in vivo measurements of the different signal transmission distances.
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Figure 6. Simulation results and the measurement results of the different signal transmission
distances without the correct factor.

V.CONCLUSION

We believe this idea will prove to be a new, innovative. We firmly believe that the implementation of the project will
be smooth as it is expected to be in accordance with the detail study of our project that we have achieve till this stage.
The various modules and their detailed design studied above will help define our project’s implementation and provide
strong base for developing the various modules practically. Overall, galvanic coupling is a very effective method for
intra-body communication. It is secure because the signal is contained completely in the body. It is more power
efficient than wireless RF communication and is more reliable than capacitive coupling. Also, its lack of wires makes
its comfortable and hassle free for the patient. Galvanic coupling has many potential applications and could
revolutionize the medical field.

REFERENCES
[1] RED TACTON [ONLINE].AVAILABLE:HTTP://EN.WIKIPEDIA.ORG. WIKI/REDTACTON.

[2] T.G.ZIMMERMAN, “PERSONAL AREA NETWORKS: NEAR FIELD INTRABODY COMMUNICATION,”
IBM SYSTEMS JOURNAL, VOL. 35, NOS. 3&4, PP.609-617, 1996.

[3] TNAGATSUMA AND SHINAGAWA, “PHOTONIC MEASUREMENT TECHNOLOGIES FOR HIGH
FREQUENCY ELECTRONICS,”NTT REVIEW, VOL 14, NO.6.PP.12-24, 2002.

[4] NTT (FEBRUARY 2005).RED TACTON, “AN INNOVATIVE HUMAN AREA
TECHNOLOGY”.JONLINE].AVAILABLE:HTTP:// www.ntt.co.jp/news/news05e/0502/050218.hmtl.

10880 www.ijariie.com 446



Vol-5 Issue-5 2019 IJARIIE-ISSN(O)-2395-4396

[5]Technical papers.50webs.”RedTacton”. [Online] Available: http://technical papers.50webs.com/pdf /Red tacton.pdf
[6] www.redtacton.com.

[7] dspace.cusat.ac.in/jspui/bit  stream/123456789REDTA CTON.pdf [8] Scribd (2010),”human area
networks”, REDTACTON.[O NLINE].Available:http://www.scribd.com/doc/5524094 RED TACTON-REPORT.

[8] A. SANNI, A. VILCHES, AND C. TOUMAZOU, “INDUCTIVE AND ULTRASONIC MULTI-TIER
INTERFACE FOR LOWPOWER, DEEPLY IMPLANTABLE MEDICAL DEVICES, IEEE TRANS. BIOMED.
CIRCUITS SYST., VOL. 6, NO. 4, PP. 297-308, DEC. 2012.

[9] D. P. LINDSEY, E. L. MCKEE, M. L. HULL, AND S. M. HOWELL, “A NEW TECHNIQUE FOR
TRANSMISSION OF SIGNALS FROM IMPLANTABLE TRANSDUCERS,” IEEE TRANS. BIOMED. ENG., VOL.
45, NO. 5, PP. 614-619, 1998.

[10] I. GUIDELINE, “GUIDELINES FOR LIMITING EXPOSURE TO TIME-VARYING ELECTRIC, MAGNETIC,
AND ELECTROMAGNETIC FIELDS (UP TO 300 GHZ),” HEALTH PHYS,, VOL. 74, NO. 4, PP. 494-522, 1998.
Vol-5 Issue-3 2019 IJARIIE-ISSN (0)-2395-4396 10232 www.ijariie.com 176

[11] P. VECCHIA ET AL., “EXPOSURE TO HIGH FREQUENCY ELECTROMAGNETIC FIELDS, BIOLOGICAL
EFFECTS & HEALTH CONSEQUENCES (100 KHZ-300 GHZ),” INT. COMMISSION ON NON-IONIZING
RADIATION PROTECTION, 20009.

[12] R. XU, H. ZHU, AND J. YUAN, “ELECTRIC-FIELD INTRABODY COMMUNICATION CHANNEL
MODELING WITH FINITEELEMENT METHOD,” IEEE TRANS. BIOMED. ENG., VOL. 58, NO. 3, PP. 705-712,
2011.

[13] R. S. YOON ET AL., “MEASUREMENT OF THORACIC CURRENT FLOW IN PIGS FOR THE STUDY OF
DEFIBRILLATION AND CARDIOVERSION,” IEEE TRANS. BIOMED. ENG., VOL. 50, NO. 10, PP. 1167-1173,
2003.

[14] M. S. WEGMUELLER ET AL. “GALVANIC COUPLING ENABLING WIRELESS IMPLANT
COMMUNICATIONS,” IEEE TRANS. INSTRUM. MEAS., VOL. 58, NO. 8, PP. 2618-2625, 2009.

[15] X. M. CHEN ET AL., “SIGNAL TRANSMISSION THROUGH HUMAN MUSCLE FOR IMPLANTABLE

MEDICAL DEVICES USING GALVANIC INTRA-BODY COMMUNICATION TECHNIQUE,” IN PROC. IEEE
INT. CONF. ENGINEERING IN MEDICINE AND BIOLOGY SOC., 2012, PP. 1651-1654.

10880 www.ijariie.com 447



