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DEVICES, SYSTEMS, AND METHODS FOR LOCATION TRACKING OR
PROXIMITY DETECTION

TECHENICAL FIELD
[0001]  Varous embodiments may relate to a primary device for communicaiion with a
secondary device Various embodiments may relate 10 a secondary device for communmnication with
a primary device. Various embodiments may relate to a system for location tracking or proximity
detection, the system meluding a pramary device and a secondary device. Various embodiments
may relaie 10 a method of using a primary device for location tracking or proximity detection.
Varous embodiments may relate 0 a method of using a secondary device for location tracking or
proximity detection. Various embodimenis may relate 10 a method for location tracking or

proximuty detection, the method using a primary device and a secondary device.

BACKGROUND

[0002]  Wireless devices are commonly used for location tracking and proxinuty detection of
personnel and assets.

[0003]  Locaiion tracking apphcations typically use a combination of exciters, tags, and
receivers. An exciter typically transnuts signals to inform other devices of us presence or to trigger
or activate other devices. An exciter may contam locaion information mdicating the location of a
room or area. When s tag that is designed €0 receive such signals comes within the transmission
range of an exciier and receives a signal containing location information, the tag may ransmi a
signal containing the same location information. This signal may then be recerved by one or more
signal receivers located in the vicinity of the tag and connected to a monitoring system, enabling
the system o know the location of the tag

[0004]  Proxamity detection applications tvpically also use a combination of exciters, tags, and
receivers. Such applications usually use at least one transmutting device and at least one receving
device. A transmutting device may be an exciter or a tag, and a recerving device may be another
tag. In a typical application, when a recetving device comes withm the transmussion range of a

transmstting device and receives one o more signals from the transmitting device, the receving
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device may transmit a signal contaming information that mdicates it has detected the transmitting
device. This signal may then be received by one or more signal receivers located in the vicinity of
the tag and connected to a momtoring system, enabling the svstem o montor the proximity
between the recewving device and the transnutiing device. The shorter the transnussion range of
the transmitting device, the closer will be the distance at which the transmutting device can be
detected by the receiving device.

[O005]  In both types of apphications, the transomtting devices, whether exciters or tags, are

usnally single~range, meamng they have only one transmission range.

SUMMARY

[0006] Various embodiments may relate 10 a primary device for commumication with a
secondary device. Various embodiments may relate o a secondary device for communication with
a primary device. Various embodiments may relaie to a system for location tracking or proximdy
detection, the system wncluding a pramary device and a secondary device. Various embodimenis
may relate {0 8 method of using a prnimary device for location tracking or proximity detection
Vanous embodiments may relate to a method of using a secondary device for location tracking or
proximty detection. Various embodiments may relaie to a method for location tracking or
proximity detection, the method using a primary device and a secondary device.

(0007 In a first embodiment, the mvention s a system for location tracking or proxanmity
detection. The system includes a primary device and a secondary device. The primary device is
configured to transnut multiple first wireless signals and multiple second wireless signals. Bach
first wireless signal has a first transmussion range and is encoded with a unigue signal identifier of
the multiple first wireless signals. Each second wireless signal has a second transmussion range
and 1s encoded with a unmgue signal wentibier of the muluple second wareless signals. The second
transmussion range 1s longer than the fist transnussion range. The secondary device s configured
to store a unique device identifier of the secondary device, receive the multiple first wireless
signals when the secondary device s within the first transmission range, and receive the multiple
second wireless signals when the secondary device s within the second transnussion range.
[0008]  The primary device may be further configured {0 store a umque device identifier of the

rimary device and encode the unique device wentifier of the primary device 1nio each of the
p v i de th que d fontif f the p v { h of th
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nultiple first wireless signals and each of the multiple second wireless signals. The secondary
device may be further configured to identify a contact episode start time of g contact episode as
the time at which the secondary device first recetves a first wireless signal or a second wireless
signal, whichever is received fust, from the primary device, the contact episode start tume
wdicating that the secondary device has come within the first transmission range or the second
transmission range. The secondary device may be adduionally configured to identify a condact
episode end time of the contact episode as the end of a preset out-of-range period during which
the secondary device does not receive any first wireless signal and does not receive any second
wireless signal from the primary devige, the preset out-of-range period being the period during
which the secondary device s ouiside the second transmission range. The primary device may be
a dual-range patient tag or a duabrange bed exciter, and the secondary device may be a staff tag
or a patient tag,

(00091 In a second embodiment, the invention 13 2 system for ocation tracking or proxanily
detection. The system includes the same primary device and the same secondary device as in the
first embodiment. The primary device may be further configured to store a unijue device ideniifier
of the primary device and encode the unigue device identifier of the primary device mnto each of
the multiple first wireless signals and each of the multiple second wireless signals. The secondary
device may be further configured to identify a contact episode start time of a contact episode as
the time at which the secondary device first receives a first wireless signal from the primary device,
the contact episode start time indicating that the secondary device has come within the first
transmission range. The secondary device may be additionally configured to generate one or more
alert signals at the end of a second preset period immediately following a first preset period that
starts from the contact episode start time, after the secondary device has deternuned that the fime
difference between the tirae at which the secondary device last recerves a first wireless signal from
the primary device during the first preset perod and the contact episode start tirae 18 greater than
or equal to a preset length of tme; alternatively, the secondary device may be additionally
conhigured to generate one or more alert signals at the end of a second preset period nomediately
following a first preset period that starts from the contact episode start time, after the secondary
device has received at least a preset number of first wireless signals from the primary device during

the first preset period. The secondary device may be further configured to identify a contact
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episade end time of the contact episode as the end of a preset out-of-range period during which
the secondary device does not receive any first wireless signal and does not receive any second
wireless signal from the primary device, the preset out-of-range period being the period during
which the secondary device 1s outside the second transoussion range The primary device may be
a dual-range patient tag or 2 dual-range bed exciter, and the secondary device may be a staff tag.

(00101 In a thwd embodiment, the mvention 18 a system for location tracking or proximity
detection. The system mcludes the same primary device and the same secondary device as in the
first embodiment. The primary device may be further configured {0 store a location dentifier
associated with the primary device and encode the location wdentifier into each of the multiple first
wiretess signals and each of the multiple second wireless signals. The secondary device may be
further configured to record a first number representing the number of first wireless signals
received by the secondary device during a preset fracking period and record a second number
representing the number of second wirsless signals recetved by the secondary device during the
preset tracking period, The primary device may be a dualerange exciter, and the secondary device

may be a staff tag, a patient tag, or an asset tag,

[0011]  In a fourth embodiment, the invention is a system for location tracking or proximity
detection. The system includes the same primary device and the same secondary device as in the
first embodiment. The pramary device may be further configured to store a location identifier
associated with the primary device and encode the location identifier mto each of the multiple first
wireless signals and each of the multiple second wireless signals. The secondary device may be
further configured to derve the location identifier from at least one of the multiple first wireless
signals received by the secondary device but not from any one of the multiple second wireless
signals received by the secondary device, and transinit one or more signals each encoded with the
urigue device identifier of the secondary device and the location wdentiher; the primary device
may be a dual-range bed slot exciter, and the secondary device may be a staff tag, a patient tag, or
an asset tag Alternatively, the secondary device may be further configured to derve the location
wdentifier from at least one of the multiple first wireless signals recerved by the secondary device
or from at least one of the multiple second wireless signals received by the secondary device, and

transmit one or more signals each encoded with the unigue device identifier of the secondary
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device and the location identifier; the primnary device may be a dual-range bed slot exciter and the
secondary device may be a bed exciter,

[0012]  Ina fifth embodiment, the invention 15 a primary device for communication with a
secondary device. The prunary device mcludes a transmitter ungt configured to transout multiple
first wireless signals to be recetved by the secondary device and multiple second wireless signals
to be received by the secondary device. Each first wireless signal has a first transnussion range
and 1s encoded with a unique signal identifier of the multiple first wireless signals, and each second
wireless signal has a second transmission range and 15 encoded with a onguoe signal wdentifier of
the multiple second wireless signals, The second transmission range s fonger than the first
transnussion range. The primary device also includes a controller unit coupled to the transmutier
unit, the controller umit configured o control the transnutier umi such that the transmutter unst is
configured to transmit the muluple first wireless signals and the multiple second wireless signals,
(00131  In a sixth embodiment, the inveniion 5 a primary device for communication with a
secondary device. The primary device mcludes the same transmiiter unit as m the fitth
embodiment, the same controller unit as in the fifth embodiment, and a receiver unit coupled fo
the controdler ymt The receiver unit s configured to recetve multiple imncoming wireless signals
from other devices and the controller unit is further configured to conirol the recesver unit such
that the receiver unit 1s configured to recerve the multiple mcoming wireless signals from other
devices.

[0014]  Ina seventh embodmment, the invention is a secondary device for communication with
a primary device. The secondary device 15 configured to store a wnigue device dentifier of the
secondary device. The secondary device 1s further configured to receive, from the primary device,
multiple furst wireless signals, each first wireless signal having a first transnussion range and
encoded with a unique signal wentifier of the multiple first wireless signals, when the secondary
device 15 within the first transmission range. The secondary device 1s addiionally configured fo
recewve, from the primary device, multiple second wireless signals, each second wireless signal
having a second transoussion range and encoded with a umigue signal wWentifier of the multiple
second wireless signals, when the secondary device 15 within the second transnussion range The
second transmussion range 15 longer than the first transmission range. The secondary device may

melude a recerver unit configured to receive at least the multiple first wireless signals and mudiiple
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second wireless signals, a transmitter wnit configured to transmit multiple outgomg wireless
signals, and g controller unut coupled to the recerver unit and the transmitter unst The controller
unit may be configured fo control the receiver unit such that the receiver unit s configured to
receive at least the multiple first wireless signals and muluple second wireless signals. The
controller umit may be further configured to control the transmitier unit such that the transmitter
umit 18 configured to transmat the multiple outgoing wireless signals. The controller unit may be
further configured to store the unique device identifier of the secondary device.
[0015]  In an eighth embodiment, the mvention 15 a method of usmg a primary device for
location tracking or proximity detection. The method includes transnutiing, using a transmitter
umt of the primary device, multiple first wireless signals to be received by a secondary device,
each first wieless signal having 3 fust transmission range and encoded with a umque signal
wentifier of the multple first wireless signals. The method also melades transmuatiing, using the
transmutter unit of the primary device, multiple second wireless signals to be recetved by the
secondary device, each second wireless signal having a second {ransmission range and encoded
with a unique signal identifier of the mulliple second wireless signals. The second transmission
range 15 longer than the first transmission range.
[0016]  In a ninth embodiment, the mvention 15 a method of using a secondary device for
location tracking or proximity detection. The method includes recerving, using a recerver unit of
the secondary device, multiple first wireless signals from a primary device, each first wireless
signal having a first transmission range and encoded with a unique signal identifier of the multiple
first wireless signals, when the secondary device is within the first transnussion range. The method
also includes receiving, using the recetver unit of the secondary device, multiple second wireless
signals from the primary device, each second wireless signal having a second transmussion range
and encoded with a unique signal identifier of the multiple second wireless signals, when the
secondary device s within the second transmission range. The second transmission range is fonger
than the first transmission range.
[0017]  In a tenth embodunent, the wvention s a method for location tracking or proxinuty
detection The method includes transoutting, by a prumary device, multiple first wireless signals,
each first wireless signal having a first transmission range and encoded with a unigue signal

wentifier of the multiple first wireless signals The method also includes transmitting, by the
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primary device, multiple second wireless signals, each second wireless signal having a second
transnussion range and encoded with g unique signal identifier of the multiple second wireless
signals. The method further mcludes recetving, by a secondary device, the muliiple first wireless
signals when the secondary device 15 wiathin the first transmission range. The method additionally
wcludes recetving, by the secondary device, the multiple second wireless signals when the
secondary device s within the second transmission range. The second transmission range is longer

than the first transmission range.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]  FIG 1 allusirates a sysiem including a primary device and a secondary device, in
accordance with a first embodiment,
(00191 FIG, 2 ilustrales vanous elements related {o a contact episode for contact racing, 1
accordance with the first embodiment.
[0020] FIG. 3 dlustrates the relationship between the number of first wireless signals and the
number of second wireless signals when the primary device 13 withun the ransmission range of the
primary device, in accordance with the first embodiment as applied to contact tracing.
[0021]  FIG: 4 llustrates the maximum duration of contact for each furst wireless signal received
and the macamum duration of contact for each second wireless signal received, in accordance with
the first embodument as apphied to contact tracing,
[0022] FIG 3 ilustrates a system including a primary device, a secondary device, and a first
focation device i accordance with the first embodiment.
[0023] FIG 6 idlustrates a system ncluding a primary device and a secondary device, in
aceordance with a second embodiment as applied 10 hand hygiene comphiance monitoring.
(00241 FIG 7 ilustrates vanous elements related to a contact episode for hand hygiene
compliance monitoring, in accordance with the second embodiment.
[0023]  FIG. 8 ilustrates a system including a primeary device, a secondary device, and a second
{ocation device, m accordance with the second embodiment as applied 1o hand hygiene comphance

montonny,
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[0026] FIG. 9 illustrates a system meluding a primary device, a secondary device, and a third
location device, in accordance with the second embodiment as applied to hand hygiene compliance
mMORtorng,

00277 FiG. 10 Hustrates a systemn including a prmary device and a secondary device,

accordance with a fourth embodiment,

[0028]  FIG 11 ilustrates a primary device for communication with a secondary device, 1o
accordance with a fifth embodiment.
(00281 FIG. 12 sllustrates a primary device for commumnication with a secondary device,

accordance with a sixth embodiment.

