METHOD AND SYSTEM FOR HIGH BANDWIDTH AND LOW POWER BODY CHANNEL
COMMUNICATION PRIORITY CLAIM 100011 The present application claims priority to Singapore
Patent Application No. 201206663-5, filed 07 September, 2012. FIELD OF THE INVENTION 100021
The present invention generally relates to body channel communication, and more particularly relates
to a system and method for high bandwidth efficient low power Walsh code implemented body channel
communicationtIBACG D RADMY $0009] FORAENGYEBSNDVEIDAGY anubidatomiitRin human
bodies using body channel conro@ricativn ¥xg heeo Meveloaedfor@marable and implantable
biomedical devices and for data transfer through the human body. In general, body channel
communication (BCC) is a form of wireless communication that uses the human body as the
transmission medium. The signal is transPRESRFOW @liraiemitter electrode through the human body
to one or more receiver electrodes located on other parts of the body. BCC is attractive as signal
attenuation {ifoLigh tThe hwerean hodiyds dawern thapriiginakattemneation HareughihBcaiiotnaddition,the
ability to support higher data rates and achieve lower power consumption gives BCC an edge over
conventiondlDawgess-Soffimunicatioaméehefie?such as Bluetooth for wireless body area network
(WEAN) applications. 100041 In most WBAN applications, the power consumption requirement [hr the
transmitter is more stringent than that of the receiver, as typically the transmitter either powered up
wirelessly or operated with a smaller battery. BCC transceivers based on adaptive frequency hopping
methods, dual band architectures, dBLIbldXO§UEHEY BEIEREVIYN FSK) modulation schemes, and
direct digital architectures have been proposed. Among the proposed BCC transceivers, the direct
digital architégtitle has: thesimnpleshand dowest!poweteconduhptiomtrdnsmitten design. Adthough, the
direct digital architecture has the advantage of simple and low power transmitter architecture, it lacks
the frequency selective lability taavaidistsengrintedfenetcels fanki gthebdatavsdalatbditye metessary to meet
high data rate requirements (>25Mbps) for applications such as multi-channel recording. 100051 One
possibility tpoverdonie: thellimnitaltons:taf tiréctbigital transaeivarsis incorporate Walsh code into the
hascband transceiverarchitecture. The frequency selective nature of the Walsh code provides the
direct digital transceiver with interference avoidance capability, while he orthogonal characteristic f the
Walsh spreading code allows for summation of codes to achieve higher data rate in band limited
channel.Thus, integrating Walsh codes witB da$ct RGiLirasceiver

[0003] In recent years, intra-body communication within human bodies using body
channel communication has been developed for wearable and implantable biomedical
devices and for data transfer through the human body. In general, body channel
communication {(BCC) is a form of wireless communication that uses the human body
as the transmission medium. The signal 1s transmitted from a transmitter electrode
through the human body to one or more receiver electrodes located on other parts of
the body. BCC is attractive as signal attenuation through the human body is lower
than signal attenuation through the air. In addition, the ability to support higher data
rates and achieve lower power consumption gives BCC an edge over conventional
wireless communication scheme such as Bluetooth for wireless body area network
(WBAN) applications.

[0004] In most WBAN applications, the power consumption requirement for the

transmitter 18 more stringent than that of the receiver, as typically the transmitter is



archnec es allows for low power, bandwidth efficient, frequency scicctid high data ate implementation
of direct digital BCC transceever. to utilize the entire usable body channel bandwidth of up to 80 MHz,
the Walsh code baseband transceiver is required to operate at 160MHz. 100061 Thus, what is 'ceded
is a system and method for body channel communication baseband transceiver operation that
supports botftlewpewerdang higéidata ratepmadelswittila epathiinthincthe glectrieafietdiintra-body
channel (40 MHz to 80 MHz). Furthermore other desirable features and characteristics will become
apparent franstide subseguient tletailadydéserpiomatehthe dppended claimsctaken tvabtyjunction with
the accompanying drawings and this background of the disclosure. SUMMARY 100071 According to
the DetailedDesoripticfaisystem fokhoalydilanne| cbemeunicatidiréstpiayidedr e system includes
a transmitter having a Walsh code selector module, an amplification circuit and an electrode. The
system alsohinclutles:amegeiser havingnantalegirostecd 18CE] detestoivang ahdigitaldoasieland. The
Walsh code selector module has a high data rate mode of operation and encodes multiple bits per
symbol whendperating hatheadigngata rateé modesbyselectngsarfipsiow alshsedderfrasaianmultiple-bit
Walsh code sequence in response to a first set of multiple bits of data and selecting a second Walsh
code from thdtmuitiplehbittWialishigodessdquence imsedponsaiag second el oultiplesbits of data.
The amplification circuit is coupled to the Walsh code selector module and has a high data rate mode
for eceivingtthesfirstdN alsih:cote-and thelsecondiit@alshegode andgeeiiating thesafromaamgmulti-level
transmission signal having a predetermined symbol frequency by stacking the first Walsh code onto
the second Walstroade, tanfbrin thamultidevel signaklavingthe fiighpledetexmingdrsymalsl frequency.
The transmitter's electrode is coupled to a body channel for traitting the multi-level signal having the
first predetermiifedhsymibaolfréquencysthiorgh tie- tedy dhannel rand dhereceiver's electrode is coupled
to the body channel for receiving the multi-level signal having the first predetermined symbol
frequency. ThiiEgvel tetectemis gowpledrtothetiidttradedor dedeetinglevelsofthe mult-level signal
and the digital baseband derives the first set of multiple bits and the second set of multiple bits from he
levels of themuttidervel 8iginglcd@O08D Ithadosctdanterwithcanotherldaspacta tidrsmittecifor body
channel communication including a Walsh code selector module, an amplification circuit and an
electrode issplovidedndihe: Whlshecode! Selector modideshds: adivigh dbtauratemede andehcodes
multiple bits per symbol when operating in the high data rate mode by selecting a first Walsh code
selected fromia fnghiplerbit ddtalsh-code! sg qudnicetin: respopsetochdfirssteset iof efiuliiplé/bit: of data and
selecting a second Walsh code selected from the multiple-bit Walsh code sequence in response to a
second set efnndltiple-bits ofdataioT heramglificationcdireuit is-bouplédtethzM/alsh icobenselector
module and has a high data rate mode for receiving the first Walsh code and the second Walsh code
and generatingtherefromed multiklevelttapsimigsiol Bignaldiaving éhpredetermdinedrsymbel frequency
by stacking the first Walsh code onto the second Walsh code to form the multi-level signal having the
first predeterminiedisymbbbireduehoy.phhe electioddis doupled toqubody chanivel fod tragismitting the
signal having the first predetermined symbol frequency through the body channel. 100091 In
accordancedwithryet angtherraspect) ladmathda fol Bédy thanmetcemhhumicatiow thrdughta body
channel is provided. The method includes encoding multiple bits per symbol when operating in the
high data ratetmode:ble deldetingrar fir dtawhistiticodeseledte dviidm amvltiple-bitvWalskbeode sequence
in response to a first set of multiple bits of data and selecting a second Walsh code selected from the
multiple-bit Walskicode segusnide ipresponsdéididisecond set of multiple bits of data,  ting a
multi-level transmission signal having a predetermined symbol frequency by stacking the first Walsh
code onto th80dé¢onhWalskhhebde torfermdthe mu lexetsigaallhavinigptheffirstiprédetbeamireéd symbol
frequency, and transmitting the multi-level signal having the first predetermined symbol frequency
through the (bmdlymhiamtri@i_baseband transceiver operation that supports both low power and high

data rate modes while operating in the ¢lectrie-field intra-body channel (40 MHz to 80
MHz}. Furthermore, other desirable features and characteristics will become apparent
from the subsequent detailed description and the appended claims, taken in

conjunction with the accompanying drawings and this background of the disclosure.



BRIEF DESCRIPTION OF THE DRAWINGS 100101 The accompanying figures, where like reference
numerals refer to identical or functionally similar elements throughout the separate views and which
together with the detailed description below are incorporated in and form part of the specification,
serve to illustrate various embodiments and to explain various principles and advantages in
accordance with a present embodiment. 100111 FIG. | depicts a diagram illustrating an overview of a
system for body channel communication in accordance with an embodiment. 100121 FIG. 2 depicts a
graph showing the fundamental frequencies BE@HdedtA'and Il of 16-bit Walsh code sequences.
100131 FIG. 3 depicts a block diagram of a Walsh code transceiver in accordance with a present
embodimentMj0D]L4 | NelGrdn comprisingl FiGise A A mrd B depictsynammalopearadionobiithel transceiver
of FIG. 3m accordance with the present embodiment, vherein FIG. 4A depicts a block diagram of a
transmitter ofthe transceiviepof HiEd.3 tringsthe normddsnadeoperatibavandaFVG 4l 8adepicts a graph
of transmit and receive signals during the normal mode operation. 100151 FIG. 5, comprising FIGs. 5A
and 5B, depidts hightadhth ratexmpidécoperationofithieatrahsesider dhEIGsBrinadgcordardee avith the
present embodiment, in FIG. 5A depicts a block diagram of a transmitter of the transceiver of FIG. 3
during he highetlatairate gnodd apeidtion ard fi6::5B1dé pidig it Dhapthaf draismiv aind redeive signals
during the high data rate mode operation. 100161 FIG. 6 depicts a chart showingnumber of peak
switching forwetilirent\dalshheedepdirdaof codesodd¢oldpefthenlG:bitWiadsh cadépsetjiemees. 100171
FIG. 7 comprising FIGs. 7A, 713 and 7C, depicts signaling of conventional Walsh code systems
clocked at afrelgpientyrobh260tMEzp winereirh G TAcdepidtste selecting a first Walsh code

from a multiple-bit Walsh code sequence in response to a first set of multiple bits of
data and sclecting a second Walsh code from the multiple-bit Walsh code sequence in
response to a second set of multiple bits of data. The amplification circuit is coupled
to the Walsh code selector module and has a high data rate mode for receiving the
first Walsh code and the second Walsh code and generating therefrom a multi-level
transmission signal having a predetermined symbol frequency by stacking the first
Walsh code onto the second Walsh code to form the multi-level signal having the first
predetermined symbol frequency. The transmitter’s electrode is coupled to a body
channel for transmitting the multi-level signal having the first predetermined symbol
frequency through the body channel and the receiver’s electrode is coupled to the
body channel for receiving the multi-level signal having the first predetermined
symbol frequency. The level detector is coupled to the electrode for detecting levels
of the muiti-level signal and the digital baseband derives the first set of multiple bits
and the second set of multiple bits from the leveis of the multi-level signal.

