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PROGRAMMABLE WIRELESS ELECTRODE SYSTEM FOR
MEDICAL MONITORING

BACKGROUND OF THE INVENTION

A FEield of the Invention

This invention refates generally 1o the ficld of devices used o measure and
display bio-potential signals generated by the body. More particularly, the invention
refates to a plurality of wireless, remotely programmable electrode transceiver
assemblies that are each coupled to a conventional patch electrode, and an associated
base unit. The basc unit obtains a patient’s elecrocardiogram (ECG) or other bio-
potential signal from the wireless transceivers and supplies the signal to a monitor
unit for display. The display may be a standard ECG mopitor.

B. Staterment of Related At

Conventional ECG apparaws for hospital bedside monitoring 1ypically
requires up to len wired electrodes. Each electrode is attached to the body of the
patient, and has a wire, several feet or more in length, legding to an ECG monitor.
Such electrodes are used 1o detect heart signals (rom the patient and convert them into
a soultiple-lead ECG evaluation.

The lengthy wired electrodes of conventional ECG apparatus obstruct the
patient and limit the patient’s freedom of movement. They are also cumbersome for
the physician or assisting nurse.  Telemetry systems for wirstess ECG monitoring for
paticnts in hospitals currently exist. These systems are more expensive, intended for
greater vange (higher power), and do net totally eliminate the physical electrode wires

attached to the paticsl.  Instead of being connected to the monizor, the glectrodes are

JP 2004-500217 A 2004.1.8
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zach wired 10 a single rransmitter box that is wom by the patient.  Some telemetry
systems also may not handle a 12 lead ECG (10 wires) becanse of the wiring that is
required between the electrodes and the wansmitter box, For example, the Spacelabs
Uhraview Modular Digita) Telemetry system can only handle a maximum of four
leads {3 wires).

Wircless medical monitoring and diagnosis systems have been proposcd in the
prior art. 115, Patent 5,862,803 to Besson et al. describes a wireless electrode/sensor
patch system with sensor, controller and transceiver electrorics contained in an
electrode patch assembly.  ULS. Patents 5,307,818, 5,168,814 and 4,981,141, all
issued to Segalowitz, describe @ wircless electrode svstem for ECG monitoring.  The
Besson et al. and Segalowitz patents are incorporated by reference herein. The
Segalowitz patents describe 2 single piece electrode paich with built-in microchips for
wireless one way communication, and a snap on electronic-agssembly thal fastens 10 a
disposable elecrode patch. However, the electrode patch is a special two-conductor
type that is not conventional. The electrode assemblies are cither transmit only or
receive only {not both). A reference signal (generated from a Wilson network) is
transmitted from the base unit to orly the Right Leg electrode patch, which is receive
only. Electrodes can only be programmed via manual switches on the electrode
casing, not aver-the-air from the base unit. For the muinple eiectrode embodiment,
the base unit contains multipic receivers and antermas which fmply mulliple transmit
frequencies arc required for the system end over-the-zir signaling (thus making the
base unit more costly te implemeat). There is no mention of error correction or
detection capability in the electrodes or base unit.

In another embodiment of the Segalowitz ‘818 patent, there js discussion of a

2

JP 2004-500217 A 2004.1.8
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single strip assembly which contains all of the electrades required for 12-lead ECG
moratoring with microchip circuitry cantained in the strip assembly (not in the
individual ¢lectrode patches). In this configuration, the ECG signals [rom each
electreds are multiplexed and ransmitted from a single transmitter (contained in the
strip assemhbly) via time multiplexing on a single digitally encoded frequency channel.
However, no time muliiplexing on a single frequency channel is discussed for their
multiple transmit clectrode embediment, as discussed in the present irvention.

The present invention is not intended 1o replace existing telemetry systems,
but rather 1o provide a more convenient and cost effective solution for low power
wireless B{:G monitoring, in a hespital roum environment, without having o replace
the hospital’s existing ECG bedside monitoring equipment. Furthermore, the present
invention provides for programmable featres by which a base unit can remotely
program muliiple wireless transceivers. This provides greaier Mexibility and
costomization of a wireless ECG acquisition system. As such, it is believed to be an

improvement to the sysiems proposed by Besson et 2l. and Scgalowitz.

JP 2004-500217 A 2004.1.8
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SUMMARY OF THE INVENTION

In a first aspect, a wireless electrocardiogram (ECG) acquisition system is
provided. The system jncludes a plurality of individual, remotely programmable
wireless fransceivers, each of which are associated witb & patch elecirode for use in
ECG monitoring. The patch electrodes are of conventional design and adapled to be
placed on the surface of the patient’s body for measuring elecirical potentials. The
system further inchidés a base unit comprising a wireless transceiver for sending and
receiving messages to the pluratity of individual wireless iransceivers. The messages
include configuration commands for the plurality of individuzl transceivers.
Examples of the configuraticn commands mclude data acquisition commands,
Transmission conirol commands, such as frequency sclection commands, and other
cominands described n further detail below.

The bese unit, in accordance with this first aspect of the invention, transolits a
global time base signal to the plurality of individual wireless transceivers. The global
time base signal is used for synchronizing the timing of transmission of signals
acquired by the individual wireless transceivers 1o the base it in discrete time slots
in 2 single frequency channel. This time division muwtipiexing provides that each
witeless transceiver transroils its signals to the base unit in discrete time slots, with
the wireless transceivers sharing a common channel,

The base unit has an interface to an ECG monitor for display and analysis by
the user. Preferably, the ECG menitor is 2 conventional, standard monilor typically
used today in the hospital setting. The ECG signals are provided by the base unit to
the maonitor in & fashion that s wansparent to the monitor, i.e., the data is formatied
and provided in 2 form whergby the monitor cannot distinguish the signals from

4
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conventienal, wired clectrode input signals. The ECG manitor preferably accepts ihe
individual electrode signals in order 1o develop any required iead configuration,

Tnt a preferred embodiment, the wireless two-way communication between the
base unit and the plurally of remotely programmable wireless transceivers is
established in accerdance with & pretocol that provides for transmission of a variety of
configuration commands.  Examples of such commands include registation
information, data acquisition control commands (such as start and stop MessaEes),
transmission frequency commands, time slot commands, amplifier gain commands,
transmitter control commands, power saving mede commands, initialization
commands, and so forth. The ability io remotely program the wireless transceivers
gives considerable flexibility over how the clectrodes are confignred and positicned
on the patient’s body.

