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TRI-MODE MEDICAL TELEMETRY ANTENNA
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 09/474,593, filed Dec. 29, 1999.

BACKGROUND OF INVENTION

[0002] The present invention relates to systems and
devices for monitoring patients in a healthcare facility. More
particularly, the invention relates to patient monitoring sys-
tems that allow the patient to ambulate through a care unit
in the facility and that provide a high-speed data link for
information management and other purposes.

[0003] Most patient monitoring systems that permit
patients to ambulate through a care unit use telemetry-based
communication schemes. In one common form, the patient
wears a telemetry transmitter attached to the patient using
ECG electrodes. The telemetry transmitter acquires an ECG
signal, conducts a nominal amount of filtering on the ECG
signal, and transmits a telemetry data signal to an antenna
array, typically located in the ceiling of the care unit. The
telemetry signal is conducted through the antenna array to a
telemetry receiver, which in turn, is connected to a central
station that analyzes and displays the ECG information for
viewing and evaluation by the clinicians staffing the care
units.

[0004] Existing medical telemetry systems are regulated
by the Federal Communications Commission (FCC) and are
authorized to use VHF (very high frequency) and UHF (ultra
high frequency) radio-frequency (RF) bands for their wire-
less data links. Presently, it is necessary to install two
separate telemetry infrastructures or systems to utilize both
of these bands. Of course, installing two systems increases
the cost of patient monitoring. Proposed changes in FCC
regulations will provide a new band (the L-band) in the RF
spectrum for medical telemetry systems. While the addition
of the new band will provide new capacity for telemetry
systems and help reduce interference with other RF signals,
operating in the new band with current technology will
require an additional and separate telemetry infrastructure.

[0005] In addition to the problems noted above, current
telemetry systems are, in general, unable to support appli-
cations that require relatively high-speed data links. Such
applications include bedside monitoring, telephony services,
and image transfer services. If present at all, these services
are generally implemented with high-bandwidth wired net-
works that are separate from currently used telemetry sys-
tems.

SUMMARY OF INVENTION

[0006] Accordingly, a system supporting telemetry as well
as high-speed data transfers would be less costly than dual
systems; one for telemetry and another for data transfer.
Further, an integrated system would simplify problems
associated with cluttered RF or wireless environments that
are created when multiple disparate wireless systems are
used.

[0007] The present invention provides a tri-mode telem-
etry system that is capable of supporting UHF and L-band
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signals as well as high-speed wireless data transfers. The
architecture of the system permits the detection and pro-
cessing of L-band, UHF, and high-speed data signals with a
common antenna system, thereby eliminating costly, redun-
dant infrastructure that would otherwise be required.

[0008] In one embodiment, the tri-mode telemetry system
includes a first antenna tuned to receive a signal having a
frequency in a first communication band; a second antenna
tuned to receive a signal having a frequency in a second
communication band; and a down converter for producing a
frequency translation signal. A mixer is coupled to the
second antenna and to the down converter such that the
mixer uses the signal received by the second antenna and the
frequency translation signal to produce a signal having a
frequency in the first communication band. A combiner
combines the signal having a frequency in the first commu-
nication band with the signal received by the first antenna
and produces an output signal.

[0009] The system also includes a third antenna designed
to receive a signal in a third communication band. A wireless
access device is coupled to the third antenna and produces
an output signal. The third antenna is designed to support
applications that require relatively fast data transmission.
Preferably, the third antenna and associated components are
shielded from the first and second antennas and associated
components such that the high-speed data transmissions do
not interfere with the lower speed RF transmissions.

[0010] The high and low speed data may be transmitted in
a single apparatus. In one embodiment, the tri-mode telem-
etry system includes a cable bundle adapter that is coupled
to the combiner and the wireless access device. The adapter
accepts a cable bundle having a first conductor conducting
data in the first communication band and a second conductor
conducting digital data. In this way, a single parallel wiring
system that handles both types of signals may be installed,
avoiding the need to route and install two separate wires or
cables to handle both types of signals.

[0011] In another embodiment, the tri-mode telemetry
system includes a mixed signal processor coupled to the
combiner and the wireless access device. The mixed signal
processor mixes the output signal of the wireless access
device and the output signal of the combiner. In this case, the
mixed signal may be carried by a single conductor, again
reducing cable and wiring installation costs.