[0008] In accordance with another aspect, a transmitter for body channel
communication inciuding a Walsh code selector module, an amplification circuit and

an electrode is provided. The Walsh code selector module has a high data rate mode



graph of before channel signaling, FIG. 7B depicts a graph of after channel signaling and FIG. 7C
depicts a graph of the transmit and receive signals. 100181 FIG. 8, comprising FIGs. RA 8B and 8C,
depicts reduced clock rate signaling of the Walsh code system in accordance with the present
embodiment when clocked at the reduced clock rate of 80 MHz, wherein FIG. 8A depicts a graph of
before channel signaliagriniaptorsance withhiflewraseptamiodinienhitd8B depieisia graph of after
channel signaling in accordance with the present embodiment and FIG. 8C depicts a graph of the
transmit andi¢reeive signalsvnBscordaneewith therpresantipralbodimest. [0AEHdhlenS:depicts a
graph of the transmit and receive signals when operating in a reduced power ode in accordance with
the present espeodiment. {826]t MG ML sienpsingiktGs: d QA ane g Q13:cdepictaRIceventional
32-bit M-sequence code for synchronization, wherein FIG. 10A depicts a graph of the conventional
32-bit M-seqgukncel dbce signalbiefbresfiltaring and - Kequkota depisteasgraph afcdhel canventional 32-b
t M-sequence code signal after filtering. [0021] FIG. Il, comprising F1Gs. 11A and 11B, depicts a 32-bit
M-sequenceraddplcbinbirtethiwiti WalstpEfideifor syndhiorization in accorslahcedvitit hagpresent
embodiment, wherein FIG. 11A depicts a graph of the M-sequence code combined with a sixteen bit
Walsh codernmvdckonddnes withi thedpresent embodimentcavidd- I 1118 depitisadgraph ofidhe
M-sequence code combined with a four bit Walsh code in accordance with the present embodiment.
100221 FIGsc2deatshachddyiehannehcominunicaticniselupefan sianglation ot ppeatatiorniniy
accordance with the present embodiment. 100231 FIG. 13 depicts a graph of the correlation plot at the
receiverhe simuldtiemohoepesation dfcklGnd2tin siacbirdarce fivithwhéspresént simblediveentd 100241
And FIG. 14 depicts a graph of bit error rate performance when operating in normal mode, reduced
power ode and!kiighodataordtermade imuicéordanceavith theepriesdnt e mbddimenteA 692310 5killed
artisans will appreciate that elements in the figures are illustrated for simplicity and clarity and have not
necessarily begimn=depictEcktelscalel-For exahple; thédinehsiors Gfrsomencifithe elemantsiin the block
diagrams or flowcharts may be exaggerated in respect to other elements to help to improve
understandihgvaighkegiesent @mrbodimentsiDETALLRED, DESGR IPTHON 100261 The following detailed
description is merely exemplary in nature and is not intended to limit the invention or the application
and uses of fifeijventiancordance with yet another aspect, a method for body channel

communication through a body channel i1s provided. The method includes encoding
multiple bits per symbol when operating in the high data rate mode by selecting a first
Walsh code selected from a multiple-bit Walsh code sequence in response to a first set
of multiple bits of data and selecting a second Walsh code selected from the multiple-
bit Walsh code sequence in response to a second set of multiple bits of data,
generating a multi-level transmission signal having a predetermined symbol
frequency by stacking the first Walsh code onto the second Walsh code to form the
multi-level signal having the first predetermined symbol frequency, and transmitting
the multi-level signal having the first predetermined symbol frequency through the

hody channel.

BRIEF DESCRIPTION OF THE DRAWINGS



hen ore, there is no nent on to be bound by any theory presented in preceding background of the
invention or the following detailed description. It is the intent of this invention to present a flexible
baseband transceiver architecture that supports both low power and high data rate mode while
operating in electricdield intra-body channel (40 MHz to 80 MHz). The transceiver operates at full clock
rate in high gt aterRodeandrung aibeds clackrate infonrdatarateamadrrAs thenpower
consumption is proportional to the clock rate, reducing the clock frequency by half leads to a power
consumptiosrréghictionidf appraxisaielySelmlpHhea neducedratockate maden ke kaeeiver harvests
the enefrom the harmonics of the transmitted Walsh spread signal instead of the fundamental
frequency asithe harmanits eaeigypisomasel o mirarhfaam the dundamentatdregaensy agdhe
electric-field intra-body channel exhibits band pass filter characteristics. [0027] Referring to FIG. 1, a
body channgi<ofaisicationsysteim:iRwviralessscampuditaiion indoecoreaiem withrapresent
embodiment uses a human body channel 102 as the transmission medium for wireless
communicafifificipts exdrplenagdniarnabiransesiver demcenlOdwidhiretihe body channel 102 may
wirelessly communicate with a transceiver device 106 externally connected to the body channel 102.
Such a syst@imiijay Fior. ekatapies allais grbioradical tle uce Suehias an andeseapicdevice with the
transceiver 104 to transmit data and/or receive instructions from the transceiver device 106. In another
example pictwreckin&iGuhiaitianaceiverdevice 108mapwdrelessly communicate data through the
human body channel 102 to a hand 110 and when the hand 110 touches a conductive device such as
a door handié b data. (fafegkampleaih unlockingheadegismtransmitiechthereto (Thigs, thadody channel
communication system 100 can transmit data by the touch of the hand 110 or a finger of the hand 110
which can b wiilizedifor seourity:systems:financial transaction systems, gaming systems or many
other applications. [0028] Body channel communication (BCC) systems 100 can be broadly classified
into two ntrgaipedy cbra undegion chédmnielichasaciefistiy dategedie sawaveguide chandelcharacteristics
and electric-field channel characteristics The type of channel characteristics exhibited by the body
channel 102vishpripnawity detestiiineet by the ground connection of the transmitting and receiving
electrodes Waveguide channel characteristics are achieved by using two transmitter electrodes to
send the sighal jffarantiallydhrquaginthe’Nomaimbady aiandghit 2 anchieagiverthe differiential signal
using two receiver electrodes, while electric-field channel characteristics are obtained when both the
transmitter andsreceiver gilount electradescare. Igftifloating:nT kenbsainhe handwtielih Ofa waveguide-type
channel is from 10 kHz to | MHz, thus it is only suitable for low data rate applications. The electric-field
type channekexhibitslachahakpassfcharacteristio vith adewereut-DH e quizntl: a4BdviZ based on
6dB attenuation and bandwidths of exceeding 60 MHz, thus electric-field type body channel
communicatiorsaporeisuitablEifor digicgdata satergipplications: Altheughdhé:bandwidih foe electric-field
channel characteristics exceeds 60 MHz, the frequency band above 80 MHz is generally avoided due
to strong interfergéncedearisingiftom FM radio transmission. Therefore, the usable bandwidth for
electric-field type body channel communication spans from 40 MHz to 80 MHz The body ch. nn -
communicafiir Siysterts. 100 imaccorgdica. viith thé Piesienptdeobinh idaan relectriciiels:typerbody channel
communication. 100291 The BCC transceivers 104, 106, 108 are based on a direct digital architecture
with a simple lbw jpowen consufh{tiSnrirarsniiter desigihe Phespowerhcahsumptiboreaqirements for a
transmitter is more stringent than that of a receiver, as typically the transmitter is either powered up
wirelessly of dptemated witlhvek sinadtdattéry. (e overaonialso merdimnitatiariskofdibedticigitatdransceivers
(i.e., data rate restrictiveness), the body channel communication 100 in accordance with the present
embodiment:gicarporate si\Wialstpcode seqdericing it pasebandiramScenseriarchitesture:to spread
data using a Walsh-Hadamard code. The spread data inherits the frequency selectivity and bandwidth
efficient charactéristics frimithe WalshitHaddmareroode. The frequency selective nature of the Walsh
code provides the direct digital transceivers 104, 106, 108 with interference avoidance capability, while
the orthogoiHlicharatteristicy ofthecWalshepreadmgnoodealibwsdors suimation of itodes to achieve
higher data rate in band limited channels Integrating Walsh codes with the baseband transceiver
architectureValioivs ddr fowspowerdrahdwidthfefficiént; fi&glsbnoyl setgotivecand high data rate
implementations of direct digital BCC transceivers. 100301 A Walsh-Hadamard code sequence is a
set of orthoffhalibiléty SpreadingiceddWwidely. (sednia 3¢ndaporizegmblittiuséccommunigation due to
its linear phase and perfectly orthogonal properties One popular application of Walsh code sequences
is direct sedtiehbecoddedivisionlmittipié adoaps(DS-CDNASHxparhdrom 6 ofthalgpnak property,
Walsh code sequences can also be used to directly map the digital baseband data to the required
frequency. The length of a Walsh code spreading can be of any 2" order, noting that signal to noise
ratio (SNR) increases with increasing Walsh code orders but at the expense of decreasing the data
rates. Walsh codes of different lengths can he genesated using a Hadamard matrix as lollows: (2)



(3) 100311 A Walsh code sequence isd by a sequence of a repetitive square pulse train constantly
transiting hetween the high and low state at regular interval as illustrated by a 16-bit Walsh code
sequence shown in Table I. The repetitive nature of the Walsh spreading code generates a unique
fundamental frequency and harmonies frequencies for each Walsh code sequence. Referring to FIG.
2, a graph 280pdepicisithe anaigide {tncdametal fragueprys202-foh\Walst coglel-angiaginique
fundamental frequency 204 Walsh code Il of the 16-bit Walsh code sequence of Table I. The

fundamentalfacieaemy &@2ctor \Majshogane ivais 4 Midz:wehilestaaflundamental frequency 204 for
Walsh code 11 is 60 MI-1z. The fundamental frequency for the different Walsh code sequences based

on an 80 MHmtHpckraad a8, LedhhimgloeliGaresalsosshawn iR(T ablgittandduisdhis derturgcof Walsh
code sequences that facilitates direct up-conversion of digital baseband data to the required frequency
band and proidésacngehanismdedaveidesirong: itelierencels 1keosesto kihWidhde S ade=Hequence
160 Mlic dock (1111-11) SO 1611Eliclock. (MHz) 1111111111111 11l DC DC

clocked at the reduced clock rate of 80 MHz, wherein FIG. 8A depicts a graph of

before channel signaling in accordance with the present embodiment, FIG. 8B depicts

a graph of after channel signaling in accordance with the present embodiment and

FI1G. 8C depicts a graph of the transmit and receive signals in accordance with the

present embodiment.