[0030]  FIG, 13 dlustrates a secondary deviee for communication with a primary device, in
accordance with a seventh embodiment.

[6031] FIG 14 15 a schematic dlustrating a method of using a primary device for location
tracking or proximity detection, m accordance with an eighth embodiment,

[0032] FIG. 15 15 3 schematic illustrating a method of using a secondary device for location
tracking or proximity detection, m accordance with a ninth embodiment.

[0033] FI{ 1615 a schematic llustrating a method tor location tracking or proxamity detection,

in accordance with a tenth embodiment.

DETAILED BESCRIPTION

[0034] This invention 3 described by way of embodiments and with reference to the
accompanying drawings. These described embodiments are infended to be non-limiting because
alternative embadiments or modifications to the described embodiments can be devised by thase
of ordinary skall in the art without departing from the spirit and scope of the invention.

(00351 Unless defined otherwise, all terms have the same meaning as conunonly understood by
those of ordinary skiil in the art, except that the word “may” 15 used 10 a pernussive sense to express
possibility In addiion, an ordinal number — such as first, second, or thud — that 1s used before
an element 15 intended 1o be used as an adjective to identify the element for easy reference and o
differentiate the element from other elements, and 1s not mtended to mandate any numerical order,
For example, the first location device, the second location device, and the third location device 1n

this specification are separate devices, and the use of the ordmal numbers i identifving these three
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location devices does not suggest any relationship between the devices unless otherwise specified,
and also does not wnply that one location device must come before or afier another location device.

[0036]  First embodiment. In a fust embodiment, as illostrated o FIG |, the invention 15 a

systera for location tracking or proximity detection. The system includes a primary device 180 and
a secondary device M2 The primary device 140 s configured to transimt multiple fust wireless
signals and multiple second wireless signals. Each first wareless signal has a first transmission
range R1 104 and 15 encoded with a unique signal 1dentifier of the raultiple first wireless signals.
Each second wireless signal has a second transmission range R2 186 and 15 encoded with a unigque
signal identifier of the multiple second wireless signals. The second transmussion range R2 186 13
longer than the first transmission range R1 184 The secondary device 102 15 configured to store a
unique device wentifier of the secondary device 182, receive the multiple first wireless signals
when the secondary device 162 15 within the first transmussion range R1 184, and recetve the
multiple second wireless signals when the secondary device 182 is within the second transmission
range R2 106, The first wireless signals may be considered to be near-range signals, and the second
wireless signals may be considered {0 be mediumerange signals. The unique signal identifier of
the first wireless signals 13 different from the unique signal identifier of the second wireless signals,
these unique signal wdentifiers enable a device that has received a {one} first wireless signal or a
{one} second wireless signal to unwquely wdentify the signal or, in other words, to know whether
the signal 1t has recetved 15 a first wireless signal or a second wireless signal The unique device
wdentifier of the secondary device 102 may be used to uniquely identify the secondary device 102,
For example, when a signal transnmitied by the secondary device 102 1s encoded with the unique
device identifier of the secondary device 102 and the signal is received by another device, the
unique device identifier enables this other device to know, by decodmng the signal to denve the
urague signal identifier, that the signal 1t has recerved has been transmuted by the secondary device
102, or in other words, to idenuty the secondary device 162 This identification is necessary for
location tracking and proximity detection. In general, a unique device wenufier of a device may
be used to uniquely wenuty the device.

[0037]  The first and second wireless signals may be low-frequency (LF) signals wuh, for
example, a radio frequency of 125 kHz Other frequencies may be used 1n place of these, depending

on the radio frequency regulations of the junsdiction in whach the svstem s used. In addition, the
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first and second wireless signals may be infrared (IR} or ultrascund (US) signals, instead of LF
signals.

[0038]  First embodiment, coniact fracing, The system m the first embodiment may, with

adduional features, be used 1o hospitals and other patient care facilities for more precise contact
tracing of people duning outbreaks of coramunicable diseases. This contact tracing application may
be described by reference to FIG. | In such an application, and as an aspect of the first
ernbodiment, the primary device 180 may be a dual-range patient tag that is worn on a patient with
a communtcable disease or a dual-range bed exater of a bed on which such a patient 18 resting,
and the secondary device 102 may be a staff tag that 13 worn on a caregiver or a patient tag that s
worn on another patient. The fust and second transmission ranges 104 106 may be sei according
1o how close the hospital wishes 1o moniior the contacts between people. For example, of fracing
of very close contacts is required for a particular communicable disease, the first transmission
range R1 104 may be set 10 0.5 m, and f the hosprtal wishes to trace contacts of people as far as
1.3 m apart, the second transmission range R2 106 may be set t0 1.5 m. The primary device 160
may be designed in such a way that the first and second transmission ranges 104 186 are
configurable.

(00391  Identsfying primary device using a unique device identifier. In location tracking and

proximity detection, it may be necessary for the primary device 180 to be identified by other
devices that receive signals from the primary device 188, so that these other devices know they
have come within range of which device One way to achieve this 1s to have the primary device
100 store a unique device dentifier and encode the unigque device Wentifier into the signals 1
transmats. Therefore, and as an aspect of the first embodiment, the primary device 100 may be
further configured to store a unigue device dentifier of the primary device 180 and encode the
urigue device identifier of the primary device 189 into each of the multple first wireless signals
and each of the multiple second wireless signals. A device that recetves a first or second wireless
signal may derive this unigue device wdenuifier by decoding the signal.

[0040]  Defuution of contact episode for contact tracing, In order to enable the secondary device

102 to be monitored, the secondary device HI2 may be further configured to send a signal encoded
with relevant information to 2 mondoring system; for easy reference, this signal may be called a

momtorng signal. To determine when nught be an appropriate time {0 send this signal, 1t may be



WO 2020/256630 PCT/SG2019/050303

i

necessary to first define a contact episode and establish when a contact episode starts and when it
ends. The various elements of a contact episode 176 for contact tracing are iHustrated in FIG. 2

(00417 Siart of comtact episode for contact tracing. In contact tracmg, one may wish to know

when the secondary device 102 comes within range of the primary device 108 The start of a
contact episode may then be defined as the moment when the secondary device 102 first recerves
a first or second wireless signal from the primsary device 188, whichever 15 recerved first, afier
having not received any signal from the primary device 108, whether the signal 1s a first wireless
siginal or a second wireless signal, for ai least a certain preset munimum no-signal peniod. This
preset munsmum no-signal period may be set {o be the same as the preset oul-of-range period P-
out-ct 178 mentioned later, so a5 10 ensure that the secondary device 182 15 not in the mudst of an
earhier contact episode or has already left an earlier contact episode, of there was any. However, if
an application requures that a {irst wireless signal must be recerved m order for 3 contact episode
to start, then the start of a contact episode may be defined as the moment when the secondary
device 162 first receives a first wireless signal from the primary device 180 after having not
received any signal from the secondary device 162 for a certain preset period; one example of such
an application 15 hand hygiene compliance monmioring, which will be explained later. The start of
a contact episode may be represented by a contact episode start time Tl.ct 172

[0042]  End of contact episode for contact tracing. The end of a contact episode may be defined

as the moment when the secondary device 102, after having received one or more first or second
wireless signals earlier, no longer receives any signal from the primary device 100, whether the
signal 15 a first wireless signal or a second wireless signal, for a certain preset period; for easy
reference, this preset pertod may be called a preset out-of-range period P-out-ct 178, since thus
pertod 15 a pertod within which the secondary device 162 15 ouiside the second transmission range
R2 196, wluch means the secondary device 192 s also ocutside the first transmission range R 184,
This preset out-of-range pentod P-out-ct 178 15 mtended to ensure that the secondary device 182
has already completely left the transmission ranges of the primary device 164, The monitoring
signal may be sent at the end of a contact eptsode. The end of a contact episede may be represented
by a contact episode end time T3-ct 176, An alternative definition 1s to define the end of a contact
eptsode as the time the secondary device 102 last recerved a signal from the primary device 108,

or equivalently, as the start time T2-ct 174 of the preset out-of-range period P-oui-ct 178 However,



WO 2020/256630 PCT/SG2019/050303

12

it may be more praciical to use the first definition because, in this definution, the end of a contact
episode, which 15 also the end of the preset out-of-range period P-out-ct 178, can not only be
wentified in real time during montoring but can also be used as the moment to make g decision
and take action, whereas n the aliernative definition, the end of a contact episode can only be
estabhished after the preset out-of-range penod P-out-ct 178 has passed, which means 1t would not
have been possible to make any decision or take any action at the end of a contact episode. Having
said that, the alternative definition may still be useful, especially for data analysis. For the detailed
description of this invention, however, the first defination will be used,

(00431 FIG 2 dlustrates 3 contact episode 178 for contact tracing, a contact episode start fime
Ti-ct 172, a signab-reception end time T2-ct 174, a contact episode end tume T3-ct 176, and a
preset out-of-range period P-out-ct 178, The signal-reception end time T2-¢t 174 represents the
time the secondary device 102 last receives a signal from the secondary device 162 duning the
contact episode 170, or equivalently, the start time of the preset oui-of-range period P-out-ct 178,
The period between the contact episode start time T1.ct 172 and the signal-reception end time T2-
ct 174 represents the total period within which signals are received by the secondary device 162,
and may be called a signal-reception period.

[0044]  Therefore, and as an aspect of the first embodiment, the secondary device 132 may be
further configured to identify a contact episode start ime of a contact episode as the time at which
the secondary device 102 first receives a {one) first wireless signal or a {one} second wireless
signal, whichever 1s recerved first, from the primary device 168, the contact episode start time
mdwcating that the secondary device 182 has come within the first transnussion range Rl 104 (if a
first wireless signal 15 received first) or the second transmission range R2 1086 (if a second wireless
signal 1s recerved first). In other words, there may be a period (of a predetermined duration} during
which the secondary device 182 does not recerve any first wireless signal and does not recerve any
second wireless signal. The secondary device 182 may be configured to wentify the tume at which
it first recerves a {one} wireless signal after this period 1o indicate the start of the contact episode;
this wireless signal may be exther a (one) first wireless signal or a {one} second wireless signal,
whichever 1s recerved first. Recewving this wireless signal will indicate that the secondary device
102 has come within the {irst transmission range R1 104 if the wireless signal 1s a first wireless

stgnal or within the second transmussion range R2 166 1f the wireless signal 15 a second wireless
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signal. As an aspect of the first embodiment, the secondary device 142 may be further configured
to identify a contact episode end time of the comact episode as the end of a preset out-of-range
period durmg which the secondary device 182 does not receive any first wireless signal and does
not recerve any second wireless signal from the primary device 106, the preset out-of-range period
being the period during which the secondary device 102 13 outside the second transmussion range
R2 106, In other words, the end of the preset out-of-range period may be considered by the
secondary device 1112 to be the end of the contact episode.

[0045] Transoussion of monttoring sienal for contact tracing, As an aspect of the first

embodiment, the secondary device 162 may be further configured to transmit a wireless
montioring signal encoded with the umque device wdeniitier of the primary device 108 and the
unique device identifier of the secondary device 102 at the confact episode end time This
montioring signal may be received wirelessly by signal receivers 1nstalled m the vicinty of the
secondary device 102, then sent o a server of the hospital computer system via a local area network
{LAN), and then analyzed by software on the server. This monitoring will be useful, not only for
contact tracing but also for other applications that sequire the secondary device 182 to be
momtored, one such other application 15 hand hvgiene compliance momtorng, which will be
explained later. The preset out-of-range period may, tor example, be any value ranging from 20
seconds to 5 minutes. The secondary device 182 may be designed in such a way that the preset
out-of-range period 15 configurable. The monitoring signal may be an ultra-high frequency (UHF)
signal with, for example, a radio frequency of 868.4 MHz, 919.8 MHz, or 923MHz, or it may be
a Wi-Fi signal with, for example, a radio frequency i the 2 4-GHz or 3-GHz band. Other
frequencies may be used m place of these, depending on the radio frequency regulations of the
junsdiction in which the sysiem is used.

