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WIRELESS SYSTEM PROTOCOL FOR TELEMETRY MONITORING
BACKGROUND OF THE INVENTION

A Field of the Invention

This invention relales generally to the field of devices used o measure
¢lecirical bio-petential signals generated by a human body, such as electrocardiogram
(ECG), electroencephalogram (EEG} and electomyography {EMG) signals.  Mors
particularly, the invention relates to a wireless signal acquisition system and over the
air communications protocal that is used between a plurality of wireless, remotely
programmable transceivers, each coupled to a conventional patch electrode, and an
associated base unit.  The base unit oblains a patient’s ECG, EEG or EMG signal
from the wireless transceivers and supplies the signal to monitor unit for display. The
wireless cormmunications protocol allows the base unit to remotely configure and
manage the wireless wansceivers, prior to and during dala acquisition and
fransmission.

B. Statement of Related Art

Conventicnal ECG monitoring typically requires dircet wired eloctrical
comnections belween electtedes that are atiached to the body of the patient at one end
ard (o an ECG monsior on the other end. Electric bio-potentials are measured at the
electrodes and signals are transformed via bipolar and unipolar leads into an
electrocardiogram.

Cetiventional ECG apparatus for hospital bedside monitoring typically
Tequires up 10 ten wired electrodes. Each electrode is attached to the body of the

patient, and has a wire, several feet or more in Jength, leading 1o an ECG monitor.

JP 2004-503266 A 2004.2.5
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The lengthy wired glectrodes of corventional ECG apparatus obstruct the patient and
Timit the patient’s freedom of movement. They are also cumbersome for the
physician or assisting nurse.

Telemelry systems for wircless ECG monitoring for patients in hospitals
currently exist. These systems are more sxpensive, intended for greater range (higher
power), and do oot folally eliminate the physical electrode wires attached to the
patient. Instead of being connected to the monitor, the electrodes are cach wired Lo a
single transmiter box that is womn by the patient. Some telemetry sysiems also may
not handle & 12 lead ECG (10 wires)} because of the wiring that is required between
the electrodes and the transminter box. For example, the Spacelabs Ultraview
Madular Digital Telemetry system can only handle a maximum of four leads (5
wites).

Wireless medical monitoring and diagnosis systems have been proposed in the
prior art. UL, Patent 5,862,803 to Besson et al. describes a wireless glectrode/sensor
paich system with sensor, controller ang (ransceiver clectronics comtained in an
clectrode patch assemnbly.  U.S. Patents 5,307,818, 5,168,814 and 4,981,141, o)}
issued to Segalowitz, describe a wireless electrode system for ECG mopitoring. The
Besson et al. and Segalowitz patents are incorporated by reference herein. The
Segalowitz patents describe 2 single piece elestrode patch with built-in microchips for
wireless one way communication, and a snap on electronic-assembly that fastens to a
disposable electrode paich. However, the electrode patch is a special two-conductlor
type that is not conventional. The eiectrode assernblies sre either transmit only or
receive only (not both). A reference signal {gencrated from a Wilson network) is

sransmitted from the base unit to only the Right Leg electrode pateh, which is receive

JP 2004-503266 A 2004.2.5
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only. Electrades can only be programmed via manual switches on the elecirode
casing, not over-the-air from the base vnit. Far the multiple electrode embodiment,
the base unit contains multiple receivers and antennas which imply multiple iransmit
frequencies are required for the systern and over-the-air signaling (thus making the
base unit more <ostly to impiement). There is no mertion of erTor comection or
detection capability in the electrades or base unit.

Ty another embadiment of the Segalowitz *B18 palent, 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 (mot in the
individual -clectrode patcbes). In this configuration, the ECG signals from each
¢lectrode are multiplexed and transmitted from a single transmitter (contaired in the
strip asserbly) via time muliiplexing on a single digitally encoded frequency channel,
Haowever, no time multiplexing on a single frequency channel is discussed far their
multiple transmit electrode embodiment.

The purpose of the invention is 1o define a communication protocol, Le., set of
command procedures, for a wireless (Jeadless) electrode system that replaces the
physical wires between the clectrodes attached to the patent and the monitoring
system base unil.  The definition of commumication protocols or procedures for
programming the clectrodes aver-the air is necessary to provide flexibility in
configuring the wireless electrade system to the variable environmental conditions
that exist across a wide scope of patent population, as well as different application
area ar needs.  The wireless system allows the patient a greater degree of mohility
within the neighboring area without worry ahout zecidentally disconnecting the

electrodes or being disconnecied from the monitoring equipment. A wireless

JP 2004-503266 A 2004.2.5



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

75

K

85

o

o

(40)

WO 01/78831 POTIUSOIA2562

monitoring system alse provides better patienr safely since the patient is electrically
isolated from the monitor. This monitoring system is also more immune 10 naise
artifacts since the digitization process of the data occurs right at the elestrode
measurement point and not through extended wires. The pretocel defined herein
describes inilialization, configuration, and management of the wircless electrode
network. It alse describes data acquisition and transfer to the base unit that
synchronizes and coordinates clectrode functions.
SUMMARY OF THE INVENTION

An improvement to a wireless system for medical monitoring is pravided. The
wireless system has a base unit and a plurality of wireless sensors far attachment to a
paticnt’s body.  In accordance with the invention, ¢ach of 1he wireless sensors has a
ranscerver  assernbly  for  transmitting  and  receiving  two-way  wireless
communications with a base umit. The transceiver assembly includes a computing
platform (such as 3 microcentroller) and a memory storing a set of instructions for
execution by the compating platform in response to commands received from the base
ursit.

The base unit is provided with 2 wireiess transceiver for transmitting and
receiving wircless communications with the sensors. The wireless communications
include, among other things, commands for the transceiver assemblics.  Further, a set
of instructions is provided in the base unit, such 2s in a memory for a base wnit
microcontroller, wherein the basc nnit issues the commands to the transceiver
assemblies in response (o the execution of the instructions. The commands from the
base unit and the responses to those commands from the transceiver assemblies

comprise a procedure or protocol by which the base unit may remotely, and

JP 2004-503266 A 2004.2.5
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autommatically, manage and configure the iransceiver assemblies during real time as
the transceiver agsemiblies acquire and wansmit physiologic signal data to the base
unit.

The wireiess communications procedures deseribed herein are particularly
well suited for use in a system acquiring EEG, ECG or EM(G signals from a human
patient. The programmable wireless transeeivers are associated with a sensor in the
form of a conventional patch electrade, and acquire bic-potential signals between
conductors in the electrade.  The patch electrodes are of conventional design and
adapted to be placed on the surface of the patient’s bady for measuring electrical bio-
petentials.

A robust wireless monitoring system needs ia sllow ease of configuration and
calibration due to the variability of physiology across patient populations. The
present invention describes wireless programming procedures that allow flexibility in
configuration of telemetry based eiecirode system 1o adapt to changing requirements
of different applications. This invention provides for procedures that are not only
specific to ECG, bul can equivalently be applied in other application areas such as
EEG, EMG, EOG, Respiratory, Tonometric Blood Pressure, Temperature and other
wirgless medical monttoring systems. Furthermore, the programming procedures are
dynamic, responsive to real time conditions as data is being acquired and transmitted
ta the base unit.

The protecol provides for tensmission of a variety of configuration
commands. Examples of such commands include registration information, data
acquisition contral commands (such as start and siop messages), ransmission

freguency commands, time slot commands, amplifier gain commands, transmitter

JP 2004-503266 A 2004.2.5
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control commands, power saving mode commands, initialization commands, and so
forth.

The ability to remolely program the wireless transceivers gives censiderable
flexibility over how the electrodes are configured and positioned on the patient’s
body. The programmahble wircless transceivers could be designed 1o be installed on
particular locations of the patient’s hody, such as left arm, right arm, jef leg, etc. In
a more preferred smbediment, the remotely programmable electrode transceivers are
generie with respect to particular placement Jocations on the surface of a patient’s
body. The base unit transmils programming data to the individual wireless
transceivers. The programming daa includes electrode position location data
associated with a unique placement position to be assigned te the individual wireless
transceivers, as well as electrode identification data. When the data is acquired from
cach of the wireless transceivers, the electrode identification data, electrode position
locatjon data and the acquired electrode signal are sent from the wireless transceivers
to the base unit.

The base unit and the wireless transceivers may use time division multiplexing
as a communications format fer transfer of the acquired signals to the base wait. In
1his case, the base unit transmits a global time base signal to the plurality of individual
wireless transceivers. The glohal time base signal is used for synchronizing the
timing of transmission of signals acquired by the individual wireless transceivers lo
the base unit in discrete time slots in a sinple 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 transeeivers sharing a common frequency

channel.

JP 2004-503266 A 2004.2.5
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These and still other aspects and features of the invention will be more
apparent from the following detailed description of a presently preferred embodiment.

In this specification, the terms “wireless transceiver™ and “programmable
witeless fransceiver™ are meant to refer o the wireless electrode transceiver assembly
as a unil, as distinguished from the actual transceiver madule within the assembly,

unless the context clearly indicates oiherwise. Furiher, the use of the term

“electrode” is meant 1o be interpreted broadly ta cover bio-sensors generally.