[0019] FIG. 9 depicts a graph of the transmit and receive signals when operating in

a reduced power mode in accordance with the present embodiment.

[0020] FIG. 10, comprising FIGs. 10A and 10B, depicts a conventional 32-bit M-

sequence code for synchronization, wherein FIG. 10A depicts a graph of the

conventional 32-bit M-sequence code signal before filtering and F1G. 10B depicts a

graph of the conventional 32-bit M-sequence code signal after filtering.

10021} FIG. 11, comprising FIGs. 11A and 11B, depicts a 32-bit M-sequence code

combined with Walsh code for synchronization in accordance with the present

embodiment, wherein FIG. 11A depicts a graph of the M-sequence code combined

with a sixteen bit Walsh code in accordance with the present embodiment and FIG.

11B depicts a graph of the M-sequence code combined with a four bit Walsh code in

accordance with the present embodiment.

[0022] FIG. 12 depicts a body channel communication setup for simulation of

operation in accordance with the present embodiment.

[0023] FIG. 13 depicts a graph of the correlation plot at the receiver in the

simulation of operation of FIG. 12 i accordance with the present embodiment,

_6-



11111111 -2-2-12-2-2-12-110 --1-1112210 1111-1-1-1-11111-1-1-1-12010

[0024] And FIG. 14 depicts a graph of bit error rate performance when operating in
normal mode, reduced power mode and high data rate mode in accordance with the
present embodiment.

[0025] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been depicted to scale. For example,
the dimensions of some of the elements in the block diagrams or flowcharts may be
exaggerated in respect to other elements to help to improve understanding of the

present embodiments.

DETAILED DESCRIPTION
[0026] The following detailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the
preceding background of the invention or the following detailed description. Tt is the
intent of this invention to present a flexible baseband transceiver architecture that
supports both low power and high data rate mode while operating in electric-field
intra-body channel (40 MHz to 80 MHz). The transceiver operates at full clock rate
in high data rate mode, and runs at 50% clock rate in low data rate mode. As the
power consumption is proportional to the clock rate, reducing the clock frequency by
half leads to a power consumption reduction of approximately 50%. In the reduced
clock rate mode, the receiver harvests the cnergy from the harmonics of the
transmitted Walsh spread signal instead of the fundamental frequency as the
harmonics energy 1s more dominant than the fundamental frequency as the electric-

field intra-body channel exhibits band pass filter characteristies.
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[0027] Referring to FIG. 1, a body channel communication system 100 wireless
communication in accordance with a present embodiment uses a human body channel
102 as the transmission medium for wireless communication. For example, an
mternal transceiver device 104 within the body chamnel 102 may wirelessly
communicate with a transceiver device 106 externally connected to the body channel
102, Such a system may, for example, allow a biomedical device such as an
endoscopic device with the transceiver 104 to transmit data and/or receive instructions
from the transceiver device 106, In another example pictured in FIG. 1, a transceiver
device 108 may wirelessly communicate data through the human body channel 102 to
a hand 110 and when the hand 110 touches a conductive device such as a door handle,
the data (for example an unlocking code) 1s transmitted thereto. Thus, the body
channel communication system 100 can transmit data by the touch of the hand 110 or
a finger of the hand 110 which can be utilized for security systems, financial
transaction systems, gaming systems or many other applications.

{0028] Body channel communication (BCC) systems 100 can be broadly classified
into two ntra-body communication channel characteristic categories:  waveguide
channel characteristics and electric-field channel characteristics. The type of channel
characteristics exhibited by the body channel 102 is primarily determined by the
ground connection of the transmitting and receiving electrodes. Waveguide channel
characteristics are achieved by using two fransmitter electrodes to send the signal
differentially through the human body channel 102 and receive the differential signal
using two recetver electrodes, while electrie-field channel characteristics are obtained
when both the transmitter and receiver ground electrodes are lefl floating. The usable
bandwidth of a waveguide-type channel is from 10 kHz to 1 MHz, thus it is only

suitable for low data rate applications. The electric-field type channel exhibits a band
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pass characteristic with a lower cut-off frequency at 40 MHz based on 6dB
attenuation and bandwidths of exceeding 60 MHz, thus clectric-field type body
channel communication is more suitable for high data rate applications. Although the
bandwidth for electric-field channel characteristics exceeds 60 MMz, the frequency
band above 80 MHz is generally avoided due to strong interferences arising from FM
radio transmission. Therefore, the usable bandwidth for electric-field type body
channel communication spans from 40 MHz to 80 MHz. The body channel
communication system 100 in accordance with the present embodiment is an electric-
field type body channel communication.

[0029] The BCC transceivers 104, 106, 108 are based on a direct digital architecture
with a simple low power consumption transmitter design. The power consumption
requirements for a transmitter is more stringent than that of a receiver, as typically the
transmitter is either powered up wirelessly or operated with a smalt battery.  To
overcome some limitations of direct digital transceivers (L.e., data rate restrictiveness),
the body channel communication 100 in accordance with the present embodiment
mcorporates Walsh code sequencing into the bascband transceiver architecture to
spread data using a Walsh-Hadamard code. The spread data inherits the frequency
selectivity and bandwidth efficient characteristics from the Walsh-Hadamard code,
The frequency selective nature of the Walsh code provides the direct digital
transceivers 104, 106, 108 with nterference avoidance capability, while the
orthogonal characteristics of the Walsh spreading code allows for summation of codes
to achieve higher data rate in band limited channels. Integrating Walsh codes with the
baseband transceiver architecture allows for low power, bandwidth efficient,
frequency selective and high data rate implementations of direct digital BCC

transceivers.

9.
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{0030] A Walsh-Hadamard code sequence 1s a set of orthogonal binary spreading
code widely used in synchronized multiuser communication due to its linear phase
and perfectly orthogonal properties. One popular application of Walsh code
sequences is direct sequence code division multiple access (DS-CDMA). Apart from
the orthogonal property, Walsh code sequences can also be used to directly map the
digital baseband data to the required frequency. The length of a Walsh code
spreading can be of any 2" order, noting that signal to noise ratio (SNR) increases
with increasing Walsh code orders but at the expense of decreasing the data rates,
Walsh codes of different lengths can be generated using a Hadamard matrix as

follows:

T (n
S
1 -1 =i 1 (2)
ve= | B .
EES Loy § (—))

[0031] A Walsh code sequence is formed by a sequence of a repetitive square pulse
train constantly transiting between the high and low state at regular interval as
tustrated by a 16-bit Walsh code sequence shown in Table 1. The repetitive nature
of the Walsh spreading code generates a unique fundamental frequency and
harmonics frequencies for each Walsh code sequence. Referring to FIG. 2, a graph
200 depicts the unigue fundamental frequency 202 for Walsh code 7 and the unique
fundamental frequency 204 Walsh code 11 of the 16-bit Walsh code sequence of
Table 1. The fundamental frequency 202 for Walsh code 7 is 40 MHz, while the
fundamental frequency 204 for Walsh code 11 1s 60 MHz, The fundamental

frequency for the different Walsh code sequences based on an 80 MHz clock and a



1-11-11-11-1-11-11-11 4170 35 5040 TABLE | 100321 The spectrum plot 200 is obtained based
on a clock frequency of 160 MHz. However, the Walsh code system can only utilize frequency bands
up to 80 MHz, as the highest fundamental frequency a Walsh code sequence can attain is half that of
the

160 MHz clock are also shown in Table 1 and it is this feature of Walsh code

sequences that facilitates direct up-conversion of digital baseband data to the required

frequency band and provides a mechanism to avoid strong interferences.

