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Several of those embodiments are directed to apparatus

TELEMETERED PATIENT LOCATION SYSTEM
AND METHOD

and method for locating a patient in a hospital using M
patient transmitters each operable at a different fre
quency and N antennas each at a different ?xed location

FIELD OF THE INVENTION
The present invention relates to the monitoring of

within the hospital for receiving the signals from said
patient transmitters. The signals received by each of the

patients in a hospital setting by means of telemetry;

N antennas are separated from the signals received by
each of the other of the N antennas, and the signal

more speci?cally it relates to a patient locator system

utilizing telemetry.
BACKGROUND OF THE INVENTION
For some time hospital patients have been remotely
monitored for many conditions. One of the most com

strength of each patient transmitter signal received by
10 each of the N antennas is measured. Then the received

signal strength of each signal received by each of the N
antennas is processed, without loss of identity of the
antenna that received the signal, to determine which of
the N antennas received the strongest signals from each

mon is remote ECG monitoring. These monitoring
systems operate with transmitters, each at a different 5 of the M patient transmitters.
frequency, being attached to the patient to transmit the
Alternatively, the ?nal step can determine the ap
desired signals to a nurse’s station via a permanently
proximate location within the hospital of each operating
installed system of antennas within at least the section of
patient transmitter and the patient to which it is at
the hospital where the monitored patients are located.
tached since the antennas are in ?xed locations and the
With each transmitter operating at a different fre
layout out of the hospital is ?xed and known relative to
quency, the signals from each of the antennas are simply
the antennas positions.
added together for transmission to the nurse’s station.
Another group of embodiments of the present inven
The console at the nurse’s station then isolates one sig
tion are directed to apparatus and method for locating a

nal from another by frequency, and is able to monitor
each patient’s ECG or other signal simultaneously.
Since the prior art systems add the signal from each

patient in a hospital using M patient transmitters each

antenna to the signal from each other antenna for trans

ing the signals from said patient transmitters with the
signals received by each antenna being modulated by a

mission, they lack the ability to identify the location of
the patient. Thus, the patients that are being monitored
are asked to remain within a particular region of the
hospital so that they can receive immediate assistance if
a distress signal is received at the nurse’s station.

Human nature being what it is, coupled with the fact
that many of these patients are con?ned to the hospital

for long periods of time, patients often roam outside the
area where they are told to stay. They proceed through
the halls of the hospital, many of them pulling their

operable at a different frequency and N antennas each at
a different ?xed location within the hospital for receiv

different modulation pattern to enable identi?cation of
which of said antennas receive which signals from the
M patient transmitters. In these embodiments the M

signals received by the N antennas from the M patient
transmitters are separated by frequencies of the patient
transmitters with each of the separated signals being a
composite signal having a single frequency from each of

said N antennas with each component from each of the
antennas. Then the signal strength of each of the sepa
wheeled IV racks along with them. If an emergency
rated signals are measured, and the relative contribution
situation arises when the patient is outside the monitor
ing area, the monitoring nurse’s station may receive a 40 to the measured signal strength from each of the N
antennas is determined. Finally, in these embodiments,
distress signal from the transmitter attached to the pa
the relative contribution information for each patient
tient and not be able to locate the patient.
transmitter frequency from each antenna is processed to
In at least one recent situation there was a patient
determine which of the N antennas received the stron
who was transferred from one hospital to another with
the ?rst hospital’s transmitter still attached to him. 45 gest signals from each of the M patient transmitters.
When a distress signal was received from that patient in
BRIEF DESCRIPTION OF THE DRAWINGS
the second hospital they were not able to immediately
FIG.
1 is a schematic representation of the patient
locate the patient. It was only after many hours that

they were able to ?nd the patient by sequentially and

systematically turning off sections of the hospital’s tel

monitoring systems of the prior art.
FIG. 2a is a schematic representation of a ?rst em

It would be desirable to have a patient locating sys'

bodiment of the patient location system of the present
invention.
FIG. 2b is schematic representation of a modi?cation

tem that could rapidly identify the approximate location
of each monitored patient. A system that is also compat

of the ?rst embodiment of the present invention as
shown in FIG. 20.

emetry antenna system and listening for a signal from

the patient’s transmitter.

ible with the remote monitoring of ECG, or another

FIG. 3a is a schematic representation of a second

function, of a number of patients would be even more
desirable. Yet more desirable would be a system that

embodiment of the patient location system of the pres

could be implemented by retro?tting existing hospital

ent invention.
FIG. 3b is a schematic representation of a third em

telemetry monitoring systems that can be used to locate
a monitored patient. The various embodiments of the

bodiment of the patient location system of the present
invention.

present invention are believed to offer systems with

each of these advantages.