BRIEF DESCRIPTION OF THE DRAWINGS

A presently preferred embodimem of the invention is described below in
conjunction with the appended drawing figures, wherein like reference numerzls refer
10 like elements in the various views, and in which:

FIG. 1 is a schematic representation of the systemn of the present invention in
usg with a patient te acquire ECG signals from the patient and supply them ta a BCG
monitor;

. FIG. 2 is a detailed perspective view of ane of the patch electrodes and
associated remotely programmable wireless ransceiver of FIG. 1, it being understood
that all of such patch electrodes and wircless transceivers of FIG. 1 are of a
canstruction similar to that shown in FIG. 2;

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

FIG. 4 is a black diagram of the base unit of FIG. 1;

FIG. § is a diagram illustrating the time division multiplexing of transmission
format for the plurality of wireless transceivers of FIG. 1 in the uplink direction (the

direction of wirgless transmission from the wireless transceivers to the base unit), and
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179 1he transmission of synchronization, reference and control data from the basc unit to
the wireless transceivers in a common charmel in the downlink direction;

FIG. § is a flow disgram illustrating a base wnit imitialization routine;

FIG. 7 15 a flow diagram illusirating a wireless transceiver initialization
routing;

175 FIG. 8 is a flow diagram of & 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 unil of FIG. 4 and a group of wircless
transceivers being imitialized according to the procedure of FIG. B: and

FIG. 10 is  perspeciive view of three wireless transmitters afier the procedure

180 of FIG. § has been completed;

FIGs. 11-26 are illustration of the message flow between the base unit and the
eleclmde assemblies during various different programming proceduzes accarding ta a
preferred einbodiment of the invention;

FIG, 27 is an illustration of a registration procedure by which the base unit is

185 registered with the electrode sssemblies;

FIG. 28 is an illustration of a signal loss and error recovery procedure
implemented by the base unit in the event of 3 loss of signal from one of the electrode
assemblies of FIG. 1;

FIG. 29 is an illusiration of a moniforing cenfiguration progedure:;

190 FIG. 30 is an {llustration of a monitoring start procedure;
FIG. 31 is a Jogic diagram representing a state machine and seftware modules

in the wireless electrode transceiver assemblies;
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FIG. 32 is a logic diagram representing a state machine and software modules
in the hase unit;

FIG. 33 is a diagram cof a electrode initialization with reset cormection routine
shown in FIG. 32;

FIG. 34 is a diagram of an electrode activation toutine shown in FIG. 32; and

FIG. 35 is a diagram of electrede data acquisition and transmission contro)

routines of Fig. 32.

DETAILED DESCRIFTION OF THE PREFERRED EMBODIMENT

The present invention can be used in a system consisting of multiple smart
wireless tanseeiver devices sized 10 snap onto conventional disposable patch wireless
sensors or electrodes far wireless patient monitoring, and a base unit communicating
with the wireless transceivers that is also capable of interfacing to existiog
conventional hedside monitoring squipment, such. as a standard ECG or EEG monitor.
The wireless ransceivers receive commands from the base unit such as registration
information, transmission frequency commands, amplifier gsin  commands,
trangmyitter conlrol commands, power saving made, e¢. and include hardware and
software or fimware for processing these commands and responsively configuring
the wireless transceiver accordingly. These commands are the result of execution of
program instructions in a computing platform, such as a microcantroiler, in the base
unit and a set of response ipstructions i a computing platform in the wircless
fransceivers.

A glohal lime hase signal is ransmitted from the base unit to the glectrodes o

serve in synchronizing the timing of acquisition of sample points for all clectrodes
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used in measuring input body surface potentials (e.g., ECG signal). In the ECG
example, the base unit receives the transmitted ECG signal from each electrode (at
predetermined iime intervals if time division multiplexing is the embodiment of the
communication protocol), demodulates, decodes (with error correction), digitally
processes the dam, applies any needed signal conditioning (amplification, fillering),
and converts back {o analog form for outputting the ECG signals 1o the standard ECG
equipment for display. The base unit also has a universal interface to existing
standard ECG equipment 5o that the wireless link between the electrodes and hase
unit appears transparent to the ECG equipment. The ECG equipment will accept the
isdividual clectrode signals for developing any required lead configuration.

The wireless transceivers and base unit use a unique over-the-air
communicalion protoenl between the base wnit and the electrodes which allows
wireless pregramming {configuration), identification, auditing, data acquisition
control, and transmitter control of each electrode used in the system during real time.
For frequency bandwidth efficiency of the invention, the system could be designed
such that transmission of multi-chamnel signals is on a single digitally encoded
frequency channel between the base unit transceiver and multiple electrode devices by
using time division owltiplexing, For example, each elecirade will receive
synchronization data from the base unit on the same receive frequency, and
instruction on which time slot to transmit it’s digitally encoded data. This makes it
possible for multiple patients each on a scparate frequency channel 1o use the wireless
system in the sare hospital room if there is limited bandwidth.

Referring now to FIG. 1, a system 18 according to a presently preferred

embodiment is shown schematically for use with a patient 12. ‘The system 10

10
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acquires BCG, BMG, EEG or other types of signals from the patient i2 and supplies
them to a monitor 14. The present example will be discussed in terms of an ECG
system, but the invention is directly applicable to other types of medical monitoring,

The system 10 is a wircless system, in that 2 plurahivy of e_lectrode assemblies
16 receive commands (2.8., synchranization 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, cumbersome wires for the
electrode assemblies 16 are eliminated in the illustrated embodiment.

The electrode asscmhlics 16 of FIG. 1 consist of a plurality of individual,
remolely programmable wireless transcejver assemblies 20, each wanaceiver assembly
designed to snap onto a conventional patch electrode 22 (such as the 3M Red dot
eleztrede) nsed in ECG monitoring.  The wireless transceivers 20 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 10 the plurality of individual wireless
transceivers, and is described in further detaii in ¢onjunction with Figures 4, 6, 8 and
9. The hase unyt further has an interface for providing analog ECG signals received
ﬁcm the wireless transoivers 20 lo a conventiona) ECG display monitor 14.

A preferred communications format for wireless commupication between the
bage unit 18 and the wireless transceivers 20 is time division nmitiplexing in a
commen frequency channel in the uplink direction, that is between the transceivers
20d the basc unil. Each wireless transceiver 20 transmits ECG signals in a particular
time slot in the channel, as indicated m FIG. 5. In the downlink direction, the base
unit transmits conrrol commands and other information in a common channel that all

the wireless fransceivers are wned to.  The time slot assignment, frequency
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agsignment, and other transmission control infermation is managed and cantrolled by
the base unit I8, as described in further detai below. An alternative embodiment is
to use code division mulliple access (CDMA} communication format for wireless
communication between the base unit 18 and the wireless transeeivers 20.

The messages transmitied by the base umt 18 also snclude configuration
commands for the wireless iransceivers 20. These configuration commands can be,
for example, change or set the datz acquisition sampling rate, amplifier gain setting,
and chaonel carrier sedlings, and can also comsist of a Giming signal for
synchronization of the transmission time slot.  Preferably, the base unit 18 fransmils a
global time base signal to all of the wireless transcejvers. 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 transmissions are in discrete time slots iz a
single frequency channel, as shown in FIG. 5.

The details of the over-the-air programming pratacol to exchange messages
and information between the base unit and the transceivers may be arrived at i many
ways within the spirit of the present invention, and is considered within the shility of
a person skilled in the pertinent an from the present disclosure.  In one possible
embodiment, packets of data are transmitted between the base unit and the wireless
ransceivers. Particular fields in the packets (bytes of data) are reserved for control
data, payload data, CRC or error correction data, ete. in accordance with known
wireless transmission protocols, conventional data transmission lechniques such as IP
or Ethemet, or similar techniques. A presemly preferred protocel and message

structure is described later in this document in conjunction with FIGs. 11-30.
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FIG. 2 is 2 detailed perspeclive view of one of the patch electrodes 22 or
sensors and associzled remalely programmable wircless transceiver 20 assermbiy 16 of
FIG. 1, it being undersicod that a1l of such patch electrodes and wireless transcejvers
of FIG. 1 are of a construction similar to that shown in FIG. 2. The patch clectrode
22 is adbered to the surface of the patient’s body 12 in conventional fashion. The
pateh electrode 22 jncludes a conductor 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 [it) the wo parts 20 and 22.

The pm recerving structure 28 conducts electrical impulses with respeet to a
local ground reference to clectronic circuitry in the wireless transceiver 20. The local
ground reference consists of & flexible strip 21 connected to the transceiver 20 having
a tip or skin conmtact 2LA, made fom a conductive material, which is placed
underneaih the paich electrode 22 in contacl with the skin. The purpese is 1 allow
the sansceiver 10 easure the bio-polential difference between the signal contact
point 26 and the local ground reference 21/21A. The matenial used for the strip 21
could be a thin flexible materjal such as plastic with an internal conduciive trace or
lead wire from the transceiver 20 to the skin contact point 21A. The skin contact
point 214 is preferably eoated wilh condustive silver chloride (AgCl) material 21B on
cne side thereof.

FIG. 3 is a block diagram of the wireless transceiver of FIG.s 1 and 2. The
transceiver assembly 20 snaps onto the post pin 26 of a disposable conventional patch
clectrode.  Electrical signals provided from the clectrode 22 are supplied lo a low
nsise, van‘éble gain amplifier 30 in the wireless transceiver 20. The ampiificr 30 may

include a pre-amp stage.  The analog signai is filtered, sampled and converted 1o

13
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digital signals in the A/D converter 32. The digital signals are supplied to 2
cornputing plalform, illustrated as a microcontroller/Digital Signal Processor 34. The
micracontroller performs signal processing of the digital signal supplied by the A/D
converter 32. The signal processing functions include noise filtering and gain contro)
of the digital ECG signal. In an zlternative bul less-prefesred embadiment, gain
control in the transceiver assembly conld be performed by adjustment of the amplifier
30 gain in the analog signal path. The microcontraller also processes commands and
messagss recaived from the base unit, and executes firmware instructions stored in a
memory 36. The memory further stores a unique electrode identifier as described in
further detail below. The memory may also store a position location identifier or data
associated with a position the ekctrode is attached to the patient. The position
location identifier or data is dynamically programyazble from the base unis.

