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(57) ABSTRACT

Methads and apparatus tor distributing power and data to
devices coupled to the human body are described. The
human body is used as a conductive medium, e.g., a bus,
over which power andior data is distributed. Power is
distributed by coupling a power source to the human body
via a first sct of clectrodes. One or more devise to be
powered, e.g., peripheral devices, are also coupled (o the
human body via additional sets ol electrodes. The devices
may be, ¢.2., a speaker, display, watch, keyboard, cte. A
pulsed DC signal or AC signal may be used as the power
source. By using muliiple power supply signals of differing
[requencies, dillerent devices can be selectively powered.
IMgital data andior other inlormation signals, e.g., audio
signals, can be modulated on the power signal using fre-
quency andfor amplitude modulation techniques.

53 Claims, 6 Drawing Sheets
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1
MLETHOD AND APPARATUS FOR
TRANSMITTING POWLER AND DATA USING
THE HUMAN BODY

FIELD OF THE INVENTION

The present invention relates to methods and apparatus
for transmitting power and data, and more particulacly, to
methods of powering devices coupled (o the human body
and communication inlormation between the devices.

BACKGROUND OF THE INVENTION

Small portable clectronic devices are commonplace today.
Small portable devices commonly used by people today
include wristwatches, radios, communications deviees, ¢.2.,
pagers and cell phones, and personal data assistanis (PIAs)
1o name bul a lew exemplary devices. As electronics manu-
facturing techniques have Improved, weipht and power
consumption requirements of many small portable devices
have decreased. Al the same lime, (he capabilities of the
devices have increased. As a resull, il 18 now possible Lo
power many small elecironic devices including walches,
audio players, personal data assistants, portable computers,
cte, with relatively little power,

Given the small size and portable nature of many of
loday’s poriable electronic devices, people have begun
wearing themn on their bodies. lor example, wristwatches are
worn on people’s arms, pagers and PDAs are worn on
people’s belts, and small displays arc sometimes worn
mounted on headgear,

As a resull of carrving mulliple portable elecironic
devices, there is ollen a significant amount of redundancy in
terms ol inpulfoutput devices included in the porlable
devices used by a single person. For example, a watch,
pager, PDA and radio may all include a speaker. In order to
reduce the redundancy in inpulfoulpul devices, nelworking
ol portable electronic devices has been proposed. By
cxchanging data, ¢.2., as part of a networl, a single data
input or output deviee can be vsed by multiple portable
devices, climinating the nced for cach of the portable
devices Lo have the same inpul/oulpul device.

Various approaches have been laken in an allempl Lo
network porlable devices. The uses ol radio (RIY) signals,
infrared (IR) communications signals, and ncar ficld intra-
body communication signals arc examples of various signals
thal have been suggesied lor wse in nelworking porlable
devices. Radio signals belween devices can cause interler-
ence. In addition radio devices can be expensive lo imple-
ment and tend to consume relatively large amounts of power,
In addition, decoding another person’s transmitted informa-
tion and controlling another person’s device is plausible
using RL, raising the concern lor security and privacy. 1R
communications signals present similar privacy concerns to
those of RF signals while further being subjeet to additional
limitations in terms of the tendency for many objects, ¢.2..
opaque objects, 1o block the transmission of 1R signals. Near
field intrabody communicalion signals represeni a relalively
new and still largely vndeveloped ficld of signal communi-
cations.

In the case of onc ncar ficld intrabody communications
system, information is exchanged belween elecironic
devices on or near Lhe human body by capacilively coupling
piccamp currents through the human body of a person.

While some work has been done to minimize the redun-
dancy that exists in data lnput/output devices, in portable
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devices frequently used by a single individual, there still
remains room lor improvements in the way informaiion is
communicaled belween portable devices. In addilion, some
wearable devices are not big enough 10 have any kind ol
interface at all; c.g. carrings.

There remains significant room for improvement with
regard 10 how porilable devices are powered. Porlable elec-
tromic devices [requently rely on power supplied by balleries
lo operale. Balleries have a miled energy slorage capabil-
ity. As a result, batteries periodically need 1o be replaced o,
assuming they arc rechargeable, recharged. The need 1o
replace or recharge balleries posses a serious limitation on
kuown porlable batlery powered devices. Baltery replace-
meni normally involves physically removing a currenl sel ol
batterics and replacing them with a new set of batterics.
Recharging of batterics normally involves plugging the
portable device into a ballery charger thereby limiling the
devices porlability unlil the re-charging is complele or,
altcrnatively, swapping a charged battery pack for a battery
pack including the batterics, which need to be recharged.

The swapping of battery packs, replacement of barterics,
andfor recharging ol balleries by plugging in a portable
device represenis an inconvenience in lerms ol lime
involved with a user perlorming a batlery replacement
operation or recharging operation. In many cascs it also
represents an nterruption in service, Le., often during the
batlery swapping or recharging operation, the device cannol
be used or ils portability is limiled.

Until (he presenl iuveniion, the locus with regard 1o
portable device power issucs has been largely on improving
the quality of batteries, reducing the amount of power
required by a portable device Lo operate, andfor in providing
backup power sources, e.2., lo permil lhe swapping ol
batterics without causing an interruption in operation.

While recent improvements in batterics and device power
consumption has increased the amount of time portable
devices can operale belore needing the balleries Lo be
recharged or replaced, the need 1o periodically recharge or
replace balteries in porlable devices remains an area where
Improvements can be made, In particular, there [s a need for
making recharging of batterics casicr to perform, preferably
withoul requiring an inlerruplion in device operation or lor
backup balleries inside the device. There is also a need lor
climinating batterics in at least some portable devices,
thereby redueing the weipht of the portable devices making
them casier to wear for extended periods of time.

SUMMARY OF THE PRESENT INVENTION

The presenl invention is direcled o methods and appa-
ratus tor distributing power to devices coupled to the human
body. The nvention is also directed to methods and appa-
ralus [or communicating information, e.g., data and countrol
signals, 1o devices coupled 1o the human body.

