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Description
BACKGROUND OF THE INVENTION

A. Field of the Invention

[0001] This invention relates generally to the field of
devices used to measure and display bio-potential sig-
nals generated by the body. More particularly, the inven-
tion relates to a plurality of wireless, remotely program-
mable electrode transceiver assemblies that are each
coupled to a conventional patch electrode, and an asso-
ciated base unit. The base unit obtains a patient’s elec-
trocardiogram (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 monitor.

B. Statement of Related Art

[0002] Conventional ECG apparatus for hospital bed-
side monitoring typically requires up to ten wired elec-
trodes. Each electrode is attached to the body of the pa-
tient, and has a wire, several feet or more in length, lead-
ing to an ECG monitor. Such electrodes are used to de-
tect heart signals from the patient and convert them into
a multiple-lead ECG evaluation.

[0003] 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
wireless ECG monitoring for patients in hospitals current-
ly exist. These systems are more expensive, intended
for greater range (higher power), and do not totally elim-
inate the physical electrode wires attached to the patient.
Instead of being connected to the monitor, the electrodes
are each wired to a single transmitter box that is worn by
the patient. Some telemetry systems also may not handle
a 12 lead ECG (10 wires) because of the wiring that is
required between the electrodes and the transmitter box.
For example, the Spacelabs Ultraview Modular Digital
Telemetry system can only handle a maximum of four
leads (5 wires).

[0004] Wireless medical monitoring and diagnosis sys-
tems have been proposed in the prior art. U.S. Patent
5,862,803 to Besson et al. describes a wireless elec-
trode/sensor patch system with sensor, controller and
transceiver electronics contained in an electrode patch
assembly. U.S. Patents 5,307,818, 5,168,814 and
4,981,141, all issued to Segalowitz, describe a wireless
electrode system for ECG monitoring. The Besson et al.
and Segalowitz patents are incorporated by reference
herein. The Segalowitz patents describe a single piece
electrode patch with built-in microchips for wireless one
way communication, and a snap on electronic-assembly
that fastens to a disposable electrode patch. However,
the electrode patch is a special two-conductor type that
is not conventional. The electrode assemblies are either
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transmit only or receive only (not both). Areference signal
(generated from a Wilson network) is transmitted from
the base unit to only the Right Leg electrode patch, which
is receive only. Electrodes can only be programmed via
manual switches on the electrode casing, not over-the-
air from the base unit. For the multiple electrode embod-
iment, the base unit contains multiple receivers and an-
tennas which imply multiple transmit frequencies are re-
quired for the system and over-the-air signaling (thus
making the base unit more costly to implement). There
is no mention of error correction or detection capability
in the electrodes or base unit.

[0005] In another embodiment of the Segalowitz '818
patent, there is discussion of a single strip assembly
which contains all of the electrodes required for 12-lead
ECG monitoring with microchip circuitry contained in the
strip assembly (not in the individual electrode patches).
In this configuration, the ECG signals from each elec-
trode are multiplexed and transmitted from a single trans-
mitter (contained in the strip assembly) via time multi-
plexing on a single digitally encoded frequency channel.
However, no time multiplexing on a single frequency
channel is discussed for their multiple transmit electrode
embodiment, as discussed in the present invention.
[0006] The presentinventionis notintended to replace
existing telemetry systems, but rather to provide a more
convenient and cost effective solution for low power wire-
less ECG monitoring, in a hospital room environment,
without having to replace the hospital's existing ECG
bedside monitoring equipment. Furthermore, the present
invention provides for programmable features by which
a base unit can remotely program multiple wireless trans-
ceivers. This provides greater flexibility and customiza-
tion of a wireless ECG acquisition system. As such, it is
believed to be an improvement to the systems proposed
by Besson et al. and Segalowitz.

SUMMARY OF THE INVENTION

[0007] Thereis provided a wireless bio-potential signal
acquisition system as set out in claim 1.

[0008] In a first aspect, a wireless electrocardiogram
(ECG) acquisition system is provided. The system in-
cludes a plurality of individual, remotely programmable
wireless transceivers, each of which are associated with
a patch electrode for use in ECG monitoring. The patch
electrodes are of conventional design and adapted to be
placed on the surface of the patient’s body for measuring
electrical potentials. The system further includes a base
unit comprising a wireless transceiver for sending and
receiving messages to the plurality of individual wireless
transceivers. The messages include configuration com-
mands for the plurality of individual transceivers. Exam-
ples of the configuration commands include data acqui-
sition commands, transmission control commands, such
as frequency selection commands, and other commands
described in further detail below.

[0009] The base unit, in accordance with this first as-
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pect of the invention, transmits a global time base signal
to the plurality of individual wireless transceivers. The
global time base signal is used for synchronizing the tim-
ing of transmission of signals acquired by the individual
wireless transceivers to the base unit in discrete time
slots in a single frequency channel. This time division
multiplexing provides that each wireless transceiver
transmits its signals to the base unit in discrete time slots,
with the wireless transceivers sharing a common chan-
nel.

[0010] The base unit has an interface to an ECG mon-
itor for display and analysis by the user. Preferably, the
ECG monitor is a conventional, standard monitor typically
used today in the hospital setting. The ECG signals are
provided by the base unit to the monitor in a fashion that
is transparent to the monitor, i.e., the data is formatted
and provided in a form whereby the monitor cannot dis-
tinguish the signals from conventional, wired electrode
input signals. The ECG monitor preferably accepts the
individual electrode signals in order to develop any re-
quired lead configuration.

[0011] In a preferred embodiment, the wireless two-
way communication between the base unit and the plu-
rality of remotely programmable wireless transceivers is
established in accordance with a protocol that provides
for transmission of a variety of configuration commands.
Examples of such commands include registration infor-
mation, data acquisition control commands (such as start
and stop messages), transmission frequency com-
mands, time slot commands, amplifier gain commands,
transmitter control commands, power saving mode com-
mands, initialization commands, and so forth. The ability
to remotely program the wireless transceivers gives con-
siderable flexibility over how the electrodes are config-
ured and positioned on the patient’s body.

[0012] The plurality of individual wireless transceivers
could be designed to be installed on particular locations
of the patient’s body, such as left arm, right arm, left leg,
etc. In a more preferred embodiment, the individual wire-
less transceivers are generic with respect to particular
placement locations on the surface of a patient’s body.
The base unit transmits programming data to the individ-
ual wireless transceivers. The programming data in-
cludes electrode position location data associated with
a unique placement position to be assigned to the indi-
vidual wireless transceivers, as well as electrode identi-
fication data. When the data is acquired from each of the
wireless transceivers, the electrode identification data,
electrode position location data and the acquired elec-
trode signal are sent from the wireless transceivers to
the base unit.

[0013] Inanother aspect of the invention, a dynamical-
ly programmable, wireless electrocardiograph (ECG) ac-
quisition system is provided. The system comprises a
plurality of individual, remotely programmable wireless
transceivers, each transceiver associated with a patch
electrode for use in ECG monitoring, and a base unit
comprising a wireless transceiver for sending and receiv-
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ing messages (e.g., commands) to the plurality of indi-
vidual wireless transceivers. The base unit and the plu-
rality ofindividual wireless transceivers implement a wire-
less programming protocol by which information and
commands are exchanged between the base unit and
individual wireless transceivers. Registration, configura-
tion, and data transmission control properties of the in-
dividual wireless transceivers are managed dynamically
by the base unit.

[0014] As an example of the information that can be
transmitted between the base unit and the transceivers,
the base unit may transmits a global time base signal
synchronizing the timing of transmission of signals ac-
quired by the plurality of individual wireless transceivers
to the base unitin discrete time slots in a single frequency
channel. Other examples include data acquisition mes-
sages, registration messages, initialization messages,
frequency selection command messages, and so forth
as described in further detail below.

[0015] In yet another aspect of the invention, a wire-
less, remotely programmable transceiver assembly is
provided. The wireless transceiver assembly is adapted
to attach to a patch electrode for placement on the sur-
face of a patient’s body, the assembly transmitting sig-
nals acquired from the electrode to a base unit. The elec-
trode transceiver assembly includes an amplifier receiv-
ing a signal from the electrode and generating an ampli-
fied analog signal, a analog to digital converter converting
the amplified analog signal into a digital signal, a com-
puting platform such as a microcontroller with a Digital
Signal Processor (DSP) function having a memory stor-
ing a set of instructions executable by the microcontrol-
ler/DSP, a buffer storing digital signals for transmission
to the base unit and a wireless transceiver module in-
cluding an antenna for wireless transmission of the digital
signals to the base unit. A frequency generator is provid-
ed that is responsive to commands from the microcon-
troller. The frequency generator generates a signal at
frequency at which the wireless transmission from the
wireless transceiver assembly to the base unitis to occur.
The microcontroller is operative to select a frequency for
the wireless transmission in response to control com-
mands received from the base unit.