The processed digital ECG signals are buffered in a buffer 38, supplied to an
engoder/decoder 40 and fed to & RF transceiver modute 42 for fransmission fo the
base unit via a low power buill-in RF antenna 44. The transceiver 42 includes a
modulator/demnodulator, transmaitter, power amp, receiver, filters and an antenna
switch. A frequency pencralor 46 pencrates a carrier frequency for the RF
transmission. The frequency is adjustable by the microcontoller 34. A bhattery 45
with & regelive terminal connected to a losal ground reference provides DC power to
the components. The microcantraller/DSP 34 controls the frequency generator 46 se
a3 to select a frequency for wireless ransmission of data and control messages to the
bese unit.  The microcontroller in the computing platform 34 also executes an
initialization routine wherein the receiver scans a defsult receive channel for

commands from the base unit, ang if the commands are received the transmitier

14
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transmiis identification information in an assigned frequency and time slat to the hase
unit.

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

Referring now 1o FIG. 4, the base unit 18 is shown also ip block diagram form.
The base unit 18 n-ansmits commands to all of the wireless transceivers and instructs
each transceiver 1o fransmit its ECG dara individually {such as in time division
muitiplexing). The base unil receives the transmitted ECG signals from the electrodes
(up fo 10) in sequence and then demodulates, decpdes, error cotrects, de-multiplexes,
buffers, signal conditions, and reconverts cach electrode’s data back (o an analog
signal for interfacing to the standard ECG monitor 14. The base unit also transmils
programming, information to the electrodes for frequency selection, power control,
el

The base unit 18 includes a low power KF antenna 50, s frequency generator
52 for generating a carrier frequency and an RF transceiver 54. The transceiver 54
inciudes 3 medulator/demodulator, transmitter, power amp, receiver, filters and an
antenpa switch. The base unit further includes a encoder/decoder 56, a computing
platform such as » microcontreller/Digital Signal Processor {DSP) 58, and a memory
60 storing code for execution by the microcentroller/DSP, and /O interface 59 for
commeclion 1o a personal compuater which is used as a test port far mnming system
diagnostics, base unit software upgrades, etc., and a user interface 6l. The user
interface 61 may consist of the following: a display for indivaling elecirede

programming information or emoralam conditions, a’ keypad or buttons for user
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requesied inputs, an alarm it for audibly indicating errovalarm conditions (for
¢rample a detached, low battery or failed electrode), end LEDs for visually indicating
error, alarm or programming status.

The time slot ECG data received from the wireless transceivers is
demulliplexed in demultiplexer 62 and supplied to a buffer 64. A digital to analog
filier bank 66 converts the mulliple chamnels of digital data from the wireless
transceivers to analog form. The analog signals are amplified by amplifiers 58 and
supplied to an OEM  (onginal eguipment manuf'actu:er} standard ECG monitor
interface 70. The interface 70 could be sither part of the base unit 18 assembly so that
it cant direcily plug into the ECG display equipment 14 via & standard connector, or it
could be part of a cable conneclion fo the display equipment. The idea with the OEM
interface 70 is 1o supply multiple analog ECG signals to the conventional ECG
display equipment already used in the hospital environment, in a compatihle and
Transparen! marmer, such that the display squipmenr would treat the signals as if they
were generated from convenlional wired electrodes. Famysliarity with the analog
signal acquisition hardware er electronics for the ECG display equipment 14 will be
required obviously, and the OEM interface civcuitry may vary dépcndfng on the
manufacturer of the display equipment. The OEM monitor interface detailed design
is considered within the ability of a person skilled in the art.

Referring to FIG. §, a possible transmission scheme belween the wireless
iansceivers 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. Al
electrodes receive commands and synchronization data (time base signal, reference

signal and control dalz 76) from the base unit 18 on an assigned receive frequency

e
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(downlink) channel. The electrode receive channel may or may mat be slotted (time
multiplexed). Electrode 1 20/22A transmits it's datz on time slat 1 72 (Electrade 2
20/22B on time slot 2 74, etc.) at the 2ssigned transmit frequency (uplink) channel.
The base umt 18 receives the lransmission from the eclectrodes 20722 and
demultiplexes, buffers, and reconstructs the individual electrode data.

The system 10 of FIG. 1 utilizes an over the air programming mechanism 1o
exchange messaging and informalion between the base unit 18 and the wircless
transceivers 20, Various types of information could be exchanged. For example, the
base unit 18 ransmits a data acquisition control message to the wireiess transceivers,
which tells the micracontroller in the wireless transceivers to start and stop data
2cquisition.  Another command would be a frequency selection command message(s)
sent to the wireless transceivers, in which the wireless transceivers responsively selact
a commen frequency channel for fransmission of acquired ECG signals to the base
unit in discrete ime slots.

The following is a list of some of the possible programming commands and
messages that could be sent between the base unit and the wirelzss transceivers:

2. Registration of electrodes 20/22 with the base wnit 18. This would include the
detection of the elecirode type and an associzsted unique electrode identifier by the
‘base unit. This conld also include ransmission of 2 unique base uit identifier to
the clectrodes {for sxample where multiple base units are within RF range ol the
elecirodes) and detection of the basc unit identifier by the ¢lectrode.  Also, 2
patient reference rumber could also be stored in cach electrode so it only reccives
commands from a specific patient-assigned base unit. Each electrode reference

number is also stored in the base unit, so ihal data coming only from these
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electrodes is accepted.  An additiona) registcation feature would be assignment of
a specific clectrode function (i.e., position on the patient’s body). This is
discussed in more detail below.  With each of the above commands and
messages, the receiving unit would typically transmit back a response message
indicating the receipt of the cotrumand and sending back any tequired information

to the transmitting unit,

. Configuration of data acquisition sempling rate.

Configuration of amplifier 30 gain setting.

Cenfiguration of preamplifier filter band settings.

. Conbiguration of carrier channel seitings, namely the frequency of the carrier

signal generated by the frequency generaior 46 in the transceivers,
Configuration of timing signal for transmission time slot. This needs to be

synehranized with the data acquisition raje.

. Bartery 45 utilization sleep/activation mode.

. Battery 45 low voltage level detection.

Daia acquisition start/stop scenatio.
Data transmit procedure,
Error sample data recovet/retransimil scenario.

System Lest diagnostic pracedurs

. Sean of electrode current channel setting procedure
. Electrode detection procedure.

. Electrode status andit.

. Base unit status audit.

. Data acquisition subsystem zudir.

JP
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Electrode umique fdentifier:

The system 10 of FIG. | provides 2 registration mechanism for every wireless
transceiver and electrode assembly whereby an elecirode idemifier is programmed
i the basc unit, as well as the electreds functional position of the patent (i.e., LA,
RA, LL, V1, V2, V3, V4, V3, or Vé in an ECG embodiment). An Electrode Serial
Identifier (EST) will encode the wireless transceiver’s unique serial number. Each
wireless transceiver is assigned an Electrode Temporary Identifier (ETI) after each.
registration scenario (on power up o reconfiguration). The temporary identifier can
be composed of electrode number and random number for example. The EST will be
included in cach message or data transaction from each electrode to the base unit.
The efectrode identifier will serve to ensure that only registered electrodes input
signaling will be accepted by the associated base unil, in the event thal two
monitoring systems are transmitting on the same frequency channel, or in the case of

interference detection.

Base unit unigue identifier

The system will provide a registration mechanism whersby 2 base unit
identifier is programmed into the wireless transceiver assemblies heing used. The
Base Unit Serial Tdentificr (BUST) will encode Lhe base unit serial namber. During
power-up ar reconfiguration, a Base Unit Temporary Identifier {BUTI) is assigned
and registered with the wireless transceiver assemblies. The base unit identifier will
be included in each message or data transaction from the hase unit to each wircless
transceiver assembly. The base unit identifier will serve to ensure that enly the
registered base unit input sigmaling (commands) will be accepted by the assemblies, in

19
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the evem that two menitoring sySstems are transmilting on the same frequency

channel, or in the case of interference detection.

Electrode System Initialization

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 wircless transceivers 20 is time division multiplexing. This
procedure assumes thal each electrode in the ECG system contains a unique identifier
and a upique functional pesition [D (i.e., LA, RA. LL, V1, V2, V3, V4, V5, or V6)
The procedure of FIG. 6 is reduced 1o a set of instructions stored in the base unit’s
memory 60 for cxecution by the microcontrolier 58, us shown in FIG. 4, and in a set
of resp.onse instructions stored in the wireless transceiver 22's memory and
microcontroller of FIG. 3.

At step 80, the base unit is powered up. The base unit is cenfigured 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 interface on the basc unit 18, such as a
displey and buttons as shown in FIG. 9 and described subsequently. At step 82, the
base unit scans its receive channels, a list of which js programmed into the base unit.
At step 84, the base unit determines whether any other ECG base unit transmissions
are detected. Ifso, at step 86 the base unit selects Lhe pext unused frequency from the
list of predetermined frequency channels as a transmit channel. I not, at step 88 the
base unit selects the first frequency from the list of predetermined frequency chemnels

as the iransmission channel The process then proceeds to step 90.