FIG. 4 is a schematic representation of a fourth em

bodiment of the patient location system of the present
invention.

SUMMARY OF THE INVENTION
65
FIG. Sis a schematic representation of a ?fth embodi
In accordance with the preferred embodiments of the
ment of the patient location system of the present inven
present invention several embodiments of the method
tion.
and apparatus of the present invention are disclosed.
FIG. 6 is a block diagram of the receiver of FIG. 5.

3
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mate the approximate position relative to those antennas
where the patient is likely to be.
DETAILED DESCRIPTION OF THE
Clearly, the identity of each antenna and the signals
PREFERRED EMBODIMENT
received by it are required to determine the location of
FIG. 1 illustrates the prior art patient monitoring 5 each monitored patient. The ?rst requirement of each of
telemetry systems. These systems typically include a
the embodiments of the present invention is that each
patient transmitter operates on a different frequency,
number of transmitters (T1, T2, T3 . . . TM) that are
FIG. 7 is a block diagram of the correlator of FIG. 5.

attached to the monitored patients to transmit, for ex
ample, an ECG signal to a central monitor 10 at the

and thus each patient is identi?able. The second require
ment of each of the embodiments of the present inven

nurse’s station, with each of the transmitters operating

tion is the ability to identify the individual antenna(s)

at a different frequency, f1, f2, f3, . . . fM. The system also

that pick-up the strongest signals from each individual

includes an antenna network wherein each of the anten
nas (A1, A2, A3, A4, A5 . . . AN) is in a ?xed location

transmitter, keeping in mind that the same antenna(s)
may be picking-up the strongest signals from more than

within the monitored region in the hospital. Each of the

one transmitter.

antennas is interconnected to a single signal bus 2 result 15

A ?rst embodiment of the present invention is illus
trated in FIG. 2a. This ?gure shows the same transmit
ter and antenna con?guration as shown in FIG. 1, how

ing in the signals from each antenna being added to the
signals from each of the other antennas, with that bus
terminating at monitoring console 10. Within console
10, bus 2 applies the accumulated signals to a multiple

ever, the antennas Al-AN, comprising receptors A1-AN,

in this con?guration are not interconnected with each
channel receiver 4 which has M receiver sections with 20 other. Each antenna in this con?guration is connected
each receiver section having a bandwidth that has a one
directly to console 10’ by means of its own coaxial cable
to one relationship with the bandwidth of the individual
in cable bundle 2' so that the received signals from the
various antennas are not mixed together. This is indi
patient transmitters T1, T2, T3. . . TM. Multiple channel
cated in the ?gure with a “ ” through the bus that
receiver 4 separates the signals from each of the trans
mitters from each other by means of the limited band 25 appears to interconnect the antennas and a number that
width of each receiver section and then each of the
indicates the number of cables at that point in the bun
signals is demodulated with the desired telemetered
dle. Each antenna cable connects directly to two loca
data signal applied to the corresponding one of displays
tions in console 10': a telemetered data decoding section
6 (D1, D2, D3. . . DM) each of which corresponds with
(shown on the lower left of the ?gure) and a patient
one of the individual patient transmitters.
30 location section (shown on the lower right of the ?g
While the different frequencies of the various trans
ure).
mitters allow the prior art telemetry monitoring system
The telemetered data decoding section includes a
to identify the individual patient as the source, the loca
multiple channel receiver 4 and telemetered data dis
tion of the patient can not also be determined if the
plays 6, as in FIG. 1 which are preceded by a signal
patient is mobile. That is true since there is not a ?xed 35 combiner 15. Signal combiner 15 adds the M signals

physical relationship between each transmitter and each
antenna, and there is no way to determine which an

tenna is contributing the signal from any particular

from the individual transmitters together and applies
them to the multiple channel telemetry receiver 4. Mul
tiple channel telemetry receiver 4 and displays 6 func

transmitter. Typically there will not be the same num
tion as in FIG. 1.
ber of antennas as there are transmitters, thus the signal 40
The patient location section includes at a minimum
from each transmitter will be picked-up by more than
individual spectrum analyzers, S1, S2, S3, S4, S5. . . SN,
one antenna. With the patient being mobile, the physical
(11) each connected to a different one of the N cables in
relationship between each transmitter and each antenna
bundle 2’. Since each of the transmitters transmits at a