[0016] In still another aspect of the invention, a base
unit is provided for a plurality of wireless, programmable
transceiver assemblies each adapted to attach to a patch
electrode for placement on the surface of a patient’s
body. The base unit includes a transceiver module in-
cluding an antenna for wireless communication in trans-
mit and receive directions between the base unit and the
wireless, programmable transceiver assemblies. The
wireless communication from the wireless, programma-
ble transceiver assemblies to the base unit occurs in a
plurality of discrete time slots in a single frequency chan-
nel. The base unit further includes an encoder/decoder
coupled to the antenna, a microcontroller and a memory.
The microcontroller performs error correction on signals
from the encoder/decoder and executes initialization and
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transceiver management and command routines.
[0017] The base unit further includes a demultiplexer
demultiplexing received data from the plurality of wireless
transceiver assemblies in the plurality of discrete time
slots. A digital to analog converter converts the received,
demultiplexed digital signals into analog signal. An inter-
face supplies the analog signals to a monitor for display.
Preferably, the monitor comprises a conventional, pre-
existing ECG monitor. The wireless origin of the supplied
analog signals is transparent to the ECG monitor.
[0018] These and still other aspects and features of
the invention will be more apparent from the following
detailed description of a presently preferred embodi-
ment. In this specification, the terms "wireless transceiv-
er" and "programmable wireless transceiver" are meant
to refer to the wireless electrode transceiver assembly
as a unit, as distinguished from the actual transceiver
module within the assembly, unless the context clearly
indicates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A presently preferred embodiment of the inven-
tion is described below in conjunction with the appended
drawing figures, wherein 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 use with a patient to ac-
quire ECG signals from the patient and supply them
to an ECG monitor;

FIG. 2 is a detailed perspective view of one of the
patch electrodes and associated remotely program-
mable wireless transceiver of FIG. 1, it being under-
stood that all of such patch electrodes and wireless
transceivers of FIG. 1 are of a construction similar
to that shown in FIG. 2;

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

FIG. 4 is a block diagram of the base unit of FIG. 1;
FIG. 5 is a diagram illustrating the time division mul-
tiplexing of transmission form the plurality of wireless
transceivers of FIG. 1 in the uplink direction (the di-
rection of wireless transmission from the wireless
transceivers to the base unit), and the transmission
of synchronization, reference and control data from
the base unit to the wireless transceivers in a com-
mon channel in the downlink direction;

FIG. 6 is a flow diagram illustrating a base unit ini-
tialization routine;

FIG. 7 is a flow diagram illustrating a wireless trans-
ceiver initialization routine;

FIG. 8 is a flow diagram of a programming 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. 8; and
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FIG. 10 is a perspective view of three wireless trans-
mitters after the procedure of FIG. 8 has been com-
pleted.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0020] The present invention provides a system con-
sisting of multiple smart wireless transceiver devices
sized to snap onto conventional disposable patch elec-
trodes for wireless medical monitoring, and a base unit
communicating with the wireless electrode devices that
is also capable of interfacing to existing conventional
bedside monitoring and display equipment. The system
is particularly suited to wireless ECG monitoring. The
electrode devices receive commands from the base unit
such as registration information, transmission frequency
commands, amplifier gain commands, transmitter control
commands, power saving mode, etc. and include hard-
ware and software or firmware for processing these com-
mands and responsively configuring the wireless trans-
ceiver accordingly.

[0021] The wireless transceivers will also preferably
receive a global time base signal from the base unit. The
global time base signal is used for in synchronizing the
timing of acquisition of sample points for all electrodes
used in measuring input body surface potentials (e.g.,
ECG signal). The base unitreceives the transmitted ECG
signal from each electrode (at predetermined time inter-
vals if time division multiplexing is the embodiment of the
communication protocol), demodulates, decodes (with
error correction), digitally processes the data, applies any
needed signal conditioning (amplification, filtering), and
converts back to analog form for outputting the ECG sig-
nals to the standard ECG equipment for display. The
base unit also has a universal interface to existing stand-
ard ECG equipment so that the wireless link between the
electrodes and base unitappears transparent to the ECG
equipment. The ECG equipment will accept the individual
electrode signals for developing any required lead con-
figuration.

[0022] While time division multiplexing is a presently
preferred embodiment for the transmission of electrode
bio-potential signals, other transmission formats could
be used. An example of an alternative transmission for-
mat is code division multiplexing, a technique known in
the wireless communications art.

[0023] The wireless transceivers and base unit also
use a unique over-the-air communication protocol be-
tween the base unit and the electrodes which allows wire-
less programming (configuration), identification, audit-
ing, data acquisition control, and transmitter control of
each electrode used in the ECG system. For frequency
bandwidth efficiency of the invention, the system could
be designed such that transmission of multi-channel
ECG signals is on a single digitally encoded frequency
channel between the base unit transceiver and multiple
electrode devices by using time division multiplexing. For
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example, each electrode will receive synchronization da-
ta from the base unit on the same receive frequency, and
instruction on which time slot to transmit it’s digitally en-
coded ECG data. This makes it possible for multiple pa-
tients to use the wireless ECG system in the same hos-
pital room if there is limited bandwidth.

[0024] Referring now to FIG. 1, a system 10 according
to a presently preferred embodiment is shown schemat-
ically for use with a patient 12. The system 10 acquires
ECG signals from the patient 12 and supplies them to an
ECG monitor 14. The system 10 is a wireless system, in
that a plurality of electrode assemblies 16 receive com-
mands (e.g., synchronization and control commands)
from a base unit 18 using wireless transmission methods,
and supply the ECG signals to the base unit 18 using
wireless transmission methods as well. Thus, cumber-
some wires for the electrode assemblies 16 are eliminat-
ed in the illustrated embodiment.

[0025] The electrode assemblies 16 of FIG. 1 consist
of a plurality of individual, remotely programmable wire-
less transceivers 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
transceivers are described in further detail in conjunction
with Figure 2 and 3. The base unit 18 includes a wireless
transceiver for sending and receiving messages to the
plurality of individual wireless transceivers, and is de-
scribed in further detail in conjunction with Figures 4, 6,
8 and 9. The base unit further has an interface for pro-
viding analog ECG signals received from the wireless
transceivers 20 to a conventional ECG display monitor
14.

[0026] A preferred communications format for wireless
communication between the base unit 18 and the wire-
less transceivers 20 is time division multiplexing in acom-
mon frequency channel in the uplink direction, that is be-
tween the transceivers and the base unit. Each wireless
transceiver 20 transmits ECG signals in a particular time
slot in the channel, as indicated in FIG. 5. In the downlink
direction, the base unit transmits control commands and
other information in a common channel that all the wire-
less transceivers are tuned to. The time slot assignment,
frequency assignment, and other transmission control in-
formation is managed and controlled by the base unit 18,
as described in further detail below. An alternative em-
bodiment is to use code division multiple access (CDMA)
communication format for wireless communication be-
tween the base unit 18 and the wireless transceivers 20,
a technique known to persons skilled in the wireless dig-
ital communication art.

[0027] The messages transmitted by the base unit 18
also include configuration commands for the wireless
transceivers 20. These configuration commands can be,
for example, change or set the data acquisition sampling
rate, amplifier gain setting, and channel carrier settings,
and can also consist of a timing signal for synchronization
of the transmission time slot. Preferably, the base unit
18 transmits a global time base signal to all of the wireless
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transceivers. The global time base signal synchronizes
the timing of transmission of the ECG signals acquired
by all of the wireless transceivers 20, such that the trans-
missions are in discrete time slots in a single frequency
channel, as shown in FIG. 5.

[0028] The details of the over-the-air programming
protocol to exchange messages and information be-
tween 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 a person skilled in
the pertinent art. In one possible embodiment, packets
of data are transmitted between the base unit and the
wireless transceivers. Particular fields in the packets
(bytes of data) are reserved for control data, payload da-
ta, CRC or error correction data, etc. in accordance with
known wireless transmission protocols, conventional da-
ta transmission techniques such as IP or Ethernet, or
similar techniques. A presently preferred protocol is de-
scribed in the application of Mohammad Khair et. al filed
concurrently herewith, entitled "Wireless Protocol for
Medical Monitoring", Serial no. 09/551,719, the contents
of which are incorporated by reference herein.