20
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At step 90, the base unit stars ransmitting electrode registration data and
messages on the default programming channel determined in steps 86 or 88. The
tegistration data and messages include a base unit identificalion code or serial
number. The registralion dala and messages were described earlicr. This insures thal
the wircless iransceivers 10 be associzied with this particular base imit being
initizlized respond to commands from this basc unit and no other base umit. At step
92, the hase umit instuets 2l required electrodes to transmit op a predelermined
frequency chamnel, and assigns time slots to each electrode.  The base urit then
communicates with electrodes (o complete regisiration. If a particular electrode or
electrodes did nat compiete registration, the base unit indicates via its user interface
which electrade is not registered at step 96. If registration is completed for all the
electrodes, the base units instrugt all electrodes to receive commands on a new
predetermined frequency channel at step 98. At step 100, the base unit instructs all
electrodes 1o begin ECG data acquisition and to transmit at the assigned frequency
and in the assigned Ume siot. Step 100 may be started in response ta a user prompl
via the base unil user interface. During daia acquisition, at step 102 the base unit
continuously momitars for interference on the receive data chanmel (uplink direction).
If excessive interference ocetrs (such as from a high bit error rate detected in the base
unit micrecontroller), the base unit selects a new channel from the list of available
frcquencies for the electrodes to transmit on and commands a change in transmit
frequency.

FIG. 7 is & flow diagram of an ¢lectrode initialization procedure that may be
employed. When the electrodea are initially powered up at step 110, the electrodes

will be in a receive only mode. At step 112, the elecirodes automatically scan the
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default receive channel to see if any commands and synchronization sigmais are being
transtined by the base unit. If no commands and synchronization commands are
received at step 114, the electrade goes back 1o step 112 and selecis another receive
frequency from its list of defaulr frequencies. IT commands and synchronization data
have heen received, at step 136 the clectrode sends is unique identification data
(containing information on the position on ihe 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 operating condition.

In an altemnative embodiment of the invention, the plurality of individual,
remotely programmable wireless wransceivers 20 are imitiaily generic with respect to
particular placement locations on the surface of a patient’s body. Furthermore, the
electrodes could be manufactured without preprogrammned functional position
identifiers. This s advantageous since it would not be necessary to have the hospital
or user maintain an inventory of individual electrodes based on functional position
(ie, LA, RA,LL, V1, V2, ¢tc.). Al the electrode assemblics are considered generic
and could be programumed 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. §
could be used for programming of cach elestrode when initializing the ECG system.
Afier first time programming of the electrode assemblies, the system only needs to go
through the initialization program of FIG. & when it §s powered up again.

FIG. § shows the initialization procedure in the ahemative embodiment. FIG.
9 shows the base unit 18 having a user interface 61 comprising a display 132 and a
plurality of bultons or keys 133 for assisting the user to interact wilh the base umit. A

group of generic wireless transceivers 20 are shown ready for initialization. The vser
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has a set of pre-printed Jabels 135, which are removed from a plastic backing and
placed on the wireless transceivers as shown in FIG. 10,

Refetring now to FIG. 8 and 9, at step 140 the user sets up the base upt into
an electrode programmiag mode, such as by responding to prompts on the display 132
wnd selecting the mode with one of the buttons or keys 133,  The base unit
programm_ing mede could be done at lower power fransmissions, requiring the
wireless fransceiver 20 to be programmed to be adjagent 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 far purposes of programming
the transceiver during initialization. When the transceiver is placed into contact wiih
the programminyg initialization interface 136, the base unit could automatically ge into
programming mode, or it could simply ge into programming mode upen power up.

In any event, at step 142 the first efectrode assembly 20/22 is powered up and
placed near the hase unit or positioned in contact with the programming initialization
interface 136. The initialization of the electrodes could be done by mechanical
means, such as pluggg the electrode transceiver 20 into the base unit programming
initialization interface 136.

AL step 144, the electrade scans the default progranuning channel. At step
146, the base unit sends a low power programming command on the default transinit
channel or some other channel that has the least RF interference. At step 148, the
etectrode delermines whether it has reccived the programming command. 1f not, the
¢electrode scans the list of default channels and selects a new channel to listen on. 1f

50, the electrode transmits a response message on its assigned transmit channiel at step
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150. Ad siep 152, the base upit determines whether it has received the responsce from
the electrode. 1f 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
pregramming data to the electrode at step 153, At s1ep 153, the programming data
includes the electrode unique identifier, including the clectrode position (LA, RL, or
V3, ec.), the base unit unique identifier, and other registration commands as
described above. Al step 154, the electrode determines whether a programming error
was detected, and if so at step 156 sends a retransmit program message to base unit
causing il 1o repeat the programming date at siep 152. If no emar occurred, the
process praceeds (o slep 158, at which the elecirode completes programming with the
base unit, At step 160, the base unit instructs the elestrode 1o wait for additional
commands. At this point, since the unique base unit I} has been programmed in the
wireless transceiver, it can scan ECG system control channels and receive and operate
on commands anly from the base upir that programmed 1he ransceiver. Al siep 162,
the base unit displays the electrode placement position. or the user interface display
and prompts the user lo place the next electrode Jor programming imo the
initialization interface 136.

After all the electrodes have been programmed, the base umil will
automatically be configured fer the proper number of electrodes used in the ECG
system.  As each efectrode is programmed the user removes a label 135 from the
stock of labels 137 indicating the position i:ragrammed an the electrode and applies
the label to the electrode (e.g., to the top or upper surface of the wireless transceiver

20), as shoawn in FI1G. 10
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From the foregoing description, it will appreciated that we have deseribed a
dynamically programmable, wireless electrocardicgraph (RC(G) acquisition system,
comprising: a plurality of individual, remoiely programmable wireless transceivers
20, each transceiver associated with a patch electrode 22 for use in ECG monitoring,
and a base unit 18 comprising a wireless transceiver 54 (FIG. 4) for sending and
rceeiving messages 1o the plurality of individual transceivers 20. The base unit and
wircloss transceivers 22 implement a wireless programming protocol hy which
messages and informatien are exchanged between base unit 18 and wireless
transcewvers 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 hase urit.

Preferably, the base unit transmits a giobal time base signal to the wirsless
transceivers, the global time base signal synchronizing the timing of transmission of
ECG signals acquired by the wireless transceivers in discrete time slots in a single
frequency channel.  As shown in FIG. 1 and 4, thc base unit further comprises an
interface 70 to a conventionai ECG meniloring equipment such as a display, whereby
acquired ECG signals may be transmitted to the ECG monitaring equipment for
display. The system of base unit 18 and wircless remotely programmable transecivers
20 15 particularly well adapted for use with standard conventional paich electredes and
existing ECG manitoring equipment, and thus presents a flexthle, low cost and
convenient approach io acquiring ECG signals and presenting them to a display unit

for display.
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Over the air programming procedures:

The system 10 of FIG. 1 utilizes over the air (OTA) programming procedures
to exchange messaging and information between the base unit and electrodes (thal is,
the wireless transceivers 20} Vanous types of information could be transacted far the
general purposes of regismation, initialization, configuration, calibration, data
acguisition control, transmission synchromization, error cosrection or recovery, power
mede control, and auditing status.

The programmting procedures described herein are based on a set of
instructions that are stored in a memory in the base unit (such 2s memory 64 of FIG.
4), and executed by a computing platform such as the microcontrolier 38 to penerate
commands that are transmitted via wireless communication to the plurality of wireless
electrodes.  Similarly, the wireless transceivers in the electrodes receive the
commands from the base unil, and exccute instructions stored in a memary in order to
respond to the commands and transmit response messages (such as audit response
messages eic.) back to the bagz unit.  The following is = description of these
instructions. Preferred embediments of such procedures (i.e., sets of instructions) are
described below in conjunction with FIGs. 11-30:

a. Configuration of data acquisition sampling rate procedure. Variable
sampling data rates could be set lo accommodate varying physialogic signals

(ECG, EMG, EEG, ete.). The sumpling rates will differ according 1o the

nature of frequencies evoked in such physiologic cvents.  Also, certain

application needs for specialized tests within 2 specific area may require faster
samnpling rates.

The programming procedure of FIG. 11 is employed to configurc the

6
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data acquisition sampling rate.  The base unit 18 sends a data acquisition
configuration message 200 to the electrode assembly 16 (i.e, wireless
transegiver 20). The message contains data identifying a sampling rate for the
wireless transceiver's A/D converier, When the message 200 is received by
the wireless transceiver and processed in the microconiroller, the sampling
ratc for the A/D converter is changed. The wircless transceiver sends back a
data acquisition configuration complete message 202 indicating that the
change is data sampling rate was accomplished.

Configuration of amplifier gaiv setting procedure., Varabie signal pre-
amplification gain {prior to digitization} could he set to accommodate and
correct for wezk bio-potential signal strength at the skin surface, or & bad
surface connection, as well as changes in skin resistance due to dry or hurnid
environmental conditions and temperaturc changes. The signal amplification
gain factor could be adjusted dynamically until 2 reasonabie signal swength is
obtained. Typically, ECG signals re in the 1-5 mV range, while EEG signals
are an the 1-100 pV range. Different gain selection is desirable to obtain the
sensitivity that is needed for the specific application.