changes as the patient moves about the hospital.
different frequency, each spectrum analyzer will dis
In FIG. 1, patient 1 is nearest antenna A1, patient 2 is 45 play a bar on the screen at each of the frequencies at
which the corresponding antenna is receiving a signal
intermediate (between) antennas A2 and A3, patient 3 is
nearest antenna AN, and patient M is intermediate (be
with the height of each bar indicating the signal
strength at the corresponding frequency.
tween) antennas A4and A5, with the antenna(s) that the
patient is/are closest to picking-up the strongest signal
With this system, the user at the nurse’s station could
look at each spectrum analyzer to determine which one,
from the transmitter; however, other antennas that are
farther away can also pick-up an attenuated signal from
or ones, is/are receiving the strongest signal from the
each transmitter. Because the signals from all of the
patient/transmitter of interest and from the spectrum
antennas are added together by virtue of their being
analyzer displaying the greatest signal strength informa
transmitted to console 10 on the same cable, without
tion for the patient/transmitter of interest, determine
another variable in the system which could be used to 55 the approximate location of that patient since the loca
tion of the corresponding antenna is known. To simplify
determine which antenna, or antennas, is/are receiving
the strongest signal from each of the transmitters, the
the operators job, the signal strength information from
patient can not also be located by the prior art patient
each spectrum analyzer could be applied to a processor

monitoring systems.

17 for signal strength comparison from each of the

Each of the embodiments of the present invention are 60 spectrum analyzer. Once the antenna(s) that is/are re
based on the concept that, as a telemetry transmitter
ceiving the strongest signals from each of the patient
approaches a given receiving antenna, the signal
transmitters is determined, the antenna’s number could

strength received by that antenna from that transmitter
be used as an address to a look-up table that converts
increases. The basic idea is, accordingly, to continu
that antenna number to a physical location within the
ously measure the signal strength from each transmitter 65 hospital since the location of each antenna and the lay

at each antenna, and, by interpolating the averaged

out of the hospital are ?xed, one with respect to the

signal strength from the two or more antennas that

other. The output of the look-up table for each of the
individual patient transmitters can then be displayed on

receive the strongest signal from that transmitter, esti

5
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a patient location indictor 19. The patient location indi

signals being applied to cable 24. Thus, the lower side

cator 19 can take may possible forms: it could be a

band is a downconversion of the main signal and the
upper side-band is an upconversion of the main signal,

printer that prints out the location information, or it
could be a CRT display, etc. Also, since there are some

multipath reception problems in a hospital, as discussed
below, the signals from a patient’s transmitter may be
temporarily lost. To overcome that problem, since pa

each by the frequency of the corresponding local oscil
lator 30-36, with each of the local oscillators operating

taneous jumps in location, processor 17 could also store

at a frequency Fa-Fn different from each of the other
local oscillators. At the nurse’s station the console 10”
includes two sections as discussed above with respect to
FIG. 20. At the lower left of FIG. 30 there is shown a

the last several locations of a patient and do a time

telemetered decoding section 10 that is equivalent to the

average if the location information is lost in any particu

console 10 of the prior art of FIG. 1. Since bus 24 in
cludes a combination from each of the N antennas of the

tients are not moving quickly and can not make instan

lar sample.
FIG. 2b illustrates a modi?cation of the patient loca
tion section of console 10' of FIG. 2a. This modi?cation
as will be seen below eliminates the need for more than

telemetered signal and both upper and lower side bands
of each of the signals from each of the patient transmit
ters, the individual receiver sections in multiple channel

one spectrum analyzer. Here the spectrum analyzers S1,

telemetry receiver 4 (FIG. 1) must be sharp enough to

S2, . . . , SNand processor 17 of FIG. 2a are replaced by

reject both of the upper and lower side band signals for
the patient transmitter of interest, as well as the signals
from each of the other patient transmitters. Given that,

a coaxial commutating switch 14 for selectively sam

pling the signals received from each of the antennas.
The signals from switch 14 are then sequentially applied
to spectrum analyzer 16 where the individual transmit
ter signal strengths are determined, then those measured
signal strengths are stored in memory 18 together with
information as to the source of those signals (which
antenna). That can be done in several different ways, for
example, the addresses of memory 18 could be divided
so that particular memory locations are directly associ
ated with a particular antenna, or an antenna number

could be stored together with the individual signal
strength information. The measured relative signal
strengths are then compared with the corresponding

