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Introduction

Fast development of semiconductor technology and method scaling over a couple of
many years has enabled the prolific increase of small form issue wearable gadgets and
physiological sensors. Those devices are connected to every different thru radio frequency
conversation via air medium, and form a network of interconnected devices around the human
body, normally known as the wireless body location network (WBAN). Human body verbal
exchange (HBC), which uses the human frame because the communication medium, has these
days emerged as an alternative to wireless media for conversation amongst these devices

because of its low power requirement and more desirable safety residences.

This alleviates key technological challenges: 1) electricity consumption, 2) security,
for such electricity restricted battery- operated devices and may beautify their lifetime
notably. One of the primary reasons for electricity performance of HBC is due to the low loss
channel supplied through the human frame, because of the conductance belongings of human
tissue, compared to communique thru radio waves around the human frame. As a result a
entire know-how of the frequency characteristics of the human frame channel below special
communication eventualities will permit developing strength efficient HBC primarily based
circuits and systems. Previous studies on HBC channel size have in most cases targeted on
intra-frame HBC, which characterizes the verbal exchange among two wearable devices worn
by means of the identical character. There has been huge variance in the measurement
consequences reported in literature mostly because of the experimental setup (low impedance
size, vicinity of transmitter, receiver and many others.) and the excitation and termination

modalities.

This paper investigates the unique excitation termination modalities of HBC and

characterizes the channel loss in such eventualities, particularly wearable-wearable,
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wearable-system, gadget-device interplay with differential and unmarried ended excitation.
The channel loss is measured because the ratio of acquired and transmitted voltage.
Measurement results display that the channel characteristics are substantially distinct relying

at the utilization scenario.

This understanding may be used to layout HBC based totally circuits depending at the
utility scenario and subsequently can be optimized to obtain most performance. The rest of
the paper is prepared as follows: segment Il presents the heritage of voltage mode HBC with
capacitive termination; phase 11 discusses the special interaction situations in HBC and the
distinctive excitation and termination modalities. Segment IV indicates the channel loss
measurements and phase V concludes the paper summarizing the important thing channel loss

traits.

Background

The human body can be used as a broadband (BB) charinel for facts transmission. A
broadband channel with IMHz bandwidth can allow records transmission at megabits/2d pace
which is sufficient for applications like photograph, information switch. It display the key
components in a simplified lumped version of a HBC situation. Zs is a combination of the
pores and skin-electrode touch resistance and the pores and skin tissue resistance and is inside
the order of Kilo-ohms. Once the sign is coupled to the body it is transferred thru the low
resistance tissue layers inside the body, whose impedance is modeled as ZT. The source
impedance (Rs) is of the order of few ohms. The load and has an equivalent resistance Rt and
capacitance CL. The burden resistance is of the order of MCs and the capacitance is within
the order of tens of microfarads. In this paper we attention at the voltage switch traits of the
human body channel. To that stop, Voltage Mode (VM) Signaling is used for verbal
exchange.

In VM signaling the measured metric at distinct factor of the system is voltage and
voltage transmission is carried out via a low output impedance supply and a high input
impedance load. In our current experimental set-up, a signal generator is used as a low
impedance supply and an oscilloscope is used as a excessive impedance load for

measurements. Excessive impedance termination is used in view that body has impedance in
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the range of Kfls and hence an excessive impedance termination inside the variety of Mils
furnished by way of an oscilloscope will offer maximum voltage swing on the receiver cease
resulting in minimum channel loss. Capacitive termination is used at the receiver end via the
capacitive load of the oscilloscope. In case of SE transmission, the go back course is formed

with the aid of a capacitance between the transmitter and the receiver.

This return route capacitance and the capacitance at the receiver end forms a capacitive
voltage division. For the reason that HBC channel loss is decided by way of the ratio of go
back route and load capacitance and a capacitive voltage department ratio is independent of
frequency, this outcomes in a channel response with almost steady loss across all frequencies,
resulting in a broadband channel. A broadband channel will permit transmission of signal via
the human body directly as 1/0 bits without the need of any modulation, demodulation
method. In view that broadband HBC inherently uses the whole bandwidth, it's going to
permit the layout of circuit and structures which might be greater power green than

narrowband wireless or HBC bases systems.

HBC TYPE

HBC INTRECTION SCENARIOUS

In HBC, the transmitter couples the sign via an electrode / a couple of electrodes into
the frame and it's miles picked up at the receiver end thru electrodes after the signal receives
transmitted thru the human body. The human body channel can be used as a communique
medium for interplay among wearable gadgets, sensors, as well as among a wearable tool and
off frame electronic gadgets like printers, private computer systems and many others. This

creates distinct interaction eventualities as discussed under:
INTRA-FRAME HBC:

Intra-frame  HBC refers to the conversation between gadgets where the transmitter
and receiver live on the identical individual. Conversation among a physiological sensor and

a hub tool in a wearable health monitoring state of affairs or verbal exchange between

wearable gadgets are examples of intra-frame HBC. Preceding channel size studies have
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ordinarily focused on characterizing the intra-frame HBC channel.

INTER-BODY HBC:

Inter-body HBC refers back to the conversation between devices on separate human
beings, in which the verbal exchange channel is formed dynamically at some point of an
interplay among the two humans. Facts panzer between smartwatches in the course of a

handshake between two folks is an instance of inter-frame HBC.

HUMAN GADGET INTERACTION:

HBC can permit interplay situations where a frame worn tool can communicate with
a battery operated or wall connected (related to the supply mains) device. Transfer of images
among a pc and a ring whom on the palms of a person, human position tracking, at ease

authentication through a body worn non-public key are two such viable software scenarios.