[0029] FIG. 2 is a detailed perspective view of one of
the patch electrodes 22 and associated remotely pro-
grammable wireless transceiver 20 assembly 16 of FIG.
1, it being understood that all of such patch electrodes
and wireless transceivers of FIG. 1 are of a construction
similar to that shown in FIG. 2. The patch electrode 22
is adhered to the surface of the patient’s body 12 in con-
ventional fashion. The patch electrode 22 includes a con-
ductor 24 supplying ECG or other signals to a pin 26.
The pin 26 is received in complementary pin receiving
structure 28 in the wireless transceiver 20 so as engage
(as in a snap fit) the two parts 20 and 22.

[0030] The pin receiving structure 28 conducts electri-
cal impulses with respect to a local ground reference to
electronic circuitry in the wireless transceiver 20. The lo-
cal ground reference consists of a flexible strip 21 con-
nected to the transceiver 20 having a tip or skin contact
21A, made from a conductive material, which is placed
underneath the patch electrode 22 in contact with the
skin. The purpose is to allow the transceiver to measure
the bio-potential difference between the signal contact
point 26 and the local ground reference 21/21A. The ma-
terial used for the strip 21 could be a thin flexible material
such as plastic with an internal conductive trace or lead
wire from the transceiver 20 to the skin contact point 21A.
The skin contact point 21 A is preferably coated with con-
ductive silver chloride (AgCl) material 21B on one side
thereof.

[0031] FIG. 3 is a block diagram of the wireless trans-
ceiver of FIG.s 1 and 2. The transceiver assembly 20
snaps onto the post pin 26 of a disposable conventional
patch electrode. Electrical signals provided from the elec-
trode 22 are supplied to a low noise, variable gain am-
plifier 30 in the wireless transceiver 20. The amplifier 30
may include a pre-amp stage. The analog signal is fil-
tered, sampled and converted to digital signals in the A/D
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converter 32. The digital signals are supplied to a com-
puting platform, illustrated as a microcontroller/Digital
Signal Processor 34. The microcontroller performs signal
processing of the digital signal supplied by the A/D con-
verter 32. The signal processing functions include noise
filtering and gain control of the digital ECG signal. In an
alternative but less-preferred embodiment, gain control
in the transceiver assembly could be performed by ad-
justment of the amplifier "30 gain in the analog signal
path. The microcontroller also processes commands and
messages received from the base unit, and executes
firmware instructions stored in a memory 36. The mem-
ory further stores a unique electrode identifier as de-
scribed in further detail below. The memory may also
store a position location identifier or data associated with
a position the electrode is attached to the patient. The
position location identifier or data is dynamically pro-
grammable from the base unit.

[0032] The processed digital ECG signals are buffered
in a buffer 38, supplied to an encoder/decoder 40 and
fed to a RF transceiver module 42 for transmission to the
base unit via a low power built-in RF antenna 44. The
transceiver 42 includes a modulator/demodulator, trans-
mitter, power amp, receiver, filters and an antenna
switch. A frequency generator 46 generates a carrier fre-
quency for the RF transmission. The frequency is adjust-
able by the microcontroller 34. A battery 45 with a neg-
ative terminal connected to a local ground reference pro-
vides DC power to the components. The microcontrol-
ler/DSP 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 an initializa-
tion routine wherein the receiver scans a default receive
channel for commands from the base unit, and if the com-
mands are received the transmitter transmits identifica-
tion information in an assigned frequency and time slot
to the base unit.

[0033] All or some of the individual blocks shown in
FIG. 3 could be combined in a microchip or microchips
to miniaturize the size of the snap-on wireless transceiver
assembly 20.

[0034] Referring now to FIG. 4, the base unit 18 is
shown alsoin block diagram form. The base unit 18 trans-
mits commands to all of the wireless transceivers and
instructs each transceiver to transmit its ECG data indi-
vidually (such as in time division multiplexing). The base
unit receives the transmitted ECG signals from the elec-
trodes (up to 10) in sequence and then demodulates,
decodes, error corrects, de-multiplexes, buffers, signal
conditions, and reconverts each electrode’s data back to
an analog signal for interfacing to the standard ECG mon-
itor 14. The base unit also transmits programming infor-
mation to the electrodes for frequency selection, power
control, etc.

[0035] The base unit 18 includes a low power RF an-
tenna 50, a frequency generator 52 for generating a car-
rier frequency and an RF transceiver 54. The transceiver
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54 includes a modulator/demodulator, transmitter, power
amp, receiver, filters and an antenna switch. The base
unit further includes a encoder/decoder 56, a computing
platform such as a microcontroller/Digital Signal Proces-
sor (DSP) 58, and a memory 60 storing code for execu-
tion by the microcontroller/DSP, and I/O interface 59 for
connection to a personal computer which is used as a
test port for running system diagnostics, base unit soft-
ware upgrades, etc., and a user interface 61. The user
interface 61 may consist of the following: a display for
indicating electrode programming information or error/
alarm conditions, a keypad or buttons for user requested
inputs, an alarm unit for audibly indicating error/alarm
conditions (for example a detached, low battery or failed
electrode), and LEDs for visually indicating error, alarm
or programming status.

[0036] The time slot ECG data received from the wire-
less transceivers is demultiplexed in demultiplexer 62
and supplied to a buffer 64. A digital to analog filter bank
66 converts the multiple channels of digital data from the
wireless transceivers to analog form. The analog signals
are amplified by amplifiers 68 and supplied to an OEM
(original equipment manufacturer) standard ECG moni-
tor interface 70. The interface 70 could be either part of
the base unit 18 assembly so that it can directly plug into
the ECG display equipment 14 via a standard connector,
or it could be part of a cable connection to the display
equipment. The idea with the OEM interface 70 is to sup-
ply multiple analog ECG signals to the conventional ECG
display equipment already used in the hospital environ-
ment, in a compatible and transparent manner, such that
the display equipment would treat the signals as if they
were generated from conventional wired electrodes. Fa-
miliarity with the analog signal acquisition hardware or
electronics for the ECG display equipment 14 will be re-
quired obviously, and the OEM interface circuitry may
vary depending on the manufacturer of the display equip-
ment. The OEM monitor interface detailed design is con-
sidered within the ability of a person skilled in the art.
[0037] Referring to FIG. 5, a possible transmission
scheme between the wireless transceivers 20 and the
base unit 18 is time division multiplexing. This allows a
single transmit frequency to be used by all the electrodes
in the ECG system. All electrodes receive commands
and synchronization data (time base signal, reference
signal and control data 76) from the base unit 18 on an
assigned receive frequency (downlink) channel. The
electrodereceive channel may or may not be slotted (time
multiplexed). Electrode 1 20/22A transmits it's data on
time slot 1 72 (Electrode 2 20/22B on time slot 2 74, etc.)
at the assigned transmit frequency (uplink) channel. The
base unit 18 receives the transmission from the elec-
trodes 20/22 and demultiplexes, buffers, and recon-
structs the individual electrode data.

[0038] The system 10 of FIG. 1 utilizes an over the air
programming mechanism to exchange messaging and
information between the base unit 18 and the wireless
transceivers 20. Various types of information could be
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exchanged. For example, the base unit 18 transmits a
data acquisition control message to the wireless trans-
ceivers, which tells the microcontroller in the wireless
transceivers to start and stop data acquisition. Another
command would be a frequency selection command
message sent to the wireless transceivers, in which the
wireless transceivers responsively select a common fre-
quency channelfortransmission of acquired ECG signals
to the base unit in discrete time slots.

[0039] The following is a list of some of the possible
programming commands and messages that could be
sent between the base unitand the wireless transceivers:

a. Registration of electrodes 20/22 with the base unit
18. This would include the detection of the electrode
type and an associated unique electrode identifier
by the base unit. This could also include transmission
of a unique base unit identifier to the electrodes (for
example where multiple base units are within RF
range of the electrodes) and detection of the base
unit identifier by the electrode. Also, a patient refer-
ence number could also be stored in each electrode
soitonly receives commands from a specific patient-
assigned base unit. Each electrode reference
number is also stored in the base unit, so that data
coming only from these electrodes is accepted. An
additional registration feature would be assignment
of a specific electrode function (i.e., position on the
patient’s body). This is discussed in more detail be-
low. With each of the above commands and mes-
sages, the receiving unit would typically transmit
back an acknowledgment signal indicating the re-
ceipt of the command and sending back any required
information to the transmitting unit.

b. Configuration of data acquisition sampling rate.
c. Configuration of amplifier 30 gain setting.

d. Configuration of preampilifier filter band settings.
e. Configuration of carrier channel settings, namely
the frequency of the carrier signal generated by the
frequency generator 46 in the transceivers.