the operation of this section of the console 10” is the
same as the operation of console 10 of FIG. 1.
The patient location section of this embodiment is
similar to the embodiment of FIG. 2b with the commu
tating switch 14 replaced by a ?lter 28. As discussed
above, the signal on bus 24 is the sum of all of the telem
etered data signals and the upper and lower side bands
of those signals from all of the receptors al-an. Since the
antenna identi?cation information is contained in both

the up and down conversion signals (both of the side
band signals), only one side band signal is needed in the
patient location section. Filter 28 is included to remove
the telemetered data signals and one of the side bands

transmitter signal strengths from each of the other an
tennas by comparator 20. Comparator 20 is shown re

before processing to determine the position of each

ceiving its input signals for comparison from either

monitored patient. If the upper side band is to be used

memory 18 alone, or a combination of memory 18 and 35 for that determination, then ?lter 28 is a high pass ?lter
spectrum analyzer 16. The source antenna information
with a lower cut-off frequency that is between the high

is retained with the strongest signals from each trans
est transmitter frequency, fM, and lower than the lowest
mitter that are identi?ed by comparator 20. That infor
up converted frequency, f1+fa. Similarly, if the down
mation from comparator 20 is then applied to a location
converted signal is to be used for patient location then
calculator 22 where the antenna(s) number(s) that a 40 ?lter 28 is a low pass ?lter having an upper cut-off
particular patient is closest to is converted to a physical
frequency that is higher than the highest down con

location within the hospital in terms of wing, floor,
corridor and room number. That information is then
applied to patient location indicator 19 as discussed
above. Each of these elements are under the control of

processor 21 to synchronize their performance. Addi

verted frequency, fM- fN. Since the components neces
sary for transmission and processing of lower frequen
cies are typically less expensive and there are fewer

radiation problems created by lower frequencies, the

tionally, as discussed above, processor 21 and location

down converted signals are generally used.
As is well known, and often observed, the signal

calculator 22 can also store several earlier location

strength from one transmitter to one receiving antenna

points for each patient and perform a time average to

varies enormously because of obstructions, and particu
larly because of the standing waves caused by multipath

attempt to predict the location of a patient when a trans

mitted signal is momentarily interrupted.
In larger hospitals where there may be tens, maybe
hundreds, of antennas in the telemetry system, the em
bodiment illustrated in FIGS. 20 and 2b, while work‘

able, is unattractive simply because of the size of the 55
bundle of cables and the commutator switch needed to

implement them.
The second embodiment of the present invention is
illustrated in FIG. 3a. Here there is shown a number of

propagation. Any system designed along the lines pro
posed would accordingly need to sample signal
strengths from the transmitters suf?ciently often for
reasonable averaging.
It would also be possible for a transmitter to stand in
the null of one antenna yet be at a point of reinforce
ment from a more distant antenna. With suf?ciently

frequent sampling of signal strength as the transmitter

approached that point, it would be obvious where a
transmitters T1, T2 and TM which transmit at frequen 60 particular transmitter was, since the patient would have
cies f1, f2 and fM, respectively. There is also an array of
traversed a rational route both in physical trajectory
?xed location receptors al-aN comprising antennas, A1,
and in signal strength trajectory. That is, the patient
A2, A3 . . . AN, each connected to a common coaxial bus
could not instantaneously move from point to point.
24 via a corresponding single balanced mixer 27. In
Furthermore, within a closed space, such as a hospital,
each single balanced mixer 27, the main signal (e. g. the
the standing wave patterns caused by multipath propa
telemetered ECG signal) both passes through un
gation are generally not static because of the constant
changed and is mixed with the local oscillator signal to
motion of people and equipment within the ?elds of the
produce both upper and lower side bands, with all three
various antennas. Thus, temporal averaging of the mea

7

5,396,224

8

sured signal strengths could likely be used even if the

bodiment, the spectrum analyzer bandwidth would

transmitter were stationary.
In a system such as that illustrated in FIG. 3a where

typically need to be no more than 10 MHz.

The cost to modify an existing prior art telemetry
system need only be quite modest. Each antenna pream~
pli?er would require a local oscillator and mixer and a

the spacing between transmitter frequencies of 25 KHz,
the bandwidth necessary can be calculated as follows:

low frequency circuit to decode the address sent up
BW=M><N>< 25 KHz

(1)

stream to turn on the local oscillator.