[0012] In yet another embodiment, the invention provides
a method of monitoring patients in a care unit. The method
includes acquiring a patient data signal from a first trans-
mitter that operates in a first communication band; acquiring
a patient data signal from a second transmitter that operates
in a second communication band; and

[0013] converting the patient data signal from the second
transmitter to a third signal in the first communication band.
The first and third signals are then combined and delivered
to a receiver. A data signal is also acquired from a first data
device, such as a bedside monitor, telephone system, imag-
ing system or other device that requires a relatively high-
speed data link. The first data device operates in a third
communication band. The data acquired from the first data
device is delivered to a second data device, such as a
monitoring station.

[0014] One advantage of the present invention is that it
eliminates the need to provide a receiver subsystem capable



US 2002/0095271 Al

of processing signals in multiple frequency bands. The
signal received by the second antenna is converted to a
signal in the first frequency band and, thus, may be pro-
cessed by the same receiver subsystem that processes signals
from the first antenna.

[0015] The first antenna is designed to receive UHF sig-
nals and the second antenna is designed to receive L-band
signals. The first antenna is designed to receive signals in a
particular channel within the UHF band and the signals from
the second antenna are converted in a down converter to a
second channel in the UHF band before detection at the
receiver station.

[0016] The down converter is designed so that the fre-
quency of the translation signal may be selected so that the
converted signal produced by the mixer falls within the
second channel in the first frequency. The frequency of the
second channel depends on factors such as avoiding inter-
ference with other RF signals including the signal from the
first antenna and local UHF signals from television broad-
casts. To set an appropriate frequency for the translation
signal, the down converter uses an oscillator, a synthesizer,
and a filter coupled in a series loop (i.e., the components
form a phase-lock loop). The synthesizer is programmed
through a microprocessor that can receive input from a
technician, administrator, or similar person to adjust the
frequency. The synthesizer derives its frequency reference
from a temperature controlled oscillator to compensate for
temperature changes.

[0017] The antenna system is designed to work with
telemetry transmitters worn by patients in a care unit, a
receiver subsystem, and a central station. The transmitters
acquire patient data and transmit that data at a predetermined
frequency. In its simplest form, the system operates with one
telemetry transmitter that operates in the first frequency
band and a second transmitter that operates in the second
frequency band. The signals sent by the telemetry transmit-
ters are received by the first and second antennas and the
signal from the second antenna is converted as described
above. The signal from the first antenna and the converted
signal are then relayed to the receiver subsystem which in
turn delivers the signals to a central station. The patient data
is collected and analyzed at the central station.

[0018] Asis apparent from the above, it is an advantage of
the present invention to provide a multiple band telemetry
system that handles data in multiple communication bands.
Other features and advantages of the present invention will
become apparent by consideration of the detailed description
and accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

[0020] FIG. 1 is a block diagram of a tri-mode telemetry
system embodying the invention;

[0021] FIG. 2 is a block diagram of a converter and
control unit and a wireless data access device that that may
be used in the telemetry system of FIG. 1;

[0022] FIG. 3 is a circuit diagram of a filter suitable for
use in a synthesizer local oscillator used in the converter and
control unit;

In the drawings:
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[0023] FIG. 4 is a block diagram of a mixed signal
processor used to combine radio frequency telemetry signals
and data signals on a single conductor; and

[0024] FIG. 5 is a block diagram of an adapter used to
transfer radio frequency radio signals and data signals to a
cable bundle.

DETAILED DESCRIPTION

[0025] Before embodiments of the invention are explained
in detail, it is to be understood that the mvention is not
limited 1in its application to the details of the construction
and the arrangements of the components set forth in the
following description or illustrated in the drawings. The
invention is capable of other embodiments and of being
practiced or being carried out in various ways. Also, it is to
be understood that the phraseology and terminology used
herein is for the purpose of description and should not be
regarded as limiting.

[0026] FIG. 1 illustrates a tri-mode telemetry system 10
embodying the invention. The system 10 may include a
central station 12. The central station 12 includes a process-
ing unit or processor 14, which, in its most common form is
a MICroprocessor.