[n accordance with the present invention the human body
is wsed as a conduetive medivm, ¢.2., a bus, over which
power is distributed. Information, ¢.2.. data and control
signals, may also be distributed over the human body in
accordance wilh the preseul invention. To avoid the need lor
digital circuilry, e.g., 0 audio output devices, some of Lhe
communicated signals may be analog signals. For example,
analog audio signals may be transmitted to a speaker using,
the hwman body as the communications media by which the
audio signal is transmitled.

[n accordance with the invention, power is disiributed by
coupling a power source to the human body via a first set of
clectrades. One or more devices to be powered, ¢.g., periph-
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cral devices, are also coupled to the human body via
additional sels ol electrodes. The devices may be, e.g., a
speaker, display, watch, kevboard, ele. A pulsed 1O signal
or AC signal may be used as the power source. By using
multiple power supply signals of differing frequencics, dif-
ferent devices can be scleetively powered. For example, a
100 [12 signal may be used Lo power a limst device while a
150 [12 signal may be used Lo power a second device. Digilal
data and/or other information signals, ¢.2., audio signals, can
be modulated on the power signal vsing frequency andor
amplitude modulation techniques. The power source and
peripheral devices can inleract o lorm a complele compuler
nelwork where the body serves as the bus coupling the
devices together, Devices can include optional batterics, onc

or more CPUs, transmit/reccive circuitry, andfor Input/

oulpul circuilry. I one particular exemplary network imple-
meniation the lirst device 10 be placed on the body operales
as a master device, e.g., bus masler, with subsequently added
devices working as slaves, In accordance with the invention
power and/or communication signals may also be transmit-
led from one body (o another by touch.

The proposed methods of ihe present invention enable the
use o a whole new class ol wearable devices. These devices
do not have a direet interface, but are instead vsed as relays
for collecting and transmitting information to the vser. For
example earrings, which can be used o measure the persons
pulse tate or even deliver sound Lo the ear via a phone worn
on the person’s bell. To program the earring directly would
be a quite cumbersome task; howewver, the cacrings param-
cters could be set via another device that is large cnough and
has the approprisle user inlerlface Lo enler data. The user
could use this device 1o conirol the volume ol the earmings
or o conirol other [unction ol this device. This concept
could be extended to many other such devices that are worn
on the body: jewelry, watches, and cyeglasses to name a fow,

Becavse the deviees of the present invention are
nelworked, they can be recharged and powered by other
devices on the network. Kinelic 10 power converlers can be
used in this network to sustain this network’s power. Kinetic
converters in shoes and on wrist watches can be used to
converl the kinelic energy ol the user Lo elecirical power and
distribule thal power (o the rest ol the network. This 1 yel
another properly that distinguishes devices ol the present
invention from other nerworks such as RF or IR.

Numerous additional features and advantages of the
present invention will be discussed In the detailed
description, which lollows.

BRIEF DESCRIPTION OF THE DRAWINGS

LG, 1 iNMusirales an exemplary syslem of the present
invention whercin the body of a person is used as a bus for
distributing power and information between various devices
coupled o the person’s body.

L'IGs. 2 is a block diagram 1llustration of the exemplary -

syslem illusirated in 111G, 1.

LIG. 3 tllustrates two of the devices shown in I1G. 2 1o
greater detadl.

FIG. 4 [lustrates an exemplary portable device Imple-
mented [ accordance with the present invention.

FIG. 5§ illustrates the contents memory included in a
communicalions/power module implemented in accordance
will the presenl invenlion.

L'LCh. 6 illustrates device circuilry, which may be used Lo
implement a portable computer system coupled to a body In
accordance with the presenr invention.
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DETAILED DESCRIPTION

As discussed abowe, the present invention is dirceted to
methods and apparaius Tor distribuling power 1o devices
coupled 1o the human body. The invenlion is also directed 1o
methods and apparatus [or communicating inlormation, e.g.,
data and control signals, to devices coupled to the human
bady,

116G, 1 illustrates a syslem 10 implemenied in accordance
with the presenl invention. The system 10 comprises a
pluralily of portable devices 20, 22, 24, 26, 28, 32, and 30,
which are coupled together by the buman body 11, The
portable devices include a portable computer device 20, a
pager device 22, a keyboard 24, a display 26, an audio inpul
device 28, an audio playback device 30 and a power supply
32. Each of the devices s coupled o the human body by a
pair of clectrodes. Normally, the ¢lectrodes are placed in
physical contact with the skin with some space between cach
ol the elecirodes in an electrode pair.

Power audsor iuformation may be transmitled belween the
portable devices 20, 22, 24, 26, 28, 32, and 30 by using Lhe
body 11 as a conductive medivm. Communicated signals
may include analog as well as digital signals. Analog signals
can be particularly uselul lor communicating.audio
informalion, e.g., o audio playback device 30. As will be
discussed below, audio playback deviee 30 may be imple-
mented as a piczo clectric speaker which can directly
convert reccived audio frequency signal into acoustic audio
signals.

As illustrated in U1G. 1, portable devices implemented in
accordance with the present invention can be mounted on
the body in a wide range of locations. They can be imple-
mented so as to appear as common objects if desired.

Portable computer device 20 1s shown mounled on the
wailsl. The portable computer device 20 can be implemented
as a common personal data assistant (PDA) if desired. Pager
device 22 Is also shown as a waist mounted device. Given
the commeon wearing of pagers on the waist, pager 22 can be
designed Lo appear as an ordinary pager device.

Audio plavback device 3 is shown mounted i an ear.
Alrernatively, it can be mounted on the skin ncar the car or
on another portion of the body. Thus, audio playback deviee
30 can be designed to take on the appearance of a modern
hearing aid.