[0046]  Transoussion wtervals for primary device, As an aspect of the first embodiment, the

primary device 108 may be further contigured to transnut the multiple first wireless signals at first
preset transonssion ntervals and the multiple second wireless signals at second preset transnussion
mtervals. In other words, the interval or period between consecutive first wireless signals may be
of a fixed or constant duration, and the interval or penod between consecutive second wireless
signals may also be of a fixed or constant duration. A first or second preset transmussion inderval

may, for example, be any value ranging from two o 30 seconds. The first preset fransmussion
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mitervals may be set to be the same as or different from the second preset transmission intervals,
The primary device 108 mayv be designed 0 such a way that these preset transmission intervals are
configurable. When transmuiting signals for the first time afier g period of no signal transmission,
the primary device 106 may be configured to transmit an inutial first wireless signal and an wuiial
second wireless signal one after another i any order, with or without any significant time
difference. For example, the primary device 188 may be configured to transmit an uutial first
wireless signal first, and after a ume difference of five seconds, transomt an vutial second wireless
siginal, and from then on, transmit the signals i accordance with the preset transmassion intervals,
The priumary device 166 may be designed in such a way that this time difference s configurable.
The primary device 18 may be programmed or configured by software through a configuration
device interfaced wirelessly to the primary device 166

(00471  For more precise confact tracing, 1t may be necessary to determine or estimate, from the
first and second wireless signals and for gach contact emsode, how close and how long a person
may have had contacts with the patient. One way to achieve this is to consider the number of first
wireless signals and the number of second wireless signals received by the secondary device 162
Theretore, and as an aspect of the first embodiment, the secondary device 102 may be further
configured {o record a first number representing the number of first wireless signals received by
the secondary device 102 during the contact episode, record a second number representing the
number of second wireless signals recerved by the secondary device 182 during the contact
episade, and encode the first number and the second number mio the wireless moniforing signal,
These numbers may then be analvzed by the server software. Therefore, and as an aspect of the
first embodiment, the system may further include a server configured to determine or estimate,
from the first number and the second number, {a} a first total contact time representing the fotal
length of time during which the secondary device 182 has been withan the first transmuission range
R1 184, and (b) a second total contact time representing the total length of time duning which the
secondary device 182 has been between the furst transonssion range R 184 and the second
transmussion range R2 106 For easy reference, the region within the first transoussion range R
104 may be called the first region, and the region between the first and second transmission ranges

104 186 may be called the second region.
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[0048]  This determination or estimation needs to take into account at least three considerations.
First, of, within g certain period, the secondary device 162 15 within the first transoussion range R
104, o can recetve both the first and second wireless signals, because when the secondary device
102 1s within the first ransmuassion range R1 164, 1 15 also within the second transnussion range
R2Z 106, since the second transmission range R2 106, bemng longer than the first transnussion range
R1 104, necessanly includes the first transmission range R1 184, Second. o, wuhin a certain
period, the secondary device 102 1s between the first and second transmussion ranges 184 106, it
can receive only the second wireless signal, because the secondary device 182 15 outside the first
transmission range R1 104 but withan the second transmission range R2 186 Therefore, if only
second wireless signals are received within a certamn period, the secondary device 102 15 most
likely between the first and second iransmassion ranges 104 186 throughout that period. Thard, f
both first and second wireless signals are received within a certam period, the secondary device
102 may have been within the first transmission range R1 104 throughout that peniod, or i may
have been within the first transmission range R1 184 for part of that period and between the first
and second transmission ranges 164 106 for the remaining part of the period.

[0049] te signals. It can be seen from these three considerations that as long

Analysis of mult

as a first wireless signal is received by the secondary device 102, the secondary device 182 may
be deternuned to be withm the first transmission R1 104, at least at the time the first wireless signal
is received. However, if a second wireless signal 1s received, the secondary device 182 can be
either within the first transnission range Ri 104 or between the first and second transnussion
ranges 184 106, depending on whether a first wireless signal 1s also received, in particular, if a
first wireless signal is also recerved either before or after the second wireless signal 1s recerved,
the secondary device 162 may be determined 10 be possibly within the first transmission range R
104, but of no first wireless signal s recetved etther before or after the second wireless signal 1s
received, the secondary device 102 may be determined 1o be possibly between the first and second
transmission ranges 104 196, It 1s generally necessary to analvze multiple signals received by the
secondary device 102 over a period 1 order to determine whether the secondary device 182 18 1n
the first or second transrussion region, and 1t s generally not rehiable to carry out ths

determination on the basis of just one signal recetved at g particular point in time.
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[0030]  Esumanon of contagt tnes. siart of description, For example, refernng to FIG 3,
assume that the primary device HM} transmits the first and second wireless signals aliernately at
preset transmission intervals of five seconds 128, m this case, the first and second wireless signals
are each transmiutted at the same preset transmission intervals of 10 seconds, and the intal time
difference between two consecuftve signals 1s also five seconds. Now, consuder the situation m
which the secondary device 102 was within the first transmussion range R1 164 for a continuous
period. In this situation, if the secondary device 182 received 10 first wireless signals 122 during
that period, # would have received 9 {that 1z, 10~ 13 124 to 11 {thats, 10+ 1) 128 gecond wireless
stgnals, depending on when the secondary device 182 entered and left the first transmission range
R1 104 Inaddition, st wounld have been within the first transmussion range R 184 for a continuous
contact thme ranging from 9%2%S seconds 126 to 117275 seconds 136, agamn depending on when
it entered and left the first transmission range R1 1M, In general, if the number of first wireless
signals s equal or approximately equal 10 the number of second wireless signals, if 18 possible thai
the secondary device 132 has been witlun the first transmission range R1 104 throughout that
perind,

[0051]  Now, consider the situation in wiiuch the secondary device 102 was between the first
and second transmission ranges 184 186 for a confinuous period. In this situation, if the secondary
device 182 received 10 second wireless signals during that pertod, 1t would have been between the
two transmission ranges 104 106 for a continuous contact time ranging from 9%2%5 seconds to
11%2%3 geconds.

(00321  Now, consider the situation in which the secondary device 102 was withun the first
transmasston range Ri 104 for a first continuous pertod and between the first and second
transmission ranges 164 186 for a second continuous period. In this situation, the secondary device
102 would have received, in addion to first wireless signals, some second wireless signals when
it was within the first transrossion range R1 184 and the remaining second wireless signals when
it was between the first and second transmission ranges 104 106. For example, f the secondary
device 162 received 10 first wareless signals and 30 second wireless signals, 1t would have recerved
9 to 11 second wireless signals when 1t was m the first transmission range R1 184 and between 19
{that 13, 30~ 11} and 21 (that s, 30 - 9} second wireless signals when it was between the first and

second fransmission ranges 104 166, This means that it wounld have been between the first and



WO 2020/256630 PCT/SG2019/050303

17

second transnussion ranges 104 106 for a contimuous contact ime ranging from 19%2%5 10 21%2%3
seconds. Necessarily, the total number of second wireless signals must, 1 this example, be equal
to 30, In particular, the following are possible distributions of the first and second wireless signal
signals for this example:
{2} Within first transpussion range RI 104, 10 first wireless signals, 9 second wireless
signals; between first and second transmission ranges 184 186, 21 second wireless
signals; total number of second wireless signals, 30,
(b} Within first transmission range R1 104, 10 fust wireless signals, 10 second wireless
signals: between first and second transmission ranges 164 106, 20 second wireless
signals; tofal number of second wireless signals, 30.
(¢} Within first transmussion range R1 184, 10 first wireless signals, 11 second wireless
signals; between fust and second fransrmission ranges 104 166, 19 second wireless
signals; toial number of second wireless signals, 30,
[0053]  However, there will be situations in which the secondary device 102 moves in and out
of the first transmussion range R1 184 In ths sutuation, it will be necessary {0 estimate the total
coniact time when the secondary device 182 was within the first transmission range R1 164 and
the total contact tme when it was between the first and second transmission ranges 164 186, First,
referring to FIG 4, it may be noted that each transmission interval for same-type signals 1s two
times each preset transmussion interval for alternating signals. This means that for a preset
transmassion miterval of 3 seconds 120 for alternating signals, the transmission interval for same-
type signals will be 2*3 seconds 148, or 10 seconds. Next, it may be noted that for each signal
received by the secondary device 142 in any transmission region, the secondary device 182 would
have been m that region for a period of up to two times the transmission imterval for that signal,
or, for this example, up to 2%10 seconds 142 144 | that 15, 10 seconds on each side of the time the
signal was received. Fach first or second wireless signal may then be associated with an average
contact tiae that is half this penod, or 10 seconds. Representing the preset transmission mterval
for alternating signals by T seconds and assuming no missed signals, the following method may
then be used to estimate total contact tires 1n a contact episode:
{a) If the secondary device 182 recerved N first wireless signals, 1t would have received

(N~ 1Y to {N + 1} second wireless signal when 1t was within the first transmission range
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R1 104 In addition, it would have been within the first transmussion range R1 104 for
an average total contact time of between (N — 1) 2¥%T7 seconds and (N + 13%2%7
seconds,

{b} If the secondary device 182 also received M second wireless signals, 1t would have
recerved [M — (N + 1) to [M — (N — 1}] second wireless signals when it was between
the first and second fransmission ranges 104 186, In addiion, 1t would have been
between the first and second transmssion ranges 164 106 for an average tofal contact
time of between [M - (N + 1) 1792%T seconds and [M — (N - 1} + 11*2%T seconds.
Necessarily, the calenlated number of second wireless signals cannot be 3 negative
number.

[0054]  The foregoing estimated contact tumes may be useful m sihwbions w which a
communicable disease can spread through air, i which case closeness and duration of contact
between a patient with the disease and a healthy person may affect the chances of the healihy
person contracting the disease In particelar, these estimated contact times can help a hospital
wlentify persons who are at a higher risk of contiacting the disease, so that it can give priority {0
managing them,

f0055]  Estimation of contact times: end of description. The foregoing analysis has been based

on the first and second wireless signals being transmuitted at the same preset transmission intervals
of five seconds, with an mitial time difference of five seconds between two consecutive signals,
but the same principles used in the analvsis can be applied to suuations in which the preset
transmission intervals are different from five seconds or the tume difference 15 also different from
five seconds.

[0056]  For comtact tracing, it may be necessary to know the period within which signals were
recerved by the secondary device 102, Therefore, and as an aspect of the first embodiment, the
secondary device 1802 may be further configured to record a signal-reception start time wlentical to
the contact episode start tune; record a signal-reception end time indicating the tune at which the
secondary device 102 last receives a {one) first wireless signal or a {one) second wireless signal,
whichever 15 recerved last, from the pnmary device 190 during the contact episode; and encode
the signal-recepiion start time and the signal-reception end time 1o the wireless monioring

signal, These times may then be analyzed by the server software. Therefore, and as an aspect of
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the first embodiment, the system may further include a server configured to determme or estimate
— from the first number, the second number, the signal-reception start time, and the signal-

reception end time

{a) a total signal-reception period representing the period within which
signals have been received by the secondary device 102 during the contact episode, and {(b) a fotal
nussed-signal number representing the total number of signals that have been nussed by the
secondary device 162 duning the contact episode. A mussed signal may be caused by a malfunction
of the primary device 180 or secondary device 102, a blockage of the signal path between the
primary device 108 and the secondary device 162, or the primary device 188 having a low battery
level, among other possible other factors. The total mssed-signal number may be determuned or
estunated by companing the period within which signals (that s, the first wireless signals, the
second wireless signals, or both) were received by the secondary device 182 against the iotal
number of signals recerved (that s, the first wireless signals, the second wireless signals, or both)
by the secondary device 102; this information may be used to monttor and assess the relubility of
the sysien.

f0057]  For precise coniact tracing, it may be necessary to know, for the first and second
wireless signals treated separately, the period within which the signal was received by the
secondary device 182 Therefore, and as an aspect of the first embodiment, the secondary device
102 may be further configured to record a first contact start ime indicating the time at which the
secondary device 182 first receives a {one) first wireless signal from the primary device during the
contact episode, record a first contact end time indicating the time at which the secondary device
102 last receives a {one) first wireless signal from the prumary device during the contact episode,
record a second contact start tume indicating the time at which the secondary device 142 first
receives a {one) second wireless signal from the primary device durmg the contact episode, record
a second contact end time wndicating the time at which the secondary device 162 last receives a
{one) second wireless signal from the primary device during the contact episode. and encode the
first contact start time, the first contact end time, the second contact start time, and the second
contact end tme 1nto the wireless monioring signal. These times may then be analyzed by the
server software. Therefore, and as an aspect of the first embodiment. the system may further
melude a server configured to determine or estimate — from the first number, the second number,

the first contact start time, the first contact end fime, the second contact start time, and the second
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contact end time — (a) a first signal-reception period representing the period within which first
wireless signals have been received by the secondary device 102 during the contact episode, {(a) a
second signal-reception period representing the period within which second wireless signals have
been received by the secondary device 162 duning the contact episede, {a) a furst missed-signal
number representing the number of first wireless signals that have been missed by the secondary
device 142 during the contact epwsode, and (d) a second mussed-signal number representing the
number of second wireless signals that have been nussed by the secondary device 182 during the
contact episode. The furst missed-signal number and the second missed-signal number may be
determined or estimated by comparing the first number and the second number against the first
signal-recepiion pertod and the second signal-reception period; this information may be used to
monitor and assess the reliability of the system,

(00581 Esiablishmg location using a location device during contact tracing. For contact iracing,

it may be neecessary to know the location of the primary and secondary devices 188 162, whether
the devices are 1t which room or which area. One way to achieve this 15 (0 use another device to
provide the location; for easy reference, such a device may be called a location device. The location
device may be designed to transmit location signals containing focation information indicating the
location of a room or area; this location information may be in the form of a location identifier.
These location signals may then be received by the primary and secondary devices 168 102, which
may then decode the signals to derive the location wentifier. In this way, the location identifier
associated with a location device may be used to represent the location of a room or area. The
primary and secondary devices 149¢ 102 must, however, first be designed to receive such location
signals. In addition, in order to enable the location of the primary and secondary devices 166 162
to be monuored, # may be necessary for the devices each to send a momtoning signal encoded with
the location wdentifier to a monitoring syster.