A fourth embodiment of the present invention is
where M is the number of transmitters and N is the
shown in FIG. 4 and it offers diversity reception, in
number of antennas. Thus, for a large system that has
addition to patient location. At each antenna receiving
200 transmitters and 300 antennas the necessary band
location there is a switched local oscillator 40 (fp) each
width is 1.5 GHz. While this type of a system is clearly - having the same frequency, and a continuously operat
viable, it may not be cost effective for a large installa
ing local oscillator 48-52 (f1, f2 and f3).
tion because of the expense of the high frequency com
In this embodiment, each local oscillator 40 (fp) is
ponents that would be needed.
15 turned on in sequence long enough for the received
The third embodiment of the present invention
downconverted spectrum to be recorded for patient
shown in FIG. 3b provides a system that is useable in
location signal strength comparisons, while oscillators
large installations without the need of a broad band
48-52 (f1, f2 and f3) are on continuously. In general, two
or three antennas receive the transmitted signal from
width. In this embodiment, the receptors a1, a2, . . . , an
and the console 10"’, are modi?cations of the second
any given patient monitoring transmitter with suf?cient
embodiment of FIG. 30 that was discussed above. In
strength to be detected. Using those two or three sig
this embodiment local oscillators 40 associated with
nals, each having a different constantly operating local
each antenna operate at the same frequency, fp, as each
oscillator frequency, the timing of the switched local

oscillator signals provide the gross location of the pa

other and are turned on and off in sequence as a function

of time. Each local oscillator is turned on and off by it’s 25 tient and the constant signals provide the diversity.
corresponding address decoder 42, under the control of
Since individual transmitter signals are typically re
address generator 25 which in turn is controlled by
ceived by only two or three antennas with suf?cient
processor 21. Address generator 25 can be implemented
strength for reasonable detection, only two or three
by a look-up table and each address decoder could be a
different frequencies are necessary for the continuously
comparator with one of the inputs being a signal that
operating local oscillators if no two antennas with the
same frequency are located immediately adjacent to
embodies the unique ?xed code, or address, for turning
the corresponding local oscillator on, and the second
each other.

input would be the sequence of address signals gener
ated by address generator 25. In addition, the various

Since the continuously operating local oscillators are
not synchronized, a situation might arise where a low

signal strengths stored in memory 18 would have to be 35 frequency beat note is generated in the console. If such
keyed by processor 21 based on the time in the cycle so
a problem where encountered, a pilot signal could be
that each stored signal strength corresponds with the
sent upstream from the console to lock, or synchronize,
correct antenna. Thus, instead of using frequency to
the operation of local oscillators 48-52.
determine which antenna has received the signal of
Certainly many other con?gurations are possible
interest from the various transmitters, the time in the
which use up- or down-conversion for patient location
sequence of energizing the local oscillators is used to
and diversity. For diversity, for example, two relatively
determine which antenna has received the signal of
closely spaced antennas at each receiving location
interest. In this con?guration the required bandwidth is
could be used with only one being mixed up or down.
no longer a function of the number of antennas, it is only
FIG. 5 illustrates a ?fth embodiment of the patient
a function of the number of transmitters and the fre 45 location system of the present invention. This embodi

quency separation between each of those frequencies.
Thus for a system with 200 transmitters with 25 KHz

ment includes M patient transmitters (T1, T2, . . . TM)
each operating at a different frequency (f1, f2, . . . fM)

separation between them, the necessary bandwidth is 5
MHz.

and an array of antennas (A1, A2, A3 and AN) located
through out the hospital, as discussed above. Each of

One way to turn the local oscillators on and off is to 50 transmitters Tx typically encode the patient monitored

send a digitally encoded low frequency signal upstream
from the receiving console to the local oscillator mod
ules. This address code would merely be sequenced
through all of the possible codes, each with the same
duration, and the spectrum analyzer need only be syn
chronized with that code by processor 21 to identify
which antenna is receiving the signal of interest. In a
large system the coaxial bus in the antenna path nor

mally also includes signal ampli?ers at regularly spaced
intervals to account for line loss and noise, and these
ampli?ers would have to be modi?ed to provide a low

frequency bypass around each of them to handle the

signals by frequency modulation. Each antenna (A1, A2,
A3 and AN) in this system has a modulator (M1, M2, M3

and MN, respectively) associated therewith, which pairs
together constitute receptors a1-a,,, with each modula
55

tor modulating (e.g. amplitude modulation) the re
ceived signal of its associated antenna with a different
pattern. In this embodiment, a console 10”" includes M
receivers 54,, (R1, R2, . . . , RM) each of which is

matched to the corresponding one of the patient trans
mitters Tx. Each receiver 54,; includes the necessary

circuitry to separate, by frequency, the signal from the
corresponding patient transmitter TX from the compos

upstream signals.