[0027] The processor 14 is coupled to a display 16 and
speaker 18 and may receive input from a keyboard 20, a
microphone 22, or a mouse 24. The processor may transmit
or receive additional outputs or inputs from other devices
represented by block 26. The central station 12 is connected
to a receiver subsystem 30 through a communication link 32.
The receiver subsystem 30 includes a series of I/O ports 34
connected to a plurality of antennas or antenna units 40 (only
one of which is shown). In use, the antenna units 40 may be
spaced about a care unit to form an antenna array. While the
number of units 40 may vary in any particular application,
typically, each antenna unit 40 is identical.

[0028] The antenna unit 40 includes a converter and
control circuit 42. The converter and control circuit 42 is
coupled to a first RF antenna 44 tuned to receive signals
having a frequency within a first communication or fre-
quency band and a second antenna 46 tuned to receive
signals having a frequency in a second communication or
frequency band. In addition to the antennas 44 and 46, the
antenna unit 40 includes a third antenna 48 tuned to a receive
signal in a third communication band. Preferably, the signal
in the third communication band is a digital signal. The
digital signal may be a signal transmitted at a bit rate of 10
Mbps or higher. The third antenna 48 is associated with a
fourth antenna 50 that is designed to transmit digital signals
in the third communication band. The antennas 48 and 50
communicate with a data device 51 such as a patient
monitoring system, telephony system, image transfer sys-
tem, or other device that requires a relatively high-speed
data link for acceptable operation (c.g., latency, jitter, and
other characteristics at a level to support real-time or near
real-time transmission of data). The antenna 48 receives
information from the data device 51. The antenna 50 may be
used to send commands, requests or other information to the
data device 51. Information received by the antenna 48 may
be transferred via a high-speed data link 52 to a network 54
such as an Ethernet network. A station 55 for monitoring the
data received by the antenna 48 may be linked to the
network 54.
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[0029] The antenna unit 40 also includes an antenna
transmitter circuit 56 connected to a transmitter antenna 38.
The antenna transmitter circuit 56 generates an RF signal
which may be used to transmit commands and information
from the central station 12 to the telemetry transmitters
discussed below.

[0030] The tri-mode telemetry system 10 includes a plu-
rality of telemetry transmitters 60. The telemetry transmit-
ters 60 may be one of two types. A first type 62 is designed
to operate in a first frequency band (such as UHF) and a
second type 64 is designed to operate in a second frequency
band (such as L-band). As is known to those of ordinary skill
in the art, the UHF telemetry band generally covers frequen-
cies of about 470 MHz to about 668 MHz. The L-band
generally covers signals having frequencies of about 1 GHz
to about 2 GHz and, more particularly, about 1.4 GHz.

[0031] In use, each telemetry transmitter 60 is connected
to a patient (not shown) via electrodes or connections
suitable for measuring patient parameters (such as ECG
electrodes). Once a telemetry transmitter 60 is connected to
a patient, the patient’s condition may be monitored. Due to
the wireless nature of the telemetry transmitters, the
patient’s ability to ambulate throughout the care unit is
unhindered by the transmitter. Each telemetry transmitter 60
(regardless of type) includes a transmitter circuit 66 con-
nected to a transmitting antenna 68. The transmitter circuit
68 generates an RF carrier signal for transmitting patient and
other data to the antenna unit 40. As noted previously, the
frequency of the carrier signal is dependent on the type of
telemetry transmitter used: type 62 (UHF) or type 64
(L-band).

[0032] Each telemetry transmitter also includes a receiver
circuit 70 connected to a receiving antenna 72, and may
include a speaker 74 and a microphone 76. The receiver
circuit 70 includes support circuitry, power inputs, and
common connections, as those of ordinary skill in the art
would understand. The receiver circuit 70 also has a micro-
processor input (not shown) connected to a microprocessor
(not shown) of the telemetry transmitter. The microproces-
sor receives all physiological data and routes that data to the
transmitter circuit 66. The microprocessor also processes the
commands received by the receiver circuit 70 from the
transmitter circuit 56 of the antenna unit 40.