Kevboard 24 is shown being mounted on the arm. This
position makes il easy 10 reach by the hand on the other arm.
It can also be casily concealed by a shirt cuft or slecve.
Display device 26 [s conveniently mounted on the wrist.
Insplay device 26 can be implemented using an 1.C1 and
mounted in a housing with a wristband. The housing may be
similar in size and shape to common wateh housings in vse
today. In this manner display deviee 26 can be made to
appear as an ordinary watch if desired. Avdio input device
28, which includes, e.g., a microphone, 1s also implemented
as a wrisl mounted device in the 1G. 1T embodiment. The
audio input deviee 28 may be implemented as part of, c.g.,
a bracclet, if desircd.

Power supply 32 is shown mounted on foot 13, The power
supply can be mounted 1u the sole of a pair ol shoes or a
bool. Accordingly, power supply 32 can also be imple-
mented in an casy to conceal manner, The weight associated
with batterics vsed in a power supply designed to power
mulliple devices can make the leel or waist good locations
lor mounting power supply devices. ln a ool mounted
implemeunlation, a mere change of [oolwear can serve 1o
replace the power source for the various devices 20, 22, 24,
26, 28, 30,
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In accordance with the present invention, the portable
devices mounted on a person’s body interacl 1o form a
complete personal network. Such a network, and the devices
which make vp the network, will now be discussed in further
detail with regard to FIG. 2.

As illustrated 1n I'IG. 2, body 11 serves as 2 bus 1o couple
portable devices 20, 22, 24, 26, and 30 logether. Porlable
devices, in accordance with the present invention, can
transmit and receive power and transmit and receive
inlormaltion, e.g., communications signals. lor cosl reasons,
it may be desirable lo implement some devices with a
limited subsct of these capabilitics. For example, it may be
cost effective to design an audio device so that it only
receives inlormation signals. Allernatively, it may be desir-
able 1o implement a device thal can draw power [Tom the bus
11 but otherwise not interact with the other devices in the
network.

In FIG. 2, the first throupgh Nth portable devices, ¢.g.,
devices 20, 24, 26, each include a communications/power
module 21, 21, 21" and device circuitry 23, 23, 23"
Communications/power module 21 is responsible lor inler-
facing with other devices [n the networl 10, communicating,
with them, and reecciving/sending power over the bus 11,
Device circuilry 23, 23, 23" is circuilry which implements
the specilic lunctions the portable devices 20, 24, 26 are
designed to support. By segmenting the communications?
power functions from the other deviee functions a standard
communications/power module can be designed to support
many dillerent lyvpes of device circuilry. Furlhermore, the
device circuilry manulacturer can be isolaled [rom issues
relating to the design of the communicationspower module,
A deviee interface can thus be standardized with the device
circuilry manulacturers merely having lo comply will the
interlace requirements withoul concerning themselves will
the manuner in which power is ullimalely supplied or the
manner in which signals are communicated over the bus 11,

Portable device M 22, c.g., a pager deviee, is an example
ol a device which can be implemented so thal il does not
support the receipl or lransmission of power signals over the
nelwork but which includes a communications module 25
for communicating information over the bus 11. Device
cirenitry 27 may nclude a power source, ¢.g., battery or
solar cell, lor powering the porlable device M.

Porlable device Z, e.g., audio oulput device 30, is an
example ol a nelwork device thal is capable ol receiving
signals and wusing the received signals wirthout a
communications/power madule. Deviee circuitry 29 may be
a pievo electric speaker will leads coupled directly to the
bus 11. Llectrical signals, e.g., audio lmequency signals,
transmitled over the bus 11 are converied directly inlo
acoustic audio signals by the piezo c¢lectric clement of
speaker 30 without the need for additional interface cic-
cuilry. Thus, speaker 30 can be implemented as a very small
device, having very lillle weighl. Audio [requency signals
may be transmitted to the speaker 30 as analog as opposed
to digital signals.

FIG. 3 illustrates a portion 29, of the system 10, that
includes the portable pager 25 and audio oulpul device 30
The syslem portion 29 illusirales how information, e.g.,
audio signals, can be communicated o0 an audio playback
device 30, which does not include an internal power source,
over the body 11,

[n IG5, 3, (he audio playback device 30 comprises a piezo
electric speaker 29, coupled o bus 11, via two electrodes 35,
37

The pager deviee 22 comprises a communications module
25 and device cireuitry 27, The communications model 25
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includes a battery 24, step up converter 26, and switching
oscillator 28. The ballery 24 serves as a power source [or the
communications module 25. The batlery 24 may be, e.g., 2
small walch lype ballery with a relatively low oulput
valtage, ¢.2., 1-5 volts. Step up converter 26 is used to step
up the voltage provided by battery 24 to a level that is high
enough o be wsed 1o lransmil signals over the body 11. o
the llusiraled example, 2 3V signal 1s stepped up 1o 80 volis.
The 80 volt signal is supplicd to the input of switching
oscillator 28, The switching oscillator 28 cutputs, depending,
on the embodiment, ¢ither a square wave signal or sinusoidal
signal, having a [requency delermined by a [requency con-
trol input signal. In the I'1G. 3 embodiment, the lrequency
range of the oscillator 28 corresponds to a part of the audible
frequency range. The frequency control input is supplicd by
pager device circuilry 27.

The pager device circuitry 27 includes an anlenna 32, a
receiver 34, control logic 22, a display 38, memory 40, and
4 POWCr SOUICe, ©.2., bartery 41, In various implementations,
the same battery 41 or 24 is used to power both the
communications module 25 and device circuitry 27,

The pager 22 receives messages, ¢.g., lelephone numbers
andior other shorl lext messages via antenna 32. The signals
received by the anlenna 32 are fillered and demodulaled;
decoded by receiver 34, The messapes are then supplicd to
control logic 22. Control logic 22 may be implemented, c.g.,
ax 4 (CPU operating under instructions, ¢.g., conlrol roulines,
slored in memory 4. Memory 40 may also include a pager
number vsed to identity messages corresponding to the
particular pager device,