160 80
Code 14 bit Walkk Code Sequence zﬁi ?ﬁ:}i

{&iHz) | MEz)
o 138311111331 18131 o D¢
1E 31111 1k-1-1-F-1-F-1-1 1%
2 1Y i1-1-lel-l-i-lei-Ellal 18 3
118 1-1-3-1-11%¢81-1-1+14 b 10
E TE-1-1-3-1 1 1% 3-1-1-3-111 i) 1
3 T1-1-1-1-111-1-11111-1-1 30 15
& 1E-l-l 3 i-b-1-3-111-3-111 30 15
7 TI-lel 1 3el-lliel-lloaaled 40 %
g Pelol 1i-leb @ B-3-111-1-11 40 20
o 1-1-11 1-3-11-1 P i-l1-1%1-1 50 25
il 1121 1-3 114111 B-i- ) 50 3
11 T-l-b bl l-lr-i-ll-riolal & 3%
iz T-1 1-3-3 I} 1 1-31-1-%3-11 & 30
13 11 31-3 1-1 1~ 31-131 1-31-1 T 33
13 T-1 1-1 3-1 1-3-F 11 1-} i-11 7
13 1-1 3=} 1-1 1-1 1-313-13%-311- 95 40

TABLE 1
[0032} The spectrum plot 200 is obtained based on a clock frequency of 160 MHz.
However, the Walsh code system can only utilize frequency bands up to 80 MHz, as
the highest fundamental frequency a Walsh code sequence can attain is half that of the
clock frequency. The relationship between the clock rate, the highest fundamental
frequency, the Walsh code length and the data rate is illustrated in Table 2. The
length of the Walsh code has no impact on the highest fundamental frequency that a
Walsh code system can reach. The highest fundamental frequency achievable is
solely dependent on the clock frequency. Lowering the clock frequency or increasing

the length of the Walsh code will resuit in a reduction of data throughput. In order for



clock frequency. The relationship between the clock rate the highest fundamental frequency, the
Walsh code length and the data rate is illustrated in Table 2 The length of the Walsh code has no
impact on the highest ffindamental frequency that a Walsh code system can reach The highest
fundamental frequency achievable is solely dependent on the clock frequency. Lowering the clock
frequency oningvaasingdbejenginobthepiialshicade wilkiesult wppliedustion afrdatathnmaughput. In
order for the Walsh code system to be optimized for a particular application scenario,careful selection
of these fouwrefactions i$ iequifed. Méalshit engihcQctdt rate Highest frequency Data nite K

Walsh Length Clock rate Hizhest freqmency Duat rate
g &0 3 40 Witz £ hibps
g 18 Mz 8 Wi My Wibps
Hs B0 REEr i Witz 5 Ao
16 164G B s 20 WEEz 10 Mbps
32 B Wiy 4wl 25 By
32 160 3 B Wi 5 hibps

TABLE 2

[0033] Referring to FIG. 3, a block diagram 300 for a Walsh code baseband
transceiver 301 in accordance with a present embodiment utilizable in the body
channel communication system 100 1s depicted. A transmitter portion 302 of the
transceiver 301 utilizes a digital baseband block 304 to spread input data 306 with a
Walsh code, followed by an amplification circuit 308 which amplifies the resultant
spread signal prior to transmission of the signal through an electrode 310 to the body
channel 102, A receiver frontend circmit 312 in a receiver portion 314 of the
transceiver 301 1s coupled to another electrode 316 and provides signal conditioning
to the incoming signal. A clock and data recovery (CDR) block 318 is also coupled (o
the electrode 316 and recovers the clock signal, while a level detector 320 receives the
conditioned signal from the receiver frontend circuit 312 and performs digitization
therecof.  The digitized data 15 fed to the digital baseband block 304 where
synchronization, data de-spreading and recovery 1s performed.

[0034] In accordance with the present embodiment, an input clock has a
predetermined frequency of 160 MHz and a 16-bit length Walsh code sequence is
used to spread the input data 306. However, those skilled in the art will realize that

the baseband transceiver architecture in accordance with the present embodiment is
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not restricted to this configuration and can be operated with different clock rates and
different Walsh code sequence lengths.

[0035] In addition, the Walsh code baseband transceiver 301 in accordance with the
present embodiment can operate in three modes of operation: a normal mode, a high
data rate mode and a reduced power mode.

[0036] Referring to F1G. 4, including FIGs. 4A and 4B, operation in the normal
mode of operation 1s depicted. Fig. 4A illustrates a block diagram 400 of the
transmitter portion 302, In accordance with the present embodiment, a clock 402 is
running at 160 MHz and 1s able to support data rates of 10 Mbps, 20 Mbps and 30
Mbps encoded by a Walsh code selector moduie 404 which is enabled within the
digital baseband 304 (FI1G. 3).

10037] For a data rate of 10 Mbps, only one Walsh code is required. For example,
"17 is represented by Walsh code 7, while “07 is represented by the inverse of Walsh
code 7. For data rates of 20 Mbps and 30 Mbps, cach Walsh code 1s used to represent
multiple data bits as shown within the Walsh code selector module 404. Only one
data input 406 to the Walsh code selector module 404 is required for 10 Mbps mode,
while two inputs 406, 408 to the Walsh code selector module 404 are required for 20
Mbps mode and three inputs 406, 408, 410 to the Walsh code selector module 404 are
required for 30 Mbps mode. The maximum data rate supported in the normal mode in
accordance with the present embodiment is 30 Mbps as there are only nine usable
Walsh codes (Walsh code 7 to Walsh code 15) in the frequency band of 40 MHz to 80
MHz. As noted hereinabove, a body channel spanning from 40 MHz to 80 MHz is
most suitable for high data rate applications. thus only Walsh codes with fundamental

frequencies within this band are used in accordance with the present embodiment,



32 t0 40 MHz 2.5 'Zaps 31 les, :MHz. 30 MEIz SMtos TABLE 2 100331 Referring to FIG. 3, a block
diagram 300 for a Walsh code baseband transceiver 301 in accordance with a present embodiment
utilizable in the body channel communication system 100 is depicted. A transmitter portion 302 of the
transceiver 301 utilizes 1 digital baseband block 304 to spread input data 306 with a Walsh code,
followed by @038 npliicationtbircuit 308 whichhampliiesdh e idsiktant: spreadisignak priokda: transmission
of the signal through an electrode 310 to the body channel 102. A receiver frontend circuit 312 in a
receiver porition BiAiwfitgedfansesiver 130l isrcoupléc dacanotheetectrose:B 16 and pienides signal
conditioning to the incoming signal. A clock and data recovery (CDR) block 318 is also coupled to the
electrode 316 an tecovers theeclakssigndd, whilpoleviel idetectds320tcedaivesithenatmgsliioned signal
from the receiver frontend circuit 312 and performs digitization thereof The digitized data is fed to the
digital baseiarshblodk 384 wiherelsymehnonizationddatade:spreading.éit kegavery isqeesformed.

k

amplifier of the amplification circuit (PA) 308 is either “00° or “11°. When the input
1s “00°, the amplification circuit 308 will output a low state. Similarly, when the input
is “117, the amplification circuit 308 will output a high state. The transmitted data s a
two-level signal 412, which comprises of only high and low states and is shown in the
graph 450 of transmit and receive signals in the normal mode operation of FIG. 4B as
the transmit signal 452, The signal 454 received by the electrode 316 (FIG. 3) s
recovered by, for example, using a two-level detector such as Schmitt trigger circuit
in the level detector 320 (F1G. 3) to derive the signal 456.

[0639] Referring to FI1G. 3, including FIGs. 3A and 3B, operation in the high data
rate mode of operation i accordance with the present embodiment is depicted. Fig.
SA illustrates a block diagram 500 of the transmitter portion 302 wherein the clock
402 1s operating at 160 MHz and 15 able to support 60 Mbps of data transfer. The
operating principle of the high data rate mode of operation in accordance with the
present embodiment is lustrated in the diagram 500 wherein six data inputs 501 are
provided to a 60Mbps Walsh code selector module 502 which is a portion of the
digital baseband 304 (FIG. 3). The lower three bits are mapped onto code 7 to code
10 while the upper three bits are mapped onto code 11 to code 14. The inverse of the
Walsh codes are also used to maximize the number of usable codes in the body
channel. In the high data rate mode, each Walsh code is used to represent three bits of
data, and two Walsh codes are stacked together using the amphfication circuit (PA)

308 to form a 3-level signal 504. F1G. 5B depicts a graph 550 of the transmit and



100341 In accordance with the present embodiment,input clock has a predetermined frequency of 160
MHz and a 16-bit length Walsh code sequence is used to spread the input data 306. However, those
skilled in the art will realize that the baseband transceiver architecture n accordance with the present
embodiment not restricted to this configuration and can be operated with different clock rates and
different Walskicodgpseiuenceylengtiigh 10035ddmadiditionrihenValshcadsshaseband transceiver 301
in accordance with the present embodiment can operate in three modes of operation: a normal mode,
a high data ratsrminedebasebantesigaetpowesdriasia. ihOQRGIrRefeming 10 FI§ ai snalusagi£1Cis. 4A
and 4B, operation in the normal mode of operation is depicted. Fig. 4A illustrates a block diagram 400
of the transmitteizportion:3Q2. 4n decokdande With the pregentgamiotimentha clogk 4Q2iskrunning at
160 MHz and is able to support data rates of 10 Mbps, 20 Mbps and 30 Mbps encoded by a Walsh
code selectoemobadiilehd04velhielvisceriaitled iwithsin the digitahbasebane: 30dotkled 3)etBR371 For a
data rate of 10 Mbps, only one Walsh code is required. For example, is represented by Walsh code
7, while '0' isgepresentpchbysthe: ibyerise lef Walsheode 2. Fovichilta natebofhi2brMbps and 80 Mbps
each Walsh code is used to represent multiple data bits as shown within the Walsh code selector
module 404@nlyonetatalinpubdQ6 tocthe \Al#sh dodeselettarrmociteddd iswequicechior 10 Mbps
mode, while two inputs 406, 408 to the Walsh code selector module 404 are required for 20 Mbps
mode and thigle inptis«466, 408, Hito then\Walshcbotieaseleatardmotivte dO4anéaaguired for 30 Mbps
mode. The maximum data rate supported in the non al mode in accordance with the present
embodimerthis30 MiSps:asithebe aie’anlylfinevisable:Walst cddes (Walsbvebdbui torwalgh code 15) in
the frequency band of 40 to 80 MI-1z. As noted heremabove, a body channel spanning from 40 MHz to
80 MHz is niastisuitdblel fapgh dataarate applicatittis, hus @hlyByalshe code sHwith fubdamental
frequencies within this band are used in accordance with the present embodiment. 100381 Also, in
the normal med® #hshecokdantehwiththe preSent dviabbdiorent,hére isia EXEDINYef chhobdsing between
interference avoidance through the frequency selective nature of the Walsh code or supporting higher
data rates by lusing! multipledivatstdodespseriallynihdiiesnormahmade), ¥hH inputito a switch capacitor
power amplifier of the amplification mem (PA) 308 |s either '00' or 11 When the input is '00', the
amplification circuit o8 witot b amplification mei
308 will output a high s H . omprises of only
high and low statesjand isishawnzin-tie graph 4 in the normal mode
operation of FIG. 43 asthe transmitsignal 452 lectrode 316 (FIG. 3)
is recovered by, for examplé; ugiby -atwiélevel iFcuit in e level