[0033] The converter and control circuit 42 of the antenna
unit 40 is shown in greater detail in FIG. 2. The converter
and control circuit 42 is designed such that both L-band and
UHF signals may be processed by the receiver substation 30
and central station 12. The control circuit 42 receives signals
from the UHF antenna 44. UHF antenna 44 receives signals
from the UHF telemetry transmitter 62 in an available UHF
channel. By way of example, one UHF channel is broadcast
channel thirty-seven and this channel resides in the 6 MHz
frequency band from 608 MHz to 614 MHz.

[0034] The control circuit 42 also receives signals from
L-band antenna 46. I-band antenna 46 receives signals from
the L-band telemetry transmitter 64 in an available L-band
channel. The signal from the L-band antenna 46 is filtered by
an L-band band pass filter 80 which removes signals outside
of the L-band frequency range. The band-pass filter 80 also
attenuates signals from a voltage-controlled oscillator (dis-
cussed below) to minimize emission signals from the volt-
age-controlled oscillator at the antenna 46. The L-band
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signals are delivered to a mixer 82, such as a JMS-5 mixer
from Mini Circuits. The mixer 82 mixes the L-band signal
with a frequency translation signal from a local oscillator 85
to produce a UHF band signal. The frequency translation
signal is formed such that the UHF band signal generated by
the mixer 82 resides in a different channel than the UHF
signal received by the UHF antenna 44. Thus, in the case
where the UHF antenna operates in broadcast channel
thirty-seven, the signal generated by the mixer 82 would
reside in a different channel, for example, broadcast channel
forty.

[0035] The local oscillator 85 includes a synthesizer 90,
such as the LMX2316 model from National Semiconductor.
The synthesizer is coupled in a series (phase-lock) loop with
a loop filter 92 and a voltage controlled oscillator 94. A loop
filter suitable for use in the present invention is shown in
FIG. 3. The voltage-controlled oscillator 94 may be one of
several oscillators commercially available including those
from Vari-L. Company.

[0036] The synthesizer 90 is programmed by a micropro-
cessor 96, which may be a commercially available processor
such as a Microchip PIC16C620. The microprocessor 96
receives input through a port 98 such as a serial port.
Information and commands delivered through the serial port
98 permit adjustment of the synthesizer frequency. The
synthesizer 90 also receives input from a temperature con-
trolled oscillator 100. The oscillator 100 provides the fre-
quency reference for the synthesizer 90. The temperature
controlled oscillator 100 may be implemented with com-
mercially available oscillators such as an Oscillatek OSC-
1B2 TCXO.

[0037] The output of the synthesizer 90 is delivered to the
loop filter 92 which attenuates any reference spurs generated
by the synthesizer 90, filters the noise in the loop, and
controls the stability of the phase-lock loop. The voltage-
controlled oscillator 94 oscillates at a frequency appropriate
to achieve the desired translation frequency of the L-band
signal so that it is down converted. The oscillation frequency
of the voltage controlled oscillator 94 is set by the DC
voltage received from the loop filter 92. The voltage-
controlled oscillator produces a frequency translation signal
that is delivered to the mixer 82. The frequency translation
signal and the L-band signal from the antenna 46 are mixed
in the mixer 82 and the resulting UHF signal is delivered to
a band pass filter 120 which removes signals outside of the
UHF frequency band. The filtered UHF signal is then
delivered to a combiner 122, which may be a commercially
available combiner such as a Mini Circuits JPS-2-900.

[0038] The combiner 122 also receives the UHF signal
from the UHF antenna 44 as filtered by a band pass filter
124, which removes signals outside of the channel to which
the antenna 44 is tuned. The combiner combines the UHF
signals from the antenna 44 and mixer 82 and delivers them
to an amplifier 126. After being amplified, the combined
signals are filtered by a low pass filter 128, which removes
harmonics of the two signals. The combined signals are
output along a transmission line 129 to RF output node 130
(which also may serve as a DC input node) and are delivered
to the receiver subsystem as described above.

[0039] Data signals to and from the data device 51 are
processed in a card device 140. In one embodiment, the card
device takes the form of a Personal Computer Memory Card
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International Association (PCMCIA) card configured to
provide a wireless local area network (WLAN) access point
(AP). In more general terms, the card device 140 acts as a
wireless access device. The card device has a power input
142, which in the embodiment shown is coupled to a 12 V
DC power supply. The card device also has a data input/
output node 144.