‘When the basc unit determines that the amplifier gain needs to be
adjusted, the procedure of FIG. 12 is used.  The base vnit sends an amplifier
gain configuration message 204 to the electrode 16s wireless transceiver 20
(FIG. 3). The microcontroller 32 processes the message and adjusts the gain
setling to the amplifier 30 providing an anslog signal to the A/D converter 32
of FIG. 3. When the gain has heen adjusted, the transceiver sends 2 pain

configuration complete message 206 back to the basc unit,
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Configuration of pre-amplifier (anti-aliasing) filter band settings
pracedure. Flexibility of adepration of the monitoring system 1¢ 1o variable
applicatien needs may require a dynamic re-selection of an anti-aliasing Eher
baud in the preamplifier of the wireless transceiver, An optimal filter can bo
selected from a bank of filters pre-set at different frequency bands 1o filter out
noise or wnwanled arlifacts.  The programming procedure of FIG. 13 is
employed. The base unit sends a set filter band message 208 identifying the
frequency band {or filter) for the .anti-aliasing filter (not shown) in the analog
signal path in the wireless transeeiver.
Configuration of carrier channel setting procedure. In order to allow
multiple users of monitoring systems to co-exist ju same physical area, and at
the same time reduce the possibility of interference, a muli-frequency channel
system is implemented to climinate the possibility of interference in
cormmunications between the base unit 18 and the wireless transceivers of any
given system 10. The base unit 18 dypamicelly detects interference by
listening to a specific frequency chamnel during configuration, such as a
default frequency channel, and determines the suitability of wse for the
manitoring systern based on roise levels in that frequency channel. The base
unit 18 can also apply this procedure if too many errors were encountered
during  the decoding of signaling received nn a specific channcl due to
increasing noise, or during system reset and reconfiguration precedures.
The procedure of FIG. 14 is employed for carrier channel sctting
changes. The base umit sends a set carrier channel message 212 to the

elecirode.  The message 2172 identifies the new carrier channel.  The wireless
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transceiver's frequency generator is responsively adjusted to generate a camrier
signal at the new frequency. When the configuration is complete, the
¢lectrede sends a carrier configuration complete message 214 back to the base
unit.

Configuration of timing signal for transmission fime slot procedure. The
procedure of FIG. 15 seis the assignment of a specific time slot for each
wireless transeeiver {in & tme division multiple access (TDMA)-based
system) for iransmilting and/or reeciving data between the electrode’s wiseless
transceiver 20 and the base unit 18, Such synchronization is necessary in a
TDMA-based system to allow multiple elecrrodes transmiiling on the same
frequency channel to relay their information 1o the base unit without
interfering with ane ancther. The procedure consists of the hase unit sending
4 st time slot miessage 216 to the clectrode, wdentifying a particular fime slot
for each electrode. When the electrode has set the time slot, it sends back a
time slot set complete message 218.

Battery utilizatton sleep/activation mode procedure. The baitery utilization
sleep mode procedure of FIG. 16 will be used during shut-down process for
conscrvation of battery power. This can also be imitiated if signal
communication is lost between the electrodes and the base unit, or on
command from the base unit. Battery utilization activation mode wili be
initiated as soon a5 communication with the electrodes is resumed or during
nitialization of registration of new electrodes. The procedure involves the
base unit sending a battery audii request message 220 to the clectrode. The

message 220 basically asks the clectrode 1o provide battery life and corrent

w
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battery mode information. This informatian is provideg back to the base unit
in 4 battery audit response message 222.

Battery fow voltage level detection procedure. A battery stalus audit
procedure shown in FIG. 17 is for a condition of low battery voltage in the
wirgless trapseeiver 20 to be detected by the base unit. The procedure allows
the base unit 1o wam the wser for replacing or recharging that electrode
battery.  When the voltage of battery 44 of FIG. 3 goes below a threshold
Jevel {as monitored by the microcontroller), the electrode sends a low battery
detected message 224 fo the base unit.

Power Saving Mode Setting, The procedurc shown jo FIG. 18 allows the
base unit to change the power saving mode of the wireless franscejvers to
conserve battery life and be more economical, Different levels of power
saving modes can be selected based on the needs of the operation. A memory
retention siesp mode can also be implemented in the wireless transceiver.
The system can also have @ wake up timer or change to active mode at the
command of the base unit. The proecedure invelves (he base unit sends a
power saving mode set command 226 to the base unit.  The eleciode
responsively changes the state of the battery 46 to a sleep or power saving
mede, and when that is accomplished sends back a power saving mode
complete message 228 back o the base upit.

Acquisition start/stop procedure. The procedire of FIG. 19 allows the base
unit {o cornmand the electrodes to start the data acquisition and transmit the
data to the base umt, or stop the data acquisition process. Multiple start/stop

messages of the type shown in FIG. 19 may be needed o Imtermpl a
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continuous data sireaming of information to ihe base unit in the event of
reconfiguration, a frequency channel re-selection is needed due to
interference, or when power saving (sleep) mode is reguested. Other
situations are possible. The procedure beging by \be base unit sending a stast
data acquisition message 230 o the electrodes. The electrodes acknowledge
the start of data acquisition with a acquisition started messege 232, The base
unit then commands the electrode to start transmission of data by message
234 The data is sent from the electrodes as indicated by data transfer
messages 236.  In this iliustrated embodiment, this is by time division
multiplexing on a single carrier fiequency in time slois and hy frequency as
provided in F1Gs. 14 and 15.

Data transmil procedure. Once data acquisition 15 started, data is
transmitted from cach of the electrodes io the base unit in either a synchronous
or an asynchronous rmanner. This is shown in FIG. 1. At the hase unit, data
is decoded, eollected, buffered, and checked for emor occurrence during
transmission. Base unit 18 also contrals the stoppage of data ransmission, as
shown in FIG. 20. This procedure involvas the base unit sending a stop
acquisition message 238. The e¢lecirode ceases data acquisition and
transmission and sends an acquisition stopped message 240 back to the base
unit.

Error sample data recover/retransmit procedure. In the event of an crror
occurring during transmission of the data from the electrodes o the base unit,
the data can bz requested for re-transmission. This procedure is shown in FIG.

21. The base units sends a retransmit dala message 242 to the electrode. In
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respoense, the electrode retransmits stored data stored in the memory 36, as
indicated at 244. The electrode should have a mioimal buffer storage of the
previous data collected in buffer 38 in the event error recovery is nesded due
to a noisy or bad signal transmission.

System test diagnostic procedure. The procedure of FIG. 22 instructs the
electrodes to transmit 4 diagnostic test dala pattern in order 1o analyze the
system for optimal performance. Also, it may be used to resolve issues in
local gronnd referencing across all electrodes for calibrabion purposes. A
diagnostic test initiate message 246 is sent from the base unit to the electrode.
Receipt of the message 246 causes the microcontreller to initiate centain tests
or trapsmit a diagnestic 1est paltemn according to a set of instructions or code
stored in the memory 68 designed 10 respond 1o the message 246, A test
iniliated message 248 is sen( back to the base unii, acknowledging the
message 246.  Afler the test is performed, test data is transmitted 10 the base
unit a5 indicated at 250, When all of the test data has been received, the bass
umit sends a test complete message 252 1o the electrode, and the message is
acknowledged by a test compieted message 254.

Scan of electrode current chanmel se(ting procedure. A procedure may be
implemented to allow the base unit to scan for an electrode that is transmilling
on an unknown frequency chennel. Using a signal strength indicator, the
specific transmissien channel can be determined. The clectrode can be
reconfigured 1o transmit on & new channel using the procedure of FIG. 14.
Electrode detection procedure. The procedure of FIG. 23 is iniliated

periodically, .as 2 means of providing 2 cominuous search and “keep-alive”
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signal. The electrode deteciion procedure involves a connection message 256
that is transmitted from the base uait to the electrodes. The electrodes respond
with a connection confirm message 258 which tells the base unit that the
electrode is “alive”.  If this electrode detection message 256 is not received
periadically by the elcctrodes, then they stop data acquisition and move into 5
power saving mode. The signaling can be done on an interval basis {e.g.,
gvery 30 seconds) and on the last previously sclected traffic channel.
Electrode Status Aundit: A procedure shown in FIG. 24 allow the electrode
status {o be audited by the base unit when needed 1o ensure proper operating
conditiens and configuralion parameters. The procedure involves the hase
unit sending an electrode audit request message 260. The electrode responds
1o the audit message with an audit response message 262 indicating current
operating conditions and configuration paramelers, ey, pain setting,
preamplification filter band, reference signal, time slot, carricr frequency, data
acquisilion rate, serial number, etc.

Base Unit Audit. Relerring to FIG. 25, a base unit’s status can be avdited by
the clectrodes when needed to ensure propsr operating conditions and
configuration parameters.  The electrodes send a base unit audit request
message 264 to the basc vnil and il responds with an avdit message 266
indicating its current configuration parameters, such as channel frequency.
[rata acquisitivn subsystem audit Referting to FIG. 26, the data
acquisition  subsysten in the wireless transceivers, consisting of 1he
preamplifier, amplifier and D/A converter, can be individually audited for

praper operation starus and configuration settings. The base unit sends a data
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acquisition (XAQ) audit request message 268 to the electrode and the

information is provided in a DAQ audit response message 250.

System Operation Pracedures:

a. Registration of electrodes with the base unit, A preferred registration

procedure includes (but is not limited 10) detection of electrode type and idemifier.
The patient reference number and/or demographics can also be slored in each
electrode 5o they are associated uriquely with a specific patient. Assignment of
electrode function (anatomical or functional position} in this monitoring system jg
also performed. Assignment of any temporary identifiers to the electrodes can
also be performed.  The registration procedure can be initialed on a dedicated
frequency conirol channel(s) for initialization. The registration proccdures of
FI.5 6 and 8 are one possible embodiment of the regisiration procedure.  Another
possible embodiment in shown in FIG. 27.  The base unit sends a connection
request message 272 to the elecirodes, The electrodes reply with a connection
confir message 274. This is the procedure of FIG, 23 described previously.
Then clecirode audit messages 276 and 278 are exchanged, the procedure of FIG.
25. The base unit sends a n ID/Functicn allocation message 280 that assigns the
electrode with a temporary 1D and body position or funetion. The ¢lectrode sends
an aflocation complete message 282 in response to the allocation message 280. A
base wnit Tegistration message 284 is senl to the elecirode, registering the
electrode with the base and conveying the base unit identification to the electrode.
A base unit registration complete message 286 is sent in response.  Messages
288, 300, 302 and 304 assign the time slot and carrier channel for the electrode,

implementing the procedures of FIGs. 14 and 15.
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b. Registration of the base unit with the electrodes. A registration procedure may

be implemented by which the base unit registers with the electrodes is also
performed. The procedure is shown in messages 284 and 286 of FIG. 27. The
procedure inciudes the deltecticn of a base unit type and an identifier associated
wilh the base unil. The messages 284 and 286 of FIG. 27 serves 1o resirict
electrodes to accept communication from only a single base unit. The registration
procedure can be initiated on & dedicated frequency channel(s) for initialization.