detector 320 (FIG. 3)-to-derive-the-signal-456-4 g FIGs. 5A and 5B,
operation in the high datayate-mede of sgeratign in accord%ﬁ%’é%r%ﬁ"%ﬁe present smbodiment is
epicted. Fig. 5A illugtrates.a-block dmnrnm 500 lof the trﬁ@?ﬁ%?%ﬂr@ﬁ 202 whelein the clock 402 is

operating 160 MHz nd is ab@tb%%ort 60 Mbps of dafetraasiek FhEIoperating principle of the high
data rate mode of operation |§k%p%9g§§nce withithe prese%@%&g%%mustratej in the diagram 500
wherein six data inpes-e: Fe= b pe-WaHsh-code-selestermedute 502 which is a
portion of the digital’ SERENE 304 (FIG. 3). The lower three bits are mapped onto code 7 to code 10
while the upper three hits are mapped onto coggélg to code 14. The inverse of the Walsh codes are
also used to maximize the number of usable codes |n fhe body channel. In the high data -ate mode,

each Wals is,used to re resent three b its, of data, and t codes are tacked together
using the a%@@iatr\ék}r% [t G A% 308" fﬁr reg‘%é nﬁl\%%( %?Gﬁ’gﬁ’rd‘é’ptfé bébh 550 of the

transmrtang ceive !Is the hi hdata od gtron e nal 552 is the
transmitter aseieh?é’t}r/%’é{srgna 6?ovr rlci)lrtft lecectr r‘e“:%l%h %F‘ as‘”r\gin{ial%gb% %“‘srgnal

received at the eI trod FIG d% ; 3.3 nal 56 | t e sarmue 910 nal of, theF \ével detector 320

(FIG. 3) anélia%ifgna |s°the(rﬁetgovere gr ze S|gnal a\f er p?Sc ssr1 “"t’hé“ ‘étector 320.
Similar to t nor al.mode. of |on n he utt PA3 8is OO r.'11' itre resents the
low state atr}(ﬁj?}hrg "Stat u?e"sl%;e@t?very ovv\{/re][ver6 |n5th9e @ %aira{t;e n%{oy ei%f‘%gétrgtiron he input of the

PA 308 canslalrs1 he‘O &YI 0, yvhrch (r)elpdre(selntsothe méddqle I) vel, thus f?rmwg the three IeveI signal
504 at the outpc fth P gb‘é ﬁy%ﬂocaf] ing m ¥ IL‘ESPe stg(one C 3 qéode and t’hemstacklng of two

Walsh codes, a da5a7r of 60 MB& zilg\pe achlev d cc with tw O mbo iment within a 40 MHz

band. Crosses and 1s8"be he outp Increases m er the previous

output level (1.e. if the previous output is at -1V, the current output level will be OV).
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I the mput signal crosses the peak threshoid of -0.75V or 0.75V, the output will take
on the peak output value of -1V or 1V, respectively. The voltage level for the four
thresholds 1s not fixed and can be varied according to the amplitude of the incoming
signal.

[0041]) Thus 1t can be seen that when the nput signal is within .25V to 0.75V and -
0.75V 10 -0.25V, the current output level is dependent on the previous output state. If
there is an error in the previous output state, the error will get propagated down the
chain until the correct output level is obtained. The output level is corrected when the
input signal goes above 0,75V or below -0.75V, which occurs when the baseband
signal switches from the posttive peak to negative peak or vice versa as illustrated in
the signal 554 of FIG. 5B. Therefore, in accordance with the present embodiment it is
important to ensure the Walsh codes used for summing purposes are selected such
that there 1s at least a switch between the positive and negative peaks within a 16-bit
codeword.

10042} The freauency of peak to peak switching occurring within a 16-bit codeword
for the different Walsh code combinations 1s shown in FIG. 6. F1G. 6 depicts a chart
600 showing the number of peak switchings for different Walsh code pairs of codes 7
to 14 of the 16-bit Walsh code sequences. Based on the information given in the chart
600, the available Waish codes are separated into two groups for summing purposes.
The available Walsh codes are grouped according to Table 4, where those code
combinations with zero or low numbers of peak to peak switching are placed in the

same group.
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TABLE 3 100401 When operating in the high data rate mode, a 4-level detector is used as the level
detect320 to digitize the received signal. The digitized levels of the signal output from the level
detector 320 based on the 4-level threshold is shown in Table 3. When the input signal level is within
-0.25V and 0.25V, it is determined that the input signal is in the hystereegion nd the output does not

change state. When t ) ; TT‘:"O'ETOW‘O#S‘V‘,‘UTE‘UUWMCI[eases by one level
over the previous outpjtlevel (i %ml?‘?ﬁp previous outputis m‘?ﬁﬁi’rﬁp current oufput level will be DV). If

the input signal crossdgs the peakCthed'shold of -4.75V or 0.75W@he out' u on thg peak output value of
-1V or IV, respectivelyj The voltaggidevel for the{four thresholgs;is-hot fixed andjcan be varied
according to the amplifudeof t:lcﬂill Ll{{élllillg signat-10041t TIIL!,J:; ii;,poul be-seerrihat when the input
signal is within 0.25V §0.0.75\ and = 0.75V t0 -0{25V the curfent ?’ﬁlfpllf level isjdependent on the

previous output state. Jf there is @#elfor in the grevious outptie®tate, the error Will get propagated
down the chain until tHe corregt-@utatsslevel is optained. Theautpud lavel is corjected when the input
signal goes above 0.7pV orbelow 0. 75V, Which occurs When the baseband signal switches from the
positive peak to negatjre pcaﬁ%gg@gsa as !!ustratcdgﬁfﬁ.%ﬁg}g??ﬁél 554-6fF|G. 5B. Therefore in
accordance with the plesent &gk it is injportant t6“EHEAFETHE Walsh cddes used for summing
purposes are selectedsuch thatthisreiis at least a switch betweenithe positive faind negative peaks
within a 6-bit codeword> TOUZZT The Irequency oOf peak 10 peak SWITCNIMg, occurring within a 16-hit
codeword br the different Walsh code combinations is shown in FIG. 6. FIG. 6 depicts a chart 600
showing the number of peak switchings for different-Whish code pairs of codes 7 to 14 of the 16-bit
Walsh code ences. Based on the jnformation given in the chart 600, the available Walsh codes
are separatéiﬁ%ijb twhGr8t B*?Sr‘%‘&%ﬁ’?ﬁdﬁ“’ﬁﬁ?bSE%?‘*FH%”&\/“HI%I8‘\)\‘/’8’|’§H‘&9d‘é’s‘-‘£f“éﬁP‘é‘& ped
according to T?blle 4, ng?;age those code combinations wjth zero or low numbers of Eeak to peak

switching ars E)I%?CBH}}H gé%é%}gwﬁmwer mode, the clock frequency is reduced by ity per
cent to 80 MHz and 1s able to support § Mbps of data transter. When the clock rate is

reduced to 80 MHz, the fundamental frequency shifts to below 40 MHz as illustrated
i Table 1. However, due to the band pass characteristics of the body channel 102,
there 1s higher attenuation in frequency bands below 40 MHz, which results in the
harmonic frequencies bemng the dominant frequencies instead of the fundamental
frequencies as illustrated in FIGs. 7 and 8. FIG. 7, comprising FiGs. 7A, 7B and 7C.
depicts signaling of Walsh code systems clocked at a frequency of 160 MHz, wherein
FI1G. 7A depicts a graph 700 of before channel signaling, FIG. 7B depicts a graph 720
of after channel signaling and FIG. 7C depicts a graph 740 of the transmit signal 742
and the receive signal 744. Note that the dominant frequency 702, 722 is 60 MHz in
both the before channel signaling (the graph 700) and the after channel signaling (the
graph 720).

[6044] Referring to FIG. 8, comprising FIGs. 8A, 8B and 8C, a low power mode
with reduced clock rate signaling of the Walsh code system in accordance with the

present embodiment s depicted when clocked at a reduced clock rate of 80 MHz.
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FIG. 8A depicts a graph 800 of before channel signaling in accordance with the Tow
power mode of the present embodiment, FIG. 8B depicts a graph 820 of after channel
signaling in accordance with the low power mode of the present embodiment and FIG.
8C depicts a graph 840 of the transmit signal 842 and the receive signal 844 in
accordance with the low power mode of the present embodiment. The fundamental
frequency for Walsh Code 11 in the reduced clock rate configuration is 30 MHz (the
dominant [requency 702 in the graph 700) with a harmonic frequency at 50 MHz. As
the signal passes through the electric-field body channel, the fundamental frequency
gets attenuated and results in the harmonic frequency at 50 MHz becoming the
dominant frequency 722 in the graph 720,

[0045] The ume domain plot for low power mode is shown in FIG. 9. FIG. 9
depicts a graph 900 of the transmit signal 902, the receive signal 904 and the
recovered receive signal 906 when operating in the reduced power mode in
accordance with the present embodiment. Similar to the normal operation mode, the
harmonic frequency dominated signal can be recovered using a 2-level detector. The
key advantage of using a reduced clock rate is power consumption reduction. In a
direct digital baseband system, the more power hungry blocks in the transmitter are
the digital baseband block and power amplifier block. By reducing the clock rate,
significant power saving can be realized. Table 5§ shows the current consumption
breakdown for a typical Walsh code baseband transmitter evidencing that a power
reduction of 41% can be realized by lowering the clock rate by 50%. This low power
mode allows the power consumption to be reduced for applications with data rates

less than 5 Mbps.



lemated C ode 11 Invert-Tha_. C ode 8 havered C ode 12 Inverted Cole P Inverted CodE 13 Inverted
Code 10 inverted Code 14 TABLE 4 100431 In accordance with the present embod ent a low power
mode of operation is also provided. For the low power mode, the clock frequency is reduced by fifty

per cent to 80 MHz and is able to support .5 Mbps of data transfer. When the clock rate is reduced to

below 40 MHz,
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Thus, in accordance with the present embodiment, three modes of operation

that support high data rate operation and reduced power operation for baseband body
channel communication are presented. The unique features of the Walsh code
baseband transceiver in accordance with the present invention are stacking of Walsh
code in direct baseband transmission system without up-converting the signal in a
high data rate mode of operation and using harmonics energy to recover the signal in
a low power mode of operation. The key features for the different modes of operation
are summarized in Table 6. In accordance with the present embodiment, these three

modes can be supported using the same transmitter and receiver architecture. The

only reconfiguration required 1s in the digital baseband block.