[0040] Preferably, a shield 150 is positioned between the
RF components (44, 46, 80, 82, 85, 120, 122, 124, 126, and
128) of the converter and control circuit 42 and the data
transmission components of the circuit 42 (48, 50, and 140).
The shield may take the form of a physical component such
as a conductor or metal plate. Alternatively, sufficient shield-
ing may be achieved by providing a predefined area of space
between the RF components and data transmission compo-
nents.

[0041] FIGS. 4 and 5 illustrate additional features of the
invention that may be implemented to reduce cabling
requirements associated with transmitting both relatively
low-speed telemetry data and relatively high-speed signals.
FIG. 4 illustrates a mixed signal processor 160 that receives
an RF output from link 129 and a data signal from output
144 of the card device 140. The mixed signal processor
combines the RF signal from the link 129 with the data
signal from the out put 144 and produces a signal output that
is delivered to a center conductor 162 of a coaxial cable 164.
The center conductor 162 may also carry a power signal
such as a 12 V DC signal to power the amplifier 126 and the
card device 140.

[0042] As shown in FIG. 1, the central station 12 and
monitoring station 55 are used to monitor or otherwise
control or process telemetry and relatively high-speed data,
respectively. High speed data is routed to a standard wireline
Ethernet network. If the cabling solution illustrated in FIG.
4 is implemented, a signal splitter or demultiplexer may used
to transfer the appropriate data to the central station 12 and
monitoring station 55. Otherwise a unified monitoring sta-
tion (not shown) operable to process both types of data could
be implemented, as would be apparent to those of ordinary
skill in the art.

[0043] FIG. 5 illustrates a cable bundle adapter 170. The
adapter 170 receives a cable bundle 172 that has a first
transmission line or conductor 174. The conductor 174
carries high-speed data signals. An exemplary conductor
suitable for use in the invention is a 10Base-T line or cable
or other wire or cable having a similar or better data
capacity. The cable bundle 172 also includes a second
conductor 176 that carries low-speed data. The second
conductor 176 may take the form of a coaxial cable in which
case the center conductor of the coaxial cable is used to
transmit relatively low speed RF data. The center conductor
may also be used to provide a power signal for the amplifier
126 and card device 140.

[0044] As can be seen from the above, the present inven-
tion provides a tri-mode telemetry system for collecting
information from telemetry transmitters worn by patients
and transmitting other data that requires relatively high
speed data links.

[0045] Various features and advantages of the invention
are set forth in the following
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What is claimed is:
1. A tri-mode telemetry system comprising:

a first antenna tuned to receive a signal having a frequency
in a first communication band;

a second antenna tuned to receive a signal having a
frequency in a second communication band,

a down converter for producing a frequency translation
signal,

a mixer coupled to the second antenna and to the down
converter such that the mixer uses the signal received
by the second antenna and the frequency translation
signal to produce a signal having a frequency in the first
communication band;

a combiner for combining the signal having a frequency
in the first communication band with the signal
received by the first antenna and operable to produce an
output signal;

a third antenna designed to receive a signal in a third
communication band;

a wireless access device coupled to the third antenna and
operable to produce an output signal; and

a shield between the third and the first and second

antennas.

2. A tri-mode telemetry system as set forth in claim 1,
wherein the shield is a predefined area of space.

3. A tri-mode telemetry system as set forth in claim 1,
wherein the shield is a metal plate.

4. A tri-mode telemetry system as set forth in claim 1,
wherein the first communication band is the UHF band and
the second communication band is the L-band.

5. A tri-mode telemetry system as set forth in claim 1,
further comprising a cable bundle adapter coupled to the
combiner and the wireless access device, the adapter oper-
able to accept a cable bundle having a first conductor
operable to transmit data in the first communication band
and a second conductor operable to transmit data in the third
communication band.

6. A tri-mode telemetry system as set forth in claim 1,
further comprising a mixed signal processor coupled to the
combiner and the wireless access device, the mixed signal
processor operable to mix the output signal of the combiner
with the output signal of the wireless access device.

7. A tri-mode telemetry system as set forth in claim 1,
wherein the wireless access device is a card device.

8. A tri-mode telemetry system as set forth in claim 1,
wherein the down converter further comprises:

an oscillator;
a synthesizer; and

a filter, the oscillator, the synthesizer, and the filter
coupled in a series loop, the synthesizer coupled to a
temperature controlled oscillator and a processor hav-
ing an input.