When the control logic reccives a message which includes
the pager number stored in memory 40, it displays the
message, ¢.2., lelephone number, on display 38. [n addition,
or alternatively, it sends a signal to switching oscillator 28
causing the oscillator 28 to output one or more audio signals.
The avdio signals penerated by oscillator 28 may simply be
a lone indicating the receipl ol 2 message or, allernatively, an
audio version of the message. The elecirical signals gener-
ated by switching oscillator 28 arc supplicd to the body 11
via output transistors 30, 31 and clectrodes 39, 41,

The piczo ¢lectric speaker 30 [s responsive to cleetrical
signals in parl ol the audio [requency range. Thus, Lhe
electrical audio lrequency signals applied Lo the body 11 via
the pager 22 are converted inta acoustic signals which a vser
of the system 10 can hear. Since the clectrical audio signals
arc transmitted via the body to the speaker 29, the signals
caunol be easily inlercepled or delected by people or devices
localed nearby. PFuribermore, by mounting the speaker 29 in
or near the user’s car, the possibility of acoustic audio
signals being overheard is also minimized. Accordingly, the
syslemn of the present invention allows a user lo receive and
hear audio messages 0 a manner which is difficult 1o detect
by nearby individuals and which therelore can be used even
during meetings.

FIG. 4 is a block diagram of the first portable device 20,
wherein the components of the communications power
module are shown 1n delail. As previously discussed, Lhe
portable device 20 includes a communications/power mod-
ule 60 and device circuitry 76.

The communications/power module ncludes a transmis-
sion module 79, a recciver module 64, bus interface circuit
65, memory 63, communications/conirol device logic 66,
device interface 74, power conlrol circuil 68, power slorage
device 72, and power storage monitoring circuit 70.

The bus interface 60 is responsible for interfacing
between the body 11 that is used as a power and commu-
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nications bus, and the circuitry of the communications!
power module 60. Accordingly, both power and inlormation
signals are transmitled and received through the bus inler-
face 63. Deviee interface 74 is responsible for coupling
components of the communications/power module to device
circutiry 76, The device inlerface 74 includes both an
information, e.g., communications (COM}) interconnect and
a power interconnect. Deviee interface 74 may be
standardized, c.g., using a common conncctor, to allow a
plurality of different device circuils 76 1o be used wilh the
same device inlerface 74

Communications/control device logic 66 may be imple-
mented vsing a CP'U that executes one or more control
routines. The control routines and other dala are stored in
memory 63 thal is coupled 1o the device logic 66.

[n addition 1o being coupled o memory 63, the device
logic 66 is coupled to the transmission module 79, By way
of the transmission module 79, the device logic can transmit
sipnals via the bus 11, The device logic 11 is also coupled to
the receiver module 64, power control circuit 68, and the
communicalion port ol the device inlerface 74. The connec-
tion to the recciver module 64 allows the device logic 66 to
receive signals from the bus 11. Such signals may be
ideniification, conlrol signals and/or other information lrans-
mitted by another porlable device coupled (o the bus 11. The
conuection o the power control circuil 68 allows the device
logic 68 1o receive power consumption information, power
storage status information, and power requirement informa-
tion from the power control circuil 68 and o send signals Lo
the power conlrol circuil 68 regarding charging inlormation
and power transmission information. For example, the
device logic can indicate to the power control circuit the
time period during which the power storage deviee 72 [s to
be charged [rom power oblained via the bus 11 and the
lrequency al which the power signal will be transmilled.
Similarly, when being vsed to supply power to the bus 11,
the control device logic 66 can ndicate to the power control
circuil 68 the time period in which power 1% 1o be supplied
1o the bus 11 and the [requency ol the signal 1o be used (o
supply the power.

Throvgh the conncetion with the device interface 74,
communications/control logic 66 can reecive and exchange
information and oiber signals with the device circuilry 76.
Thus, communications/control logic 66 can be used Lo
oversee lhe exchange ol information belween device cir-
cuitry 76 and other deviees coupled to the bus 11,

The power control unit 68 is coupled to the communica-
tions control device logic 66, power storage monitoring
circuil 70, power slorage device 72, power porl ol device

interface 74, and control inpuls ol the transmission module 5

79 and receiver module 64,

Power usage and battery status is monitored by the power
storage monitoring circuit 70. Information relating 1o power
usage and ballery silatlus is then supplied by (he power
slorage moniloring circuit 70 Lo the power conlrol circuil 68.
From this information, the power control circuit 68 can
determine when the power storage deviee 72 will need to be
recharged and/or when there is sullicient power in the power
slorage device 72 o power other devices coupled 1o the bus
11.

Power control circuit 68 is coupled o power storage
device 72. Thus, power can be supplicd from the power
slorage device 72 Lo the power control circuil 68, e.g., lor
purposes of powering other devices or allached circuitry. 1o
addition, power coulrol circuil 68 can supply power lo the
power storage device 72, ¢.g., to recharge batterics included
in the power storage device 72,
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Power control circuit 68 has power outputs coupled to the
power lerminal of device interlace 74 and Lo a power inpul
of the lransmission module 79. Accordingly, power coulrol
circuil 68 can supply power lo the device circuilry 76,
coupled to deviee interface 74 andior to fransmission mod-
ule 79 for transmission via bus 11 to other deviees.

An information and control line 73 couples the
communicationsicontrol device logic 66 1o the power con-
trol circuil 68. Via line 73, power consumpliion availability
and other power related information can be supplicd to the
device logic 66. In addition, communications/control deviee
logic can iustrucl the power control circuit 68 when, and al
whal lransmission Mrequency, power is o be supplied o one
or mare devices coupled Lo the bus 10, The communications?
control deviee logic 66 can also instruct the power control
circuit 68 when, and at what transmission frequency, power
is 10 be received via the bus 11, eg., lor purposes ol
recharging power slorage device 72 andior lor powering
device circuitry 76.

Power control circuit 68 has a receiver control signal
ourput coupled to the recciver module for transmitting a
control signal used to indicate the frequency at which power
i 1o be supplied 1o the portable device 20 via bus 11, Power
conlrol circuil 68 also has a power transmission counlrol
signal curput, coupled via bus &7, to the fransmission
madule for transmitting a frequency control signal used to
indicate the [requency al which power is (0 be supplied 1o
oue or more portable devices coupled 1o the bus 11.