(00391 Therefore, and as an aspect of the first embodiment, the primary device 100 may be
further configured to recerve multiple incoming wireless signals from other devices. As an aspect
of the first embodiment, the system may further include a first location device 204 configured fo
store a location 1dentifier associated with the first location device 204 and transmut muluple
wiretess location signals, each wireless location signal having a location signal transmission range

and encoded with the location wdentifier. This embodiment s diustrated 1n FIG 5, which includes
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an enclosed area 200 with a doorway 202, the first bed 156, an adjacent bed 182, and the first
focation device 204 wounted on the ceiling near the doorway but within the area,

[O0G0]  As an aspect of the fust embodiment, the primary device 10 may be further configured
to receive the multiple wireless location signals when the prisary device 106 1s within the location
stgnal transmussion range, derive the location wdentifier from at least one of the multiple wireless
location signals recerved by the primary device 100, and transmu a wireless monitoring signal
encoded with the unique device identifier of the primary device 104 and the location identifier. As
an aspect of the first embodument, the secondary device 162 may be further configured to receive
the multiple wireless location signals when the secondary device 102 1s withan the location signal
transnussion range, derive the location identifier from at least one of the multiple wireless location
signals received by the secondary device 102, and transmit a wireless momioring signal encoded
with the snigue device wentifier of the secondary device 182 and the location identifier, The furst
locaiion device 204 enables the primary and secondary devices 100 102 to establish their location.
These momtoring signals effectively report, to the monitoring system, the location of the primary
and secondary devices 164 182, enabling the momioring svstem to know the location of the
devices. These monitoning signals may be transmitted immediately or shortly after the primary and
secondary devices FO8 162 have received one or more wireless location signals from the first
location device 204 These momtoring signals may be received wirelessly by signal receivers
mstalled in the vicinity of the transnutting device (prumary device 109 or secondary device 183},
then sent t0 a server of the hospial computer system via a local area network {LAN}, and then
analvzed by software on the server.

[0061]  Single-ranve chokepoint exciter as first location device. As an aspect of the first

embodiment, the first location device 204 may be a single-range chokepoint exciter, which may
be mounted on the ceiling near the doorway but within an area in which monstoring of hospital
statt and patiends 15 {o be carnied out, or at the side of the doorway. The chokepoint exciier may be
powered by a direct current (DC) supply or by Power over Ethernet {PoE) and may be connected
to a LAN. The location of the chokepoint exciter may be programmed or configured through the
LAN, if the excuer 15 connected to a LAN; if the exciter 1s not connected to a LAN, the exciter
may be programmed or configured by sofiware through a cable connected {0 a communication

port on the exciter or by software through a configuration device mterfaced wirelessly to the



WO 2020/256630 PCT/SG2019/050303

22

exciter. The wireless location signals may be LF signals with the same frequency as that of the
first and second wireless signals, or they may be IR or US signals. Depending on where the
chokepoint exciter 15 positioned, the location signal transmission range must be long enough so
that if a staff tag of a caregrver, patient tag of a patient, or bed exciter of a bed enters the area, it
will come within range of the chokepont exciter. For example, the location signal transnussion
range may be any value ranging from 2 m to S m. The first location device 204 may be designed
w such a way that the location signal transnussion range 1s configurable.

(00621  As an aspect of the first embodiment, the first location device 204 may be further
configured to {ransmut the mulisple wireless location signals at preset transnussion ntervals In
other words, the miterval or period between consecutive wireless location signals may be of a fixed
or constant duration. A preset ransrission mniterval may, for example, be any value ranging from
two 10 five seconds. The first focation device 284 may be designed in such a way that the preset
transmusston intervals are configurable

[0063)  Components of primary device, As an aspect of the first embodiment, the primary

device 168 may include a ransnutter unit configured to configured to transmit at least the multiple
first wireless signals and multiple second wireless signals and a controller unit coupled to the
transnuitter unit. The controller unmit may be configured (o control the ransmitter uni{ such that the
transmatter unit 1s configured to transmit at least the multiple first wireless signals and muliple
second wireless signals; this feature means that the transmitter urt may be further configured to
transmit other wireless signals besides the first and second wireless signals, and the controller unst
may he further configured to control the transnutter unit such that the transnutter umit 15 further
configured to transmit these other wireless signals. The control provided by the controller umit may
mchude determuning the contents of signals to be transmiited by the transmiiter unut, If the primary
device 194 15 configured to store a umque device identifier of the primary device 100, this unique
device identifier may be stored in the butlt-in memory of the controller unit. If the primary device
100 15 configured to store a location wentifier associated with the primary device 194, this location
wdentifier may be stored also m the built-in memory of the controller unit. The controlier unt may
be a mucrocontroller

[0064]  As an aspect of the first embodiment, the primary device 108 may further mmclude a

receiver Uit coupled o the controller umt of the prumary device 188 The receiver unit may be
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configured to receive multiple incoming wireless signals from other devices and the controller unit
may be further configured to control the receiver unit such that the recetver unit 1s configured fo
receive the multiple incoming wireless signais. The control provided by the controller unit may
include processing the signals, such as decoding the signals, received by the recetver unif and
determiming how to respond to the recerved signals.

[0065] Components of secondary device, As an aspect of the first embodiment, the secondary

device 192 may include a recewver unit configured to receive at least the multiple first wireless
signals and multiple second wireless signals, a transmatter unt configured fo fransmat multiple
outgoing wireless signals, and a controlier unt coupled to the recetver unit and the transoutter unit,
The controller unst may be configured to control the receiver umit such thai the recerver umit s
configured {0 recetve at least the multiple fust wireless signals and multiple second wireless
signals; this feature means that the receiver anit may be further configured to receive other wireless
signals besides the first and second wireless signals, and the controller uni may be further
configured to contro the recetver unit such that the recetver unit is further configured to receive
these other wireless signals. The controlier unit may be further configured to control the transmitter
umit such that the transnutter unit1s configured to transmit the multiple outgoing wireless signals.
The controller unit may be further configured to store the unigue device identifier of the secondary
device 142, The control provided by the controlier unit may mnclude processing the signals, such
as decoding the signals, recerved by the recerver unif, and deternmuning how to respond to the
recetved signals, and determining the contents of signals to be transmitted by the transmutter unit,
The unique device 1dentifier of the secondary device 182 may be stored in the built-in memory of
the controller unit. The controller unit may be a microcontroller,

[0066]  Second embodiment: hand hvaene compliance monttoring, The primary and secondary

devices 100 102 in the first embodiment may, with additional features, also be used in hospitals
and other patient care facthities to detect and monitor proximity between hosputal staff and patients
for hand hygiene compliance montoring. Thes band hyzene compliance monitoning application
may be described in a second embodiment and by reference to FIG. 6, which includes the adjacent
bed 182 of the same size as the first bed 150 The bed length 15 L 154 and the bed width s W 1586,
The width of the space between the two beds 15 D1 188, In such an application, and as an aspect

of the second embodiment, the primary device 180 may be a dunl-range patient fag that 15 worn on
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a patient on the first bed 150 or a dual-range bed exciter that 1s mounted under the first bed 150 or,
and the secondary device 102 may be a staff tag that 15 worn on a caregiver.

[0067] When a caregiver comes within the first transmussion range R1 164 of the bed exciter
or patient tag, which also means that the caregiver is also within the second transnussion range R2
106 of the bed exciter or patient tag, there 15 a chance that the caregiver plans to have physical
contact with the patient, and that may be an appropriate time 1o remind the caregiver to observe
hand hygiene comphiance by washing her hands before touching the patient, by having the staff
tag generate one or more alert signals, which may be audible, visnal, or both. When the caregiver
was earlier within the first transmussion range B1 104 and 15 later outside the second transnussion
range RZ 106 for a certain period, the caregiver is likely 1o have left the bed, and that may be an
appropriate time 1o remind the caregiver o observe hand hygiene compliance by washing her
hands after possibly having physical contact with the patient earbier, by alse having the staff tag
generaie one or more alert signals,

[0068Y  Definition of comtact episode for hand hvaiene compliance monitoring. It may be

appropriate at this point to define, for hand hygiene compliance monitoring, a contact episode and
establish when a contact episode starts and when it ends. The vanious elements of a contact episode
180 for hand hygiene comphiance moniioring are illustrated in FIG 7.

[0069]  Siart of contact episode for hand hvgiene compliance monitoring. In hand hygiene

compliance momitoring, one may wish to know when the secondary device 102 comes within the
first transnussion range R1 104 of the primary device 188, as the caregiver 1s closest to the bed or
patient on the bed when she 1s within this range. The start of a contact episode, which may be
represented by a contact episode start ime T1-hh 182, may then be defined as the moment when
the secondary device 102 first receives g first wireless signal from the primary device 160, after
having not recetved any signal from the primary device 108, whether the signal 15 a first wireless
signal or a second wireless signal, for at least a certain preset nunimum no-signal penod. This
preset minimum no-signal period may be set 1o be the same as the first preset period Pl-hh 190
mentioned later if the secondary device 102 has earlier identified a contact episode start trae T1i-
hh 182 but has not yet ascertamed that 1t s a valid contact episode start time; the validity of a
contact episode start time for hand hvgiene comphance momtormg 15 explamed later mw the

paragraph titled “Generation of alert signals when caregiver ts wathin first transmission range” and
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the paragraph titled “Determining whether caregiver 1s withun first ransmussion range” If the
secondary device 182 has earlier identified a valid contact episode start time but has not vet
wlentified a contact episode end time T3~hh 186 (meaning the secondary device 102 1s still in the
midst of a contact episade) or if the secondary device 102 has not yet identified any contact episode
start time, this preset ranimum no-signal pertod may be set to be the same as the preset out-of-
range period P-out-hh 194 mentioned later, 50 as to ensure that the secondary device 102 s not in
the nudst of an earhier contact episode or has already left an earhier contact episode, if there was
any.

(00701 End of contact episode for hand hvgiene compliance monitoring. The end of a contact

episode, whach may be represented by a contact episode end tume T3-hh 186, may be defined m a
way sinular to that described carlier in the paragraph titled “End of comtact episede for contact
tracing”, as the moment when the secondary device 102, after having received one or more first
wireless signals earlier, no longer recerves any signal from the primary device 100, whether the
signal 15 a first wireless signal or a second wireless signal, for a certain preset period; for easy
reference, this preset period may be called a preset oui-of-range period P-out-hh 188, since this
period is a period within which the secondary device 162 i3 outsude the second transmussion range
R2Z 146, which means the secondary device 182 s also outside the first transmission range R1 184
This preset out-of-range period P-out-hh 188 13 intended 1o ensure that the secondary device 162
has already completely left the transmission ranges of the primary device 168,

[0071]  Generation of alert signals when caregiver 13 withun first transmission range, Once the

start of a contact episade has been identified or, equivalently, once the secondary device 142 comes
within the first transmussion range R1 184 of the primary device 190, alert signals to remund the
caregiver to wash her hands may be generated af the start of the contact episode. However, 1t may
be necessary, before generating any alert signals, to ensure that the caregiver 15 within the fust
transoussion range R1 104 for a preset period that 15 reasonably long enough to suggest possible
physical congact between the caregiver and the patient; for easy reference, this preset period may
be called a first preset penod Pi-hh 198, In other words, it may be necessary to ensure that the
secondary device 102 continues 1o receive first wireless signals for a pentod equal or approximately
equal to the first preset period Pl-hh 194, 50 as to suggest possible physical contact between the

carggiver and the patient and, hence, warrant the need to generate alert signals to remmd the
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caregiver to wash her hands. In other words, a contact episode start time that has been identified
15 only valid if the secondary device 102 continues to be within the first transnussion range R 104

for a reasonably long period.