DEVICE-DEVICE INTERACTION:

The human frame channel also can be used as a connecting medium between off frame
gadgets, which perhaps wall linked or battery powered. Transfer of an photo among a digital
camera and a printer through contact is an example of such an interplay. The sign
transmission course is depending on the interaction state of affairs and consequences in

unique quantity of channel loss as could be visible in the next phase.
EXCITALION7TERMINATION CONFIGURATIONS

One of the different key factors in determining the channel loss is the sign excitation
(on the transmitter give up) and channel termination (on the receiver end) configurations.
There are two number one excitation/ termination configurations:

SINGLE ENDED (SE):

In single ended excitation most effective the sign electrode of the transmitter is
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connected to the human body. The floor electrode is kept floating and the capacitive coupling
between earth’s floor and the floor electrode creates the return direction, which enables signal
transmission. Because of the capacitive reman course, that is often called capacitive HBC in

literature.

DIFFERENTIAL (DE):

Differential excitation is provided by connecting both the sign and ground electrode
of the transmitter to the human frame. This forms a closed loop in the frame developing an
electric subject, that is picked up on the receiver stop. If the reception is also differential then
the obtained voltage is the distinction in potential between the two receiver electrodes.

Differential excitation and termination are generally called Galvanic HBC [10] in literature.

MEASUREMENT RESULT

Measurements are achieved to find the channel loss feature for the aforementioned
interplay situations. The wearable devices are built using a Texas devices TM4C123G launch
Pad assessment package which include an ARM Cones M4 primarily based
TMA4CI23GH6PM microcontroller. The off- frame tool measurements are performed with the
aid of placing the identical tool on a table to emulate the bigger chassis ground. The
transmitter is able to generating alerts in the frequency range of 13.3- 784 KHz and the

acquired signal is measured via an oscilloscope.

INTRA-FRAME HBC

Intra-frame channel characteristics are measured by using making use of the
transmitted signal on the left wrist and measuring the received signal at locations: left forearm
and right wrist. It'll see that the galvanic HBC loss is depending on distance and is nearly
equal to capacitive HBC loss for short distances (wrist-forearm). As the space between
transmitter and receiver increases the electric subject reduces on the receiver give up and as
a result the potential distinction picked up by using the differential electrodes reduces,
therefore the channel loss increases with distance, in case of capacitive HBC, the channel loss

is broadly speaking determined by the go back direction capacitance, which makes it
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independent of transmitter receiver distance. The capacitive HBC channel characteristics is
flat band because the capacitive termination on the receiver creates a capacitive division

among the return path capacitance and receiver termination capacitance.

INTER-FRAME HBC

In inter-body channel measurements, the transmitted signal is carried out to the wrist
of a person and the received signal is measured on the wrist of a second character for the
duration of a handshake. The galvanic inter-frame HBC loss is lesser than the capacitive loss

because of the fairly smaller channel period between the wrists of the two people.

HUMAN SYSTEM INTERACTION:

The channel traits of human-device interplay are strongly dependent on whether or not
the wearable tool is acting as the transmitter or receiver. Measurements with the wearable
device acting because the transmitter show most loss, wherein the off-body device acts as a
transmitter and the obtained sign is measured at the wrist. Single ended excitation shows
decrease loss in comparison to differential excitation in this scenario because of the high

return path capacitance because of the larger floor length of the machine.

The larger floor length is also the reason for lower loss in the course of human-gadget
interaction as compared to a wearable-wearable interplay all through intra-body or inter-body
HBC. The state of affairs where the 2 hands are placed at the transmitter such that it from a
closed loop and the acquired signal is picked up among two factors inside the loop. A
differential reception indicates minimum channel loss in as a result situation. The acquired
voltage in differential reception will increase if the distance between the receivers’ electrodes
will increase, due to the fact there's a consistent electric powered area among the two
electrodes due to the closed direction and the capacity distinction is proportional to the

distance among the receiving electrodes.

SYSTEM-SYSTEM INTERPLAY

There are two eventualities taken into consideration for channel measurement for the
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duration of a machine-device interaction: 1) while the machines are battery powered, 2) whilst
they may be linked to the electrical mains (wail related). The loss relies upon on the excitation
configuration on the transmitter end with differential excitation showing greater loss in
comparison to unmarried ended for each walls related or battery powered devices.
Additionally wall connected gadgets show almost negligible loss as their grounds are linked

thru the electricity supply mains.

CONTRAST BETWEEN SPECIAL INTERACTIONS

It shows a summary of all of the measurements. It is able to be seen that when both
the transmitter and receiver are wearable devices the channel loss is most because of small
floor plane size. The channel lack of human system interplay, which corresponds to a
wearable transmitter, system receiver (Tx: W, Rx: M) scenario, is lesser in comparison to
wearable interactions but higher than machine-system interaction. In the end, system- gadget
interaction indicates the minimal loss whilst the devices are powered through the supply
mains. Also differential excitation results in better loss as compared to single ended
transmission until the channel duration is small or the acquired sign is picked up from inside

the closed loop of the transmitter.

CONCLUSION

This paper characterizes the human body channel underneath one-of-a-kind feasible interplay
situations in a frame region network. Results show that the channel loss is strongly depending
on the excitation modality (differential vs single ended) and the ground sizes of the transmitter
and receiver, supporting provide an explanation for extensive discrepancies in previous
measurements. Larger ground length reduces the channel loss, with deliver mains connected
(i.E. Earth floor) machines showing minimal loss. Differential excitation suggests greater loss

except channel period is brief or the sign is acquired from in the closed loop of the transmitter.
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