Operation mﬂ{k Data w ahk Yo of f‘&w
Vode rate rate . Efudi& Levels rfedaxgma
(MHz) | OMMbpy) | Used {6
164 JREG S 148 2 level
High data rage 160 Gk 2~2 4 level -
Low povess B . I 2 leve] $1%
TABLE 6

[0047] Walsh code sequences have a good cross-correlation property but a poor

auto-correlation property.  Therefore, Walsh code sequences are not suitable to be
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FIG. RA depicts a graph 800 of before channel signaling in accordance with the low power mode of
the present embodiment FIG. 813 depicts a graph 820 of after channel signaling in accordance with
the low power mode of the present embodiment and FIG. 8C depicts a graph 840 of the transmit signal
842 and the receive signal 844 in accordance with the low power mode of the present embodiment.
The fundamentaldreguehoyienttalsh Gededitingbelreducashelackraiesponfiguratipnis 130 MHz (the
dominant frequency 702 in the graph 700) with a harmonic frequency at 50 MHz. As the signal passes
through the elgatricefietdidodychammeiptheufuddamentahfrequency gélsvattenuiietkqnehkesults in the
harmonic frequency at 50 MHz becoming the dominant frequency 722 in the graph 720. 10045] The
time domair@let fomtlow poweslimddiéréstshown imEleand. (G Qidepictsargtaph8@01ofithel transmit
signal 902, the receive signal 904 and the recovered receive signal 906 when operating in the reduced
power modelimactosdeinee Wity thieapnesernt éinodient: Similaido themonymal dperationsmode, the
harmonic frequency dominated signal can be recovered using a 2-level detector. The key advantage of
using a redlicedrdiock hatedsspoivertconsumptiosirecliotiGhin & difiéct digitahipaselaht Bystem, the
more power hungry blocks in the transmitter are the digital baseband block and power amplifier block.
By reducinglthe aielck (iBtedgignifieantpomemsaibd cavl bequealizechdEable & sttows thewurrent
consumption breakdown for a typical Walsh code baseband transmitter evidencing that a power
reduction of«4E9%canGe realideity lowenhg! tHE clockratedoy &0963 This Mwqawercmode allows the
power consumption to be reduced for applications with data rates less than 5 Mbps. Power Domain
Typical CurrentaCofisrnption Reduceand/4 Poweb dieA.a graph 1020 of the conventional

32-bit M-sequence code signal 1022 after filtering. Before the 32-bit M-Sequence

code propagates through the channel, a distinct auto-correlation peak 1004 can be

detected. After the M-sequence code travels through the band limited channel, the

auto-correlation peak can no longer be detected. In conventional RF system, the M-

sequence code 1s up-converted to the desired frequency band using some form of

mixing circuit in order to retain the good auto-correlation property. However, no up-

conversion is performed in the baseband system in accordance with the present

embodiment, and thus the good auto-correlation property is diminished when a large

portion of its frequency components are removed when passing through the band

limited body channe! 102.

[0048] To overcome this limitation the present embodiment modulates the M-

Sequence code with the Walsh code. By modulating the M-Sequence code with the

Walsh code, the frequency selective property of the Walsh code is mncorporated into

M-Sequence code and allows the signal to retain its good auto-correlation property

while passing through the band limited channel. Referring to FIG. 11, comprising

FIGs, T1A and 1B, a 32-bit M-sequence code combined with a Walsh code for

synchronization in accordance with the present embodiment is depicted. FI1G. 11A

-20-
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depicts a graph 1100 of the M-sequence code combined with a sixteen bit Walsh code
in accordance with the present embodiment. Graph 1100 illustrates a signal 1102 for
an auto-correlation result of the [28-bit combined synchronisation code through a
band limited 40 MHz to 80 MHz channel. The 128-bit synchronisation code is
formed by replacing each bit of the 32-bit M-Sequence code with a sixteen bit Walsh
code. Similarly, FIG. 11B depicts a graph 1120 of the M-sequence code combined
with a four bit Walsh code in accordance with the present embodiment. Graph 1120
illustrates a signal 1122 of the auto-correlation result for the 128-bit combined
synchronisation code through a band limited 40 MHz to 80 MHz channel when the
128-bit synchronisation code is formed by replacing each bit of the 32-bit M-
Sequence code with a four bit Walsh code. From the auto-correlation graphs 1100,
[120, it can be seen that by combining an M-sequence code with the Walsh code, the
awto-correlation peak is successtully detected after passing the band limited channel.

[0049] In order to test the performance for the three operation modes according to
the present embodiment a simulation was performed using MATLAB based on a
measurement setup 1200 depicted in FIG. 12 and comparison was made using the bit
error rate (BER) index. On the transmitter side, a transmission sequence 1202
transmits a tramning sequence 1206 after a random delay 1204, During the delay
period 1204, random data that resembles noise signal are transmitted. The training
sequence [206 consists of twenty 128-bit synchronization codes, which is formed by
a 32-bit M-Sequence code combined with a four bit Walsh code. The purpose of the
training sequence 1206 is to allow the recetver to identify the correct phase and
achieve synchronization with the transmitter. The start of frame (SOF) sequence
1208 provides information on the timing of data armival, followed by 100,000 bits of

data 1210 modulated with a 16-bit Walsh code. Simulation of passing this signal
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though a body channel 1212 1s performed and a receiver sequence 1214 is generated.
On the receiver end, the first step 1216 is to achieve the correct phase and
synchronization through peak detection and phase selection using the received
training sequence 1206. Once synchronization 1216 is obtained, the receiver will start
searching for the SOF sequence 1218, When the SOF sequence 1218 is found, data
decoding process 1220 commences. A bit error rate is computed from the decoded
data 1220,

[0050] Referring to FIG. 13, a graph 1300 depicts a correlation plot of the received
signal 1302 at the receiver in the simulation of operation of FI1G. 12 m accordance
with the present embodiment. A random duration of noise 1304 is detected before
synchronization 1306 1s successfully achieved using a combination of M-Sequence
and Walsh code. After synchronization 1306 is achieved and SOF detected, data
1308 decoding commences.

[0051] FIG. 14 depicts a graph 1400 of bit error rate performance when operating in
normal mode on line 1402, reduced power mode on line 1404 and high data rate mode
on line 1406 in accordance with the present embodiment. There is no performance
degradation between the normal mode 1402 and the low power mode 1404, The
lowering of clock rate to 80 MHz reduces the data rate by 50% but maintains similar
BER performance as in the normal mode. Therefore, operating in low power mode
for low data rate applications below five Mbps can lead to significant power saving
without the penalty of performance degradation. The high data rate mode 1406
requires SNR to be six dB higher than normal mode 1n order to achieve a similar BER
of 107, Stacking two codes on top of each other increases the data throughput at the

expense of lower dynamic range, thus requiring higher SNR. The high data rate mode
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TABLE 5 100461 Thus, in accordance with the present embodiment, three modes of operation that
support high data rate operation and reduced power operation tbr baseband body channel
communication are presented. The unique features of the Walsh code baseband transceiver in
accordance with the present invention are stacking of Walsh code in direct baseband transmission
system withewt t-canvening theisignatimha digh datagaieimbee ofopdraliamandodgingharmonics
energy to recover the signal in a low power mode of operation. The key features for the different
modes of opératidie are stmsrasidedda alkle Grdi-aacordandeyithnibe presentambodiment, these
three modes can be supported using he same transmitter and receiver architecture. The only
reconfiguratie@segquined isin sheodigitad basebandhloek: Operaimatilock ratafatdaateardll W*7P.;
.144"a of Ink Power (1/4):

Walsh code transceiver system for body channel communication is proposed with a

transceiver that supports both reduced power operation and high data rate operation.

In the low power mode, the current consumption for the transmitier can be lowered to

approximately 1 mA, while supporting a data rate of 5 Mbps. In good channel

conditions, data throughput can be increased to 60 Mbps through multi-level coding

schemes. The low power and high dafa rate operation are achieved through two

unique implementations of the Walsh code baseband system. The first unique feature

is the code stacking in direct baseband system to enhance the data throughput. The

second feature 18 the use of harmonics to reduce the clock frequency and thereby lead

to lower power consumption. Freguency selective synchronization codes that can be

applied to direct baseband system combine Walsh code with M-Sequence code to

preserve the good auto-correlation property of M-sequence code while propagating

through a band limited channel.

[0053] Thus, it can be seen that a system and method for body channel

communication baseband transceiver operation that supports both low power and high

data rate modes while operating in the electrie-field intra-body channel (40 MHz to 80

MH7z) has been provided. While exemplary embodiments have been presented in the

foregoing detailed deseription of the invention, it should be appreciated that a vast

number of variations exist.