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

g. Battery 45 utilization sleep/activation mode.

h. Battery 45 low voltage level detection.

i. Data acquisition start/stop scenario.

j. Data transmit procedure.

k. Error sample data recover/retransmit scenario.

I. System test diagnostic procedure

m. Scan of electrode current channel setting proce-
dure

n. Electrode detection procedure.

o. Electrode status audit.

p. Base unit status audit.

g. Data acquisition subsystem audit.

[0040] In a preferred embodiment, for every smart
wireless transceiver, the system will provide a registra-
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tion mechanism whereby an electrode identifier is dy-
namically programmed into the base unit. Additionally,
the electrode functional position on the patent (i.e., LA,
RA, LL, V1, V2, V3, V4, V5, or V6) is dynamically as-
signed. An Electrode Universal |dentifier (EUI) will en-
code the smart electrode unique serial number. During
data transaction, each electrode is assigned a temporary
identifier after each registration scenario (on power up
or reconfiguration). The temporary identifier can be com-
posed of electrode number and random number for ex-
ample.

Electrode System Initialization

[0041] Figure 6 shows a flow diagram of a 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 procedure assumes
that each electrode in the ECG system contains a unique
identifier and a unique functional position ID (i.e., LA, RA,
LL, V1, V2, V3, V4, V5, or V6).

[0042] At step 80, the base unit is powered up. The
base unit is configured for the number of leads used in
the ECG system, such as 3, 5 or 12. The configuration
could be facilitated by means of any suitable user inter-
face 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. At step 84, the
base unit determines whether any other ECG base unit
transmissions are detected. If so, at step 86 the base unit
selects the next unused frequency from the list of prede-
termined frequency channels as a transmit channel. If
not, at step 88 the base unit selects the first frequency
from the list of predetermined frequency channels as the
transmission channel. The process then proceeds to step
90.

[0043] Atstep 90, the base unit stars transmitting elec-
trode registration data and messages on the default pro-
gramming channel determined in steps 86 or 88. The
registration data and messages include a base unitiden-
tification code or serial number. The registration data and
messages were described earlier. This insures that the
wireless transceivers to be associated with this particular
base unit being initialized respond to commands from
this base unit and no other base unit. At step 92, the base
unit instructs all required electrodes to transmit on a pre-
determined frequency channel, and assigns time slots to
each electrode. The base unit then communicates with
electrodes to complete registration. If a particular elec-
trode or electrodes did not complete registration, the
base unit indicates via its user interface which electrode
is not registered at step 96. If registration is completed
for all the electrodes, the base units instruct all electrodes
toreceive commands on a new predetermined frequency
channel at step 98. At step 100, the base unit instructs
all electrodes to begin ECG data acquisition and to trans-
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mit at the assigned frequency and in the assigned time
slot. Step 100 may be started in response to a user
prompt via the base unit user interface. During data ac-
quisition, at step 102 the base unit continuously monitors
for interference on the receive data channel (uplink di-
rection). If excessive interference occurs (such as from
a high bit error rate detected in the base unit microcon-
troller), 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.

[0044] FIG. 7 is a flow diagram of an electrode initial-
ization procedure that may be employed. When the elec-
trodes are initially powered up at step 110, the electrodes
will be in a receive only mode. At step 112, the electrodes
automatically scan the default receive channel to see if
any commands and synchronization signals are being
transmitted by the base unit. If no commands and syn-
chronization commands are received at step 114, the
electrode goes back to step 112 and selects another re-
ceive frequency fromits list of default frequencies. If com-
mands and synchronization data have been received, at
step 116 the electrode sends is unique identification data
(containing information on the position on the patient’s
body) on the assigned frequency and in the assigned
time slot back to the base unit, indicating to the base unit
that it is ready to acquire ECG signals and is in an oper-
ating condition.

[0045] In an alternative embodiment of the invention,
the plurality of individual, remotely programmable wire-
less transceivers 20 are initially generic with respect to
particular placement locations on the surface of a pa-
tient’s body. Furthermore, the electrodes could be man-
ufactured without preprogrammed functional position
identifiers. This is advantageous since it would not be
necessary to have the hospital or user maintain an in-
ventory of individual electrodes based on functional po-
sition (i.e., LA, RA, LL, V1, V2, etc.). All the electrode
assemblies are considered generic and could be pro-
grammed with unique identifiers indicating the position
on the body by the base unit when the user sets up the
ECG system. The procedure of FIG. 8 could be used for
programming of each electrode wheninitializing the ECG
system. After first time programming of the electrode as-
semblies, the system only needs to go through the ini-
tialization program of FIG. 6 when it is powered up again.
[0046] FIG. 8 shows the initialization procedure in the
alternative embodiment. FIG. 9 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 interact 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 re-
moved from a plastic backing and placed on the wireless
transceivers as shown in FIG. 10.

[0047] Referring now to FIG. 8 and 9, at step 140 the
user sets up the base unitinto an electrode programming
mode, such as by responding to prompts on the display
132 and selecting the mode with one of the buttons or
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keys 133. The base unit programming mode could be
done atlower power transmissions, requiring the wireless
transceiver 20 to be programmed to be adjacent to the
base unit (thereby avoiding programming more than one
transceiver at a time). Alternatively, as shown in FIG. 9,
the base unit has a programming initialization interface
136 which makes contact with a socket or other feature
in the transceiver for purposes of programming the trans-
ceiverduringinitialization. When the transceiveris placed
into contact with the programming initialization interface
136, the base unit could automatically go into program-
ming mode, or it could simply go into programming mode
upon power up.

[0048] In any event, at step 142 the first electrode as-
sembly 20/22 is powered up and placed near the base
unit or positioned in contact with the programming initial-
ization interface 136. The initialization of the electrodes
could be done by mechanical means, such as plugging
the electrode transceiver 20 into the base unit program-
ming initialization interface 136.

[0049] Atstep 144, the electrode scans the default pro-
gramming channel. At step 146, the base unit sends a
low power programming command on the default trans-
mit channel or some other channel that has the least RF
interference. At step 148, the electrode determines
whether it has received the programming command. If
not, the electrode scans the list of default channels and
selects a new channel to listen on. If so, the electrode
transmits a response message on its assigned transmit
channel at step 150. At step 152, the base unit deter-
mines whetherithas received the response from the elec-
trode. If not, the base unit goes back to step 146 and
transmits the low power programming command on a
new transmit channel. If so, the base unit transmits pro-
gramming data to the electrode at step 153. At step 153,
the programming data includes the electrode unique
identifier, including the electrode position (LA, RL, or V3,
etc.), the base unit unique identifier, and other registra-
tion commands as described above. At step 154, the
electrode determines whether a programming error was
detected, and if so at step 156 sends a retransmit pro-
gram message to base unit causing it to repeat the pro-
gramming data at step 152. If no error occurred, the proc-
ess proceeds to step 158, at which the electrode com-
pletes programming with the base unit. At step 160, the
base unit instructs the electrode to wait for additional
commands. At this point, since the unique base unit ID
has been programmed in the wireless transceiver, it can
scan ECG system control channels and receive and op-
erate on commands only from the base unit that pro-
grammed the transceiver. At step 162, the base unit dis-
plays the electrode placement position on the user inter-
face display and prompts the user to place the next elec-
trode for programming into the initialization interface 136.
[0050] Afterallthe electrodes have been programmed,
the base unit will automatically be configured for the prop-
er number of electrodes used in the ECG system. As
each electrode is programmed the user removes a label
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135 from the stock of labels 137 indicating the position
programmed on the electrode and applies the label to
the electrode (e.g., to the top or upper surface of the
wireless transceiver 20), as shown in FIG. 10.