9. A tri-mode telemetry system set forth in claim 1, further

comprising:

a first band pass filter coupled between the first antenna
and the combiner and for blocking signals having
frequencies outside a predetermined channel in the first
RF band;
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a second band pass filter coupled between the second
antenna and the mixer and for blocking signals having
frequencies outside the second RF band; and

a third band pass filter coupled between the mixer and the
combiner and for blocking signals outside the first RF
band.

10. A tri-mode telemetry system as set forth in claim 4,

further comprising:

an amplifier coupled to the combiner; and

a low-pass filter coupled to the amplifier.
11. A tri-mode telemetry system comprising:

a first telemetry transmitter for acquiring patient data and
transmitting the patient data in a first signal having a
frequency in a first RF band;

a second telemetry transmitter for acquiring patient data
and transmitting the patient data in a second signal
having a frequency in a second RF band;

a communication device that generates a third signal in a
communication band;

an antenna array for receiving the first and second signals
from the first and second telemetry transmitters and the
third signal, the antenna array including

a first antenna tuned to receive the first signal,
a second antenna tuned to receive the second signal,

a down converter for producing a frequency translation
signal,

a mixer coupled to the second antenna and to the down
converter, the mixer for using the signal received by the
second antenna and the frequency translation signal to
produce a signal having a frequency in the first RF
band; and

a combiner for combining the signal having a frequency
in the first RF band with the signal received by the first
antenna;

a third antenna tuned to receive the third signal,

a wireless access device coupled to the third antenna and
operable to produce an output signal,

a shield positioned between the third antenna and wireless
access device and the first and second antennas;

a receiver subsystem coupled to the combiner; and

a central station coupled to the receiver subsystem and for

receiving the patient data.

12. A tri-mode telemetry system as set forth in claim 11,
wherein the shield is a predefined area of space.

13. A tri-mode telemetry system as set forth in claim 11,
wherein the shield is a conductor.

14. A tri-mode telemetry system as set forth in claim 11,
wherein the first RF band is the UHF band and the second
RF band is the L-band.

15. A tri-mode telemetry system as set forth in claim 11,
further comprising a cable bundle adapter coupled to the
combiner and the wireless access device, the adapter oper-
able to accept a cable bundle having a first conductor
operable to transmit data in the first communication band
and a second conductor operable to transmit data in the third
communication band.
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16. A tri-mode telemetry system as set forth in claim 11,
further comprising a mixed signal processor coupled to the
combiner and the wireless access device, the mixed signal
processor operable to modulate the output signal of the
combiner and mix the modulated signal with the output
signal of the wireless access device.

17. A tri-mode telemetry system as set forth in claim 11,
wherein the wireless access device is a computer card.

18. A tri-mode telemetry system as set forth in claim 11,
wherein the down converter further comprises:

an oscillator;
a synthesizer; and

a filter, the oscillator, the synthesizer, and the filter
coupled in a series loop, the synthesizer coupled to a
temperature controlled oscillator and a processor hav-
ing an input.

19. A tri-mode telemetry system set forth in claim 11,

further comprising:

a first band pass filter coupled between the first antenna
and the combiner and for blocking signals having
frequencies outside a predetermined channel in the first
RF band;

a second band pass filter coupled between the second
antenna and the mixer and for blocking signals having
frequencies outside the second RF band; and

a third band pass filter coupled between the mixer and the
combiner and for blocking signals outside the first RF
band.

20. A tri-mode telemetry system as set forth in claim 11,

further comprising

an amplifier coupled to the combiner; and

a low-pass filter coupled to the amplifier.
21. A tri-mode telemetry system comprising:

a first antenna tuned to receive a signal having a frequency
in a first communication band;

a combiner coupled to the first antenna;

a second antenna tuned to receive a signal having a
frequency in a second communication band,

a mixer coupled to the second antenna and the combiner;

an oscillator coupled to the mixer and having an output,
and wherein the mixer is configured to mix signals
received from the second antenna with the output of the
oscillator to produce a signal within the first frequency
band;

a third antenna operable to receive signals in a third
communication band;

a wireless access device coupled to the third antenna and
operable to produce and output; and

a shield positioned between the third antenna and wireless
access device and the first and second antennas, com-
biner, mixer, and oscillator.