[0054] It should further be appreciated that the exemplary embodiments are only

examples, and are not mtended to hmit the scope, applicability, operation, or

configuration of the invention in any way. Rather, the foregoing detaited description
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will provide those skilled in the art with a convenient road map for implementing an
exemplary embodiment of the invention, it being understood that various changes
may be made in the function and arrangement of elements and method of operation
described in an exemplary embodiment without departing from the scope of the

invention as set forth in the appended claims.
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41% S TABLE 6 100471 Walsh code sequences have a good cross-correlationy but
a poor auto-correlation property. Therefore, Walsh code sequences are not suitable to be used for
synchronization. n Codes with good auto-correlation properties, such as Sequence codes,codes, a -7,
commonly used for synchronization. However, M-Sequence codes cannot be applied directly to a
baseband transceiver system for band limited ¢chianels such as body channel, as the good
auto-correlation property of the code is loss when filtered by the channel as illustrated in FIG. 10, FIG.
10, comprisingdtisslali®Adand 10B, depicts a conventional 32-bit M-sequence code for
synchronization, wherein FIG. 10A depicts a graph 1000 of a conventional 32-bit M-sequence code
signal 1002 before filtering and HG. 1013 depicts a graph 1020 of the conventional 32-bit M-sequence
code signal 1022 after filtering. Before the 32-bit M-Sequence code propagates through the channel, a
distinctto-correlation peakal804eafbeodetaetpk:iAfiemte Mtseoteneaiege travels through the band

limited channel, the auto-correlation peak can no longer be detected. In conventional RI; system, the
Mseq -nce code isLupsaomvertedigpthengesired frequency band using some form of mixing circuit in
order to retain the good auto-correlation property. However, no up-conversion is perlormed in the
baseband system in accardandehwitinithe presenihembiediment andifiusithe goedaude-cerrelation
property is diminished when a large
operation and encoding multiple bits per symbol when operating in the high data rate
mode by selecting a first Walsh code selected from a multiple-bit Walsh code
sequence in response a first set of multiple bits of data and selecting a second Walsh
code selected from the multiple-bit Walsh code sequence in response to a second set
of multiple bits of data;
an amplification circuit coupled to the Walsh code selector module and
having a high data rate mode for receiving the first Walsh code and the second Walsh
code and generating therefrom a multi-level fransmission signal having a
predetermined symbol frequency by stacking the first Walsh code onto the second
Walsh code to form the mult-level signal having the first predetermined symbol
frequency; and
an electrode coupled to a body channel for transmitting the multi-level
signal having the first predetermined symbol frequency through the body channel; and
a receiver comprising:
an electrode coupled to the body channel for receiving the multi-level
signal having the first predetermined symbol frequency therefrom;
a level detector coupled to the electrode for detecting levels of the

multi-level signal; and



- portion of its frequency components are removed when passing through the band limited body
channel 102. 100481 To overcome this limitation the present embodiment modulates the M-Sequence
code with the Walsh code. By modulating the M-Sequence code with the Walsh code, the frequency
selective property of the Walsh code is incorporated into M-Sequence code and allows the signal to
retain its good auto-correlatigyitpropwhiledpassitgi thigugh therbandlimitedthannelBedesring to FIG.
11, comprising FIGs. Il A and 1113, a 32-bit M quence code combined with a Walsh .do
synchronizationrit agcef dance withithedjpresent-earbodimeniik depletednklGa b gAchdefigts a graph
1100 of the M-sequence code combined with a sixteen bit Walsh code in accordance with the present
embodimengré&deapin iHHAG lustiateswsignal 1102 for an auto-correlation result of the 128-bit
combined synchronisation code through a band limited 40 MHz to 80 MHz channel. The 128-bit
synchronisation code is ibrmed by replacing each bit of the 32-bit M-Sequence code with a sixteen bit
Walsh code Similarly, FIG. 1113 depicts a graph 1120 of the M-sequence code combined with a four
bit Walsh code in &ccorddriee swithrthénpiesedternbediméntinGraphdt20 iHustrates:amsigaal 1122 of
the auto-correlation result for the 128 -hit combined synchronisation code through a band limited 40
MHz to 80 Iditzbohérnetrvigen the 8M28zbit synchronisation code is formed by replacing each bit of the
32-bit M-Sequence code with a -our bit Walsh code. From the auto-correlation graphs 1100, 1120, it
can be seen that by combining an M-sequence code with the Walsh code, the auto-correlation peak is
successfully detected after passing the nd limited channel. 100491 In order to test the performance for
the three operatiors modestaceptdingntecthedaresenttemidedimihhal simlatior was ésilbiimed using
MATI.AB based on a measurement setup 1200 depleted in FIG. 12 and comparison was made 'no the
bit error raten{BER)yirider B the:dtransmittes-side astnansmission sequence 1202 transmits a training
sequence 1206 atkr a random delay 1204. During the delay period 1204, random data that resembles
noise signal are transmitted. The training sequence 1206 consists of twenty 128-hit synchronization
codes which is formed by a 32-bit M-Sequence code combined with a four bit Walsh code. The
purpose of the traiding setiuerncech206 isdaddlew thereceivEtaitdentify the/leowmecthehise and
achieve synchronization with the transmitter. The start of frame (SOF) sequence 1208 proicles
information e dhextinirg bitdatalserivsal, fiollowedt byrd0B 008 bitsdohdata GR1LGmoculdtedewith a 16-bit
Walsh code. Simulation of passing this signal though a body channel 1212 is performed and a
receiver sedquisndeli214 issgemeiated ! Ondhbirebeivendnddhenfitst stejrii216tisva dchiele the correct
phase and synchronization through peak detection and phase selection using the received training
sequence 120BeBrce syhctmonzation &Rl 6 isiobtainet jithdirecéindrwilldtan selarchingntor the SOF
sequence 1218. When the SOF sequence 1218 is found, data decoding process 1220 commences. A
bit error ratéMsicompisted: frolerthe idecadeddatdi k226 A0ObOHReferrimgltc & KecdB! segraph 1300
depicts a correlation plot of the received signal 1302 at the receiver in the simulation of operation of
FIG. 12 in adcordandeawitbsphetiprdgent embodiment. A random duration of noise 1304 is detected
before synchronization 1306 is successfully achieved using a combination of M-Sequence and Walsh
code. After synchronization 1306 is achieved and SOF detected, data 1308 decoding commences.
100511 FIG. 14 depicts a graph 1400 of bit error rate performance when operating in normal mode on
line 1402, reduced®powerlimodesemlimeatd04iand b ith daltdmate whedenothdifes1496lsh acderdance with
the present embodiment.There is no performance degradation between the normal mode 1402 and
the low powerdnibdect404. Whshowstingdfidiockvate to 8BHddaedulces:thé datahrateoby 50% but
maintains similar BER performance as in the normal mode. Therefore, operating in low power mode br
low data rat® aishlicakiongbslow five Mbps can lead to significant power saving without the penalty of
performance degradation. The high data rate mode 1406 requires SNR to be six dB higher than
normal mode in order to achieve a similar BIER of | 0-3 Stacking two codes on top of each other
increases the data throughput at tl expense of lower dynamic range, thus requiring higher SNR. The
high data rate mode provilesaitcoptionciderease theidatathroudhput dumnd) \goodiohaanel
conditions when the transmitter and receiver electrodes are placed proximate to each other. 100521
Thus, in acobrddncedwitislthveopresdnteembibdinhent; avershtifgbrseband: Whlshecode tramceiver
system for body channel communication is proposed with a transceiver that supports both reduced
power operatigrcanthhigh dateoratechperationiul thieclowppowes maotle ptiedudrentaomsodaption for the
transmitter can be lowered to approximately | mA, while supporting a data rate of 5 Mbps. In good
channel coriditivles, aatartmeudghiputceanbeoheyesasmd ool Mibpsothr dugh theult-levél ebdiing
schemes. The low power and high data rate operation are achieved through two unique
implementations of the Walsh code baseband system. The first unique feature is the code stacking in
direct baseband system to enhance the data hroughput. The second feature is the use of harmonics to
reduce the clock frequency and thereby lead to lowes-power consumption. Frequency selective
synchronization codes that can be applied to direct baseband system combine Walsh code with

M-Sequence code to preserve the good auto-correlation property of M-sequence code while
nronacatina throriaoch a hand limited channeal



100531 Thus, it canbe seen that a system and method for body channel communication basebai d
transceiver operation that supports both low power and high data rate modes while operating in the
electric-field intra-body channel (40 MHz to 80 MHz) has been provided. While exemplary
embodiments have been presented in the foregoing detailed description of the invention, it should be
appreciatedcthiat s yasideumbercdf saniasions:exist. . Q04 Ihshayldfurthenbe appresiated that the
exemplary embodiments are only examples, and are not intended to limit the scope, applicability,
op-ration, 0[1@0ﬂf@ﬂfﬁ%ﬂ1®fcthﬂ11ﬂﬁ&ﬂﬁ@nhﬂs anyonayl Radhet: thegeingdetaileddescriptian will
provide those skilled in the art with a convenient road map for implementing an exemplary
embodimenthefitherinveationtbemngd idetsipid dhasvaiious geanges mayrhel imiadel isifhalfunction and
arrangement ent of elements and method of operation described in an exemplary embodiment without

departing fronvithetsedpe g thetirvemtibayasbsetifartirioythe @ppendad glaims-SlAMSHAhat is
claimed is: A system for body channel communication comprising: a transmitter comprising: a
Walsh codesselactor module having a high data rate mode of operation and encoding multiple bits per
symbol when operating in the high data rate mode by selecting a first Walsh code selected from a
multiple-bit Walsh code sequence in response a first set of multiple bits of data and selecting a second
Walsh code selected from the multiple-bit Walsh code sequence in response to a second set of
multiple bits of dat&; an aiiplificatianncitcuitieotplenhtorithe Walshcodeseantod the digital

baseband derives the first set of multiple bits and the second set of multiple bits from

the signal having the first predetermined symbol frequency during a low power mode

of operation m response to harmonic energy from a harmonic frequency generated by

the multiple-bit Walsh code sequence.

8. The system n accordance with any of Claims 1 to 7 wherein the Walsh
code selector further modulates a M-Sequence code with the multi-bit Walsh code

sequence up to a desired frequency band associated with the predetermined frequency.