Transmission module 79 comprises a communications
transmission circuit 80 and a power transmission module 82.
The power transmission module 82 is a signal gencrator
cireuit capable of producing once or more power supply
signals ol differenl [requencies with signals ol difllerent
[requencies being used (o supply power o dilTerent devices
coupled to the bus 11 during the same or differcnt time
periods, In order to gencrate the power supply signals, the
power trausmission module includes one or more control-
lable oscillators 86. Lach oscillalor 86 is respousive o Lhe
[requency conlrol signal supplied by the power conlrol
ciccuit 68 to generate a signal have a frequency specificd by
the control signal. Power is supplicd to an input of the
controllable oscillalor 86 is by Lthe power conlrol circuil 68
via bus 75. The inpul voltage o OSC 86 may be a DO
voltage in the range of, ¢.g., 3-200 volts. While rclatively
high voltages can be safe assuming low currents, they can be
felt by the user of the system. Accordingly, in order to
minimize the sensation resulling lorm the transmission ol
signals over the body, power supply and communicalion
signals may be limited to under 100 wolts. The oscillator 86
acnerates cither a pulsed DC signal or an AC signal having
a lrequency delermined by the received requency conirol
signal.

[n the case ol a pulsed O signal, power control circuil 68
can also supply a period duration signal indicating the
duration of a pulse is to be asserted, c.g., "on”, during the
signal period determined by the frequency control signal.
Thus, pulse duration, e.2., duty cycle, can be used (o linely
adjust the amount of power supplied Lo a device coupled 1o
the bus 11, while the frequency of the power signal can be
uscd to control which device or devices will be supplicd with
power during a given time period. The power signal gener-
aled by the oscillalor 86 is supplied 1o a lirst oput ol the
modulaior 84.

Communicalions transmission circull 80 receives from
the communications/control device logic information 1o be
transmitted to other devices coupled to the bus 11, The
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information may include, c.g., power supply information,
initialization informaltion, and/or information Lo be used by
device circuitry included in one or more devices on the bus
11. 'The communications iransmission circuil 80 places the
information to be transmirted into a format that is used for
transmission of data over the bus 11. The formatted infor-
mation is then supplied 1o a second signal input of modulalor
84. Modulator 84 modulales the inlormation o be lransmil-
ted onfo the power transmission signal output by the power
transmission module 82. In the event that a power transmis-
sion signal is not being supplied to the bus, or as an
allernative (0 modulating the informalion signal on the
power signal, the inlormation signal outpul by the commu-
nications transmission circuit may be supplicd dircetly to
bus 11.

Any one of a plurality of known modulation techniques
may be used lor ihis purpose. Vor example, [requency
modulation (M) or amplitude modulaiion (AM) may be
used by the modulator 84, The modulated signal, which
includes the information to be transmirted, generated by the
modulator 84, is supplicd to the bus 11 via bus interface 65,

Initialization information, rransmitted by the transmission
module 79, may include device identification inlormation,
power tequirement information, power supply capabilily
information, and other device capability information. Con-
trol sipnals may be exchanped between devices on the bus
11 whenever a device 1s added 1o the bus 11, e.g., placed on
the body, aud periodically therealler 1o delermine when a
device has been removed [rom the bus 11, As part ol the
device initialization process, a masterislave relationship is
sct up between devices on the bus 11 with, ¢.g., onc of the
devices acting as the bus and power control master. ln one
embodiment, the firsi device added 10 the bus 11 with the
communications/power module 80 required servers as the

master with later added devices acting as slaves, With the -

removal of the master device from the bus 11, the deviees
remaining on the bus repeal the initialization process and
selecl another device lo serve as lhe master.

Assuming al leasl one power source 1s presenl al any
given time or the devices have sufficient stored power to
operate without power from the bus 11, devices can be added
and removed rom the bus 11 periodically withoul an
interruption in device operation. Thus, new power sources
can be added to replace existing power sources without any
interruption in the services being provided by the devices
coupled to the bus 11,

Power and information reeeption by the communications?

power module 60 will now be described. The receiver
module 64 includes a communications receplion cireuit 90,
and a power reception module 91, The communications
reception circuit 90 is a demodulator cireuit, which demodu-
lales the signal received [rom the bus 11 to produce the
transmitled information signal. The information signal gen-

eraled by commuunicalions receplion circuil 90 is supplied Lo -

communications/control device 66 which can identify, ¢.g..
bascd on deviee identification information included in the
information signal, inlormation direcled 10 the portable
device 20.

Power reception module 91 includes a coutrollable filler
cireuit 94. The controllable filter circuit 94 may be imple-
mented as a pass band filter which can be sct to pass the
frequency used o supply power 1o the porlable device 20
while rejecting other [requencies. The filter 94 is responsive
1o a power receplion [requency control generated by the
power conrrol circuit 68, By sctting differcor devices to
receive power at different frequencics, different deviees can

10

b

al

40

45

il

65

10

be powered at the same time over the bus 11 via one or more
power supply signals of dillerent lrequencies. Accordingly,
mulliple power supply devices and power sinks can be
coupled 1o the bus 11 al the same lime with power being
supplicd and received in a selective manner as a function of
the frequency of the signals used o transmir the power,