ite signal on bus 58, and then to PM demodulate that
In operation the system would turn on a speci?c local
signal to determine the telemetered data (e.g. ECG)
oscillator, store the resultant downconverted spectrum, 65 from the corresponding patient while at the same time
then compare that spectrum with the other spectra
detecting the overall signal strength from the corre

similarly gathered from the other antennas in the system

sponding patient transmitter. The signal strength infor

as discussed in relation to FIGS. 2b and 3a. In this em

mation from each receiver is then directed to the corre
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sponding correlator 56,, (C1, C2, . . . CM) where the

lation patterns, is used to continuously determine the

strength of the different types of modulation from each
of antennas Ay is determined and compared to deter
mine which modulation sources produce the strongest
signals. Further, since the signals received by each an

overall signal strength from ?lter 60,, which is applied

tenna is modulated with a different pattern, the location

of the corresponding patient transmitter with respect to

to the corresponding correlator 56,, on line 66x (see

FIG. 7).
FIG. 7 presents a block diagram of correlator 56,,
which includes a module like the patient location mod
ule 23 of FIG. 3a, with the addition of a modulation

the antennas can be determined from the strength of the

look-up table 68; which is connected to processor 21,, of

modulation information. Further, since, as discussed

module 23x. In this application spectrum analyzer 16,, of

above, the location of the antennas are ?xed relative to

module 23x measures the spectra of the various AM

the physical features of the hospital, the location of the
patient relative to the antennas can also be translated to

modulation signals contained in the composite signal
strength signal from receiver 54x. Modulation look-up

be relative to the physical characteristics of the hospital.

table 68,; is then used to identify the antenna source of

The modulation of each antenna may be very small,
perhaps 1 db, with a different pattern for each antenna

each modulation pattern detected by spectrum analyzer
16,; which is stored in memory 18,; (now shown) to

derived from a pseudo random sequence so that no two

gether with the corresponding signal strength from

of the patterns correlate with each other to avoid mis
spectrum analyzer 16x. Thus, correlator 56,; operates
identi?cation of any of the antennas. Since patients are
similarly to the patient location section of the second
not moving about the hospital very fast, data collection
embodiment in FIG. 3:1 by using unique modulation
for patient location can be done over several seconds 20 signals instead of difference frequencies to identify the
before identifying the location of a patient. That then
particular source antenna(s) of the strongest signals.
provides correlators 56x with several data samples to
The identi?ed patient location is then provided by pa
identify which antennas are receiving the strongest
tient location indicator 19 as discussed above with rela
signals from each transmitter. Further, since the an
tion to FIG. 31
tenna locations are ?xed and the patients can only tra 25
While in the last embodiment the receiver and corre
verse the halls, stairs and elevators of the hospital in a
lators where discussed as being individual units which
?xed number of paths, correlators 56,; could also have
are matched to individual patient transmitters, and they
available to them information as to the possible paths
could indeed be provided to a hospital in such a manner,
between the various antennas to further eliminate the
an overall integrated system could alternatively be pro
possible misidenti?cation of the current location of the
vided wherein a single receiver-correlator unit with a

patient by considering the previous location of the pa
tient and the possible paths that can be taken from that

multiple channel front end (M receivers 54x) could be
provided with a single correlator section that employs a

location to a new location.
Modulators M1 - MNof FIG. 5 can be implemented in

sampling spectrum analyzer.

several different ways. One approach might be to use a
switch in series with each antenna with that switch
being turned on and off with a different selected pattern

been made to several preferred embodiments and illus

In describing the present invention, reference has

trative advantages of the present invention. Those
skilled in the art, however, may recognize additions,
for each modulator. Alternatively, each modulator
deletions, modi?cations, substitutions and other
could be a small attenuator which can be controlled
changes which will fall within the purview of the pres
from correlator 56 to turn it on and off sequentially in 40 ent invention. For example, each of the embodiments of
time as were local oscillators 40 in the system of FIG.
the present invention, those that have been disclosed
3b. Yet another possible approach is to have attenuators
and any other that operates in a similar fashion, could be
for each of the modulators and the modulators each
implemented using a microprocessor and supporting
generating a modulation signal that is orthogonal to
components to achieve the same results. Therefore, the
others of the modulating signals.
45 scope of the present invention is not limited to only
FIG. 6 illustrates one of the set of M receivers 54x
those embodiments disclosed herein, but can only be
with single line bus 58 connected to a bandpass ?lter
determined by reviewing the appended claims.
60,; with a center frequency that matches the frequency
What is claimed is:
of patient transmitter TX and with a bandwidth that is
1. A telemetered patient location system for use in a
narrow enough to reject the signals from each of the 50 medical treatment facility having patients comprising:

