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1. Introduction
1.1. Contents of document
In this document, the channel model for HBC(Human Body Communication) is presented. 
1.2. Definitions of terms

The channel model for HBC is composed of the frequency response and the noise characteristics as shown in Fig. 1-1.
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Fig.1-1. Channel model for HBC

In the HBC, a data signal is transmitted through the body of user, so a data communication can be accomplished without wire and wireless. To transfer a signal between transmitter and body or receiver and body, the transmitter and the receiver for the HBC have a signal electrode defined as follows.

- Signal electrode: It is attached to the body and transfers a signal from the transmitter to the body while transmitting signal or from the body to the receiver while receiving signal. It is composed of metal plate which has a certain size.
1.2.1. Frequency response

The HBC is a communication system where a voltage signal is transmitted; that is, in the transmitter, a voltage is induced to the body through the signal electrode, so, in the receiver, an attenuated voltage is induced on a load of receiver through the signal electrode. The human body is lossy dielectric material, so the voltage signal has a change in its amplitude due to the loss component of body during the transmission. Also, the voltage signal has a change in its phase due to the capacitive component of body. The change of amplitude and phase is defined as the frequency response.

- Frequency response: It means the change of amplitude and phase which is present in the voltage signal during its transmission. Here,

Change of amplitude = (Magnitude of output voltage at receiver / Magnitude of input voltage at transmitter) in dB

Change of phase = (Phase of output voltage at receiver – Phase of input voltage at transmitter) in degree.

Individual users of HBC have a different frequency response. The limbs of each user have a different physical length, so each user has a different transmission distance. Also, each user has a different composition of tissues. For example, the more weight the user has, the more composition ratio of muscle and fat tissues the user has. Hence, the frequency response has a deviation range defined as follows.

- Deviation range of the frequency response: It means the change range of frequency response accompanied by different electrical characteristics of users. The frequency response has a uniform distribution in this deviation range. The deviation range is decided to include all measured frequency responses and to be constant irrespective of frequency.
1.2.2. Noise characteristics

An EM(Electro-Magnetic) wave is radiated from a lot of electronic devices and the usres of HBC are exposed to this EM wave during the data communication. Hence, the EM wave causes a noise signal inside body, so this noise signal as well as the data signal is received at the receiver. The noise has different characteristics according to site and time, so its characteristic has to be defined statistically for exact modeling.

- Noise characteristics: It defines statistical characteristics of noise voltage induced on a load of receiver due to the radiated EM fields from outside noise source. 

The noise voltage is measured with multiple locations for a longtime, so the site where the largest noise voltage is measured for the longest time is selected and its statistical parameters are defined as the noise characteristics. 
2. Channel model of HBC

The conditions for channel modeling are as follows.

	Parameters
	Conditions

	Locations of transmitter and receiver

(Transmission distance)
	Fingertips of each hand

(about 150 cm)

	Contact location of signal electrode
	Fingertip of thumb

	Size of signal electrode
	2 ( 2 cm2

	Load impedance of receiver
	10 Mohm


Table. 2-1. Conditions for channel modeling
2.1. Frequency response
The frequency response has been modeled in the frequency range of 5 MHz – 50 MHz as follows.
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Fig. 2‑1. Frequency response
2.2. Noise characteristics
The measured noise has a Gaussian distribution as follows. The mean and variance values are zero and 2.55(10-5 respectively.
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Fig. 2‑2. Noise characteristics
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