FI1G. § illustrates the memory 63 of the deviee 20 in
grealer detail. As illustraled the memory includes control
roulines 102, and a sel of data 103 indicating the capabililies
and power requirements of various devices that may be
coupled together by the bus 11, In the data set 103, cach row
corresponds (o a differeni device. The device is idenlilied in
the st column 104 of each row by a unigue device
identifier. 1n the Musiraled example, the device code is a lwo
digit number. In the second column 106, a cireuitry code is
stored Indicating the type of device circuitry 60 included in
the particular device identified in ihe hirst column. In the
third column 108 device power requirement information is
storcd. The stored Information includes, c.g., the power
required by the device and the frequencics of a power supply
signal which may be vsed to supply the power to the deviee
using Lhe body as a bus. The lorth tow 110 indicales the
power tequirements ol the circuitry 60 included in the
particular device. This number will normally be lower than
the total device power requirements Listed in column 8. The
MiMth column 112 includes inlommalion on the ability ol the
device identilied in the lirst colwmn (o supply power Lo olher
devices coupled (o the bus 11, As illustraled, some devices
do not support the ability to supply power supply capability.
For those deviees that can supply power to other deviees, the
lotal amount ol power available lor uwse 1s lisled and the
[requencies of the power supply signals which can be
generaled by the device are listed. The last column 114 ol the
data 103 lists the particular features/capabilitics of the
device identified in column 1. For example, device identified
by code 11 has a piezo electric speaker while device XX
listed in the last row ol has a microphone, processor, display
and keyboard.

The deviee power and capabilitics information can be
uscd by the communications/control deviee logic 66, when
operaling as 4 masler, (0 delermine how best 1o supply Lhe
various devices coupled 1o the bus 11 with power. The use
ol device codes and look-up table information minimives the
amount of initialization and deviee identification/power
requicement information that must be exchanged berween
the devices coupled (o the bus 11.

As discussed above, in one embodimeni, the device ihai
is coupled 10 the bus [irst serves as 2 master device with Lhe
later added devices serving as slaves. When a master deviee
leaves the network, c.g., is removed from the body, another
oue ol the devices lakes over as the master insuring orderly
distribution ol power and communicalion signals.

I1G. 6 illusirales exemplary device circuitry 76 ol the
portable device 20 in detail. The device circuitry 76 repre-
scnts circuitry used o implement a portable computer sys-
tem or PDA.

With reterence to FIG. 6, it can be scen that exemplary
device circuitry 76 includes a processing unit 121, a syslem
memory 122, and a system bus 123 thal couples various
system components including the system memory 122 to the
processing unit 121, The system bus 123 may be any of
several lypes ol bus structures including a memory bus or
memory coutroller, a peripheral bus, and a local bus using
any of a variely ol bus archilectures. The sysiem bus 123 is
uscd for distributing both information and data, c.g., vsing
one or more scparate lines. The system bus 123 is coupled
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to device interface 74 allowing the device cireuitry 76 to
receive power [lrom and communicale with
communicalions/power module 60.

The system memory may include read only memory
(ROM) 124 andior random access memory (RAM) 125, A
basic inputiourpur system 126 (BIOS), containing basic
routines that help to transter information between ¢lements
witlliin the personal computer 120, such as during starl-up,
may be stored in ROM 124, The device circuilry 76 may also
include a hard disk drive 127 for reading from and writing
to a hard disk (not shown), a magnetic disk drive 128 for
reading [tom or wriling 0 a {e.g., removable) magnelic disk
129, and an (magneio) optical disk drive 130 Jor reading
from or writing 1o a removable (magnelo) oplical disk 131
such as a compact disk or other {magneto) optical media.
The hard disk drive 127, magnetic disk drive 128, and
{(magnelo) oplical disk drive 130, may be coupled with the
syslem bus 123 by a hard disk drive interlace 132, a
magnetic disk drive interface 133, and a (magneto) oprical
drive interface 134, respectively. The drives and their asso-
ciated storage media provide nonvolatile storage of
machine-readable insiructions, dala siruclures, program
modules and other data lor the personal computer 120
Although the cxemplary covironment described herein
cmploys a hard disk, a removable magnetic disk 129 and a
removable (magnelo) oplical disk 131, those skilled in the
arl will appreciate thal other types ol slorage media, such ax
magnelic casselles, Mash memory cards, digilal video disks,
Bernoulli cartridges, random access memorics (RAMs),
read only memorics (ROM), and the like, may be uscd
inslead of, or in addition io, the slorage devices introduced
above.

A number ol program modules may be slored on the hard
disk 127, magnetic disk 129, {magneto) optical disk 131,

ROM 124 or RAM 123, such as an operating svstem 135, °

one {1y or more application programs 136, other program
modules 137, and/or program data 138 Tor example.

A user may enter commands and information into the
device circuilry 76 through inpul devices, such as a key-
board 140 and pointing device 142 for example. Other input
devices {not shown) such as a microphone, joystick, game
pad, satellite dish, scanner, or the like may also be included.
These and olher inpul devices are ollen connecled 1o the
processing unit 121 through a scrial port interface 146
coupled 1o the system bus, However, input devices may be
connected by other interfaces, such as a parallel port, a game
porl or a universal serial bus (US13) or, in accordance wilh
the presenl invention, through communicalions; power mod-
ule 60 which is coupled to various deviees via bus 11. A
monitor 147 or other type of display deviee may also be
conuecled (o the system bus 123 via an interlace, such ax a
video adapler 148 for example. In addition 1o the mowilor,
the device circuilry may include other peripheral output
devices (not shown), such as speakers and printers for
cxample.

The circvitry 76 is designed to operate in a nerworked
environmenl thal delines logical conneclions 1o one (1) or
more remole devices, such as remole devices 24, 26, 27, 30.
In a networked cnvironment, at least some of the program
modules depicted relative to the deviee cirenitry 76 may be
stored [0 a remote memory storage device, The network
conuections shown are exemplary and other means, e.g.,
modems, ol establishing a communicalions link belween the
device circuitry 76 and other devices may also be employed.

Whilc the above system has been deseribed as a network
of devices coupled to a single body it is to be recognized that
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the network can be extended by connecting multiple bodics
through physical conlact, e.g., louching hands as part ol a
handshake. When lwo or more bodies are connected
physically, the linked bodies form one large bus over which
power andsor communications signals can be transmirted.

[n addition, the physical resistance offered by the human
body can be uwsed in implemeniing a keypad or other inpul
device as well as estimating distances between deviees and
device locations. In accordance with the present invention,
by varying the dislance on the skin between the conlacls
corresponding Lo dilferent keys, different signal values can
be pencrated representing different inputs.