007217 Determuung whether caregiver 1s within first fransnussion range. One way 1o ensure
that the caregrver 1s within the first transmission range R1 104 for a reasonably long period 15 to
require that the time difference between (a) the time at which the secondary device 102 last
received a first wireless signal during the first preset period and (b} the start tune of the contact
episode 1s greater than or equal to a preset length of time. Another way 1s 10 require the secondary
device 102 to receive at least a preset number of first wireless signals during the first preset period.
The value of this preset number of first wireless signals will depend on the tength of the first preset
period, the frequency of transnussion of the fwst wireless signals, and the probabiity of missed
signnals, among other factors, Both ways may be used together.

(00731 Alert signals may be generated at the end of the first preset period PI-hh 1986, or af the
end of a turther preset period following the fisst preset period; for easy reference, this further preset
period may be called a second preset period P2-hh 192, This second preset period P2-hh 192 may
be used as a grace period to allow time for the caregiver to make an effort to wash her hands before
alert signals are generated. If alert signals are generated at the end of the second preset period P2-
hh 192, that would mean that the alert signals are generated after a combined period equal to the
sum of the first and second preset periods Pi-hh 198 P2-hh 192 has lapsed since the start of the
contact episode.

[0074]  The secondary device 102 may be configured in such a way that if, after it has first
recetved a first wireless signal, it does not receive any more first wireless signals for a period equal
to the first preset period Pl-hh 188, suggesting that the caregiver has left the first transmission
range R1 104, 1t wil inderpret that there 15 a low probability of contact between the caregiver and
the patient and, hence, will not generate any alert signals. In such a suuation, the secondary device
102 may be further configured to abandon the previously dentified contact episode start time T1-
hh 182, and re-identify a new contact episode start time when the secondary device 182 comes
within the first transnussion range R1 104 agam.

[007SY  Generation of alert signals after a_conlact episode. Once the end of a coniact episode

has been wlentified, alert signals to remmnd the caregiver to wash her hands may be generated at
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the end of the contact episode, which 15 also the end of the preset out-of-range pertod P-out-hh
188, Alternatively, they may be generated at the end of a further preset period following the preset
out-of-range period P-out-hh 188, {or easy reference, this further preset period may be called a
third preset period P3-hh 194 This third preset peniod P3-hh 194 may be used as a grace period to
allow ume for the caregiver to make an effort to wash her hands betore alert signals are generated.
If alert signals are generated at the end of a third preset period P3-hh 194, that would mean that
that the alert signals are generated after a combined penod equal to the sum of the preset out-of-
range pertod P-oui-hh 188 and the third preset period P3-hh 194 has lapsed.

[o076]  FIG. 7 iHusirates a contact episode 188 for hand hygiene compliance monitoring, a
contact episode start time T1-hh 182, a signal-reception end time T2-hh 184, a contact episode end
time T3-hh 186, a preset out-of-range period P-out-hh 188, a first preset period P1-hh 194, a second
preset period P2-hh 192, and a thard preset period P3-hb 194, The signal-reception end time T2~
hh 184 represents the time the secondary device 102 last receives a signal from the secondary
device 12 during the contact episode, or equivalently, the start fime of the preset out-of-range
period Peout-hh 188 The perind between the contact episode start time T1-hh §82 and the signal-
reception end time T2-hh 184 represents the total period within which signals are recerved by the
secondary device 102, and may be called a signal-reception period.

(00771  Therefore, in the second embodiment, as tiustrated in FIG 6, the invention 15 a system
for location tracking or proximuty detection. The system includes the same primary device 108 and
the same secondary device 102 as in the first embodiment The primary device 188 may be further
configured to store a unigue device identifier of the primary device 199 and encode the unique
device identifier of the primary device 106 into each of the multiple first wireless signals and each
of the multiple second wireless signals. As an aspect of the second embodiment, the secondary
device 12 may be further configured to identify a contact episode start time of a contact episode
as the time at which the secondary device 12 first receives a {one) first wireless signal from the
primary device 100, the contact episode start time indicating that the secondary device 162 has
come within the fust transnussion range Rl 164, Tn other words, there may be a penod {of a
predetermaned duration} during which the secondary device 182 does not recerve any first wireless
siginal, The secondary device 162 may be configured to identfy the time at which it first receives

a {(one) first wireless signal after this peniod to mdicate the start of the contact eptsode. Recerving
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this first wireless signal will mndicate that the secondary device 102 has come withm the first
transnussion range R 184, As an aspect of the second embodiment, the secondary device 162 may
be further configured to identity a contact episode end time of the contact episode as the end of g
preset out-of-range penod during which the secondary device 192 does not recewve any first
wireless signal and does not receve any second wireless signal from the primary device 108, the
preset out-of-range period being the period during which the secondary device 182 15 outside the
second transmission range R2 186 In other words, the end of the preset out-of-range period may
be considered by the secondary device 102 to be the end of the contact episode. The preset out-of-
range period may, for example, be any value ranging {rom 20 seconds o 3 minuntes. The secondary
device 102 may be designed 1 such a way that the preset out-of-range period 5 configurable to
cater 10 the needs of the application.

[0078]  As an aspect of second embodiment, the secondary device 102 may be further
configured (o generate one or more alert signals al the end of a second preset perod mmedately
following a first preset period that starts from the contact episode start time, afier the secondary
device 162 has determuned that the time difference between {a} the time at which the secondary
device 102 last receives a {one) first wireless signal from the primary device during the first preset
perind and (b} the contact episode start time is greater than or equal to a preset length of ime In
other words, the secondary device 102 may be configured to identify the time at which the
secondary device 142 receives the last first wireless signal during the first preset period (that is,
the first wireless signal that 1s last received during the first preset period). Upon determining that
the time difference between the contact episode start time and the time at which the secondary
device 182 receives the last first wireless signal during the first preset period 1s equal to or exceeds
the preset length of time, the secondary device 102 mayv be configured 1o generate one or more
alert signals at the end of a second preset period munediately after the first preset period. As an
aspect of the second embodiraent, the secondary device 102 may be further configured 1o generate
one or more alert signals at the end of a second preset pentod immediately following a first preset
period that starts from the contact episode start time, after the secondary device 142 has received
at least a preset number of first wireless signals from the primary device during the first preset
pertod, The first preset period may, for example, be any value ranging from 5 to 30 seconds. The

second preset period may, for example, be any value ranging from 30 1o 60 seconds. The preset
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length of time may be set to a certain percentage of the length of the first preset pertod; this
percentage may, for example, be any percentage value ranging from 60% 1o 80%, The secondary
device 182 may be designed 1 such a way that the first preset period, the second preset period, the
preset fength of time, and the preset number of first wireless signals are configurable to cater to
the needs of the appheation. For example, if the first preset period is set to zero, if justified by the
apphication, the preset number of first wireless signals may be set to one, which would refer to the
first wireless signal that 1s received by the secondary device 102 at the start of a contact episode.
As another example, f the first and second preset pertods are, if justified by the application, both
be sei to zero, alert signals would be generated immediately at the siart of a contact episode.
Various combinations of quantities for the first and second preset periods are possible,

[0O79]  As an aspect of the second embodiment, the secondary device 102 may be further
configured 0 generate one or more alert signals at the end of a thud preset pertod mmmediately
following the preset out-of-range pertod. The third preset pertod may, for example, be any value
ranging trom 30 seconds to 5 munutes. The secondary device 182 may be designed in such a way
that the third preset period s configurable to cater {o the needs of the application. For example, if
the third preset period s set fo zero, if justified by the application, alert signals wounld be generated
mmediately at the end of a contact episode.

[0080]  According to the World Health Orgamization (WHO), washing hands before touching a
patient 1s referred to as Hand Hygiene Moment |, and washing hands afier touching a patient is
referred to as Hand Hygiene Moment 4 (see “WHO Guidelines on Hand Hygiene m Health Care”,
published in 2009 by WHO). The generation of alert signals at the end of the first or second preset
period may, for easy reference, be called an M1 hand hygiene event, and the generation of alert
signals at the end of the third preset pertod may be called an M4 hand hygiene event.

[0081]  Inrelation to these WHO hand hygiene moments, it may be appropriate at this pont to
explain the advantages using a dual-range bed excuer or dual-range patient tag. It 1s possible fo
use a single-range bed excuer or single-range patient tag that transmuts only the first wireless
signal, which has the shorter transmission range. However, at one moment the caregver may be
within the first transnussion range R1 104 when talking with or assessing the patient, and at the
next moment she may be out of the first transmussion range R1 184 when looking ai the patient

monitor, recording some notes, or discussing the patient’s case with fellow caregivers or the
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patient’s relatives. This means that the caregiver may be moving m and out of the first transnussion
range Ri 184, and st can then be difficult to know when the caregiver has left the bed. The use of
the second wireless signal can help to resolve this difficulty, by enabling the statf tag worn by the
caregiver to know that the caregiver has left the bed once she has been outside the second
transmission range R2 106 for a certan penod. In this way, the use of a bed exciter or patient tag
with two fransmission ranges can help the staft tag to deterone when a caregiver may be having
physical contact with a patient on a bed and when a caregiver has already left the bed, so that
appropriate alert signals can be generated to remind the caregiver to wash her hands.

[OO82] Tt 15 also possibie {0 use a bed exeiter or patient tag that transmis, as a compronuse,
only one signal with a transmussion range that s somewhere between the first and second
transmssion ranges 184 166, However, this approach may lead to the staff tag receiving a signal
from the bed exciter or patient tag and subsequently generating aleri signals to remind the caregiver
to wash her hands, when in fact the caregiver 15 not close enough to the patient 1o be able to have
physical contact with the patient. The use of a bed exciier or patient {ag with two fransmussion
ranges can help to prevent this from happening

[0083]  For this hand hygilene compliance monitoring application, the {irst transmission range
R1 184 may be set in such a way that it covers at {east half the bed width W 136 so that 1t can be
received by the staff tag (secondary device 102) of a caregiver standing close to the bed. For
example, if the bed width W 156 15 | m, the first ransmission range R1 184 may besetto 0.6 m
if the primary device 180 1s a pattent tag that 1s worn on a patient, the second transmussion range
R2 186 may be set in such a way that it covers at least half the bed width W 156 plus a distance
big enough to accommodate a standing caregiver, so that it can be received by the staff tag of a
caregiver standing next to the bed. For example, this distance may be set 10 0.5 m, which should
comafortably accommodate a big person, such that the second transmission range R2 186 may be
set {0 half the bed width W 156 plus this distance, or equivalently, 0.5 mplus 0.5 m, or § m. I the
primary device 108 15 a bed exciter that 1s fixed tn position at the center of the bed, the second
transmission range R2 186 may be set 1 such a way that it covers at least half the bed length L
154 In general, 1t may be necessary to himut the second transnussion range R2 166 n such a way

that the second wireless signals do not interfere with other devices i the vicinity of the prumary
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device 180, including those devices associated with an adjacent bed. The primary device 100 may
be designed in such a way that the first and second transmission ranges 1684 1066 are configurable

[0084]  Transmussion of montoning signal for hand hvaiene compliance momtoring, Inorder to

enable the secondary device 162 to be monitored, the secondary device 102 may, like for contact
tracing, be further configured to send a monioring signal encoded with relevant imformation to a
monttoring systern. Like for contact tracing, this monitoring sigual may be sent at the end of a
contact episode. Therefore, and as an aspect of the of the second embodunent, the secondary device
102 may be further configured to fransmut a wireless monstoring signal encoded with the unigue
device identifier of the primary device 100 and the unique device identifier of the secondary device
$02 at the contact episode end time

[0083]  For hand hygiene compliance monitormyg, a eritical period within a contact episode 13
one that starts from the time the caregiver comes withm the first transmission range R 184 for the
first time and ends when the caregrver leaves the second fransmisston range RZ 106, Therefore,
and as an aspect of the first embodiment, the secondary device 102 may be further configured to
record a contact start {ime identical 10 the contact episode start time; record a contact end time
mdicating the time at which the secondary device 182 Iast receives a {one) first wireless signal or
a {one) second wireless signal, whichever is recerved last, from the primary device 186 during the
contact episode; and encode the contact start time and the contact end time nto the wireless
monitoring signal. These times may then be analyzed by the server software. Therefore, and as an
aspect of the second embodiment, the system may further mclude a server configured to determine
or estunate, from the contact start ime and the contact end time, a total signal-reception period
representing the period within which signals have been received by the secondary device 162
during the contact episode.