Total signal loss recovery scemario, A precedure shown in FIG. 28 is provided
which recovers from a total loss of signal from one or more of the electrades. The
procedure js initiated in the event of weakening rransmission signal srength due
1o fading channels, or low avaiiable transmission power, or large physical distance
between the electrodes and the base unit. A continuous search and “keep-alive”
sigmal 15 transmitied from the base unit to the electrodes. Once an ¢lectrode is
detected, communication is re-established, and the base unit resumes collection of
the data.  The procedure begins with the connection request and ¢onfirm
messages 306 and 308 (the procedure of FIG. 23 described previously), the
electrode audit messages 310 and 312 {the procedure of FIG. 24), and the data
acquisition subsystern audit messages 314 and 314 (the procedure of FI1G. 26).
Depending on the response to the audit messages, the base unit may initiate any
number of configuration commands to restore the electrode 1o a proper operaling
condition, such as the DAQ configure message 316 which configures the data
acquisition subsystem in the wireless tramsceiver. The electrode sends the
complete message 318 when the subsystem has been reconfigured in accordance

with the settings contained in the message 316. As another alternative, the set
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carrier channel messages 320 and 322 can be exchanged (the procedure of FIG.
14). As another alternative, 2 diagnostic test can be initiated as indicated by
messages 324, 326, 324, 330, 332 and 334, implementing the procedure of FIG.
72 descnibed gbove.  Additionally, amplifier gain can be gonfigured by messages
338 and 334 (the procedurs of FIG. 12} Any or all of the messages shown in
dashed lines could be implemented.  After a successful reconfiguration of the
electrode, data acquisition and transmission is recstablished by messages 340,

342, 344 and 346, namely the procedure of FIG, 19 described above.

. Mouoitoring system configuration scenario: A procedure shown in FIG. 29 is

provided for the overall monitering system configuration. The system 10 will set
up and configure mulliple subsystems including: data acquisition, Altering and
signal conditioning, amplifier gain setting, and run diagnostic tests to ensure
quality of transmitted dalz.  The configuration begins by a connection request
message and response conmecton confirm message 330 (the procedure of FIG.
23), the data acquisition subsystem audit messages 352 and 354 (he procedure of
FIG. 26), the data acquisilion subsystem: configuration messages 356 and 358, and
the setting of the preamplifier filter band by messages 360 and 362 (the procedure
of FIG. 13} Then a diagnosic test procedure consisting of messages 362, 364,
366, 363, 370, 372, and 374 are exchanged, implementing the procedure of FIG.
22 An opticnal amplifier configuration command can he send as message 376
depending on the results of the diagnostic test just performed. When the amplifier
gain is successfully changed the gain configuration complete message 378 is sent

back to the base unit.
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¢ Monitoring system data acquisition start seenario: The system will start the
data acquisition and transmission through the traffic channel to the base unit once
system configuration is complete. The procedure of FIG. 30 shows one possible
embodiment. A coafiguration request message 38(). is sent, generating the
configuration confimm message 382 from the elestrode (procedure of FIG. 23).
Data acquisition start messages 384 and 386 are exchanged (procedure of FIG.
19). Acquired data is transmitied via messages 388 and 390. Depending on the
signal strength and error detection, the gain of the amplifier 30 in the wireless
transceiver can be adjusted via amplifics gain configuration message 3192 and
when the change is made a gain configuration complete message 394 is sent back
fo the base unit. .
Wireless Elestrode State Machine
Fig. 31 is a logic disgram for a siate machine rnning in the
microcontrolletDSP computing  platform in the wireless electrode transceiver
asserbly 20 of FIG, 2 and 3.  When the device is powered up and runming (and
acquiring bio-potential signals), the state machine is in an active mods 400, The state
machine reacts 1o conditions thet may be present, and responds to those canditions as
shown in the figure. JF the user plugs the transceiver assembly into {he programming
pin or interface on the base unit, the state machine goes into a reset mode connection
state 402.  This event prompits initiztion of a set of routines that request registration
with the basc unit, as shown in 404, After registration procedures are accomplished
(described els=where in this document), a sensor initialization reuting 406 s eniered.
The routine 406 is shown in FIG. 33 ang described subsequently, Then, a sensor

activation rowrine 408 is entered, shown in FIG. 34. Finally a sensor data acquisition
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subsystem (DAQ) control routine 410 is entered, shown in FIG. 35.

Another event that triggers exit of the active mode state is when the base unit’s
“keep alive” or connection request signal is lost, as indicated at 412, This may occur
for example when the patient moves out of range of the base unit temporasily or &
problem cocurs with the base unit.  When this occurs, the microcontraller enters the
sensor DAQ control rouline 410 and stops the acquisition of data. (This assumes that
the memory size of the memory in the transceiver assembly 20 is 0o small to store
significant amounts of data while contact with the base wnit is interrupled; if sufficient
memory capacity 1s present, the data could cantinued 1o be acquired and stored Jocally
in the memory). Thz bantery 43 is then switched to a power saving mode as indicated
by routine 416.

Another event that can occur is the bage unit's signal is zegained s indicated
by condition 418. When this occurs, Lhe state machine returns to active mode 400, as
indicated by routing 420. The wireless transceiver assembly enters a base unit
registration procedure 422, wherein the transceiver assemhly re-registers wilh ke
base unit. 1f the base unit it is attempting to register is not its original base unit (for
example where the base unit’s ID is different from the ariginal base unit 1D), then a
routine 424 is entered in which the battery is switched to power savings mode.  [f the
base unit 1s 1he original hase unit, the sensor activation and dala acquisition subsystem
roitines 408 and 410 of FIG, 33 ard FIG. 34 are entered.

While the clectrode is in the active mode 400 staic, it will pormally be
receiving the periedic connection request “keep alive” messages from the base unit. 1t
will issue responses 1o those connection request messages periodically, as indicated

by a connection request responsc routing 426.

a8
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FIG. 32 is a logic diagram of a base unit siate machine. The state maclhine for
the base unit also includes an active mode 450.  The base machine will respond to
conditions including a sensor registration request condition 452. This condition may
be entered during data acquisition or during initialization. The base unit responds to
‘this condition by entering the sensor initialization, activation and sensor DAQ control
routines 406, 408 and 410. After the registration is complete, the hase unit sends a
connection request message to all registered wireless transceiver assemblies to insure
that they are shll operational and within RF range of the base unit, as indicated at 454,

If the signal from one of the wireless transceiver assemblies is lost, as

l indicated by condition 453, then the sensor is deactivated from the system 23 indicated
by 454, This step may be accompanizd by an alarm or message on the user interface
of the base unit.

If the signal is regained, as indicated by condition 456, a sensor registered
routine 458 is entered to insure that the signal that is received originates from a
registered transmitter assembly. Then, the sensor setivation and DAQ conirol
routines 408 and 410 are entered.

Another cendition that can ocecur is a noisy uplink or downlink chanmnel,
represented by 460. When this cecurs, the base upit enters a routine 462 in which
availsble uplink or downlink chaomels are scanned and a low-noise channel js
selected. Then, a routine 464 is entered in which the new channel is assigned (o all
the registered and active wireless transceiver assemblies.

Another event that can occur is & base unit confipuration 466, which can oceur
in response 1o a prompl fram a user.  When this condition occurs, the state machine

enters 4 routine 4678 that prompts the user to enter the configuration information for

9
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the next wireless transceiver assembly. The sensor registration request routine 452 is
transmilted to the wirgless transceiver assembly on the control chanzel or via the
programming inferface. Sensor initialization and activation routines 406 and 410 are
lhen entered. If move fransceiver assemblies are to be programmed, the process
Teturns 1o step 468. If all of the assemblies have been programmed and registercd, as
indicated hy routine 479, then the system will enter a sensor DAQ conlrol routine 416
10 start data acquisition and transmission, either automalically or in responsc to input
from the nser at the base unit user interface.

FIG. 33 i5 & illustration of the sensor initializaticn rovting 406 of FIG. 31. The
routing consists of a subrouting 500 that assigns a patient [D to the transceiver
assembly. Next, a subreutine 502 is entered in which the functional position of the
transceiver assembly is assigned by the base unit in response 10 user prompts. A
sensor data acquisition rate assignment subrouting 504 is then entered. The anti-
aliasing filter band is sssigned by subroutine 506, Then the transceiver assemblies are
synchronized by a global time base signal that is broadcast on the downlink ¢hannel in.
subroutine 508.  Then, the base unit D is assigned to the transceiver assemblies by
subroutine 510 and the electrode ID values are registered  with the base unit in
subroutine 512. The arder of execution of moduies 500, 502, 504, 506, 508, 510 and
512 is net critical.