The plurality of individual wireless transceivers could be designed to be
installed on particular locations of the patiet’s body, such as left arm, right arm, lefi
leg. ete.  In 2 more preferred embodiment. the mdividual wircless transceivers are
genenie with respect to particular placement locations on the surface of a patient's
body. The base wnit transmits programming dala 1o the individual wircless
transcervers.  The programming data includes electrode position location data
associated with 2 unique placement position to be assigned to the individual wireless
transceivers, as well as electrode identification daia. ‘When the data is acquire from
each of the wireless transceivers, the clectrode identification dara, elecirode position
location data and the acquired clectrede signal are sent from the wireless transceivers

t¢ the base umit.
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In another aspect of the invention, a dypamically programimable, wireless
electrocardiograph (ECG) acquisition system is provided. The system comprises a
plurality of individual, remotely programmable wireless transceivers, each transceiver
associaled with a patch clectrede for use in ECG meonitoring, and a base umit
comprising a wireless wanscsiver for sending end receiving messapes {eg,
commands) o the plurality of individup] wireless transceivers. The base unit and the
plurality of individual wircless transceivers implement a wireless programming
protocol by which information and commands are exchanged between the base unit
and individual wircless lransceivers.  Registration, configuration, and data
transmission contral properties of the individual wireless transceivers are managed
dynamtcally by the base unit.

As an example of the information that ¢an be transmitted between the base
unit and the transceivers, the base unit may mansmits a global time base signal
synchronizing the timing of transmission of signals acquired by the plurality of
individual wireless transceivers to the base unit in discrete time slots in a single
frequency channel.  Other examples include data acquisilion messages, registration
messages, initizlization messages, frequency sclection command messages, and so
forth as described in further detail below.

In yet another aspect of Lhe invention, a wireless, remotely programmable
transcejver assembly is provided. The wireless (ransceiver assembly is adapted to
attach to a patch electrode for placement on the suriace of & patient’s body, the
assembly transmitting signal; acquired from the electrode to a basc unit. The
electrode transceiver assembly includes an amplifier receiving a signal from the
elecirofe and gensrating an amplified analog signal, a analeg to digital converter

(3
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converting the amplified analog signal énto a digital signal, a computing platform such
as a microcontroller with a Digital Signal Processor (DSP) funcetion having a memary
storing a set of instructions executable by the microcontroller/DSF, a buffer storing
digital signals for transmission to the base unit and a wireless transceiver module
including an antenna for wircless transmissien of the digitz! signals to the base unit.
A [requency generator is provided that is responsive fo commands fom the
microcontroller. The frequency generator gencrates a signal at frequency at which the
wireless transmission from the wireless transceiver assembly to the base unit is to
occur.  The microcontrolier is operative to select a frequency for the wireless
transmissian in response to contro! commands received from the base unil,

In still another aspect of the invention, a base upit is provided for a plurality of
wircless, programmable transceiver assemblies each adapted to attach 1o a pafch
electrode for placement on the surface of a patient’s body. The base unit includes a
transceiver module including an antenna for wireless communication in transmit and
receive directions betwesn the base unit and the wireless, programmable transceiver
assemblies.  The wireless communication from the  wireless, programmable
transceiver assemblies 1o the base unit occurs jn a pluralily of discrele lime slots in a
single frequency channel. The base unit further includes an encoder/decoder coupled
to the anteana, a microcontroller and a memory. The microcontroller performis error
correction on signals from the encoder/decoder and executes initialization and
transceiver management and command routines.

The base unit further includes a demultiplexer demultiplexing received data
from the plurality of wireless transceiver assemblies in the plurality of discrets time
slots. A digital 1o analog converter converts the received, demultiplexed digital

7
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signais into malog s&gﬁai. An interface supplies the analog signals to a monitor for
display. Preferably, the monitor comprises 2 conventional, pre-existing ECG monitor.
The wireless origin of the supplizd analog signals is transparent to the ECG menitor.

These and still other aspects and features of thc invention will be more
apparent from the following detailed description of a presently preferred embodiment.
In this specification, the terms “wireless fransceiver” and “programmable wireless
transceiver” are meant to refer to the wireless electrode transceiver assembly as a unis,
as distinguished from the actual transceiver module within the assembly, unless the
conlext clearly indicates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS
A presently preferred embodiment of the invention is described below in
conjunction with the appended drawing fignres, wheretn like reference numerals refer
to like elements in the various views, and in which:

FIG. 1 is a schematic representation of the system of the present invention in
vse with a patient 10 acquire ECG signals from the petient and supply them 1o an ECG
monitor;

FiG. 2 is a det.ailed perspective view of one of the patch elsctrodes and
associated remolely programmable wireless transceiver of FIG. 1, it being understocd
thar all of such patch electrodes and wireless transceivers of FIG. 1 are of a
construgticn similar to that shown in FIG. 2;

FIG. 3 is a block diagram of the wireless transceiver assembly of FIG. 2;

FIG. 45 a block diagram of the base unit of FIG. J;

FIG. 5 is a diagram illustrating the time division multiplexing of transmission
form the plurality of wireless transceivers of FIG. 1 in the uplink direction {the

b
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direction of wireless transmission fiom the wireless transceivers to the base unit), and
the transmission of synchronization, reference and control data from the base unit 1o
the wirgless transceivers in a common channel in the downlink direction;

FIG. 6 is a flow diagram itlustrating a base unit initialization routing;

FIG. 7 is a flow diagram illustrating a wireless transceiver initialization
routine;

FIG. 8 is a flow diagram of a programuning procedure for programming the
wireless transceivers of FIG. 1 when initializing the ECG system of FIG. 1;

FIG. 9 is a perspective view of a base unit of FIG, 4 and a group of wireless
transceivers being initialized according to the procedure of FIG, §; and

FIG. 10 is a perspective view of three wircless transmitters after the procedure

of FIG. 8 bas been completed.