[0051] From the foregoing description, it will appreci-
ated that we have described a dynamically programma-
ble, wireless bio-potential signal acquisition system,
comprising: a plurality of individual, remotely program-
mable wireless transceivers 20, each transceiver asso-
ciated with a patch electrode 22 for use in medical mon-
itoring, and a base unit 18 comprising a wireless trans-
ceiver 54 (FIG. 4) for sending and receiving messages
to the plurality of individual transceivers 20. The base
unit and wireless transceivers 22 implement a wireless
programming protocol by which messages and informa-
tion are exchanged between base unit 18 and wireless
transceivers 20 (such as shown in FIG. 6 and 8) whereby
registration, configuration, and data transmission control
properties of the wireless transceivers may be managed
by the base unit.

[0052] Preferably, the base unittransmits a global time
base signal to the wireless transceivers, the global time
base signal synchronizing the timing of transmission of
bio-potential signals acquired by the wireless transceiv-
ers in discrete time slots in a single frequency channel,
As shown in FIGS. 1 and 4, the base unit further com-
prises an interface 70 to a conventional ECG monitoring
equipment such as a display, whereby acquired ECG
signals may be transmitted to the ECG monitoring equip-
ment for display. The system of base unit 18 and wireless
remotely programmable transceivers 20 is particularly
well adapted for use with standard conventional patch
electrodes and existing ECG monitoring equipment, and
thus presents a flexible, low cost and convenient system
for acquiring ECG signals and presenting them to a dis-
play unit for display.

[0053] Persons skilled in the art will appreciate that the
details of the presently preferred embodiment described
herein can be changed and modified without departure
from the scope of the invention. The system can be used
to acquire ECG signals, electroencephalogram signals,
electromyography signals, or other types of signals. The
true scope is to be determined in reference to the ap-
pended claims.

Claims

1. Adynamically programmable, wireless bio-potential
signal acquisition system (10), comprising:

a) a plurality of individual, remotely programma-
ble wireless transceivers (20), each of said
transceivers (20) associated with a patch elec-
trode (22) for use in medical monitoring, and

b) a base unit (18) comprising a wireless trans-
ceiver (54) for sending and receiving messages
to said plurality of individual, remotely program-
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mable wireless transceivers (20),

c¢) wherein said base unit (18) and said plurality
of individual, programmable wireless transceiv-
ers (20) implement a wireless programming pro-
tocol by which said messages are exchanged
between said base unit (18) and said plurality of
individual, remotely programmable wireless
transceivers (20) whereby registration, configu-
ration, data acquisition control, and data trans-
mission control properties of said plurality of in-
dividual, remotely programmable wireless
transceivers (20) may be managed by said base
unit (18);

characterised in that said base unit (18) further
comprises an interface (70) to conventional monitor-
ing and display equipment, and the base unit (18) is
operable to output data on the interface (70) format-
ted as analog electrode input signals such that said
acquired signals may be sent from said base unit
(18) to said conventional monitoring and display
equipment for display.

The system of claim 1, wherein said base unit (18)
transmits a global time base signal to said plurality
of individual, remotely programmable wireless trans-
ceivers (20), said global time base signal for syn-
chronizing the timing of transmission of signals ac-
quired by said plurality of individual, programmable
wireless transceivers (20) to said base unit (18) in
discrete time slots (72, 74) in a single frequency
channel.

The system of claim 1, wherein said plurality of indi-
vidual, remotely programmable wireless transceiv-
ers (20) are generic with respect to particular place-
mentlocations on the surface of a patient’s (12) body,
and wherein said base unit (18) transmits program-
ming data to said individual, remotely programmable
wireless transceivers (20), said programming data
including electrode position location data associated
with a unique placement position for said individual,
remotely programmable wireless transceivers (20)
and electrode identifier data.

The system of claim 3, wherein said base unit (18)
further comprises a display (14), and wherein said
unique placement position for said individual, re-
motely programmable wireless transceivers (20) is
displayed on said display (14) to a user.

The system of claim 1, wherein said base unit (18)
transmits a frequency selection command message
(s) to said plurality of individual, remotely program-
mable wireless transceivers (20), said plurality of in-
dividual, remotely programmable wireless transceiv-
ers (20) responsively selecting a common frequency
channel for transmission of acquired signals to said
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base unit (18) in discrete time slots (72, 74).

The system of claim 5, wherein said individual, re-
motely programmable wireless transceivers (20)
store a list of available, predetermined frequency
channels for transmission of said acquired signals
to said base unit (18) and wherein said frequency
selection command message(s) commands said
plurality of individual, remotely programmable wire-
less transceivers (20) to transmit said acquired sig-
nals to said base unit (18) on one of said predeter-
mined frequency channels.

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

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

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

The system of claim 1, wherein the wireless, pro-
grammable transceivers (20) further comprise:

an amplifier (30) arranged to receive a signal
from an electrode and generate an amplified an-
alog signal;

an anti-aliasing filter arranged to remove unde-
sirable frequencies;

an analog to digital converter (32) arranged to
convert said amplified, filtered analog signal into
a digital signal;

a computing platform (34), including a microcon-
troller, having a memory (36) storing a set of
instructions executable by said computing plat-
form (34) and arranged to perform signal
processing of said digital signal;

a buffer (38) arranged to store said digital signal
for transmission to said base unit (18);

a wireless transceiver module (42) including an
antenna (44) for wireless transmission of said
digital signal between said wireless programma-
ble transceiver (20) assembly and said base unit
(18); and

a frequency generator (46) responsive to said
microcontroller for generating a frequency at
which said wireless transmission is to occur;

wherein said computing platform (34) is operative to
select a frequency for said wireless transmission in
response to control commands received from said
base unit (18) at said wireless transceiver module
(42).

The system of claim 10, wherein said memory (36)
stores an electrode identifier.
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The system of claim 10, wherein said memory (36)
stores position location data associated with a posi-
tion said electrode is attached to said patient (12),
and wherein said position location data is dynami-
cally programmable from said base unit (18).

The system of claim 10, wherein said transmitter
transmits said digital signal to said base unit (18) in
a time slot (72, 74) assigned by said base unit (18).

The system of claim 13, wherein said microcontroller
(34) executes an initialization routine wherein said
wireless transceiver module scans a default receive
channel for commands from said base unit (18), and
if said commands are received transmits identifica-
tion information in an assigned frequency and time
slot (72, 74) in said frequency to said base unit (18).

The system of claim 1, wherein the base unit (18)
further comprises:

a transceiver module (54) including an antenna
(50) for wireless communication in transmit and
receive directions between said base unit (18)
and said wireless, programmable transceivers
(20), said wireless communication from said plu-
rality of wireless, programmable transceivers
(20) to said base unit (18) occurring in a plurality
of discrete time slots (72, 74) in a single frequen-
cy channel;

an encoder/decoder (56) coupled to said anten-
na (50);

a computing platform (58) and a memory (60),
said computing platform (58) arranged to per-
form error correction, processing of information
in control messages and data in digitized signals
from said encoder/decoder (56);

a demultiplexer (62) arranged to demultiplex re-
ceived data from said plurality of wireless, pro-
grammable transceiver assemblies (20) in said
plurality of discrete time slots (72, 74) and;

a digital to analog converter (66) arranged to
convert received, demultiplexed digital signals
from said plurality of wireless, programmable
transceiver assemblies (20) into analog signals.

The system of claim 15, wherein said base unit (18)
executes an initialization program comprising:

scanning a receive channel list (82) and select-
ing a first frequency if transmissions are not de-
tected (88) or selecting an unused frequency if
transmissions are detected (86);

transmitting registration data on a default pro-
gramming channel (90) and instructing the wire-
less programmable transceivers (20) to transmit
on predetermined channel (92) and time slots
(72, 74);
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indicating to a user (96) any wireless program-
mable transceivers (20) which are not regis-
tered; and

instructing the wireless programmable trans-
ceivers (20) to receive commands on a different
programming channel (98).

The system of claim 16, wherein said base unit (18)
transmits programming data to said wireless pro-
grammable transceivers (20), said programming da-
ta comprising an electrode identifier and an electrode
position identifier associated with a position in which
said wireless programmable transceiver (20) is to be
located on a patient (12).

The system of claim 17, further comprising a display
(14) displaying position information programmed to
said plurality of wireless programmable transceivers
(20).

The system of claim 16, wherein said base unit (18)
implements an initialization routine comprising:

sending a programming command to a first one
of the wireless programmable transceivers (20)
on a default channel and repeating the sending
if no response is received or transmitting pro-
gramming data to the first one of the wireless
programmable transceivers (20) if a response
is received;

instructing the first one of the wireless program-
mable transceivers (20) to wait (160);
displaying position information for the first one
of the wireless programmable transceivers
(162); and

repeating sending, instructing and displaying for
a second one of the wireless programmable
transceivers (20).