other patient transmitters. The output of ?lter 60x is
then applied to FM demodulator 62X and a signal

strength detector 64,‘. Demodulators 62,; then demodu
late the telemetered data from the signal from ?lter 60,,
and then passes the resulting signal on line 65,, to a 55
display 6 such as discussed in relation to FIG. 1. Since
location is not necessary to determining what the telem
etered data includes, it is not important to know which
antenna(s) are receiving the data, thus the AM modula

M patient transmitters, wherein each patient transmit
ter attaches to one of the patients and sends a pa

tient information signal having a unique patient
transmitter attribute;
a distributed receiver including N receptors posi
tioned at different ?xed locations,

each receptor receiving the patient information sig
nals and incorporating a corresponding unique
receptor signature at an intensity into each of the

received patient information signals, the intensity

tions on the composite signal from ?lter 60,, is ignored.
Thus, any of the FM modulated frequency signals from
the corresponding patient transmitter is all that is neces

re?ecting a corresponding patient’s distance to the

sary so long as it is of suf?cient signal strength to be

the distributed receiver generates a single composite

detected reliably. For patient location information the

signal from the received patient information sig
nals, which have incorporated receptor signatures;
separating means for separating the single composite
signal according to the unique patient transmitter

output from ?lter 60,, is processed so as to not lose the 65

AM modulation information. A signal strength detector
64;, which does strength from ?lter 60X which is ap
plied to the not discriminate between the various modu

respective receptor, and

attributes into M patient attribute signals each con
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taining at least one of the N receptor signatures at

its associated intensity;

each cable connected between a corresponding one

measuring means for measuring the intensities of the
N receptor signatures contained within each of the

of the N receptors and the measuring means;
said measuring means includes:
commutating switch means for sequentially switch
ing between said N individual cables; and

M patient attribute signals; and
processing means for comparing the measured recep
tor signature intensities, for selecting a dominant

a spectrum analyzer, connected to said commutat

receptor' signature corresponding to the greatest
intensity for each of the M patient attribute signals,
each dominant receptor signature indicating which
receptor each patient is nearest.

12

the separating means includes N individual cables,

ing switch means, for sequentially measuring the
intensity of each of the N receptor signatures
within each of the patient information frequen
cies in the composite signal; and said processing

‘

2. A telemetered patient location system as in claim 1
wherein the distributed receiver further includes:

means includes:

balanced mixer means being connected with a cor—

memory means for storing the measured intensity
of at least one of the dominant receptor signa
tures associated with each of the M patient infor

responding one of said N receptors;
N local oscillators, each of the N local oscillators
having the same frequency and each being con
nected to a corresponding one of said N single

7. A telemetered patient location system as in claim 4
wherein: the distributed receiver further includes:
N local oscillators, each oscillator having a different

N single balanced mixer means, each of the N single

balanced mixers;

mation signals.

20

N address coding means, each of the N address cod
ing means having a different address associated
with a corresponding oscillator, each of the N

balanced mixer means being connected with the

corresponding receptor and the corresponding
oscillator, for producing the receptor signatures by

address coding means connected to a correspond

ing one of said N local oscillators;

frequency,
N single balanced mixer means, each of the N single

25

single bus means, for receiving the patient informa
tion signals and for combining the received patient
information signals, which have incorporated re

mixing sidebands at the corresponding local oscil
lator frequencies into the received patient informa

tion signals,
wherein the sidebands at each of the local oscillator

ceptor signatures, into the single composite signal;

frequencies corresponds to the receptor signatures,

and
30
address generator means, connected to said single bus

means, for sequentially generating the N receptor
signatures in each of the received patient informa
tion signals by sequentially turning on and off each
of the oscillators using the corresponding associ

and

the system further includes single bus means, for

receiving the patient information signals and for
combining the received patient information signals,
which have incorporated receptor signatures into

the single composite signal.