DETAILED DESCRIFTION OF THE PREFERRED EMBODIMENT

The present invention provides a system consisting of multiple smart wircless
transceiver devices sized to snap onto conventional disposable patch glecirodes for
wireless medical monitoring, and a base unit communicating with the wirless
electrode devices that is also capable of interfacing to existing conventional bedside
monitoring and display equipment. The system is pamticolarly svited to wireiess ECG
monitoring.  The electrode devices teceive commands from the base unit such as
registration  information, transmission frequency commands, amplifier gain
commands, tansmitter control commands, power saving mede, etc. and include
hardware and softwere or firmware for processing these commands and responsively

Ed
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configuring the wircless transceiver accardingly.

The wireless transceivers will alse preferably receive z global time base signal
from the base unit. The global time base signai is used for in synchronizing the timing
of acquisition of sample peints for all electrodes used in measuring input body surface
potentials (e.g., EC(G signal). The base unit receives the transmitted ECG signal from
each clocirode (at predetermingd time imervais if time division multiplexing is the
emnbodiment of the communication proiocol), demodulates, decodes (with error
comection), digitally processes the data, applies any needed signal conditioning
(amplification, filering), and converts back to analog form for outputting the ECG
signals to the standard ECG equipment for display. The base unit also has a universal
inierface to existing standard ECG cquipment so that the wireless link between the
clectredes and base unit appears transparent to the ECG equipment.  The ECG
equipment will aceept the individual electrode signals for developing any required
lead configuration.

While time division multiplexing is a presently preferred embodiment for the
transrssion of electrode hio-potential signals, other transmission Formats could be
used. An example of an alternative transmission format is code division multiplexing,
a technique known in the wireless communications art.

The wireless transceivers and base unit also use a unigue over-the-air
communication prolocal between the base wnit and the electrodes which allows
wireless programming (configuration), identification, auditing, data acquisition
control, and transmitier canirol of each elsctrode used in the ECG system.  For
frequency bandwidth efficiency of the invention, the system could be designed such
that transmission of multi-channe! ECG signals is on a single digitally encoded

e
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frequency channel between the base unit transceiver and muliple electrode devices by
using time division multiplexing. For example, each elecirode will receive
synchronization data from the base unit on the same reccive freguency, and
instruction on which fime slot o Iransmit it's digitaily encoded ECG data. This
makes it possible for multiple patients to use the wireless ECG system in the same
hospital room if there is limited bandwidth.

Referring now te FIG. 1, a system 10 according to a presently preferred
embodiment is shown schematically for us¢ with a patient 12, The system 10
acquires ECG signals from the patient 12 and supplies them to an ECG monitor 14
The systemt 10 is a wireless system, ir that a plurality of electrode assemblies 16
receive commands (e.g., synchronization and control commands) from 2 base unit 18
using wirelezs transmission methods, and supply the ECG signals to the base unit 18
using wireless transmission methods as well.  Thus, cumbersome wires for the
electrede assemblies 16 are eliminated in the illustrated embodiment.

The electrode assemblies 16 of FIG. 1 consist of a plurality of individua),
remotely programmable wircless {ransceivers 20, each transceiver designed to snap
onto a conventional patch electrode 22 (such as the 3M Red dot electrode} used in
ECG monitoring.  The wireless tramsceivers are described in funher detail in
conjunction with Figure 2 and 3. The base unit 18 includes 2 wircless transceiver for
sending and receiving messages to the plurality of individual wireless transceivers,
and is described in fusther detail in conjunction with Figures 4, 6, 8 and 9. The base
unit farther has an interface for providing analog BCG signals received from the

wireless iransceivers 20 to a conventional ECG display monitor 14.
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A preferred communications format for wireless communication between the
base unit 18 and rhe wireless transceivers 20 is time division multiplexing in a
commen frequency channel in the uplink direction, that is between the transceivers
and the base unit. Each wireless transceiver 20 ransmits ECG signals in a particular
time slot in the channel, a5 indicated in FIG, 5. In the downlink direction, the base
unit transmits control commands and other infermation in a common channe) that ali
the wireless transceivers arc tuned to. The time slot assignment, frequency
assignment, and other iransmission contro] information is managed and controlled by
the base it 18, as described in further detail below. An alternative embodiment is to
use code division multiple access ‘(CDMA) communication format for wireless
communication bctween the base unit 18 and the wircless transceivers 20, a
technique known 1o persons skilled in the wireless digital coromunication art.

The messages transmitied by the base unit 18 also inchide configuration
commands for the wireless transceivers 20. These configuration commands can be,
for example, change or set the data acquisition sampling rate. amplifier gain seting,
and channel carrier settings, and can also consist of a timing signal for
synchronization of the transmissios time slol.  Preferably, the base unit 18 transmits a
global time base signal to all of the wireless transceivers. The global time base signal
synehronizes the timing of transmission of the ECG signals acquired by all of the
witgless wransceivers 20, such thal the transmissions are in discrete time slots in a
.single frequency ¢hannel. as shown in FIG. 5.