[0086]  The system wn this hand hygiene compliance montormg application ray be used with
one or more handwashing devices, such as hquid soap or alcohol gel dispensers, each with a
motion-sensing exciter installed within the device, on the device, or in the vicimty of the device,
This motion-sensing excier may be stored with a umque device identifier and configured fo
transmit a signal, which may be called a handwashing trigger signal for easy reference, when it
senses a handwashing motion, This tnigger signal may contam the unique device wdentifier of the

motion-sensing excrer and a location identifier wentifving the location of the motion-sensing
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exciter; this trigger signal may be an LF signal with the same frequency as that of the first and
second wireless signals, or it may be an IR or a US signal The staft tag may be configured to
receive this handwashing trigger signal, record the time 1t received this trigger signal, and then
transmit a signal, which may be called a handwashing monitoring signal for easy reference,
contanung the umgue device identifier of the motion-sensing exciter, the umgue device identifier
of the staft tag, and the location identifier identifying the location of the motion-sensing exciter,
This handwashing montoring signal may be a UHF or Wi-Fi signal with the same frequency as
that of the other monitoring signals mentioned in this specification Like those other monitoring
stgnals, this handwashing monttoring signal may be recerved wirelessly by signal receivers
mstalled i the vicinity of the staff tag, then sent {0 3 server on the hospital computer system via a
LAN, and then analvzed by software on the server,

[0087]  Thestaff tag’s record of the time transmited by the motion-sensing exciter may be used
0 serve as a record of a handwashing event to help the tag decide wheather or not 1o generaie alert
signals to remind the caregiver to wash her hands. For example, the statt tag mayv be contigured in
such way that when it first receives the first wireless signal, 1t will generate alert signals only 1f %
has no record of any handwashing event during a fourth preset period immediately before the start
of a contact episode when i first recerved the first wireless signal, and during the fust or second
preset period following the start of a contact episode. This can help to ensure that if the caregiver
does wash her hands during the fourth preset period before she approaches a patient ona bed or if
she does wash her hands during the first or second preset peniod following the start of a contact
episode, the staff tag will not need to generate alert signals to remind the caregiver to wash her
hands. Sinularly, the staff tag may be configured in such a way that i will generate alert signals at
the end of the thard preset period only if 1t has no record of any handwashing event during the
preset out-of-range period or the third preset penod. Therefore, the staff tag may be further
configured to store the time a handwashing event last took place.

[O088]  For each hand hygiene moment (M1 or M4}, the staff tag may be further configured to
generate one or more renunder alert signals f the caregiver has not performed any handwashing
within a fifth preset penod from the time alert signals were last generated by the staff fag, mn case
the caregiver forgets to wash her hands even after the receiving alert signals earbier. The staft tag

may continue fo generate such remunder signals untid 1t enconnters a record of a handwashing
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event, or equivalently, until the caregiver washes her hands. Therefore, the staff tag may be further
configured to store the time it last generated alert signals Alternatively, the staff tag may be
configured to simply generate alert signals at preset intervals following the tume alert signals were
first generated by the staff tag for a hand hygiene event (M1 or M4}, until the staff tag encounters
a record of a handwashing event, or equvalently, until the caregiver washes her hands Other
methods of scheduling the generation of reminder alert signals may be used.

[0089]  Establishing location uswz g locavion device dutng hand hwgiene comphiance

montorme, For hand hvgiene comphiance monitoring, as with contact tracing, it may be necessary
to know the locatton of the primary and secondary devices 186 182, whether the devices are in
which room or which area. As with contact tracing, one way to achieve this 1s to use a location
device o provide the location. The location device may be designed to transmul location signals
containing 2 location wdentifier associated with the location device. These location signals may
then be received by the primary and secondary devices 100 102, which may then decode the signals
to derive the location wleniifier. The primary and secondary devices 104 102 must, however, first
be designed to receive such location signals In addstion, v order {0 enable the location of the
primary and secondary devices 188 102 to be monitored, it may be necessary {or the devices each

10 send a monitoring signal encoded with the location wlentifier to a monitoring system.

[0090]  Single-range chokepoint exciter as first location device, Therefore, as a first method of
providing the location of devices in the second embodiment and as an aspect of the second
embodiment, the system may further include the first location device 204, as illustrated m FIG 5.
The primary and secondary devices 180 182 may be configured to recerve location signals from
the first location device 204 and transmit montoring signals 1n response 1o the received location
siginals in the same way as o the first embodiment. As an aspect of the second embodiment, the
first location device 284 roay be a single-range chokepomt exciier. This chokepoint exciter may
be identical to the chokepoint exciter 1n the first embodiment,

[0091] Establishing location using a smgle-ranze bed slot excuer, Tt 1s possible to use a single-

range bed slot exciter, instead of a single-range chokepomt exciter, to provide the location of the
primary and secondary devices 180 102, Thas single-range bed slot exciter may be mounted on the
wall next 1o the nearest end of a bed at a vertical level lower than that of the bed mattress, The

single-range bed slot exciier may be powered by a DC supply or by PoE and may be connected o
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a LAN The location of the single-range bed slot exciter may be programmed or configured through
the LAN, if the exciter 1s connected to a LAN; if the exciter 1s not connected to a LAN, the excier
may be programmed or configured by software through a cable connecied to a communication
port on the exciter or by software through a configuration device uerfaced wirelessly to the
exciter. The location signals transmitied by the single-range bed slot exciter may be LF signals
with the same frequency as that of the first and second wireless signals, or they may be IR or US
signals. The smgle-range bed slot exciter may function m the same way as a single-range
chokepoint excifer, except that they are designed to be mounted at different locations.

[0092]  Therefore, as a second method of providing the location of devices m the second
embodiment and as an aspect of the second embodiment, the system may further include a second
location device 382, as illusirated in FIG. 8. FIG. B includes a common wall 388, the first bed 158,
the adjacent bed 152 positioned at the same distance from the wall as the first bed 188, an adjacent
second location device 306 used with the adjacent bed 132, and an adjacent primary device 160
located at the center of the adjacent bed 182 or worn by a patient on the adjacent bed 152, The
width of the space between the two beds 15 D1 138, The distance between the second location
device 302 and the nearest edge of the first bed 150 5 D2 308, whach is also the distance between
the adjacent second location device 386 and the nearest edge of the adjacent bed 182 The
transmission range of the location signals transmitted by the second location device 382 1s denoted
by R3 304,

[0093]  The primary and secondary devices 100 162 may be configured to work with the second
location device 382 in the same way the primary and secondary devices 100 102 may be configured
to work with the first location device 204, except that, as an aspect of the second embodiment, the
second location device 302 may be configured to store a location identifier associated with the
second location device 302, the primary device 1089 may be further configured 1o encede the
location wdentifier (associated with the second location device 302} mito the multple first wireless
stgnals and the muluple second wireless signals, and the secondary device 142 may be further
configured to derive the location identifier from at least one of the multiple wireless location
signals recerved by the secondary device 102, from at least one of the multiple first wareless signals
recerved by the secondary device 162, or from at least one of the multiple second wireless signals

received by the secondary device 102 This means that the secondary device 102 may derive the
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location dentifier not only from location signals transmitted by the second location device 302,
but aiso from the first and second wireless signals transmitted by the primary device 188 The
second location device 382 enables the primary and secondary devices 160 102 to establish their
location.

[0094]  Transnussion_range of single-range bed slot exciter, As an aspect of the second

embodinent, the second location device 392 may be a single-range bed slot exciier. The
transmission range R3 384 of the single-range bed slot exciter ray be set 1n such a way that it is
long enough for the location signals transmitted by the single-range bed slot exciter to reach a bed
exciier ander and at the center of the bed bot not long enoogh for the signal 10 reach the bed excrter
of an adiacent bed. If 15 mmportant that the location signals cannot reach the bed exciter of an
adjacent bed, or otherwise the location derived by the bed exciter will be mncorrect. For example,
if the distance D2 308 between the single-range bed slot excuer (second location device 382) and
the nearest edge of the first bed 130 15 0.2 m and the bed length L 184 15 2.2 m, the distance
between the single-range bed slot exciter {second location device 302) and the bed exciter {primary
device 188y would be 0.2 + 1.1 m, o1 1.3 m if the bed exciter {primary device 108) 15 posttioned at
the center of the first bed 186, The ransmission range B3 384 may then be sei o a little more than
1.3 m o, for example, 1.5 m. As a check, if the width D1 158 of the space between two adjacent
beds is 0.9 m, the distance between the bed exciter (primary device 188} of the first bed 150 and
the bed exciter {adjacent primary device 169) of the adjacent bed 15 1.9 m, which consists of half
the bed width W 156 (0 5 m), the width D1 188 of the space between two adjacent beds (0.9 m),
and another half of the bed width W 156 {0.5 m). The distance between the single-range bed slot
exciter {second location device 302} and the bed exciter (adiacent prunary device 164} of the
adjacent bed 1582 will be V13?2 + 1.9% m, or 2.3 m. The transmission range R3304 of 1 S ss
significantly less than 2.3 m, which means that the location signals from the single-range bed slot
exciier {second location device 302} will not reach the bed exciter {adjacent prumary device 168}
of the adjacent bed 152, It may be noted that with the above arrangement, location signals from
the single-range bed slot exciter {adjacent second location device 306) of the adjacent bed 152 will
actually not reach the lengthwise centerline of first bed 15¢, so even if a bed exciter is installed

not at the cenier of the first bed 150 but somewhere along the lengthwise centerline of the first bed
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150, the bed exciter will still not be able to recerve location signals from the single-range bed slot
exgiter {adjacent second location device 306) of the adiacent bed 152, In general, it may be
necessary limat the transmission range R3 384 mn such a way that the location signals do not
interfere with the functions of other devices i the vicinity of the second location device 302,
weluding those devices associated with an adjacent bed. The second location device 302 may be
designed 1u such a way that the transmission range R3 304 s configurable.

[0093]  Establishing locavion using a dual-ranse bed slot exgiter, Tt 15 also possible to use a dual-

range bed slot exciter, insiead of a single-range chokepoint exciter or single-range bed slot exciter,
to provide the location of the primary and secondary devices 106 182 This dualrange bed slot
exciter may be mounted on the wall next to the nearest end of a bed at a vertical level lower than
that of the bed matiress, The doal-range bed slot exciier may be powered by a DU supply or by
PoE and may be connected to a LAN, The location of the dual-range bed siot exciter may be
programmed or configured through the LAN, f the exciter 1s connected to a LAN, if the exciter 13
not connected {0 a LAN, the exciter may be programumed or configured by software through a
cable connected to a communication port on the exciter or by software through a configuration
device interfaced wirelessiy to the exciter,

[0096]  Therefore, as a third method of providing the location of devices for the second
embodiment and as an aspect of the second embodiment, the system may further include a third
focation device 408, as illustrated in FIG. ¢ FIG. 9 includes the common wall 360, the first bed
1580, the adjacent bed 152 positioned at the same distance from the wall as the first bed 1586, an
adiacent third location device 406 used with the adjacent bed 152, and the adjacent primary device
160 located at the center of the adjacent bed 152 or worn by a patient on the adjacent bed 182 The
width of the space between the two beds 13 D1 188 The distance between the thard location device
400 and the nearest edge of the first bed 150 15 D2 308, which 1s also the distance between the
adjacent third location device 406 and the nearest edge of the adiacent bed 152, The transmission
ranges of the location signals transmitted by the third location device 466 are denoted by R4 462
and RS 404,

[0097]  As an aspect of the second embodiment, thus third location device 480 may be further
configured 1o store g location wdentifier associated with the third location device 406 and transmat

multiple near-range wireless location signals and muluiple medium-range wireless location signals.
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Each near-range wireless location signal may have a near-range location signal transnussion range
R4 402 and mayv be encoded with the location identifier and a unigue signal identifier of the
multiple near-range wureless location signals. Each multiple medmm-range wireless location
signal meay have a medium-range location signal transnussion range R5 464 and may be encoded
with the location wentifier and a unique signal wentifier of the multiple medwm-range wireless
jocation signals. The mediunt-range location signal transnussion range R3 484 may be longer than
the near-range location signal fransmission range R4 402, The near-range and mediws-range
location signals may be LF signals with the same frequency as that of the first and second wireless
signals, they may be IR or US signals, or they may be any combination of two of these three types
of signals. The unque signal wdentifier of the near-range wireless location signals 13 different from
the unigue signal identitfier of the mediome-range wireless location signals; these unigque signal
wlentifiers enable a device that has received a {one) near-range wireless focation signal or 3 {one)
mediom-rangs wireless location signal {o 1denitfy the signal or, in other words, to know whether
the signal it has received 15 a near-range wireless location signal or a medismerange wireless
location signal The third location device 488 may be sinular to the primary device 184 in that both
devices transnif signals with different transnmussion ranges, one transmission range fonger than the
other. The third location device 408 enables the primary and secondary devices 108 162 io
establish their location.

