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Outline

Radio wave propagation in a human body
Measurement result of radio wave
propagation

Channel modeling of radio wave
propagation in the human body

Summary
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Radio Wave Propagation in a Body

e Attenuation

— Human body : lossy media

— Exponential attenuation with
distance & frequency

— Attenuation depending on tissues

e \Wave distortion

— Reflection on the boundary of body tissues
— Differences of wave velocity in each tissues
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Measurement Set up
(Experiments with pig)

® Weight = 25kg
Mono Pole Antenna

(as big as human’s waist) (om><om)
Cut Abdomen Skin of the Pig
 Insert of Antennas
In co-polarized position

Network
Analyzer
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Position of Antennas

0 Port1

) Ports « Measurement along the
: s Por

Center line of the Body
— Distance : 2~12cm
— 8X6 =48 points

Heart | — Inserted Depth = 10cm
i o0 |Stomach — Monopole antenna for Tx&Rx
Intestine : =
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Result (Time Domain)

Multipath : Negligible effect
— Delayed waves : Small power
= Channel model without a large delay spread

Attenuated significantly

- In the Air 1 Tnabody
(length=5m) | (=10cm)
0 Time [ns] 100 0 T JTithe [ns] 100
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Channel Model

July, 2007
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Evaluation of Statistical Characteristic
In Frequency Domain

e Correlation function of 1
frequency responses
— Correlation bandwidth = Bc

e Generated model :508[MHZz] |
 Measured model :508[MHZz] :
« Conventional model : 498[MHZ] |

Freguency

Generated
........ Measured
------ Conventional

Auto-correlation function
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e Cumulative distribution

function (CDF) of electric o
power spectrum density =
. . = 0.6¢
— CDF according to various =
tissues with the constant 2o
distance such as 2-12 cm 02l A [ Gererae
A statistical characteristic is reproduced 0 e ___ Conventional
in the frequency domain' e P_;\c\r}er Se(;fral Degsity [c?B] 10

Conventional is generated stochastically in time domain as well as existing model
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Generated Channel Model

Measured data
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Time domain
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» Evaluation of statistical characteristics
« Changing in frequency domain = Correlation Function & CDF

« Changing in time domain

= Delay Profile & CDF
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Evaluation of Statistical Characteristic
IN Time Domain

 Delay profile of power 2 Moy —
— Calculated delay attenuation rate 2 e " comentonal
« Measured model: 7.5 [dB/ns] €10% b\)v\\gbwv |

e Generated model: 8.1 [dB/ns] E \M
Although generated model is derived to § ) | \\J
10 ¢ ‘

match its frequency characteristics into
measured one, its time characteristics

IS also very close to measured one.

« Cumulative distribution function
of received power el
— CDF according to various tissues
with the constant distance such as 2-12 cm SR T

A statistical characteristic is reproduced in both time domain & frequency domain.
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Summary

« Attenuation in the body is more severe than in the air

« Human tissue : Conductor; Becoming an absorber of radio
wave

e High frequency component is absorbed and attenuated
significantly

 The degree of attenuation (FD)
» depends on each tissues.
* The data of frequency response has stochastic dispersion.

e Multi paths have negligible effect (TD)

* The new Channel Model Introduce a stochastic dispersive
factor due to distribution of various tissues, expressing
dispersion of channel in frequency domain

« Experimental Measurement derives a stochastic dispersive
factor
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