The details of the over-ihe-air programming protocol to exchange mcssages
and information between the base unit and the transceivers may be arrived at in many
ways within the spirit of the present invention, and is considered within the ability of

12
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a person skilled in the pertinent art.  In one possible embediment, packets of data are
transmitted betveern the base unit and the wireless transceivers. Particular fields in
the packets (bytes of date} are reserved for control data, payload data, CRC or error
comeciion data, eic. in accordance with known wireless transmission protocals,
conventional data transmission fechniques such as [F or Ethernet, or similar
techniques. A presently preferred protocel is described in the application of
Mohammad Khair et al filed concurrently herewith, entitled “Wireless Protacel for

Medical Monitoring”, Serial e 08/5501.719 the comtemts of which are

incorporated by reference herein.

FIG. 2 is a detailed perspective view of ong of the patch electrodes 22 and
gssociated remotely programmable wireless transceiver 20 assembly 16 of FIG. 1, it
being understoad that all of such paich electrodes and wireless transceivers of FIG. 1
are of & construction similar to that shown in FIG. 2. The patch electrode 22 is
adhered to the surface of the patient’s body 12 in conventional fashion. The patch
electrode 22 includes 2 conductor 24 supplying ECG or other signals to a psn 26. The
pin 26 is recejved in complementary pin receiving structure 28 in the wireless
transcerver 20 so as engage (as in & snap fit) the two parts 20 gnd 22.

The pin receiving structure 28 conducts electrical impulses with respect 1o a
local ground reference to electronic circuitry in the wireless transceiver 20. The lacal
ground reference consists of a flexible strip 21 connected to the ransceiver 20 having
a tip or skin contact 21A, made from a conductive material, which is placed
undemeath the pateh electrode 22 in contuct with the skin.  The purpese is to allow
the transeeiver to measure the bio-potential difference between the sigral contact
point 26 and Ihe Incal ground reference 21721A. The material used for the strp 21

13
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could be a thin flexihle material such as plastic with an intemal conductive irace or
lead wire from the transceiver 26 to the skin ¢omtact point 21A. The skin contact
paint 21A js preferably coated with conduetive sitver chloride {AgCl) material 21B on
one side thereof.

FIG. 3 is a block diagram of the wireless transceiver of FIG.s 1 and 2. The
iransceiver assembly 20 snaps onto the post pin 26 of a dispasable conventional patch
electrode.  Electrical signals provided from the clecirode 22 are supplied 10 a low
noise, vanable gatn amplifier 30 in the wireless ransceiver 20. The amplifier 30 may
include a pre-amp stage.  The analog signal is filtered, sampled and converted to
digital signals in the A/D converter 32. The digital signals are supplied to a
computing platform, illustrated as a microcentreller/Digital Signal Processor 34. The
microcontraller performs signal processing of the digital signa? supplied by the A/D
converier 32. The signa) processing functions include noise filtering and gain contro!l
of the digital ECG signal In an alternative but less-preferred embediment, gam
control in the transceiver assembly could be performed by adjusiment of the amplifier

*30 gain in the analog signal path. The microcentroller also processes commands and
messages received from the base unit, and exacutes firmware instructions stored in a
memory 36. The memary furiher stores a unique electrode identifier as described in
further detail below. The memory may also store a position location ident fier or data
associated with & position the electrode is attached o the patient. The positon
Iocation identifier or data is dynamically programmable from the base unit.

The processed digital BCG signals are buffered in a buffer 38, supplied to an
encoder/decoder 40 and fed 10 a RF transceiver module 42 for transmission to the
base unit viz a low power built-in RF antenna 44. The transceiver 42 includes a

14
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modulator/demedulator, transmitier, power amp, receiver, filters and apn antenna
switch. A [requency generator 46 generates a carrier frequency for the RF
transmission. The frequency is adjustable by the microcontroller 34. A ballery 45
with a negative terminal connected 10 a local ground reference pravides DC power to
the components. The microcontroller/DSF 34 controls the frequency generator 46 so
as to select a frequency for wireless transmission of data and control messages to the
base unit.  The microcontroller in the computing platform 34 also executes am
initialization routine wherein the receiver scans a2 default receive champel for
commands from (he base umt, and if the commands are received the fransmilter
ransmits identification information in an assigned frequency and time slot to the base
mnit.

All or some of the individual blocks shown in F1G. 3 could be combined in a
microchip or micrachips to minigturize the size of the snap-on witeless transceiver
assembly 20.

Refernng now (o FIG. 4, the base unit 18 is shown also in black diagram form.
The base unit 18 transmits commands to all of the wireless transceivers and instructs
eath transcelver to transmit its ECG data individvally {suck as in time division
muhiplexing). The base unit receives the transmitied ECG signals from the electrodes
{up to 10) in sequence and then demadulates, decodcs; error corrects, de-multiplexes,
buffers, signal conditions, snd reconverts each ¢lecirode’s data back lo an anaiog
signal for interfacing o the standard ECG monitor 14. The base unit alse transmits
pragramming infermation to the elecirodes for frequency sclection, power contral,
elc.

The base unil 1§ includes a low power RF antenna 50, a frequency generator

15
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52 for generating 2z carrier frequency and an RF transeeiver 54. The transceiver 54
meludes a modulator/demodulator, transmitter, power amp, receiver, filters and an
antenna switch.  The base unit further includes a encoder/decader 56, 2 computing
platform such as a microcontroller/Digital Signal Processor {DSP) 58, and 4 memory
6 storing code for execution by the microconirolle’DSP, and O interface 59 for
connection te a personal computer which is used as 3 test port for running system
diagnostics, base unit software upgrades, etc., and a user interface 61. The user
imerface 61 may consist of the following: s display for indicating electrode
programming infarmation or error/alarm conditions, @ keypad or bultons for wser
requested inputs, an alarm unit for audibly indicating errowalarm conditions (for
example a detached, low baltery or failed electrade), and LEDs for visually indicating
emor, alarm or programming staius.