[0098]  As an aspect of the second embodiment, the secondary device 182 may be further
configured to receive the multiple near-range wireless location signals when the secondary device
102 s within the near-range location signal transmission range R4 402 and recerve the multiple
medium-range wireless location signals when the secondary device 182 is within the medium-
range location signal transnussion range RS 404 I the secondary device 162 1s a staff tag, the
secondary device 112 may be further configured to derive the location Wenutier from at least one
of the multiple near-range wireless location signals received by the secondary device 192 but not
from any one of the multiple medivm-range wireless location signals received by the secondary
device 182, and transmit a wireless monioring signal encoded with the umique device identifier of
the secondary device 302 and the location idenuifier. Therefore, as an aspect of the second

embodiment, the secondary device 182 may be g staff tag that s worn on a caregiver.
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[0099]  As an aspect of the second embodument, the primary device 188 mayv be configured to
receive the multiple near-range wireless location signals when the primary device 108 15 within
the near-range location signal transmission range and receive the multiple medwm-range wireless
location signals when the primary device 188 15 wulin the medium-range location signal
transmission range. I the prunary device 106 15 a patient tag, the primary device 108 may be
further configured to denve the location wWdenithier from at least one of the multiple near-range
wireless location signals received by the primary device 1890 but not from any one of the muluple
medium-range wireless focation signals received by the primary device 108, encode the location
wentifier into the multiple first wireless signals and the multiple second wireless signals, and
transout a wireless monitoring signal encoded with the unique device 1dentifier of the prumary
device 166 and the location wdentifier. As an aspect of the second embodiment, considering that
the secondary device 182 may also be configured to recerve the first and second wireless signals,
the secondary device 102 may then be further configured to derive the location identifier from at
least one of the multiple near-range wireless location signals received by the secondary device
102, from at least one of the multiple first wireless signals recetved by the secondary device 1482,
or from at least one of the muliiple second wireless signals received by the secondary device 162,
but not from any one of the multiple medivmerange wireless location signals received by the
secondary device 182, This means that the secondary device 182 may derive the location identifier
not only from the near-range wireless location signals transmitted by the third location device 408,
but also from the first and second wireless signals transmitted by the primary device 188 As an
aspect of the second embodunent, the primary device 100 may be a dual-range patient tag that is
worn on a patient on a bed.

[0100]  As an aspect of the second embodiment, if the primary device 188 13 a bed exciter, the
primary device 100 may be further configured to derive the location wdentifier from at least one of
the multiple near-range wireless location signals recetved by the primary device 180 or from at
least one of the muluple medium-range wireless location signals received by the primary device
109, encode the location identifier into the multiple first wireless signals and the multiple second
wireless signals, and transmatt a wireless monitoring signal encoded with the unique device
wlentifier of the primary device 180 and the location dentifier. As an aspect of the second

embodiment, considering that the secondary device 182 may also be configured to receive the first
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and second wireless signals, the secondary device 162 may then be further configured to derive
the location identifier from at least one of the multiple near-range wireless location signals received
by the secondary device 182, from at least one of the nmiltaple first wireless signals received by the
secondary device 102, or from at least one of the multiple second wireless signals recetved by the
secondary device 182, but not from any one of the multiple medium-range wireless location signals
received by the secondary device 102, This means that the secondary device 102 may derive the
location wientifier not only from the near-range wireless location signals transnutted by the thud
location device 408, bui also from the fust and second wireless signals transrmutied by the prunary
device 108 As an aspect of the second embodiment, the primary device 166 may be a dual-range
bed exciter that 1s mounted snder a bed

[C101]  Transoussion ranges of dual-range bed slot_exciter. As an aspect of the second

embodiment, the third location device 480 may be a dual-range bed slot exciter. The near-range
locaiion signal transmission range R4 462 may be set i such a way that 1t covers a litile more than
half the bed width so that it can be recetved only by the patient tag of the patient on the bed and
whose head is positioned towards the bed end closest {0 the bed slot exciter or by the staff tag of a
caregiver standing next to the patieni, but not by any other patient or staff tag in the vicinity of the
bed. For example, if the distance D2 308 between the bed slot excater {third location device 460}
and the nearest edge of the first bed 156 15 0.2 m and the bed width W 186 15 1 my, the near-range
focation signal transmission range Rd 402 may be set to 0.6 m, which will give a signal coverage
area with a diameter of 1.2 m that covers part of the bed The medium-range location signal
transmission range K3 484 may be set m the same way as the transmission range R3 304; that is,
the medium-range location signal transmission range RS 404 may be set 1o 1.5 m. In general, it
may be necessary limit the medivme-range location signal transmission range R5 404 msuch a way
that the medism-range location signals do not interfere with the functions of other devices m the
victity of the third location device 408, including those devices associated with an adiacent bed.
The third location device 408 may be designed in such a way that the near-range and mediom-
range location signal transomssion ranges 402 484 are configurable.

[0102] A second embodiment incorporating the aspects described above inthe paragraph titled
“Establishing location using a duabrange bed slot exciter” through the paragraph fitled

“Transmission ranges of dual-range bed slol exciter” involving the use of a dual-range bed slot
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exciter (third location device 440} means that a dual-range patient tag {primary device 190) or a
staft tag {secondary device 132} will derive the location tdentifier from the near-range location
signals but not from the mediume-range location signals, whereas a bed exciter will derive the
location dentifier from the near-range or mediurm-range location signals. This embodunent can
help to prevent the situation in which a staft tag on a caregiver close to a bed or a patient tag on a
patient on the bed recerves a medium-range location signal from a dual-range bed slot exciter of
an adjacent bed and derives the location wentifier from this medium-range location sgnal. n
which case, the dernived location identifier will be incorrect. As discussed above 1n the paragraph
titled “Transmussion range of single-range bed slot exciier” and the paragraph titled “Transmission
ranges of dual-range bed slot excder”, 1t 13 possible (o set the medime-range location signal
transrssion range RS 404 of a dual-range bed slot excrier of a bed in such a way that mediun-
range location signals from the dual-range bed slot exciter will not reach a bed exciter that s
mstatled at the center of an adjacent bad or along the lengthwise centerline of an adjacent bed.
This means that a bed exciter may be designed to derive the location identifier from the near-range
or medium-range location signals of the dual-range bed slot exciter of the bed where the bed exciter
15 instatled Therefore, a second embodunent incorporating the aspects described above in the
paragraph titled “Establishing location using a dual-range bed slot exciter”™ through the paragraph
titled “Transnission ranges of dual-range bed slot exciter” can help to ensure that a staff tag, a
patient tag, or a bed exciter associated with a bed will correctly establish 1ts location. Asset fags
for assets that are placed near a dual-range bed slot exciter may, for accurate location tracking of
assets, be designed also to derive the location identifier from the near-range location signals but
not from the medium-range location signals.

[3103]  In all of the above three methods of providing the location of devices in the second
emabodiment, each of the montoring signals effectively reports, to the monutoring system, the
focation of the device {primary device 180 or secondary device 162} that transiats the monitoring
signal, enabling the momtoring system to know the location of the device. These monitoring
signals may be transmiuted immediately or shortly afier the device has received a location signal
from the location device 204. These monuoring signals may be received wirelessly by signal

recervers 1nstalled 1n the viciuty of the transmitting device (primary device 100 or secondary
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device 182), then sent to a server of the hospital computer system via a local area network (LAN),
and then analvzed by software on the server,

[0104]  Transoussion intervals for thud location devige. As an aspect of the second

embodiment, the third location device 480 may be further configured to transmit the muluple near-
range wireless location signals at preset near-range location signal transmission intervals and the
mukltiple mediunrange wireless location signals at preset medium-range location signal
trapsmission miervals. In other words, the mderval or period between consecutive near-range
wireless location signals may be of a fixed or constani duration, and the mierval or penod between
consecutive mediume-range wireless location signals may also be of a fixed or constant duration.
A preset near-range or medmum range location signal transmussion mterval may, for example, be
any vahie ranging from two to 10 seconds The preset near-range location signal {ransmussion
miervals may be sel to be the same as or different from the preset mednuim-range location signal
transmusston intervals. The third location device 406 may be designed m such a way that these
preset transmission mtervals are configurable When transmutting signals for the first time aftera
perind of no signal transmission, the third location device 400 may be configured 0 transmit an
mitial near-range location signal and an mital medium-range location signal one after another in
any order, with or without any significani time ditference. For example, the third location device
400 mayv be configured to transmut an initial near-range location signal first, and after a time
difference of five seconds, transmit an iitial medmim-range location signal, and from then on,
transmit the signals in accordance with the preset transmission miervals. The third location device
400 mayv be designed in such a way that this time difference is configurable. The third location
device 400 may be programmed or configured by software through a configuration device
mterfaced wirelessly to the third location device 466,

[0105]  Thud embodiment location tracking using a dual-range excier The primary and

secondary devices 166 102 m the first embodiment may, with additional features, also be used
hospitals and other patient care facihities for more precise location tracking of personnel and assets.
This location tracking apphication may be described 1n a third embodunent and by reference fo
FIG 1. In such an apphication, and as an aspect of the thud embodument, the primary device 100

may be a dualrange exeiter that 5 mounnted at the center of the celing of arcom or area or ona



WO 2020/256630 PCT/SG2019/050303

42
wall, and the secondary device 142 may be a staff tag that 1s worn on a caregiver, a patient tag that
1S worn on a patient, or an asset tag that 15 attached to an asset.
[0106]  Therefore, i the third embodiment, as lustrated in FIG. 1, the invention 18 a system
for location tracking or proximity detection. The system includes the same primary device 1880 and
the same secondary device 102 as in the first esabodiment. The prumary device 188 may be further
configured to store a location dentifier associated with the primary device 186 and encode the
location wientifier o each of the multiple first wireless signals and each of the multiple second
wirgless signals. The secondary device 192 may be forther configured to record a first number
representing the number of first wireless signals recetved by the secondary device 192 durmg a
preset tracking pertod and record a second number representing the number of second wireless
signals recetved by the secondary device 182 during the preset tracking period. The preset tracking
pertod may, for example, range 20 seconds to 2 muinutes. The secondary device 102 may be
designed mn such a way that the preset tracking period (s configurable,
[0107)  As an aspect of the third embodiment, the secondary device 182 may be further
configured to derve the location identifier from at least one of the multaple first wireless signals
received by the secondary device 162 or from at least one of the multiple second wireless signals
received by the secondary device 102, and transmit a wireless monttoring signal encoded with the
unigue device identifier of the secondary device 102, the location identifier, the first number, and
the second number. This monstoring signal may be received wirelessly by signal receivers installed
m the vicinity of the secondary device 102, then sent 1o a server of the hospiial computer system
via a local area network (LAN), and then analyzed by software on the server. This monitoring
signal may be transmuatied 1n accordance with a preset schedule or in accordance with one or more
preset criteria. A preset schedule may, for example, be every 15 nunutes, and a preset criterion
may, for example, be that the monstoring signal 18 transmitied only if there 15 a change m the
{ocation of the primary device 184, as can happen if the secondary device 142 is at first in one area
where 1t 15 within range of a primary device 108 and later moves to another area where 1t 1s within
range of another primary device. The secondary device 182 may be designed in such a way that
the preset schedule and preset criteria are configurable.
(01081 The firsi number and the second number are intended to be used by the server software

to determine whether the secondary device 102 was m the first transmussion region, which i1s the
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region within the first transmission range R1 164; or in the second transmission region, which is
the region between the first and second transnussion ranges 104 166, as explained above in the
paragraph titled “Analysis of muliiple signals”, it 13 generally necessary to analyze multiple signals
received by the secondary device 102 over a period in order to determine whether the secondary
device 102 15 1n the first or second fransmission region, and 1t s generally not reliable to carry out
this determination on the basis of just one signal recerved at a particular point 10 time. Therefore,
and as an aspect of the third embodiment, the system may further include a server configured to
determune or estimate, tfrom the first number and the second number, whether the secondary device
102 has been wathin the first transmission range R 104 or between the first transmussion range R1
104 and the second transmission range R2 186 For example, consider the situation in which the
firsi and second wireless signals are iransmutied alternately at the same preset transnussion
miervals, as i3 the case deseribed above n the paragraph ttled “Estimation of contact times: start
of description” through the paragraph titled “Estimation of coniact times: end of description”™. If
the mumber of first wireless signals 15 equal or approximately equal o the number of second
wireless signals, the secondary device 102 may be determined to be within the first {ransmission
range R1 184, if only second wireless signals are received, the secondary device 102 may be
determined to be between the tirst and second transmission ranges 104 106, However, if both first
and second wireless signals are received and the number of first wireless signals differs greatly
from the number of second wireless signals, it is possible that the secondary device 142 may not
have been in the same fransnussion region throughout the whole preset tracking period, but rather,
have been in one region at cerfain fimes and in the other region at other times during the preset
tracking period. In this case, 1t may be appropriate fo determine or estumnate the fast known location
of the secondary device 102 during the preset tracking peried, and to be able do this, more
wformation may be needed, such as the time at which the signals are received.