FIG. 34 illustrates the sensor activation routine 408 of FIG. 31 and 32.  This
routing includes 2 subroutine 514 that assigns the currenl data charmel to the wireless
transceiver  assemblies. A subroutine 516 assigns 2 sensor-base  unit
group/transnmssion [ for each of the wircless transceivers. Transceiver

smplification gain is assigned in subroutine $18. Then, & subreutine 520 is cniered

40

JP 2004-503266 A 2004.2.5



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

964

470

973

%30

985

a7

WO 01/78831 POTIUSOIA2562

that runs diagnostic tests on the wireless transceiver assemhbliss and calibrates the
units accordingly.

The sensor datz acquisition control routine 410 is shown in FIG. 35. This
rouline consists of two parts, & start data acquisition subroutine and a stop datz
acquisition subroutine. The start dma acquisition subroutine includes a first module
522 that sends a2 command io the registered wireless transceiver assemblics to starl
dala acquisition, and 2 second module 524 that commands the assemblies 1o start data
iransmission. The stop transmit of data subroutine includes a first module 526 that
commands the wireless transceiver to stop transmission of data, and a second module
528 that commands the data acquisition subsystem to siop acquiring data.

Electrode system initialization/Operations Management

The following is a psendocode listing of system initialization and operations
management rowlines for the base unit and (he electrodes, as an alternative

embodiment to the procedures of FIGs, 6 and 8.

Electrode pawer up / reaciivation (battery attachment)

If no pre-stored channels is selected (firsi-time pawer up) or connection is in

reset mode
Elecirodes scan pre-set dedicated channel(s} for inpul signaling from
base unit.
Else
Start using pre-stored temporary transmit and receive chammels for
messaging,
End

Base Unit power up — reactivalion
I 0o pre-stored channels are selected, or reset mode connection is requested,

41
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or current affic
Channel interference is high
Bease Unit seans and selects a low-noise temporary transmit traffic
channel for all
electrodes to transmit signaling on.
Base Unil scans and selects a low-noise temparary rteceive traffic
channel for all
clectrodes ta receive signaling on
Else
Use previously stored transmil and receive channels
End

Base Unit periodically transmits signaling on pre-set dedicated channel(s) if electrode
is not registered or discannected, and listens {scans} for electrode response.  All other
fransmissien occurs on temporary traffic channels.
Send “keep-alive™ signaling and scan for response from an electrede, then
For cach cicctrode required for current configuration settings, once
detected (connection
established)
Electrode is assigned a temporary identifier.
Electrode is associated with patient demegraphics info.
Electrode is assigned a functiopal or anatomic posilion in the
IMONitAring
syslem.
Electrode 1s requesied lo move to a new femporary transmit
traffic frequency
channel and time slot.
Electrode is requested to meve to 2 now temporary receive
traffic frequency
chaone! (and time slot if any).
End
End

42
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If all required clectrodes are registered and connected
Electrodes are assigned a (default/selected) data acquisilion rate.
Electrodes are assigned a (defauli/selected) amplification gain setting.
Electrodes are assigned a (defaulvselected) filter band setting.
Run dizgnestic system test to ensure quahty of recordings

Adjust amplification gain on electrodes vntil snitable signal strength is

obtained.
Adjust filter selection until good signal/noise ratio is obtained.
Run synchronization tests to ensure system is properly synchronized
far transfer
of data test patterns.
End

Stars data acquisition and monitoring.

End

Base Unit may do any of the following during operation monitoring
Monitors and tracks for interference and bit error rate on current channet
setting, if too many
errors
request retransmnission of data in error due 1o interference, or if too
many errors then

. select and move to new temporary (ransmit and/or receive channels,

Stops / restarts data acquisition for measured signals.
Senses sigmal strength and re-adjust signal amplification gain dynamically to
enable good
resolution on the A/D channels.
Interrupts data acquisition for reconfiguration or re-inttialization procedures.
Switches electrode(s) into power saving mode or reaclivates elecirode(s)

operation.
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Persons skilled in the am will appreciate that the detuils of the presently
preferred embodiment described herein ecan be changed ann.i modified witheur
departure from the spirit and scope of the invention. The system 10 is readily adapted
to acquiring other types of physiclogic, chemical, physical or electrical processes,
such as temperature, blood pressure, glucose. respiratory parameters, etc. The
wirgless smsors could be either placed on the patient’s body or implanted. In this
case, the wireless transceiver may connect to a different type of physiologic sensor
which converts a measured parameter to a voltage (or this functionality could be
incorporated in the wireless iransceiver assembly) and transmits the signal to 2 base
unit. This truc spirit and scope is to ba dﬂénnined by reference to the appended

claims.
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WE CLAIM:
1. In a wireless system for medical menitoring having z base unit and 2

least one wireless semsor for conmection to a paticnt’s body, the improvement
COmPprising:

praviding said wireless sensor with  transceiver assembly for transmitting and
receiving Wireless communications with said base unit,

praviding the hase unit with a wircless transcciver for tramsmitting and
receiving wireless communications with gaid sensors, said wireless communications
including said commands, and

providing a sef of insiructions executable in sajd base unit wherein said basc
unil may issue said commands to said transceiver assembly in response 1o the
execution of sald inswuctions, said mansceiver assembly responding to said
commands in accordange with instructions stored in said transceiver,

wherein said commangs from said base unit and responsss 1o said sotnmands
from said transcei ver assembly allow said base unit to remotely manage and configure
said transeciver assembly in real lime either prior 1o or during a period of time in
which said lransceiver assembly is acquiring physiologic signals from said patient and
transmitting data cormresponding to said physiologic signals to szid base unit,

ra The improvement of clasm 1, whercin said commands comprise a data
acquisition sampling rate command, and wherein said ransceiver assemhly configures
circuitry in said transceiver assembly sampling datz acquircd from said wireless
sensor in response to 33id data acquisition sampling rate command.

k3 The improvement of ¢laim 1, wherein said command comprises an

amplifier guin configuralion command, and wherein said transceiver assembly adjusts
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the gain in an amplifier in said transceiver assembly in response 10 said amplifier gain
configuration command.

4. The improvement of claim 1, wherein seid cornmand compnises a filter
band selection command, and wherein sald transceiver assembly selects zn anti-
aliasing filter in said transceiver assembly in response to said filter band selection
cornmand.

i The improvement of claim 1, wherein said command comprises a
carsier signal selection command, and wherein sald transceiver assembly selects a
earrier frequency for transmission of said data from said transceiver assembly to said
hase unit in response to said carrier signal selection command.

6. The improvement of claim 1, wherein said command comprises a
sransmit time slot configuration command assigning a time slot in a time division
mulliplexed data fransmission format during which said transceiver assembly is to
fransmit saig data to said base unit, and wherein said transceiver assembly selects said
time slot {n response to said transmit time siot configuration command.

7. The improvement of claim 1, wherein said command cemprises a
battery status audit command, and wherein said transceiver assembly provides batlery
slams inforrnation to skid base unit in response to said battery status audit command.

g The improvement of claum 1, wherein said transceiver asscmhly [urther
comprises 4 bauery and wherein said transceiver assembly sends a low battery
detection message 1o said base umit when tbe fevel in said battery falls to a

predetermined threshald.
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Q. The improvemeni of ciaim 1, wherein said command comprises
pawer saving mode command, and wherein said transceiver assembly changes a state
of battery consumption in said transceiver assembly to a power saving mode in
response to said power saving mode command.

10.  The improvement of claim 1, wherein said command comprises a start
data acquisition command, and wherein gaid transceiver assembly begins to acquire
physiologie data from said patient in response to said starl data acquisition command.

il The impravernent of claim 1, wherein said cormand comprises a start
dala transmission command, and wherein said transceiver assembly commences
transmission of said data to said base unit in response to said star data transmit
<ommand.

12 The improvement of claim 11, wherein said data is transmitted to said
base unit in time slots and in a frequency channel assigned to said transceiver
assembly from said base unit.

13. The mmprovement of claim 1, wherein said command ¢omprises a stop
data acquisition command, and wherein said transceiver assembly stops zcquiting
said physiologicl signals in response ta said stop data acqujsition cornmand.

14. The improvement of clatim I, wherein said base unit conducts error
checking of said data tranamitted from said {ransceiver assembly, and wherein said
base unit issues a retransmit data command to said wireless transceiver, said wireless
wansceiver retransmitting data previously transmitted to said hase unit in response to

said retransmit data command.
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15 The improvement of claim 1, wherein said command comprises a
diagnostic fest initiation command, said wanscelver assembly commencing a
predetermined diagnestic test routine and sending diagmostic test data to said base unit
in response 1o said diagnostic test initiatton command.

16.  The improvement of claim 1, whercom sag base unit periodically
broadcasts a connection request message to said rransceiver assembly, said
transceiver assembly responsively sending a connection confirm message 10 said base
unit in response to said connection request message.

17, The improvement of claim 1, whrenn said command comprises an
audil request command, said transceiver assembly wansmitling an audit of current
configuration paramcters in said transceiver assembly in 1esponse to said audit
request commang.

18 The improvement of claim 1, wherein said transceiver assembly
transmits a base unil audit commund to said base unit, said base unit transmitting an
audit of at least one configuration parameter of said base unit in response to said base
unit audit command.

19, The improvement of claim 1, wherein said command comprises 2 data
acquisition subsystem audit command, said transcciver assembly transmitting an audit
of current data acquisition subsiem configuration parameters in response to said data
acquisition subsytem audit command.

20.  The improvement of ciaim 1, wherein said commands comprise a set of

communds establishing  registration of said transceiver assembly with said base unit.
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21, The improvement of claim 20, wherein said set of commands includes
an assignment of sn ideniification number of said wireless transceiver and an
assignment of functional position of said wireless clectrode on said patient,

22, The improvement of elaim 20, wherein said set of commands further
comprise an assignment of a frequency channel and a time slot to said transceiver
assembly.