The time slot BECG data received from the wireless transceivers is
demultiplexed in demuliiplexer 62 and supplied to a buffer 64. A digital to analog
filter bank 66 converts the multiple channeis of digital data fom the wireless
transceivers to analog form. The analog signals are amplified by amplifiers 68 and
supplied 10 an OEM  (original equipment manufacturer} standard ECG monitor
mterface 70. The interface 70 could be either part of the basc unit 18 assembly so that
it can directly plug inte the ECG display equipment 14 via a standard comnmector, or it
coeald be part af'a cable eonnection to the display cquipment.  The iden with the GEM
interface 70 is to supply multiple analop ECG signals to the conventional ECG
display equipment already used in the hospital environment, in e compatitle and
transparent manner, such that the display equipment would treat the signals as if they
were gencraied from conventional wired electrodes. Familiarity with the analog

&
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signal acquisition hardware or elecironics for the ECG display equipment 14 will be
required obviously, and the OEM interface circuilry may vary depending on the
manufacturer of the display equipment. The OEM monitor interface detiled design
is considered within the ability of a person skilled in the art.

Referring to FIG. 5. a possible transmission scheme between the wireless
transceivers 20 and the base unit 18 is time division muliplexing. This allaws a
single transmit frequency to be used by all the electrodes in the ECG system. All
¢lecirodes receive commands and synchronization data {time base sigpal, reference
signal and control data 76) from the base unit 18 on an assigned receive frequency
(downhink) channel. The electrode reeeive chaunel may or may not be slatted (time
multiplexed). Electrode | 20/22A transmits it’s data on time slot 1 72 (Elecirode 2
20/22B on time slot 2 74, ete.) at the assigmed transmit frequency (uplink) channel.
The base umt 1B receives the transmission from the electrodes 20/22 and
demultiplexes, buffers, and reconstructs the individual electrode data. ©

The systeny 10 of FIG. 1 utilizes an over the air programming mechanism to
exchange messaging and information between the base unit 12 and the wircless
transceivers 20, Var‘iau.s types of information could be cxchanged.  For example, the
base unit 18 transmits a data acquisilion control message to the wireless transceivers,
which tells the micrecentroller in the wireless transceivers to start and stop data
acquisition.  Another command would be a frequency selection command message
scnt fo the wircless transceivers, in which the wireless transceivers responsively select
a common frequency channel for transmission of acquired ECG signals to the hase
unit in diserete time slots,

The following is a list of some of the possible programming commands and

7
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messages that could be sent between the hase unit and the wireless transceivers:

a. Registration of electrodes 20/22 with the base unit 18. This would include the
detection of the elecirode type and an associated wnigue electrode identifier by the
base unit. This could alse imchude transmission of 2 unique base unit identifier to
the elzciredes (for exampls where multiple base units are within RF range of the
electrodes) and detection of the base unit identifier by the electrode.  Also. a
patient reference number could also be stored in each electrode 50 it only receives
commands from a specific patient-assipned base unit. Each electrode reference
oumber is also stored in the base unil, so that data coming only from these
electrodes is accepted.  An additional registration feature would be assignment of
a specific electrode function (i2., position on the patient’s body). This is
discussed in more detail below.  With each of (he above commands and
messages, e receiving unit would typically transmit back an acknowledgment
signal indicating the receipt of the command and sending back any requircd
information to the transmitting unit,

b, Configuration of d#ta acquisition sampling rate.

c. Configuration of amplifier 30 guin setting.

d. Configuration of preamplifier filter band settings.

€. Configuration of carrier channet settings, namely the frequency of the carrier
sigmal generated by the frequency generater 46 in the transceivers.

f. Configuration of timing signal for transmission time slot.  This needs ic be
synchronized with the dats acquisition rate.

g. Battery 45 utilization sleep/activation moge.

12
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h. Battery 45 low voltage level detection.

i.  Data acquisition star/slop scenario.

j- Data transmit proceduse.

k. Error sample data recover/retransmit scenatio.

1. System test diagnostic procedure

m. Scan of electrode current channel setting procedure
. Electrode detection procedure.

0. Elecirode status zudit.

p. Base unit status audit.

g. Data acquisition subsystem audit.

In a preferred embodiment, for every smart wircless transceiver, the system
will provide 2 registration mechanism whereby an electrode identifier is dynamicaliy
programined into the base unit. Additionally. the electrode functional position on the
pateni {i.e., LA, RA, LL, V1, ¥2, V3, V4, V5, or V6) is dynamically assigned. An
Electrode Uriversal Identifier (EUL) wiil encode the smarl electrode urique serial
number. During data transaction, each electrode is assigned a termparary idemtifier
after each registration scenario (on power up or reconfiguration). The temporary

identifier can be composed of electrode number and random number for example.

Electrode System Initialization

Figure 6 shows a flow diagram of 2 possible initialization procedure (for both
the base unit 18 and electrodes 20/22) for use where the transmission scheme between
the base unit and the wireless transceivers 20 is time division multiplexing. This

14
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procedure assumes that gach elecirode in the ECG sysiem comtains a imique identifier
and a unique functional position T {i.e., LA, RA, LT, VI, V2, V3, V4, V3, or V6).

Al step 80, the base unit is powered up. The base unit is configured for the
pumber of leads vsed in the ECG system, such a5 3, 5 or 12, The configuration could
be facilitated by means of any suitable user interface on the base unit 18, such as a
display and buttons as shown in FIG. 9 and described subsequently. At step 82, the
base unit scans its receive channels, a list of which is programmed into the base unit.
AL step 84, the base unit determines whether zny other ECG base unit transmissions
are detected.  If s, #1 step §6 the base unit selects the next unused frequency from the
list of predetermined frequency chammels as 4 ransmit channel. If not, at step ¥8 ihe
base unit selests the first frequency from the list of predetermined frequency channels
as the transmission channel. The process then proceeds to step 90.