The relative distances between deviees coupled to a body
can be estimated based on the strength of a deviee’s transmit
signals as compare Lo the strength ol the receive signals
detected by a device. Il the Tocation ol the master device is
known, then the master can estimate the location of periph-
crals on the body. This information is vsed in accordance
with various embodiments ol the presenl invenlion by the
communicationsicontrol device logic when controlling the
power of broadeasted signals. Broadeast signal power is
reduced when the device to which the signal is being
transmilted 1s in close proximily 1o the broadeasting signal
source and increased when the device is relatively distant
from the broadeasting signal source. Thus power usage can
be optimized to minimize wastage. In one particular
embodiment, the vollage ol a signal transmilted by a [irst
device and received by a second device over a body ix
measured by the sccond deviee to determine the strength of
the received signal. The output woltage and/or duty cyele of
signals lransmilted [rom the second device Lo the [irst device
are then adjusted as a Tunciion of the measured signal
voltage. The power control circuit 68 of a portable device is
usced to perform the received signal voltage measurcment
and o control the ouwlpul volltagesduly cyele conirol opera-
tion. ‘To perlorm these Munclion the control circuil 68 may
Include woltage measurcment circuitry, ¢.g., volt meter, and
control logic. Normally a low measured volrage, indicative
ol a relatively large distance belween the [irst and second
devices, will resull in the second device trausmilling a signal
Lo the [irst device with a higher ouwipul vollage or duly cycle
than when a higher voltage is measured in regard to a signal
received from the first device.

[ accordance with another lealure ol the presenl
invention, devices can inilialize dillerently depending on
location. lior example, a speaker located near the ear can
convey its location so that it will be supplied with less power
than a specaker further away from the car, c.g., a speaker
localed on the waist or arm. Accordingly, (he lransmission ol
device localion information as part of a device initializalion
process thal oceurs aller a device is placed o (he body is
contemplated and [mplemented in various cxemplary
cmbodiments.

Various exemplary embodiments have been described
above. In view ol the description provided above, various
modifications will be apparent 1o those skilled in the arl
without deviating from the inventive teachings deseribed
and claimed herein. For example, it will be apparcnt that the
body may be thal of a wide variely ol living animals and
need nol be limited (o belug a body ol a human being.

What is claimed is:

1. A perwork of devices comprising:

a first device for gencrating a first clectrical signal;

a secoud device including first cireuilry requiring an
electrical signal [rom an exiernal source lo operale,
wherein the second device generales inillalivation
information including at least power requircment infor-
mation; and
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a body of a living creature for coupling the first deviee to
the second device and lor conducting the electrical
signal [rom the litst device 10 the second device and the
initialization information from the second device to the
first device, whercin the first and second deviees cstab-
lish 2 masler and a slave relationship there belween.

2. Ihe network of claim 1, wherein the [irsi device [urther
compriscs:

a first signal penerator coupled to the human body for
generaling the [irst elecirical signal, the [irst electrical
signal having a first [requency.

3 The network of claim 2,

whercin the first frequency is an audible frequency; and

wherein the first circuitry is a piczo ¢lectric speaker which
is powered by said first electrical signal.

4. The network of claim 3, wherein (he [irsi signal is an

analog signal.

5. The network of claim 3, wherein the first signal is a
digital signal.

6. 'I'he neiwork of claim 1,

wherein the first device includes a signal gencrator for
acnerating the first clectrical signal, the first clectrical
signal having a first [requency; and

wherein the second device includes a [irst passband hlier
lor passing signals in a first [requency range including
the first frequency and for blocking signals outside the
first frequency rangac.

7. 'T'he neiwork of claim 6,

wherein the second device [urther includes a power
slorage device coupled o the passband [ilter, lor sloring
power from the first ¢lectrical sipnal.

8. The network of claim 6,

wherein said signal generalor is capable ol generaling
signals of dilferent Mrequencies.

9. The network ol claim 8, lurther comprising a third
device coupled to said body, the third deviee neluding a
sceond passband filter, for passing signals in a second
lrequency range which includes a second [requency, and lor
blocking signals ol said first [requency.

10. The nctwork of claim 9, whercin the first device
turther includces:

control circuitry for controlling the signal gencrator to
generale the [irst electrical signal having said first
[requency during a hirst period ol Lime and 1o generale
a second clectrical signal having the second frequency
during a sceond period of time.

11. The nerwork of claim 10, whercin the first and second

periods o time are dillerent periods ol time.

12. The network ol claim 10, wherein ihe st and second
periods of time correspond to overlapping periods of time.

13. The network of claim 10, wherein the thicd device
lurther includes a second power storage device coupled o
the second passband [ilter lor sloring power [rom the second
electrical signal.

14. The nctwork of claim 8, whercin the first device
turther includces:

a modulator for modulating information on said first

electrical signal.

15. The network of claim 14, wherein the second device
turther includces:

transmitter circvitry for transmitting information 1o the
first device over said body.

16. A nelwork device, comprising

power slorage device;

a signal generalor, coupled o the power slorage device,
for gencrating an cleetrical sipnal having any one of a
plurality of frequencics;
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clectrodes for coupling the signal gencrator to a body of
a living crealure; and

a coulrol circuil [or controlling the signal generator 1o
gencrate a signal as a function of the power require-
ments of at least one device coupled to said body.

17. The network device ol claim 16, wherein the conirol
circuil controls the [requency ol the signal being generated
by the signal generalor.

18. The network device of claim 17, wherein the control
cireuit further controls the duty cyele of the signal being
generaled by the signal generalor.

19. The network device ol claim 16, [urther comprising:

a4 communications cireuil for generaling a communica-
tions signal for communicating information to the first
deviee over the body.

20. The network device ol claim 19, lurther comprising:

a modulator lor modulating (he communications signal on
the electrical signal generaled by (he signal generator.