9. A transmitter for body channel communication comprising:

a Walsh code selector module having a high data rate mode and encoding
multiple bits per symbol when operating in the high data rate mode by selecting a first
Walsh code selected from a multiple-bit Walsh code sequence in response to a first set
of multiple bits of data and selecting a second Walsh code selected from the multiple-
bit Walsh code sequence in response to a second set of multiple bits of data;

an amplification circuit coupled to the Walsh code selector module and having
a high data rate mode for receiving the first Walsh code and the second Walsh code

and generating therefrom a muliti-level transmission signal having a predetermined



having a high data rate mode for receiving the first Walsh ¢ode and the second Walsh code and
generating therefrom a multi-level trans SS101 signal havi predetermined symbol frequency by
stacking the first Walsh code onto the second Walsh code to form the multi-level signal having the first
predetermined symbol frequency; and an electrode coupled to a body channel for ansmithe multi-level
signal having i first predstérmined isymbolfrequendy thrdeugh dhd beey chanashanstia receiver
comprising: an electrode coupled to the body channel for receiving the multi-level signal
having the firstiptiedeteitinined symbabiieguradydhereframiined symivleveldetectandcoupled to the
electrode for detecting,levels of the multi-level signal; and a digital baseband for deriving the
first set of multiple bits @nclihé seoaphd set dioawultiplenbité frommthederelseofihel maltisie vied signal
having the first predetermined symbol frequency. The system in accordance with Claim 1
wherein thepredeteiminechsyrybdidt éguencyyishiG:MiHz body chanhble system in accordance with
either Claim | or Claim 2 wherein the multi-level symbol stream is a three-level symbol stream. 4.
The system in accordance with any of Claims 1 to 3 wherein the first set of multiple bits of data is a
first set of three bit data and the second set of multiple bits of data is a second set of three hit data,
and wherein the muktiple-hiteWalsimoodersequedos: isvath6-hit Walsh«code iseguelkcerand dhe first
Walsh code and the second Walsh code are selected in response to first set of three-bit data and the
second set gfitrddibiidaty, rebgebtifz. 5. The system in accordance with Claim 4 wherein the first
Walsh code and the second Walsh code include inverse Walsh codes selected from the 16-bit Walsh
code sequence. 6. The system in accordance with either Claim 1 or Claim 2 wherein the Walsh
code selector module further has a normal data rate mode of operation and wherein the Walsh code
selector nodule whign opérbtingsimnthenormakddtactate imediecentades on€loimmbrevbitscer symbol by
selecting a Walsh code from the 16-hit Walsh

the multi-level symbol stream is a three-level symbol stream.

12. The transmitter in accordance with any of Claims 9 to 11 wherein the
first set of multiple bits of data is a first set of three bit data and the second set of
multiple bits of data is a second set of three bit data, and wherein the multiple-bit
Walsh code sequence is a 16-bit Walsh code sequence and the first Walsh code and
the second Walsh code are selected from the 16-bit Walsh code sequence in response
to the first set of three bit data and the second set of three bit data, respectively.

13, The system in accordance with Claim 12 wherein the first Walsh code
and the second Walsh code include inverse Walsh codes selected from the 16-bit

Walsh code sequence.

14, The transmitter in accordance with either Claim 9 or Claim 10 wherein
the Walsh code selector module further has a normal data rate mode, and wherein the

Walsh code selector module when operating in the normal data rate mode encodes



code sequence for each symbol to arrive at a two-level symbol stream, and wherein the amplification
circuit further has a normal data rate mode and when operating in the normal data rate node the
amplification circuit generates the multi-level signal having the first predetermined symbol frequency in
response to the two-level symbol stream. 7. The system in accordance with any of Claims 1 to 6
wherein thedigital hasebangderivesothe firsik:sahefamuliighecbits aoehthe Secondsatpfomidtiple bits
from the signal having the first predetermined symbol frequency during a low power mode of operation
response toshauomeniceenexdy frarbcd hammoniafrequenky genenatedshysthe mdltiglerin \Walsh code
sequence. 8. The system in accordance with any of Claims | to 7 wherein the Walsh code selector
further modutapésieahb-Sequenderdogdehwdth thermubikbitWialsbkogelsequengeiprie mdasired
frequency band associated with the predetermined frequency. 9. A transmitter for body channel
communicatiomeonrprising modeahd/atspl dode cetecton modide having:hitigh 0agarbika virgde and
encoding multiple bits per symbol when operating, in the high data rate mode by selecting a first Walsh
code selected: ffosn amhultipiézbit Watsh ftodecsequenspinsespoiase tolavlirsysetcdkmudtiple bits of data
and selecting a second Walsh code selected from the multiple-hit Walsh code sequence in response
to a second set of multiple bits of data; an amplification circuit coupled to the Walsh code selector
module and having a high data ate mode for receiving the first Walsh code and the second Walsh
code and generatirig.therétromaasmuliidevektranamissiom signal idving a predetetmiiedhsymbol
frequency by stacking the first Walsh code onto the second Walsh code to form the multi-level signal
having the fitétipredetenriined Syribol freduiency; afdequenan aldctrode toupldd-taavbedy channel for
transmitting the s nal having the first predetermined symbol frequency through the body channel.
10.The transmittecinaceorgance witki :€lhiire Qwhgréimtl predatecthingd symbeoldrequeney is 160 MHz.
The transmitter in accordance with either Claim 9 or Claim 10 where the multi-level symbol stream is a
three-level symbalstream. 12.The transmitter in accordance with any of Claims 9 to Il wherein the

16. A method for body channel communication through a body channel,
the method comprising:

encoding multiple bits per symbol when operating in the high data rate mode
by selecting a first multiple-byt Walsh code of a multiple-bit Walsh code sequence in
response to a first set of multiple bits of data and selecting a second Walsh code of the
multiple-bit Walsh code sequence in response to a second set of multiple bits of data:

generating a multi-level transmission signal having a predetermined symbol
frequency by stacking the first Walish code onto the second Walsh code to form the
multi-level signal having the first predetermined symbol frequency; and

transmitting the multi-level signal having the first predetermined symbol

frequency through the body channel.

17. The method in accordance with Claim 16 further comprising:
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first set of multiple bits of data is a first set of three bit data and the second set of multiple bits of data
IS a second set of three hit data, and wherein the multiple-bit Walsh code sequence is a 16-bit Walsh
code sequence and the first Walsh code and the second Walsh code are selected from the 16-bit
Walsh code sequence in response to the first set of three bit data and the second set of three bit data,
respect ly. The systemiiimacaebedangewith Glai2daheriein hecskdalshedoderane thesgeennd Walsh
code include inverse Walsh codes selected from the 16-bit Walsh code sequence. 14.The transmitter
in accordantewitheithet Claim 9 or Claim 10 wherein the Walsh code selector module further has a
normal data rate mode, and wherein the Walsh code selector module when operating in the normal
data rate mode endedesigothe Grsmareddiia:pepisymbalilytselecting acWWdlshutiogle friosniiths 16-bit Walsh
code sequence for each symbol to arrive at a two-level symbol stream, and wherein the amplification
circuit furthehdhag@ahbamag datdiratembdeanddvhientopéraiingdn theingenakdada cat@sdode the
amplification circuit generates the multi-level signal having the first predetermined symbol frequency in
response toithegwordevehsymbot streamfrom a harfhetrdrspittey neaooordapatawithianle-of Claims 9
to 14 wherein the Walsh code selector further modulates a M-Sequence code with the multi-bit Walsh
code sequeheéipstocadiesingdifrequency band associated with the predetermined frequency. 16.A
method for body channel communication through a body channel, the method comprising:
encoding multiple bits per symbol when operating in the high data rate mode by selecting a first
multiple-bit Walsh code of a multiple-bit Walsh code sequence in response to a first set of multiple bits
of data and selectih§. a seédendiWakéhrcederktne nulipig:bit VWaishl 6ode(3egudricelinresponse to a
second set of multiple bits of data; generating a multi-level transmission signal having a
predetermiried syiyolrfreqdency blyfstacking theédirdd Walstdoetleronthithededond Yyatshbicode to form
the multi-level signal having the first predetermined symbol frequency; and

stream is a three-level symbol stream, the first set of multiple bits of data is a first set

of three bit data, the second set of multiple bits of data is a second set of three bit data,
and the multiple-bit Walsh code sequence 15 a 16-bit Walsh code sequence, and
wherein the first Walsh code and the second Walsh code are selected from the 16-bit
Walsh code sequence in response to the first set of three bit data and the second set of

three bit data, respectively.

16, The method in accordance with Claim I8 wheremn the first Walsh code
and the second Waish code include mmverse Walsh codes selecied from the 16-bit

Walsh code sequence.

20. The method in accordance with any of Claims 16 to 19 further
comprising encoding digital data onto the signal having the first predetermined
symbol frequency in a normal data rate moede by encoding one or more bits per

symbol by selecting a Walsh code from the 16-bit Walsh code sequence for cach
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transmitting the multi-level signal having the first predetermined symbol frequency through the body
channel. recei ng the signal having the first predetermined symbol frequency therefrom; and
deriving the first set of multiple bits and the second set of multiple bits from the signal having the first
predeternined symbol frequency during a low power mode in response to harmonic energy from a
harmonic fregudotygenenated iy thémeliple-bibWslsheode:saqiiense! symid8. sthesmethod in
accordance with either Claim 16 or Claim 17 wherein the predetermined symbol frequency is 160
MHz, and wiheremthedmnalteveldyhibdlstreahnisia three-level symbol stream, the first set of multiple
bits of data is a first set of three bit data, the second set of multiple bits of data is a second set of three
bit data, and the multiple-hit Walsh code sequence is a 16-bit Walsh code sequence and wherein the
first Walsh code and the second Walsh code are selected from the 16-bit Walsh code sequence in
response to the firstiset of lereedhibdaia arddhiasecorichsetof dfirédabitdat@, weshedivetyr 19. The
method in accordance with Claim 18 wherein thefirst Walsh code and the second Walsh code include
inverse Walsingoiteseseledtédifrom e dqubit Walsh codetsequence: Wal20cdde sapthodtin
accordance with any of Claims 16 to 19 further comprising encoding digital data onto the signal having
the first predetermihsdsymbokfregbantystva nedmalhdatapratie tmadeddytienaoding one or more bits per
symbol by selecting a Walsh code from the 16-hit Walsh code sequence for each symbol to generate
the multi-level symbol stream, the multi-level symbol stream the normal data rate mode having two
levels. 21.The method in accordance with any of Claims 16 to 20 further comprising modulating a
M-Sequence code with the multi-bit Walsh code sequence up to a desired frequency band associated
with the predetermined frequency.