At step 90, the base unit stars transmitting electrode registration dala and
messages on the default programming chanoel determined in steps 86 or 88, The
registration data and messages include a base unit identification cade or serial
number. The registralion data and messages were described earlier. This insures that
the wircless transcoivers to be associated with this particular base wnit being
initialized respond 1o commands from this base unit and no other base unit. At step
92, the base unit instruets all required electrades to transmit on a predetermined
frequency channel, and assigns time slots to each electrode.  The base unit then
communicates with electrodes o complete registration. 1f a particular electrode or
electrodes did not completz registration, the base unit indicates via its vser interface
which electrode is not registered al step 96, IF registration is completed for 2l the
clectrodes, the base units instruct ell elecirodes to recsive commands on a new

20
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prederermined frequency channel at step 8. At step 100, the base unit instructs all
elecitodes to begin ECG data acquisition and to transmit at the assigned frequency
and in the assigred time slot. Step 100 may be started in response to a user prompt
via the basc unit user interface. During data acquisition, at siep 102 the base unit
continuously moniters far intetference on the receive data channel {uplink direction).
If cxcessive interference accurs {such as from a high bil error rate detected in the base
it microcontraller), the base unit selects a new channel from the list of available
frequencies for the electrodes to transmit on and commands a change in transmit
frequency.

FIG. 7 35 a flow diagram of an electrade initialization procedure that may be
employed. When the efectrodes are initially pawered up at siep 110, the electrodes
will be in a receive <.3n1y mode. At step 112, the electrodes antomatically scan the
default reecive channel to see if any commands and synchronization signals are bein I3
transmitted by the base unit. If oo commands and synchronization commands are
received al step 114, the elecirede goes back to step 112 and selects another receive
frequency from its list of default frequencies. If commands and synchromization data
have been received, at step 116 the electrode sends is vmique identification data
{containing information on the position on the patient's body) on the assigned
frequency and in the assigned time stot back to the hase umit, indicating to the base
unit that it is xeady Lo acquire ECG signals and is in an operaling cendition.

In an alternative embodirnent of the invention, the plurality of individual,
remotely programmable wircless transceivers 20 are initially generic with respect to
patticular placement lncations on the surfice of a patient’s body. Funhermore, the
electrodes could be mamufactured without preprogrammed functional position
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identifiers. This is advantageous since it would not be necessary 1o have the hospital
ar user maintain an inventory of individual electrodes based on functional position
(e, LA, RA, LL, V1, V2, etc). Al the elecirode assemblies are cousidered generic
and could be programmed with unique identifiers indicating the pasition on the body
by the base anjt when the user sets wp the ECG system.  The procedure of FI3. 8
could be used for programming of each electrode when initializing the ECG system,
After first lime programming of the electrode assemblies, the system only needs to go
through the initialization program of FIG. 6 when it is powercd up again.

FIG. 8 shows the initialization procedure in the alternative embodiment. FIG.
@ shows the base unit 18 having a user interface 61 comprising a display 132 and a
plurality of buttons or keys 133 for assisting the user to intcract with the base unit. A
group of generic. wireless transceivers 20 are shown ready for initialization. The user
has-a set of pre-printed labels 135, which are removed from 2 plastic backing and
placed on ihe wireless ransceivers as shown in FIG. 10,

Referring now to FIG. & and 5, nt step 140 ihc user sets up the base upit into
an elecirode programming mode, such as by responding to prompts on the display 132
and selecting the mode with one of the buttons or keys 133. The base unit
programming mode could be done at lower power transmissions, requiring the
wireless transceiver 20 to be programmed to be adjacent to the base unit (thereby
aveiding programming more than one Iransceiver at a time). Aliemalively, as shown
in FIG. 9, the base unit has a programming initialization interfzce 136 which makes
contact with 2 socket or other feature in the transcetver for purposes of programmiag

the transceiver during inbalization.  When the transeeiver is placed into contact with
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the programmiing initialization interface 136, the base unit could automatically go into
programming mode, or it could simply go into programming mode upon power up.

In any event, at step 142 the fivst electrode assembly 20/22 is powered up and
placed near the base wnit or positioned in rontact with the programming initialization
interface 136. The ipitialization of the clectrodes conld be done by mechanical
means, such as plugging the electrede transceiver 20 inlo the base unit programming
in.ilializa!inn mterface 136,

At step 144, the electrode scans the default programming chammel. At step
146, the base unit sends a low power programming command on the default transmit
chammel or some other channel that has the least RF imterference. At slep 148, the
elecirede defcrmines whether it has received the programming command. 1f net, the
clectrode scans the list of default channels and selects a new chennel o listen on. If
sa, the electrode transmits a response message on its assigned transmit channel at step
150. At step 152, the hase unit determines whether it has received the response from
the electrode. If not, the base unit goes back 10 siep 146 and transmits the low power
programming command on 2 new transmit channel. If 50, the base unit transmits
programming data to the electrnde at siep 153, Al step 153, the programming data
includes the elecirode unique identifier, including the electrode position (LA, RL, or
V3, etc), the base unit unique idemifier, and other registration commands as
described above. At step 154, the electrode determines whether a programming error
was detected, and if o at step 156 sends a retransmit program message 1o base unit
causing it to repcat the programming data at step 152. I no emor occumed, the
pracess proceeds 1o siep 158, at which the electrode completes programming with the.
base unit, At step 160, the base umit instructs the electrode to wait for additienal
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commands. At this point, since the unigue base unit ID has been programmed in the
wireless transceiver, it can scan ECG system contrel channels and receive and operate
on commands only from the base unit that programmed the transceiver. At step 162,
the base unit displays the electrode placement postiron on the user interface display
and prompts the user to place the next slecrrode for pregremming into ihe
initialization interface 136.