The system of claim 16, further comprising a pro-
gramming initialization interface for contacting said
wireless programmable transceivers (20) for trans-
mission of programming commands to said wireless
programmable transceivers (20).

The system of claim 1, wherein said computing plat-
form (34) includes a digital signal processor.

The system of claim 1, wherein said wireless trans-
ceivers (20) communicate with said base unit (18) in
a Code Division Multiple Access (CDMA) communi-
cation format.

Patentanspriiche

1.

Dynamisches programmierbares, drahtloses Biopo-
tential-Signalerfassungssystem (10), welches Fol-
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gendes aufweist:

a) eine Vielzahl einzelner fernprogrammierbarer
drahtloser Transceiver (20), wobei jeder der
Transceiver (20) einer Pflasterelektrode (22) zur
Verwendung in der medizinischen Uberwa-
chung zugehdrig ist; und

b) eine Basiseinheit (18), die einen drahtlosen
Transceiver (54) zum Empfangen von Nachrich-
ten und zum Senden von Nachrichten an die
Vielzahl einzelner fernprogrammierbarer draht-
loser Transceiver (20) aufweist;

c) wobei die Basiseinheit (18) und die Vielzahl
einzelner programmierbarer drahtloser Tran-
sceiver (20) ein drahtloses Programmierungs-
protokoll verwenden, durch welches die Nach-
richten zwischen der Basiseinheit (18) und der
Vielzahl einzelner, fernprogrammierbarer draht-
loser Transceiver (20) ausgetauscht werden,
wodurch die Registrierungs-, Konfigurations-,
Datenerfassungssteuerungs- und Datenuber-
tragungssteuerungseigenschaften der Vielzahl
einzelner fernprogrammierbarer drahtloser
Transceiver (20) von der Basiseinheit (18) ver-
waltet werden kdnnen;

dadurch gekennzeichnet, dass die Basiseinheit
(18) des Weiteren eine Schnittstelle (70) zu her-
kédmmlichen Uberwachungs- und Anzeigevorrich-
tungen aufweist, und die Basiseinheit (18) dazu be-
triebsbereit ist, Daten auf der Schnittstelle (70) aus-
zugeben, die als analoge Elektrodeneingangsdaten
formatiert sind, so dass die erfassten Signale von
der Basiseinheit (18) zur Anzeige an die herkdmm-
lichen Uberwachungs- und Anzeigevorrichtungen
gesendet werden kénnen.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die Basiseinheit (18) ein globales Zeitba-
sissignal an die Vielzahl einzelner fernprogrammier-
barer drahtloser Transceiver (20) sendet, wobei das
globale Zeitbasissignal den Zeitablauf der Ubertra-
gung der von der Vielzahl einzelner programmierba-
rer drahtloser Transceiver (20) erfassten Signale in
diskreten Zeitschlitzen (72, 74) in einem einzelnen
Frequenzkanal an die Basiseinheit (18) synchroni-
siert.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die Vielzahl einzelner fernprogrammier-
barer drahtloser Transceiver (20) hinsichtlich be-
stimmter Platzierungsstellen auf der Oberflache des
Korpers eines Patienten (12) generisch sind, und
wobei die Basiseinheit (18) Programmierungsdaten
an die einzelnen fernprogrammierbaren drahtlosen
Transceiver (20) Ubertragt, wobei die Programmie-
rungsdaten Elektrodenpositionsstellendaten, die ei-
ner eindeutigen Platzierungsposition fiir die einzel-
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nen, fernprogrammierbaren drahtlosen Transceiver
(20) zugehdrig sind, sowie Elektrodenkennungsda-
ten umfassen.

System nach Anspruch 3, dadurch gekennzeich-
net, dass die Basiseinheit (18) des Weiteren eine
Anzeige (14) aufweist, und wobei die eindeutige
Platzierungsposition fiir die einzelnen fernprogram-
mierbaren drahtlosen Transceiver (20) einem Benut-
zer auf dem Display (14) angezeigt wird.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die Basiseinheit (18) (eine) Frequenzaus-
wahl-Befehlsnachricht(en) an die Vielzahl einzelner
fernprogrammierbarer drahtloser Transceiver (20)
Ubertragt, wobei die Vielzahl einzelner fernprogram-
mierbarer drahtloser Transceiver (20) ansprechend
darauf einen gemeinsamen Frequenzkanal zur
Ubertragung der erfassten Signale an die Basisein-
heit (18) in diskreten Zeitschlitzen (72, 74) auswahit.

System nach Anspruch 5, dadurch gekennzeich-
net, dass die einzelnen fernprogrammierbaren
drahtlosen Transceiver (20) eine Liste verfluigbarer,
vorher festgelegter Frequenzkanale zur Ubertra-
gung der erfassten Signale an die Basiseinheit (18)
speichert, und dass die Frequenzauswahl-Befehls-
nachricht(en) die Vielzahl einzelner, fernprogram-
mierbarer drahtloser Transceiver (20) auffordert
bzw. auffordern, die erfassten Signale auf einem der
vorher festgelegten Frequenzkanale an die Basis-
einheit (18) zu Ubertragen.

System nach Anspruch 1, dadurch gekennzeich-
net, dass das System zur Erfassung von EKG- bzw.
Elektrokardiogrammsignalen verwendet wird.

System nach Anspruch 1, dadurch gekennzeich-
net, dass das System zur Erfassung von EEG- bzw.
Elektroenzephalografiesignalen verwendet wird.

System nach Anspruch 1, dadurch gekennzeich-
net, dass das Sstem zur Erfassung von EMG- bzw.
Elektromyografiesignalen verwendet wird.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die drahtlosen, programmierbaren Tran-
sceiver (20) des Weiteren Folgendes aufweisen:

einen Verstarker (30), der zum Empfang eines
Signals von einer Elektrode und zur Erzeugung
eines verstarkten analogen Signals angeordnet
ist;

einen Anti-Aliasing-Filter, der zum Entfernen un-
erwlnschter Frequenzen angeordnet ist;

einen Analog-Digital-Wandler (32), der zum
Umwandeln des verstarkten, gefilterten analo-
gen Signals in ein digitales Signal angeordnet
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ist;

eine Berechnungsplatiform (34), die einen
Microcontroller mit einem Speicher (36) zum
Speichern einer Reihe von Befehlen, die von der
Berechnungsplattform (34) ausgefiihrt werden
sollen, umfasst, und die zum Ausflihren der Si-
gnalverarbeitung des digitalen Signals angeord-
net ist;

einen Zwischenspeicher (38), der zum Spei-
chern des digitalen Signals zur Ubertragung an
die Basiseinheit (18) angeordnet ist;

ein drahtloses Transceivermodul (42) ein-
schlieflich einer Antenne (44) zur drahtlosen
Ubertragung des digitalen Signals zwischen der
drahtlosen programmierbaren Transceiver(20)
anordnung und der Basiseinheit (18); und
einen auf den Microcontroller ansprechenden
Frequenzerzeuger (46) zur Erzeugung einer
Frequenz, bei der die drahtlose Ubertragung
stattfinden soll;

wobei die Berechnungsplattform (34) dazu betriebs-
bereit ist, eine Frequenz fiir die drahtlose Ubertra-
gung, ansprechend auf von dem drahtlosen Tran-
sceivermodul (42) von der Basiseinheit (18) empfan-
gene Steuerungsbefehle, auszuwahlen.

System nach Anspruch 10, dadurch gekennzeich-
net, dass der Speicher (36) eine Elektrodenken-
nung speichert.

System nach Anspruch 10, dadurch gekennzeich-
net, dass der Speicher (36) Positionslokalisierungs-
daten speichert, die einer Position zugehdrig sind,
bei welcher die Elektrode an dem Patienten (12) be-
festigt ist, und wobei die Positionslokalisierungsda-
ten von der Basiseinheit (18) dynamisch program-
mierbar sind.

System nach Anspruch 10, dadurch gekennzeich-
net, dass der Sender das digitale Signal in einem
von der Basiseinheit (18) zugewiesenen Zeitschlitz
(72, 74) an die Basiseinheit (18) tbertragt.