21. The network deviee of claim 16, whercin the signal
acnerator includes means for generating a plurality of sig-
nals having dilTerent [requencies al the same Lime.

22. The neiwork device ol claim 20, wherein the conirol
cireuit includes means for controlling the frequency of the
signals gcnerated by the signal gencrator so that at least
some of the plurality of generated signals have differcnt
[requencies corresponding o the lrequencies al which power
is supplied 1o dilferenl devices coupled 1o (he body.

23, The network device of claim 22, further comprising:

a data storape device for storing information on the power
requirements of multiple deviees which can be coupled
1o the body.

24, 'Ihe network device of claim 23, wherein the stored
information ncludes the frequency of signals which can be
uscd to supply power to the devices over the body.

25, The nerwork device of claim 23, wherein the stored
information includes device power cousumption inlorma-
lion.

26. The network device of claim 16, further comprising:

a receiver cireuit for recciving a signal transmitted vsing
said body as a conductor; and

means [or recharging the power slorage device [rom
energy included v the signal (ransmilled using said
bady.

27. The network deviee of claim 16, wherein the control

ciccuit includes:

means [or measuring the vollage ol a signal received rom
said al least one device; and

means Lor adjusting al least one of a vollage or duty cycle
of the cleetrical signal as a function of a voltage
measurement of said reccived signal.

28. A device comprising:

a Tecelver circuil;

electrodes lor coupling the receiver cireuil o the body ol
a living crcature;

a power storage device coupled to the receiver ciccuit, for
storing power included in a signal reccived from said
hody;

4 power slorage moniloring cireuil coupled (o the power
storage device; and

means for transmirting information regarding device
power requirements vsing said body as a transmission
medium.

29, The device ol claim 28, wherein the power slorage

device includes a ballery.

30. The device of claim 28, whercin the recciver circuit
includes a fitter for passing signals having a frequency
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within & first frequency range and rejecting signals having a
frequency in a second requency range.

31. The device of claim 30, [urther comprising:

a signal generalor [or generaling a power supply signal;
and

means for supplying said power supply signal to said
bady,

32, The device of claim 28, [urther comprising:

a signal generalor [or generaling a power supply signal;
and

means [or supplying said power supply signal lo said
bady,

33, The device of claim 32, further comprising:

a modulator coupled to said signal gencrator for modu-
lating an iuformation signal on said power supply
signal.

34. The device of claim 33, [urther comprising:

memory for storing information on power requircments of
a plurality of deviees which may be coupled o said
bady,

35. The device ol claim 32, wherein said signal generalor

generales a pulsed direct current signal.

36, The device of claim 32, further comprising:

a control circuit for conrrolling the frequency of the power
supply signal penerated by the signal generator.

37. 'The device ol claim 36, wherein the signal generalor

includes a controllable oscillalor.

38. A method ol powering a device, comprising:

placing the device in contact with a body of a living
creature;

operating, the device to receive a power supply signal
transmilted using said body as a transmission medium;

operaling the device o charge a power slorage device

included in said device [rom power included in the
received power supply signal;
monitoring the statws of the power storage device; and
transmitting a signal including power information using
said body as a rransmission medivm.
39, The method of claim 38, furlher comprising:
operaling the device from lhe power included in the
received power supply signal.
4. The method of claim 39, further comprising:
periodically transmitting device status information using,
said body as a rransmission medivm.
41. The method of claim 40, further comprising:
eslablishing a mastersslave conirol relationship with

another device coupled Lo said body through the use of =

signals transmilled using said body ax a lransmission
medivm.
42, A method of transmitting information to a device
coupled 1o a body ol a living creatlure, comprising:
generaling an audio signal;
applying said audio signal o the human body; and
operaling the device coupled 1o said body o receive the
audio signal.
43. The method of claim 42, further comprising:
supplying the reccived audio signal to a speaker.
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44. The method of claim 43, the speaker is a piczo clectric
speaker placed in close proximily o an ear.

45. A digilal dala storage media, comprising:

compuler execulable instructions lor controlling a device

including a processor 1o pecform the steps recited in
claim 42,

46. A mcthod of operating a network vsing a body of a
living crealure as a bus, comprising:

placing a plurality of devices on said body;

operaling a hirst one ol the devices o ransmil power (o a

second one of the devices using the body as a conduc-
tive medinm;

using the power transmitted to the sceond onc of the

devices to power the second device; and,

eslablishing a mastersslave relationship belween a [irst

device placed on said body and devices subsequently
placed on said body, the first device placed on said
bady acting as a bus master.

47. The method of claim 46, further comprising the step
of:

transmilling information signals, in addition 1o said power

signal, between the first and second devices using the
body as a conductive medinm.

48. The method claim 46, further comprising:

modulaiing an inlormaiion signal transmilled rom the

first device Lo the second device on the power signal
transmilled by the [irst device Lo the second device.
49. The method of claim 48, further comprising:
transmitting an additional power signal from the first
deviee to a third device coupled to said body, the
additional power signal being transmilled at a different
lrequency than said power signal transmitled [rom the
first device to the sccond device.
50. A method of transmitting signals between first and
second devices coupled Lo the body ol a living creature,
COMprising
measuring the vollage ol a [irst electrical signal transmit-
teqd from the first deviee to the sccond device;

operating the sccond deviee to generate a second ¢lectri-
cal signal having a voltage or duty cyele which is
controlled by the second device as a [unclion ol the
measured vollage; and

operaling the second device Lo transmil the generaled

signal 1o the first device.

51. The method of claim S0, whercin the sceond device
controls the volrage of the second signal to be inversely
proporiional 10 the measured vollage.

52, The method 50, wherein the second device conirols
the voltage of the sceond signal to be higher when the
measured voltage is a first value and 1o be lower when the
measured vollage is a second value, the second value being
grealer than the irst value.

53, The method 50, wherein the second device conirols
the duty cyele of the second signal to be longer when the
measured voltage is a first value and to be shorter when the
measured vollage is a second value, the second value being
grealer than the irst value.