After all the elecirodes bave bsen programmed, the base unit will
automatically be configured for the proper number of electrodes used in the ECG
system.  As each glectrore is programmed the user removes a label 135 from the
slock of labels 137 indicating the position programmed on the electrode and applies
the Jabel 10 the electrode (2.g., to the top or upper surface of the wircless transceiver
24Q), as shown in FIG. 10,

From the foregeoing description, it will appreciated that we have described a
dynamically programmahle, wireless bio-patential signal acquisilion  system,
comprising: a plurality of individual, remotely programmable wireless transceivers
20, each transcciver associated with a pateh electrode 22 for use in medical
monitoring, and a base unit 18 corprising a wireless transceiver 54 (FIG. 4) for
sending and receiving messages to the plerality of individual transceivers 20. The
base unit and wireless transecivers 22 implement a wireless programming protocol by
which messages and information arc exchanged between base unir 18 and wireless
transceivers 20 (such as shown in FIG. 6 and 8) wherchy regrstration, confiyuration,
and data transmission control properties of the wireless transceivers may be managed

by the base unit,
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Preferably, the base unit transmits a global time base signal to the wireless
transceivers, the global time base signal syachronizing the uming of transmisston of
biop-potential signals acquired by the wireless transceivers in discrete lime slots in a
single frequency channel.  As shown in FIG. | and 4, the basc unit further comprises
an interface 70 to a conventional ECG monitoring equipment such as a display.
whereby acquired ECG signals may be transmitted to the ECG monitoring equipment
for display. The system of base unil 18 and wircless romotely programmable
transeeivers 20 js particularly well adapted for use with standard conventional patch
electrodes and existing ECG monitoring equipment, and thus presents a flexzble, low
cost and canvemient system for acquiring ECG signuls and presenting them to a
<hsplay unit for display.

Persons skilled in the art will appreciale that the details of the presently
preferred- embodiment described herein can be chenged and modified without
departure from the spirit and scope of the invention. The system can be used
acquire ECG signals, electroencephalogram signals, elcciromyography signals, or
other types of signals. This true spirit and scope is 1o be determined in reference to

the appended claims.

25

JP 2004-500217 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(47)

WO O1/785% PCTIUSILATSY
WE CLALM:
1. A wireless bio-potential signal acquisition system, comprising:
a) a plurality of indiwdual, remotely programmable wireless transceivers,

each of said transeeivers associated with a paich electrode for use in medical
monitoring, and

[H a hase unil compnising a wirgless traosceiver for sending and recciving
messgges to said plurality of individual, remotely pmgramma.blc wirgless
transceivers, said messages including configuration commands for said plurality of
individual, programmable wireless (ransceivers;

said base unit transmitling a global time basc signal to said plurality of
individual, remotely programruable wireless ransceivers, said global time base signai
for synchronizing the timing of transmission of signals acquired by said plurality of
individual, progratnmable wireless transceivers {0 said base unit in discrere time slots
in a single frequency channel,

said base umit further comprising an interface 1o a monitor, whereby said
acquired signals may be sent from satd bese unit to said monitor for display.

2 The system of claim ], wherein said base unit transmits a data
atquisition control message(s) to said plurality of individual, remotely programmable
wireless transceivers,

3 The system of claim 1, wherein said base unit transmits a frequency
selection command message(s) Lo said plurality of individual. remotely pregrammable

wireless transceivers, sald plurality of individual, remotely programmable wireless
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transceivers responsively selecting a common frequency channel for transmission of
sait acquired signals to said base upil in said discrete time slots.

4. The system of claim 3, whercin said indivigual, remotely programmable
wireless transceivers stors a list of available, predetermined frequency channels for
transmission of said acquircd. signals to said base umit and wherein said frequency
selection command message(s) commands said plurality of individual, remotely
programmable wireless transceivers to transmit smd acquired signals 10 said base unit
on ane of sald predetermined frequency channels.

5. The system of claim 1, wherein said plurality ef individual, remotely
programmabie wireless transceivers are generic with respect to particular placement
locations on the surface of = patieni's body, and whercin said base unit transmits
programming  commands to said individual, remotely programmable wireless
fransceivers, said programming commands including electrede pasition location data
assoeialed with a unique placement position for said individval, remotely
programmable wircless transceivers and clectrode identification data.

&, The system of claim 5, wherein said base unit further comprises a
display, and whercin said unigue placcment position for said individuat, remotely
programmatle wireless transceivers is displayed on said display 1o 2 user.

7. The systemr of claim 5, wherein said  individval, remotely
programimable wireless transceivers transmit response message{s) to said base unit in
response to said programming commands.

8. The systern of ¢laitn 1, wherein said systern {s veed 10 acgquire ECG

signals.
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9. The sysiem of claim 1, wherein said system is used to acquire
electroencephalogram signals,

9. The system of claim 1, wherein said system is used to acquire
electromyography signals.

1i. A dynamically programmabie, wireless bio-potential signal acquisition
system, comprising: ©

E] a plurality of individual, remotely programmable wireless transceivers,
cach ol suid transeeivers assoclated with a patch electrode for vse in msdical
menitoriag, ard

h) a base unit comprising a wireless transcaiver for sending and receiving
messages 1o said plurality of individual, remoiely programmable wireless
transceivers,

c) wherein said base unit and said plurality of individual, programmable
wireless iransceivers implement a wirgless programming prowocol by which said
messages are exchanged between said base unit and said plurality of individual,
temotely programmable wireless transceivers whereby registration, configuration,
data acquisition control, and data transmission control properties of said pluratity of
individual, remotely programmable wireless transceivers may be managed by said
base unit.

12.  The system of claim L1, wherein said base unit transmits a global time
base signal to said plurality of individual, remotely programmahle wireless
transceivers, said global time base signal for synchronizing the timing of transniission
of signals acquired by said plurality of individual, programmable wireless transceivers
1 s2id base uni1 in discrete time slots in a singic frequency channel.
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13, The system of claim 11, wherein said basc unit further comprises an
interface to conventional monitoring and display equipment, whereby said acquired
signals may be sent from said base unit to said monitoring and display equipment lor
display.