22. A tri-mode telemetry system as set forth in claim 21,

wherein the shield is a predefined area of space.

23. tri-mode telemetry system as set forth in claim 21,

wherein the shield is a metal plate.
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24. A tri-mode telemetry system as set forth in claim 21,
wherein the first antenna is tuned to receive a signal in a first
channel within the first communication band, the second
antenna is tuned to receive a signal in a first channel within
the second communication band, and the mixer is operable
to produce a signal in a second channel within the first
communication band.

25. A tri-mode telemetry system as set forth in claim 21,
wherein the first communication band 1s the UHF band and
the second communication band is the L-band.

26. A tri-mode telemetry system as set forth in claim 21,
further comprising:

a first telemetry transmitter for acquiring patient data and
transmitting the patient data in a first signal having a
frequency in the first communication band,

a second telemetry transmitter for acquiring patient data
and transmitting the patient data in a second signal
having a frequency in the second communication band,

a receiver subsystem coupled to the combiner; and

a central station coupled to the receiver subsystem and for
receiving the patient data,

wherein the first antenna is tuned to receive the first signal
from the first transmitter and the second antenna is
tuned to receive the second signal from the second
transmitter.
27. A tri-mode telemetry system as set forth in claim 26,
further comprising:

a synthesizer; and

a filter, such that the oscillator, the synthesizer, and the
filter are coupled in a series loop.
28. A tri-mode telemetry system as set forth in claim 27,
further comprising:

a processor coupled to the synthesizer and having an
input; and

a temperature controlled oscillator coupled to the synthe-

sizer.

29. A tri-mode telemetry system as set forth in claim 21,
further comprising an adapter coupled to the combiner and
the wireless access device, the adapter operable to accept a
cable bundle having a first conductor operable to transmit
data in the first communication band and a second conductor
operable to transmit data in the third communication band.

30. A tri-mode telemetry system as set forth in claim 21,
further comprising a mixed signal processor coupled to the
combiner and the wireless access device, the mixed signal
processor operable to modulate the output signal of the
combiner and mix the modulated signal with the output
signal of the wireless access device.

31. A method of monitoring patients in a care unit, the
method comprising:
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acquiring a patient data signal from a first transmitter that
operates in a first communication band;

acquiring a patient data signal from a second transmitter
that operates in a second communication band,

converting the patient data signal from the second trans-
mitter to a third signal in the first communication band,

combining the first and third signals;

acquiring a data signal from a first data device that
operates in a third communication band; and

delivering the combined first and second signals and the

data signal to a wiring system.

32. A method as set forth in claim 31, wherein the act of
acquiring a patient data signal from a first transmitter is
accomplished using a first antenna tuned to receive a signal
in a first channel within the first communication band, and
the act of acquiring a patient data signal from a second
transmitter is accomplished using a second antenna tuned to
receive a signal in a first channel within the second com-
munication band.

33. A method as set forth in claim 31, wherein the act of
converting the patient data signal from the second transmit-
ter to a third signal includes mixing the patient data signal
from the second transmitter with a frequency translation
signal from a local oscillator.

34. A method as set forth in claim 31, further comprising
filtering the combined first and third signals prior to deliv-
ering the combined first and third signals to a receiver.

35. A method as set forth in claim 31, further comprising
filtering the patient data signal from a first transmitter to
remove frequencies outside a first channel in the first com-
munication band.

36. A method as set forth in claim 31, further comprising
filtering the patient data signal from a second transmitter to
remove frequencies outside a first channel in the second
communication band.

37. A method as set forth in claim 31, further comprising
filtering the third signal to remove frequencies outside of the
first communication band.

38. A method as set forth in claim 31, further comprising
processing the first and third signals at a central station.

39. A method as set forth in claim 31, further comprising
delivering the combined first and second signals and the data
signal to an adapter.

40. A method as set forth in claim 31, further comprising
delivering the combined first and second signals and the data
signal to a mixed signal processor and modulating the
combined first and second signal in the mixed signal pro-
CESSOr.
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