System nach Anspruch 13, dadurch gekennzeich-
net, dass der Microcontroller (34) eine Initialisie-
rungsroutine ausfiihrt, wobei das drahtlose Tran-
sceivermodul einen Standard-Empfangskanal nach
Befehlen von der Basiseinheit (18) absucht und,
wenn Befehle empfangen werden, Indentifikations-
informationen auf einer zugewiesenen Frequenz
und in einem zugewiesenen Zeitschlitz (72, 74) auf
der Frequenz an die Basiseinheit (18) Ubertragt.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die Basiseinheit (18) des Weiteren Fol-
gendes aufweist:
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ein Transceivermodul (54) einschlieBlich einer
Antenne (50) zur drahtlosen Kommunikation in
Sende- und Empfangsrichtung zwischen der
Basiseinheit (18) und den drahtlosen, program-
mierbaren Transceivern (20), wobei die draht-
lose Kommunikation von der Vielzahl einzelner,
programmierbarer Transceiver (20) an die Ba-
siseinheit (18) in einer Vielzahl von diskreten
Zeitschlitzen (72, 74) in einem einzelnen Fre-
quenzkanal stattfindet;

einen mit der Antenne (50) gekoppelten Kodie-
rer/Dekodierer (56)

eine Berechnungsplattform (58) und einen Spei-
cher (60), wobei die Berechnungsplattform (58)
zur Durchfiihrung von Fehlerkorrektur sowie der
Verarbeitung von Informationen in Steuerungs-
nachrichten und -daten in digitalisierten Signa-
len von dem Kodierer/Dekodierer (56) angeord-
net ist;

einen Demultiplexer (62), der zum Demultiple-
xen von von der Vielzahl drahtloser, program-
mierbarer Transceiveranordnungen (20) emp-
fangenen Daten in der Vielzahl diskreter Zeit-
schlitze (72, 74) angeordnet ist; und

einen Digital-Analog-Wandler (66), der zum
Umwandeln von empfangenen, demultiplexten
digitalen Signalen von der Vielzahl drahtloser
programmierbarer  Transceiveranordnungen
(20) in analoge Signale angeordnet ist.

16. System nach Anspruch 15, dadurch gekennzeich-

net, dass die Basiseinheit (18) ein Initialisierungs-
programm ausfiihrt, welches Folgendes umfasst:

Absuchen einer Empfangskanalliste (82) und
Auswahl einer ersten Frequenz, wenn keine
Ubertragungen erfasst werden (88), oder Aus-
wahl einer nicht verwendeten Frequenz, wenn
Ubertragungen erfasst werden (86);
Ubertragen von Registrierungsdaten auf einem
Standard-Programmierungskanal (90) und An-
weisen der drahtlosen programmierbaren Tran-
sceiver (20) zum Ubertragen auf einem vorher
festgelegten Kanal (92) und vorher festgelegten
Zeitschlitzen (72, 74) ;

Anzeigen jedes beliebigen programmierbaren
Transceivers (20), der nicht registriert ist, fir ei-
nen Benutzer (96); und

Anweisen der drahtlosen programmierbaren
Transceiver (20) zum Empfang von Anweisun-
gen auf einem anderen Programmierungskanal
(98).

17. System nach Anspruch 16, dadurch gekennzeich-

net, dass die Basiseinheit (18) Programmierungs-
daten an die drahtlosen programmierbaren Tran-
sceiver (20) Ubertrégt, wobei die Programmierungs-
daten eine Elektrodenkennung und eine Elektroden-

10

15

20

25

30

35

40

45

50

55

13

EP 1 274 345 B1

18.

19.

20.

21.

22,
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positionskennung aufweisen, die einer Position zu-
gehdrig sind, bei der der drahtlose programmierbare
Transceiver (20) auf einem Patient (12) platziert wer-
den soll.

System nach Anspruch 17, welches des Weiteren
ein Display (14) aufweist, das die auf die Vielzahl
drahtloser programmierbarer Transceiver (20) pro-
grammierten Positionsinformationen anzeigt.

System nach Anspruch 16, dadurch gekennzeich-
net, dass die Basiseinheit (18) eine Initialisierungs-
routine verwendet, die Folgendes umfasst:

Senden eines Programmierungsbefehls an den
ersten der drahtlosen programmierbaren Tran-
sceiver (20) auf einem Standardkanal und Wie-
derholen des Sendens, wenn keine Antwort
empfangen wird oder Ubertragen der Program-
mierungsdaten an den ersten der drahtlosen
programmierbaren Transceiver (20), wenn eine
Antwort empfangen wird;

Anweisen des ersten der drahtlosen program-
mierbaren Transceiver (20) zu warten (160);
Anzeigen von Positionsinformationenflir den er-
sten der drahtlosen programmierbaren Tran-
sceiver (162); und

Wiederholen des Sendens, Anweisens und An-
zeigens fUr einen zweiten der drahtlosen pro-
grammierbaren Transceiver (20).

System nach Anspruch 16, welches des Weiteren
eine programmierbare Initialisierungsschnittstelle
zum Kontaktieren der drahtlosen programmierbaren
Transceiver (20) zur Ubertragung der Programmie-
rungsbefehle an die drahtlosen programmierbaren
Transceiver (20) aufweist.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die Berechnungsplattform (34) einen di-
gitalen Signalprozessor umfasst.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die drahtlosen Transceiver (20) mit der
Basiseinheit (18) in einem CDMA- bzw. codemulti-
plexverfahren-Kommunikationsformat kommunizie-
ren.

Revendications

1.

Systéme d’acquisition d’un signal biopotentiel sans
fil dynamiquement programmable, comprenant:

a) une pluralité d’émetteurs-récepteurs sans fil
programmables a distance individuels (20) cha-
cun desdits émetteurs-récepteurs (20) étant as-
socié a une électrode implantable (22) pour une



25

utilisation dans une surveillance médicale, et
b) une unité de base (18) comprenant un émet-
teur-récepteur sans fil (54) pour envoyer des
messages a ladite pluralité d’émetteurs-récep-
teurs sans fil programmables a distance indivi-
duels (20) ou pour recevoir des messages de
Cceux-ci,

¢) dans lequel ladite unité de base (18) et ladite
pluralit¢ d’émetteurs-récepteurs sans fil pro-
grammables individuels (20) mettent en oeuvre
un protocole de programmation sans fil par le-
quel lesdits messages sont échangés entre la-
dite unité de base (18) et ladite pluralité d’émet-
teurs-récepteurs sans fil programmables a dis-
tance individuels (20), moyennant quoi les pro-
priétés de référencement, de configuration, de
commande d’acquisition de données et de com-
mande de transmission de données de ladite
pluralité d’émetteurs-récepteurs sans fil pro-
grammables a distance individuels (20) peuvent
étre gérées par ladite unité de base (18);

caractérisé en ce queladite unité de base (18) com-
prend en outre une interface (70) vers I'équipement
de surveillance et d’affichage classique, et I'unité de
base (18) peut fonctionner pour sortir des données
sur l'interface (70) formatées, sous la forme de si-
gnaux d’entrée d’électrode analogique de sorte que
lesdits signaux acquis puissent étre envoyés de la-
dite unité de base (18) audit équipement de sur-
veillance et d’affichage classique pour un affichage.

Systéme selon la revendication 1, dans lequel ladite
unité de base (18) transmet un signal de base d’heu-
re universelle a ladite pluralité d’émetteurs-récep-
teurs sans fil programmables a distance individuels
(20), ledit signal de base d’heure universelle étant
destiné a synchroniser le minutage de transmission
de signaux acquis par ladite pluralité d’émetteurs-
récepteurs sans fil programmables individuels (20)
a ladite unité de base (18) en tranches temporelles
discretes (72, 74) dans un seul canal de fréquence.

Systéme selon la revendication 1, dans lequel ladite
pluralité d’émetteurs-récepteurs sans fil program-
mables a distance individuels (20) est générique par
rapport aux emplacements de positionnement par-
ticuliers sur la surface du corps d’'un patient (12) et
dans lequel l'unité de base (18) transmet des don-
nées de programmation auxdits émetteurs-récep-
teurs sans fil programmables a distance individuels
(20), lesdites données de programmation compre-
nant des données d’emplacement de positionne-
ment d’électrode associées a une position de place-
ment unique pour lesdits émetteurs-récepteurs sans
fil programmables a distance individuels (20) et des
données d’identificateur d’électrode.
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Systéme selon la revendication 3, dans lequel ladite
unité de base (18) comprend en outre un affichage
(14) et dans lequel ladite position de placement uni-
que pour lesdits émetteurs-récepteurs sans fil pro-
grammables a distance individuels (20) est affichée
sur ledit affichage (14) pour l'utilisateur.