14, The system of claim 11, wherein said plurality of individual, remotely
programmable wireless transcelvers are generic with respect to particular placement
locations on the surface of a patient’s body, and wherein said base unit transmits
programring data to said iodividual, remotely programmable wireless transceivers,
said programming data including electrode position location data associated with a
unique placement position for said individual, remotely programmable wircless
transceivers and electrode identifier data.

L5.  The system of claim 14, wherein said base unit further comprises a
display, and wherein said unique placement position for said individual, remotely
programmable wireless transceivers is displayed on said display to a user.

16.  The system of claim 11, wherein said base unit transmits a frequency
selection command message(s) to said plurality of individual, rermotely programmable
wireless transceivers, satd plurality of individual, remotely programmable wireless
transceivers responsively sclecting a common frequency channel for transmission of
acquired signals 10 s2id base unit in discrete ime slols.

17. The system of claim 16, wherein said individual, remotely programmable
wireless iransceivers store a list of available, predetermined frequency channcls for
transmission of said acquired signals to said base unil and whercin said frequency
selection command message(s) commands said plurality of individual, remotely
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programmable wirsless transeeivers to transmit said acquired signals to said base unit
on ene of said predetermined frequency channels.

[8. The system of claim [1, whereir said system is used to acquire ECG signals.

19. The sysiem of claim 1, whersin said system 15 wsed (o acquire
¢lectroencephalogram signals.

20. The system of claim 1, whersin said system is used to acquire
electromyography signals.

21. A wireless, programmable transceiver adapted 1o attach to a pateh clectrode
for ptaccment on the surface of 2 parient’s body, said transceiver transmitting signals
acquired from said clectrode to a base unit, comprising:

an amplifier receiving a signal from said electrode and generating an arnplified
analog signal;

an znli-aliasing filter removing undesirable frequencies;

an analog to digital converter convertiog said amplified, fikered analog signal
into a digital signa);

a computing platform having & memory storing a set of instructions executable
by said computing platform and performing signa) processing of said digital signal;

a buffer storing said digital signal for transmission to said base unit;

a wireless transceiver module including an antenna for wireless wansmission
of said digital signal between szid wireless programmable Iransceiver assembly and
said base unit; and

a frequency generstor responsive to said microcontreller for generating a
frequency at which said wircless transmission ig to oceur;
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whercin said compuling platform is nperative te select a frequency for said
wireless transmission in response 1o control commands received fram said base unil at
said wireless transceiver module.

22, The apparatus of claim 21, wherein said memory stores ap electrode
identifier.

23, The apparatus of claim 21. wherein said memory siores position
location data associated with a position said electrode is élta.ched to said patient, and
wherein said position location data is dyramically programmable from said base unit.

24.  The apparatus of claim 21, wherein said transmitter transmits said
digital signal to said base unit in a time slot assigned by said base unit.

25.  The apparatus of claim 24, wherein sajd microcontroller executes an
initialization routinc wherein said wireless transceiver module scans a defaul reccive
channel for commands from said base unit, and if said commands are received
transmits identification information in an assigned frequency and time slot in said
frequency te said base unit,

26, A basc unit fer a plurality of wireless, programmable transceivers ench
adapted to attach 1o a paich electrode for placement on the surface of a patient's body,
comprising:

a transceiver module ineluding an antenna for wireless communication in
transmit and receive directions between said base wmit and said wircioss,
programmable transceivers, said wircless communication from said plurality of
wircless, programmable transceivers to said base unit ocourting in a plurality of
discrete time slots in a single frequency channel;

an encoder/decoder coupled to said antenna;
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a computing platform and a memory, said computing plalform performing
errar correction, processing information i control messages and data in digitized
signals from said encader/decoder;

2 demuitiplexer demuitiplexing received data from said piurality of wirelgss,
programmable ransceiver assemblies in said pluraiity of discrele time slots;

2 digilal to anzlog converer for convering received, demuliplexed digital
signels from said plurelity of wircless, pregrammable transceiver assemblies into
analog signals; and

am interface supplying said analog signals to a monitor for display

27 The base unit of claim 26, wherein said base unit transmits a global
time base signal to said plurality of wircless prugramm;atbic transceivers, said global
time base signal for synchranizing the timing of transmission of data acquired by said
wirgless prograrumable transceivers to said base unit in said discrete time slots in said
single frequency channel,

28.  The base unit of ¢laim 26, wherein szid base wnit transmits a frequency
selection command message to said wircless programmable transceivers, said wireless
programmable transccivers rgsponsively selecting a common frequency chanmel for
transmission of acquired data to said base unit in said discrete time siots in said
selected comman frequency channel.

29, The base unit of claim 26, wherein said basc unil executes an

initizlization program illustrated in FIG. 6.

30.  The base unil of claim 26, wherein said base unit transtnits
PrOgramming daia 1o said wireless programmable transceivers, said programming data
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comprising an electrode idenufier and an electrode position identifier associated with
a position in which said wireless programmahle transceiver is to be located on a
patient.

31, The base unit of ctaim 30, furlher comprising a display displaying
position information programmed 1o said plurality of wireless programmable
1IAnSCElYers.

32 The base unit of claim 26, wherein ssid base unit implements an
initialization rowtine illustrated in FiG. 8.

33. The base unit of claim 26, further comprising a programming initialization
nterface for cantacting said wireless programmable transceivers for transmission of
programming commands to said wireless programmable transecivers.

34. The apparatus of claim 21 wherein said computing platform includes a
microcentroller,

35, The apparatus of ¢laim 15, wherein said computing platform includes a
digital signal processor.

36.  The system of claim 11, whersin said wireless transceivers
communicate with said base unit in a Code Division Multiple Acecss {(CDMA)
cemmunication format.

37. The base wnit of claim 26, wherein said wireless transccivers
commungiate with said bage unit in a Code Division Multiple Access (CDMA)
communication format.

38.  The apparatus of claim 21, wherein said wircless transceiver

communciates with said base unit in & Code Division Multiple Access (CDMA)

communication format
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