ated address.
8. A telemetered patient location system as in claim 7
3. A telemetered patient location system as in claim 2
wherein:
wherein:
said measuring means includes a spectrum analyzer
said measuring means includes a spectrum analyzer
connected to said single bus means for measuring
connected to said single bus means for measuring 40
the intensity of the N receptor signatures within

varying strengths of the received patient informa
tion signals; and

each of the M patient attribute signals such that the
intensity of the sidebands indicates which of the
receptors the patient is near; and

said processing means includes:
control means, connected to said address generator

means, for coordinating the combining of each of
the received patient information signals, which
have incorporated receptor signatures to main
tain the identity of the receptor signatures;
memory means connected to the control means for

said processor means includes memory means for
45

storing the measured strength of at least one of the

dominant receptor signatures associated with each
of the M patient attribute signals.
9. A telemetered patient location system as recited in
claim 4, in which the distributed receiver further com

storing the measured intensity of at least one of 50 prises:
the dominant receptor signatures within each of
N modulators, each having a different modulation
the patient attribute signals.
pattern, wherein each modulation pattern is one of
4. A telemetered patient location system as recited in
the N receptor signatures, each of the N modula
claim 1, each of the M patient transmitters including a
tors is connected to a corresponding receptor for
unique frequency which corresponds to the patient 55
modulating the strength of the corresponding re
attribute, wherein the patient transmitter transmits the
ceived patient information signals by the respective
corresponding patient information signal at the unique
modulation pattern; and
frequency.
single bus means for receiving the patient information
5. A telemetered patient location system as in claim 4
signals, which have incorporated receptor signa
wherein:
60
tures, and for combining the patient information
the separating means includes N individual cables,
signals into the combined signal.
each cable connected between a corresponding one
10. A telemetered patient location system as in claim
of the N receptors and the measuring means; and
9 said separating means comprises:
said measuring means includes N spectrum analyzers,
M bandpass ?lter means, one for each of the M pa
each spectrum analyzer connected individually to a 65
tient transmitters; and
corresponding one of said N individual cables.
wherein each ?lter means is tuned to a different cen
6. A telemetered patient location system as in claim 4
ter frequency that matches a corresponding trans
wherein:
mitting frequency of the corresponding patient

13
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transmitter and has a bandwidth that is suf?ciently

re?ecting a corresponding patient’s distance to the

narrow to reject the signals transmitted by each of
said M patient transmitters to which said ?lter

the distributed receiver generates a single composite

respective receptor, and
signal from the received patient information sig
nals, which have incorporated receptor signatures;

means does not correspond.

11. A telemetered patient location system as in claim
9 wherein said processing means further includes spec
trum analyzer means for determining which of the N

said method comprising the steps of:
applying at least one of the N receptor signatures to

each of the received patient information signals;

receptor signatures are present and their relative
strength in each of the M patient attribute signals.
12. A telemetered patient location system as in claim

separating the single composite signal according to
the unique patient transmitter attributes into the M
patient information signals, each of the M patient

11 wherein said processing means further includes:
memory means for storing the measured strengths of
at least one of the dominant‘ receptor signatures

receptor signatures;
measuring the, intensity of each of the receptor signa

associated with each of the M patient attribute

tures contained within each of the M patient infor

information signals containing at least one of the N

mation signals; and

signals; and
look-up means for correlating by amplitude said

comparing the measured intensity of each of the re
ceptor signatures for each of the M patient infor
mation signals such that a dominant receptor signa
ture is determined for each of the M patient infor

strongest modulation patterns with said corre
sponding one of said N receptor signatures such
that the amplitude of the modulation pattern indi

mation signals, each dominant receptor signature

cates which one of the receptors the patient is near.
13. A telemetered patient location method for use in

indicating which receptor each patient is near.
14. A telemetered patient location method for use in
a medical treatment facility having M patients, and
a hospital environment, as recited in claim 13, said step
including M patient transmitters and a distributed re 25 of applying the N receptor signatures to the received
patient information signals further comprising the steps
ceiver including N receptors at different ?xed locations,
of:
wherein:
each of the M patient transmitters is attachable to one

producing N receptor signatures by modulating the

of the patients and transmits a patient information

intensity of each of said N receptors by a different
modulation pattern; and

signal having a unique patient transmitter attribute,

separating the M signals received by said N receptors
from said M patient transmitters, each of said sepa

each of the N receptors receives patient information

signals and incorporates a corresponding unique

rated signals being a patient attribute signal having

receptor signature at an intensity into each re

ceived patient information signal such that each of 35
the M patient information signals is adjusted by at
least one of the N receptor signatures, the intensity

a single frequency from each of said N antennas
with each component form each of said antennas
having a different modulation pattern thereon.
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