Systéme selon la revendication 1, dans lequel ladite
unité de base (18) transmet un ou plusieurs message
(s) d’ordre de sélection de fréquence a ladite pluralité
d’émetteurs-récepteurs sans fil programmables a
distance individuels (20), ladite pluralité d’émet-
teurs-récepteurs sans fil programmables a distance
individuels (20) choisissant, en réponse, un canal de
fréquence commun pour la transmission de signaux
acquis a ladite unité de base (18) en tranches tem-
porelles discretes (72, 74).

Systéme selon larevendication 5, dans lequel lesdits
émetteurs-récepteurs sans fil programmables a dis-
tance individuels (20) stockent une liste de canaux
de fréquence prédéterminés disponibles pour la
transmission desdits signaux acquis a ladite unité
de base (18) et dans lequel ledit ou lesdits message
(s) d’ordre de sélection de fréquence ordonne a la-
dite pluralité d’émetteurs-récepteurs sans fil pro-
grammables a distance individuels (20) de transmet-
tre lesdits signaux acquis a ladite unité de base (18)
sur I'un desdits canaux de fréquence prédéterminée.

Systéme selon la revendication 1, dans lequel ledit
systeme est utilisé pour acquérir des signaux d’élec-
trocardiogramme (ECG).

Systéme selon la revendication 1, dans lequel ledit
systéme est utilisé pour acquérir des signaux d’élec-
troencéphalogramme.

Systéme selon la revendication 1, dans lequel ledit
systéme est utilisé pour acquérir des signaux d’élec-
tromyographie.

Systéme selon la revendication 1, dans lequel les
émetteurs-récepteurs programmables sans fil (20)
comprennent en outre:

un amplificateur (30) agencé pour recevoir un
signal d’une électrode et générer un signal ana-
logique amplifié;

un filtre anti-repliement agencé pour éliminer les
fréquences non souhaitables;

un convertisseur analogique-numérique (32)
agencé pour convertir ledit signal analogique fil-
tré amplifié en un signal numérique;

une plateforme de calcul (34), comprenant un
microcontréleur, ayant une mémoire (36) stoc-
kant un jeu d’instructions pouvant étre exécu-
tées par ladite plateforme de calcul (34) et agen-
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cée pour réaliser un traitement de signal dudit
signal numérique;

une mémoire tampon (38) agencée pour stocker
ledit signal numérique pour une transmission a
ladite unité de base (18);

un module d’émetteur-récepteur sans fil (42)
comprenant une antenne (44) pour une trans-
mission sans fil dudit signal numérique entre le-
dit ensemble d’émetteurs-récepteurs program-
mables sans fil (20) et ladite unité de base (18);
et

un générateur de fréquence (46) répondant
audit microcontréleur pour générer une fréquen-
ce alaquelle ladite transmission sans fil doit s’ef-
fectuer;

dans lequel ladite plateforme de calcul (34) peut
fonctionner pour choisir une fréquence pour ladite
transmission sans fil en réponse a des ordres de
commande regus de ladite unité de base (18) au
niveau dudit module d’émetteur-récepteur sans fil
(42).

Systéme selon la revendication 10, dans lequel la-
dite mémoire (36) stocke un identificateur d’électro-
de.

Systéme selon la revendication 10, dans lequel la-
dite mémoire (36) stocke les données d’emplace-
ment de positionnement associées a la position de
ladite électrode a laquelle I'électrode est fixée audit
patient (12) et dans lequel lesdites données d’em-
placement de positionnement sont dynamiquement
programmables a partir de ladite unité de base (18).

Systéme selon la revendication 10, dans lequel ledit
émetteur transmet ledit signal numérique a ladite
unité de base (18) dans une tranche temporelle (72,
74) attribuée par ladite unité de base (18).

Systéme selon la revendication 13, dans lequel ledit
microcontréleur (34) exécute un sous-programme
d’initialisation dans lequel ledit module d’émetteur-
récepteur sans fil balaye un canal de récepteur par
défaut pour les ordres provenant de ladite unité de
base (18) et si lesdits ordres sont regus, transmet
des informations d’identification dans une fréquence
attribuée et une tranche temporelle (72, 74) dans
ladite fréquence a ladite unité de base (18).

Systéme selon larevendication 1, dans lequel 'unité
de base (18) comprend en outre:

un module d’émetteur-récepteur (54) compre-
nant une antenne (50) pour une communication
sans fildans des sens d’émission et de réception
entre ladite unité de base (18) et lesdits émet-
teurs-récepteurs programmables sans fil (20),
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ladite communication sans fil de ladite pluralité
d’émetteurs-récepteurs programmables sans fil
(20) aladite unité de base (18) s’effectuant dans
une pluralité de tranches temporelles discrétes
(72, 74) dans un canal de fréquence unique;
un codeur/décodeur (56) couplé a ladite anten-
ne (50);

une plateforme de calcul (58) et une mémoire
(60), ladite plateforme de calcul (58) étant agen-
cée pour effectuer une correction d’erreur, un
traitement d’informations dans des messages
et des données de commande en signaux nu-
mérisés a partir dudit codeur/décodeur (56);
un démultiplexeur (62) agencé pour démulti-
plexer les données regues de ladite pluralité
d’ensembles d’émetteurs-récepteurs program-
mables sans fil (20) dans ladite pluralité de tran-
ches temporelles discrétes (72, 74) et;

un convertisseur numérique-analogique (66)
agenceé pour convertir des signaux numériques
démultiplexés regus de ladite pluralité d’ensem-
bles d’émetteurs-récepteurs programmables
sans fil (20) en signaux analogiques.

Systéme selon la revendication 15, dans lequel la-
dite unité de base (18) exécute un programme d’ini-
tialisation comprenant:

le balayage d’'une liste de canaux de réception
(82) et la sélection d'une premiére fréquence si
des transmissions ne sont pas détectées (88)
ou la sélection d’'une fréquence non utilisée si
des transmissions sont détectées (86);

la transmission de données de référencement
sur un canal de programmation par défaut (90)
et linstruction aux émetteurs-récepteurs pro-
grammables sans fil (20) d’émettre sur un canal
(92) et des tranches temporelles (72, 74) pré-
déterminés;

l'indication a un utilisateur (96) de tous les émet-
teurs-récepteurs programmables sans fil (20)
non références; et

linstruction aux émetteurs-récepteurs program-
mables sans fil (20)’ de recevoir des ordres sur
un canal de programmation différent (98).

Systéme selon la revendication 16, dans lequel la-
dite unité de base (18) transmet des données de
programmation auxdits émetteurs-récepteurs pro-
grammables sans fil (20), lesdites données de pro-
grammation comprenant un identificateur d’électro-
de et un identificateur de position d’électrode asso-
ciés a une position dans laquelle ledit émetteur-re-
cepteur programmable sans fil (20) doit étre situé
sur un patient (12).

Systéme selon la revendication 17, comprenant en
outre un affichage (14) affichant des informations de
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position programmeées a ladite pluralité d’émetteurs-
récepteurs programmables sans fil (20).

Systéme selon la revendication 16, dans lequel la-
dite unité de base (18) met en oeuvre un sous-pro-
gramme d'initialisation comprenant:

I'envoi d'un ordre de programmation a un pre-
mier des émetteurs-récepteurs programmables
sans fil (20) sur un canal par défaut et la répé-
tition de I'envoi si aucune réponse n’est regue
ou la transmission de données de programma-
tion au premier des émetteurs-récepteurs (20)
si une réponse est regue;

linstruction au premier des émetteurs-récep-
teurs programmables sans fil (20) d’attendre
(160);

I'affichage des informations de position pour le
premier des émetteurs-récepteurs programma-
bles sans fil (162); et

la répétition de I'envoi, de l'instruction et de I'af-
fichage pour un deuxiéme des émetteurs-récep-
teurs programmables sans fil (20).

Systéme selon la revendication 16, comprenant en
outre une interface d’initialisation de programmation
pour mettre en contact lesdits émetteurs-récepteurs
programmables sans fil (20) pour une transmission
d’ordre de programmation auxdits émetteurs-récep-
teurs programmables sans fil (20).

Systéme selon la revendication 1, dans lequel ladite
plateforme de calcul (34) comprend un processeur
de signal numérique.

Systéme selon larevendication 1, dans lequel lesdits
émetteurs-récepteurs (20) communiquent avec la-
dite unité de base (18) dans un format de commu-
nication aaccés multiple par répartition en code (CD-
MA).
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