23, The improvement of claim 2C, wherein said set of commands further
comprises the assignment of a base unit identification to said transceiver assembly.

?4.  The improvement of claim 1, wherein said commands comprise a set of
commands establishing a signal [oss recovery procedure by which said base unit may
reestablish comnunication with said transcerver in the event of a total signal loss from
2aid transceiver assembly.

25 The improvement of claim 24, wherein said set af commands for said
signal loss Tecovery procedule comprises a conneclion reguest command, an audit
command and a data acquisition subsysiem audit command.

26, The improvement of claim 1, wherein said wireless sensors comprise a
plarality of individual wireless electrodes, each associated with one of said transceiver
assemblies, and wherein said plurality of wireless electrodes, transceiver assemblies
and said base umt comprise a wireless electracardiogram data acquisition system.

7. The improvement of claim 1, whererein said wircless scnsors comprise
a plurality of individual wircless electodes, each associated with one of said
transceiver assembhies, and wherein said plurality of wireless electrodes, transceiver
assemblies and said base unit comprise a wireless electroencepbalogram data

acquisition system.
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28.  The improvement of claim 1, wherereim said wireless sensors comprise
2 plurality of individval wireless electrodes, cach associated with one of said
wransceiver assemblics, and wherein said plurality of wireless electrodes, transcciver
assemblies and said base unit comprise a wireless electramyography data acquisition
system.

29, A wireless electirocerdiogram data acquisition syslem, comprising

a set of wireless eleetrodes for atachrent 1o & patient’s body, each of said
wireless electrodes coupled to a transeeiver assembly for transmitting and receiving
wireless communications;

a base it comprising a wircless transceiver for transmitting and recciving
wireless commuuications with  said transceiver assemblies, said wireless
communications including a set of commands for said transceiver assemblies;

said base unit further comprising a memary and computing platform executing
a 5et of instructions wherein said base unit may issue szid ¢commands to individual
ones of said transceiver zssemblics in response te the execution of said instrctions;

each of said ransceiver assemblies further comprsing 2 memory and a
computing platform for responding to said commands in accordance with insiructicns
stored in said memory in said transceiver assembly,

wherein said commands from said base unit and responses (n said commands
from =aid transceiver assemblies allow said basc unit w remotely and individually
manage and configure each of said transceiver assemblies in veal time sither prior 10
or during a peried of time in which said transceiver assemblies are acquiring

phystelogic electrocardiogram signals from said patient and transmitting data
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corresponding to said pysiologic electrocardiogram signals to said base unit.

30.  The system of claim 27, wherein said commands comprise &
acquisition sampling rate command, and wherein said transceiver assemblics
configure circuitry in said manseeiver assembly sampling data acquired from said
wireless clectrade in response to said data acquisition sampling rate command.

31, The improvement of claim 1, whergin said command comprises an
amplifier gain configuration command, and wherein said transceiver assemblies
adjusts the gain in an amplifier in said transceiver assembly in response to said
amnpiifier gain configuration command.

32, The system of claim 28, wherein said command comprises a filter band
selechion command, and wherein each of said transceiver assemblies selects an anti-
aliasing filter in said transceiver assembly in response to said fiker band selection
command. ‘

33. The system of claim 2§, wherein said command comprises a carrier signal
selection command, and wherein each of said transcetver assemblies selects a canrier
frequency for transmisaion of said datz from said transceiver assembly 1o said base
unit in response to said carrier signal selection command.

34 The syslem nf claim 28, whetein safd conmand comprises 2 transmit
time slot configuration command assigning a fime slot in a time division multiplexed
data transmission format during which cech of said iransceiver assemblies is 1o
fransmit said data to said base umit, and wherein cach of sajd transceiver assemblies
selects @ different hme slot in response to said transmit 1ime slot configuration

command.
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35 The sysiem of claim 28, wherein said command comprises a battery
status audit command, and whersin each of said transceiver assemblies provides
battery status information to said base unit in response to said ballery status audit
command.

36, The system of claim 28, wherein said transceiver assembly further
comprises a hattery and wherein cach of said transceiver assemblies sends a lot
battery detection message to said base unit when the level in said battery falls to a
predetermined threshold.

37, The system of claim 28, whercin said command comprises a power
saving mode command, and wherein said transceiver assemblies change a stale of
battery consumption. iv said transceiver assembly to a pawer saving mode in response
to said power saving mode command.

38.  The system ol claim 28, wherein said command comprises a start data
acquisition command, and wherein said transceiver assembly begins to acquire

physiologic data from said patient in response to said start data acquisition command.

39, The system of claim 28, wherein said command cemprises a start data
transmission command, and wherein said transceiver assemblics commences
transmission of said data 1o said base unit i response 1o said start data transmission
command.

40.  The system of claim 28, wherein said datz is transmitted to said base
umit in time slots and in a frequency channet assigned to said transceiver assembly

from sad base unit.
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41.  The system of claim 28, wherein said base unit condects error checking
of said dala transmitted from said transceiver assemblies, and wherein said base unit
issues a retransmit data coramand to said transceiver assemblies, said transceiver
assemblies retransmifting data previously transmitted to said base unit in response to
said retransmit dala command.

42, The system of clatm 28, wherein said command comprises a diagnostic
teat initiation command, said transceiver assemblics commencing a predetermined
diagnostic test routine and sending diagnostic test data to said base unit in Tesponse 1o
sawd diagmostic test initiattion command.

43, The system of claim 28, wherein said base unit periodically broadcasts
an electrode detection message to each of said transceiver assembllies, said
transceiver assemblies responsively sending a connection confirm message to said
base unit in response to said electrode detection message.

44.  The sysiem of claim 28, whrerin said command comprises an audit
request command, said transceiver assemblies transmitting an audit of current
configuration parameters in said transceiver assembly in response 1o said audit request
command.

45, The system of claim 28, whercin said transceiver assemblies transmit a
base unit audit command o said base unit, said hase unit transmitting ar-audit of at
least one configuration parameter of said base unit in respanse 1o said bage unit audit

command.
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46, The system of claim 28, wherein said commands comprise a data
acquisition subsystern audit command, said transceiver assemblies transmitting an
audit of current data acquisition substem configuration parameters in response to said
data acquisition subsystem audit command.

47, The system of claim 28, wheten said commands comprise a set of
commands establishing a repistration of said wansceiver assemblies with said base
wnit,

48.  The system of claim 46, wherein said set of commands mcludes an
assignment of an identification mumber of said fansceiver assemblies and an
assignment of a functional position of said wireless electrode on said patient.

49, The syster of claim 46, wherein said set of commands further
comprse an assignment of a frequency channel znd a time slot 1o said transceiver
assemblics.

50.  The system of claim 46, wherein said set of commands further
cornprises the assignment of a base unit identification to said transceiver assembly.

51, The system of claim 28, wherein said commands comprise a set of
commands establishing a signal [oss recovery procedure by which said base vnit may
reestablish comnunication with one of said transceiver assemblies in the event of 2
total signal loss from said transceiver assembly.

52, A machine-readable storage medinm containing a set of instructions
cxecutable in a base unit for aver- the air programming of a plarality of wireless
wanscejvors, each of the said wireless transceivers adapled (o couple to a sensor for
commection {0 a patient’s body, said set of instructions generating commands for

remotely configuring and managing the acquisition of physiologic signals from said
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patient’s body and transmission of said physiclogic signals from said wireless
transceivers 1o said base unit in real time either prior ta or during a period in which
said physiologic signals are being acquired.

53, The machine-readable storsge medium of claim S, wherein said set of
instructions comprise 2 set of instructions illustrated in at lsast onc of FIGS. 11-28,
and wherein said wircless transceivers comprise a machine-readable siorage medium
containing a set of Instructions for responding to the commands.

54, The machine-readable slorage medium of claim 51, wherein said set of
instruetions prompt said base unit to gencrate a set of registration commands and
wherein said wireless transceivers comprise a machine-readable storage medivm
containing a set of instructions for responding to said set of registration insmxclivns..

55. The machine-readable storage medium of claim 51, wherein said sct
of instructions pretapt said base umt to generate a set of signal loss recovery
commands and wherein said wireless transceivers comprise a machinc-rcadable
storage medium containing a set of instructions for responding 1o said set of signal
loss recovery commands.

56.  The machine-readahle storage medium of ¢laim 51, wherein said set of
mstructions prompt said base umit to configure the data transmission properlies of smd
wireless transceivers.

57. The machine-readable storage medium of claim 55, wherein said data
transmission pr;:rpcriics include seloction of a carrier frequency and a tme slot in a

time division multiplexing communication format.
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S8.  The machine-readable storage medium of claim 35, wherein said data
transmissicn properties include selection of communication parameters in a CDMA
communication format.

59, The machine-readable storage medium of claim 51, wherein said set of
anstructions include a base unit configuration reutine wherein said base unit programs
patient identification and position location information inte said wircless transceiver
assembly.

60.  The machine-readeble storage medium of claim $1, wherein said set of
instructions include a sensor imtialization routine.

61, The machine-readable storage medium of claim 51, wherein said sct of
instructions inclods 2 sensor activation routine.

62, The machine-readable storage medium of claim 31, wherein said set of
instructions include a sensor data acquisition subsysem configuration routine.

63. The improvement of claim 1, wherein said wireless iransceivers
communicale with said base unit in 2 Code Division Multiple Access (CDMA)
communication format.

64, The system of claim 28, wherein said wireless transeeiver assemblies
communciate with said base unil in a Code Division Multipie Access (CDMA)

communication format.
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