[0109]  In particular, i may be useful to know, for the first and second wireless signals treated
separately, when the signal was last recetved by the secondary device 182. Therefore. and as an
aspect of the third embodiment, the secondary device 182 may be further configured to record a
first contact end time 1ndicating the time at which the secondary device 102 last recerves a {one}
first wireless signal from the primary device duning the preset tracking period, record a second

contact end time indicating the time at which the secondary device 162 last receives a {one) second
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wireless signal from the primary device during the preset tracking period, and encode the first
contact end time and the second contact end time 1nto the wireless monitoring signal. These times
may then be analvzed by the server software. Therefore, and as an aspect of the third embodiment,
the system may further include a server configured to determune or estimate — from the first
contact end time and the second contact end time, or from the first number, the second number,
the first contact end time, and the second contact end time — whether the secondary device 102
has been within the first transmission range R1 194 or between the first transnussion range R1 104
and the second transmussion range R2 106, For example, o the second confact end time 15
significantly later than the first contact end time, the last known location of the secondary device
$02 may be determined to be between the first and second transmission ranges 104 106, If the
second contact end time 1s approximately the same as the first coniact end time, the last known
location of the secondary device 182 may be determined {0 be within the first transmussion range
R1 E04. More sophusticated methods may be used that take into consideration both the numbers of
signals received and the times the signals are {wst and last received, to give better accuracy in
determining or estimating the location of the secondary device 162

[0110]  As an aspect of the third embodiment, the secondary device 162 may be further
configured to record a first contact start time indicating the {ime at which the secondary device
102 first recerves a (one} first wireless signal from the primary device during the preset tracking
pertod, record a second contact start tune indicating the time at which the secondary device 182
first recerves a {one) second wireless signal from the prumary device during the preset tracking
pertod, and encode the first contact start time and the second contact start time nfo the wireless
montormg signal These times may then be analyzed by the server software. As an aspect of the

third embodiment, the svstern may further include g server configured to determine or estimate

from the first number. the second number, the first contact start time, the first contact end fime,
the second contact start tme, and the second contact end time — {a) a first signal-reception period
representing the period withan which first wireless signals have been recerved by the secondary
device 182 during the preset tracking period, (b} a second signal-reception pertod representing the
period within which second wireless signals have been received by the secondary device 162
during the preset tracking period, (¢} a first mussed-signal nomber representing the number of first

wireless signals that have been missed by the secondary device 182 during the preset fracking
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period, and (d) a second missed-signal number representing the number of second wireless signals
that have been missed by the secondary device 182 during the preset tracking period. The first and
second mussed-signal numbers mayv be determmed or estsmated by comparing the first and second
signat-reception pertods aganst the first numaber and the second number; this information may be
used fo monitor and assess the reliability of the system.

[0111]  From the above description of the third embodiment, it can be seen that, for the same
stgnal coverage, the use of a dual-range exciter enables the location of the secondary device 162
to be determined more precisely than o a single-range exciter 15 nsed. For a large room or area,
nitiple dual-range exciters may be used 0 ensure that the combined signal coverage of the
exciters 15 large enough to encompass the whole room or area. For the same level of precision
location tracking, the use of a doal-range exciter can help to reduce not only the number of excilers
needed to obtain the same signal coverage, bul also the amount of accompanying hardware, such
as cabling.

(0112}  Fourth embediment: establishme location using a dual-rance bed slot exciter Ina fourth

embodiment, as tlustrated m FIG. 10, the mvention 13 a system for location tracking or proximity
detection. The system includes the same primary device 166 and the same secondary device 162
as i the first embodiment. The primary device 168 may be further configured o store a location
wdentifier associated with the primary device 188 and encode the location identifier into each of
the multiple first wireless signals and each of the muluple second wireless signals. FIG 10 mcludes
the common wall 300, the first bed 156, the adiacent bed 182 positioned at the same distance from
the wall as the first bed 180, an adjacent primary device S00 used with the adjacent bed 182, an
adjacent secondary device 302 located at the center of the adiacent bed 152, worn by a patient on
the adiacent bed 182, or worn by a caregiver standing next 1o the adjacent bed 152, The width of
the space between the two beds 15 D1 158 The distance between the primary device 108 and the
nearest edge of the first bed 150 15 D2 308, which 15 also the distance between the adjacent prunary
device 500 and the nearest edge of the adjacent bed 152,

(01131 Dual-range bed slot excuier as primary device, As an aspect of the fourth embodiment,

the prumnary device 100 may be a dual-range bed slot excuer, which may be mounted on the wall
next 1o the nearest end of a bed at a vertical level lower than that of the bed matiress. The dual-

range bed slot exciter may be powered by a DC supply or by PoE and may be connecied to a LAN.
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The location of the dual-range bed slot exciter may be programmed or configured through the
LAN, if the exciter i3 connected to a LAN,; if it 1s not connected to a LAN, o may be programmed
or configured by other means provided or recommended by the manuifacturer of the exciter. The
first and second fransmission ranges 104 106 may be set in the same way as those of the thurd
location device 464 descnibed in the second embodiment. In general, 1 may be necessary to limit
the second transmission range R2 196 1 such a way that the second wireless signals do not
wierfere with the functions of other devices in the vicinuy of the primary device 10, imncluding
those devices associated with an adjacent bed. The primary device 100 mav be designed insucha
way that the first and second transmission ranges 104 186 are configurable, depending on factors
such as the size of the bed, the width of the space between adiacent beds, the distance between a
bed and the wall on which the primary device 180 13 mounted, and the expected postiion of the
secondary device 182 with respect 1o the posstion of the primary device 180 The primary device
100 in the fourth embodiment may be wdentical to the thard location device 480 i the second
embodiment.

(0114}  Panent tag, staff tag or asset tac as secondary device. As an aspect of the fourth

embodiment, if the secondary device 102 1s a patient tag, a siaft fag, or an asset tag, the secondary
device 102 may be further configured to derive the location identifier from at least one of the
nultiple first wireless signals received by the secondary device 182 but not from any one of the
multiple second wireless signals recerved by the secondary device 102, and transnut one or more
signals each encoded with the unique device identtfier of the secondary device 192 and the location
wentifier. Therefore, as an aspect of the fourth embodiment, the secondary device 1802 may be a
staff tag, a patient fag, or an asset tag. The primary device 188 enables the secondary device 162
to establish s location

[0115]  Bed exciter as secondary device, As an aspect of the fourth embodument, if the

secondary device FI2 18 a hed excuer, the secondary device 182 may be further configured to
derive the location identrfier from at least one of the multiple first wireless signals recerved by the
secondary device 182 or from at least one of the multiple second wireless signals recerved by the
secondary device 102, and transmit one or more signals each encoded with the umque device

wentifier of the secondary device 12 and the location identifier. Therefore, as an aspect of the
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fourth embodiment, the secondary device 182 may be a bed exciter. The primary device 100
enables the secondary device 102 to establish s location.

[0116] A fourth embodiment mcorporating the aspects described above m the paragraph titled
“Patient tag, staff tag or asset tag as secondary device” and the paragraph titled “Bed exciter as
secondary deviee” mvolving the use of a dual-vange bed slot exciter as the primary device 108
mieans that a patient tag, a staff tag, or an asset tag will derive the location dentitier from the first
wireless signals in the first transmussion range Rl 104 but not from the second wireless signals m
the second, and longer, transmission range R2 106, whereas a bed exciier will derive the location
wlentifier from the first or second wireless signals This embodiment can help to prevent the
situation in which a staff tag on a caregiver close to a bed, a patient tag on a patient on the bed, or
an asset tag of an asset placed near the doal-range bed slot exciter of the bed recerves a second
wireless signal from a dual-range bed slot exciter of an adjacent bed and derives the location
wdentifier from this second wireless signal, mn which case, the derived location identifier wili be
meorrect. As a bed exciter 1s typically installed somewhere near the middle of 3 bed, and as
discussed above in the paragraph titled “Transmission range of single-range bed slot exciter” and
the paragraph titled “Transmission ranges of dual-range bed slot exciter”, 1t is possible (o set the
longer transmussion range of a dual-range bed slot exciter in such a way that signals with the longer
transmission range will not a reach a bed exciter that is installed at the center of an adjacent bed
or along the lengthwise centerline of an adjacent bed. This means that a bed exciter may be
designed to derive the location identifier from the first or second wireless signals of the dual-range
bed slot exciter of the bed where the bed exciter s installed. Therefore, thus embodiment can help
to ensure that a staff tag, a patient tag, an asset tag, or a bed exciter associated with a bed will
correctly establish is location

(01171  Inthe aspects described above in the paragraph titled “Patient tag, staff tag or asset tag
as secondary device” and the paragraph titled “Bed exciter as secondary device”, the one or more
signals transmitted by the secondary device 182 will depend on the functions of the secondary
device 102 If the secondary device 102 15 a bed exciter or patient tag, the secondary device 102
may be configured to transot LF, IR, or US signals to be received by another tag and UHF or Wi-
F1 signals to be received by the hospiial computer svsiem through signal receivers mstalled 10 the

viginity of the device. If the secondary device 162 1s a staff tag, the secondary device 182 may be
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configured to transmit UHF or Wi-Fi signals to be received by the hospital computer systemn. The
UHF or Wi-Fi signals enable the hospital computer system to know the location of the bed excter,
patient tag, or staft tag, whichever is applicable, and thus information 15 useful for applications that
require location tracking.
[0118]  The system in the fourth embodiment may be used in hospitals and other patient care
faciinies to establish the location of a hospiial bed that has 2 bed exciter, the location of a patient
on the bed who 18 wearing a patient tag, the location of a caregiver near the bed who 1s wearing a
staft tag, and the location of an asset near a dualrange bed slot exciter and attached with an asset
tag In general, the sysiem can be used in applcations that can iake advantage of a dual-range
primary device 108 to provide a location identifier by having certain secondary devices configured
to derive the tocation identifier from only the shorter-range signals transmatied by the dual-range
primary device 166 and by having other secondary devices configured {0 denive the location
wdentifier from the shorter-range signals or the longer-range signals transmitied by the dual-range
primary device 160,
(0119  Monstoringe signals. In the first, second, third, and fourth emboduments, the monitoring
signals may be an ultra-high frequency (UHF} signals with a radio frequency of 868 4 MHz, 9198
MHz, or 9253MHz2, or they may be Wi-F1 signals with a radio frequency in the 2.4-GHz or 3-GHz
band. Other frequencies may be used m place of these, depending on the radio frequency
regulations of the jurisdiction in which the system 1s used.
[0120]  Fifth embodiment. puimarv device for commumnication with a_secondary device In a
fifth embodiment, as dlustrated in FIG 11, the mvention is the primary device 180 for
communication with the secondary device 182 The primary device 100 mncludes a transmitter unit
68 and a controller unit 682 The transmutter unit 6080 15 configured to transmut multiple first
wireless signals to be received by the secondary device 102, each first wireless signal having a
first transmussion range and encoded with a unique signal identifier of the multiple first wireless
signals. The transmtter unit 604 15 also configured to transroit multiple second wirveless signals to
be received by the secondary device 102, each second wireless signal having a second transmission
range and encoded with a unigue signal wentifier of the muluple second wireless signals. The
second transmussion range 15 longer than the first transmission range. The coniroller unit 682 s

conpled to the transmutier unit and configured {0 control the transmitter onit such that the
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transmatter unit s configured to transmif the multiple first wireless signals and the muluple second
wireless signals, The first wireless signals may be considered 1o be near-range signals, and the
second wireless signals may be considered to be medmume-range signals. The unique sigoal
wdentifier of the first wireless signals 5 different from the vmque signal identifier of the second
wireless signals; these unigue signal identifiers enable a device that has received a {one) fust
wireless signal or a {one) second wireless signal to identity the signal or, in other words, to know
whether the signal 1t has received 1s a first wireless signal or a second wireless signal. The control
provided by the controlier unit 602 may mclude determining the contents of the first and second
wireless signals to be transmutied by the transrtter uni 606, The controlier umt 682 may be a
migrocontroller.

[C1211  As ap aspect of the filih embodiment, the primary device 160 may further melude a
receiver unit coupled to the controller unit The receiver unit may be configured to receive multiple
meoming wireless signals from other devices and the controller unit 602 may be further configured
to conirol the receiver unit such that the recetver unit is configured to recetve the multiple incoming
wireless signals from other devices. The control provided by the controller unst 682 may include
processing the signals, such as decoding the signals, received by the receiver unit and determining
how to respond to the received signals. As an aspect of the fifth embodiment, the controller uns
602 may be further configured to store a unique device 1dentifier of the primary device 188, Thus
umgue device 1dentifier may be stored m the built-in memory of the controller unit 682, As an
aspect of the fifth embodiment, the controller unit 682 may be further configured to encode the
umque device wentifier of the primary device 184 into each of the multple first wireless signals
and each of the multiple second wireless signals. The unique device identifier in the signals enables
devices that receive the signals 1o wWlentidy the primary device 186, and such dentification 1
necessary for location tracking and proximity detection. As an aspect of the fifth embodiment, the
primary device 184 may be a dual-range patient tag or a dual-range bed excuer

[0122]  Asan aspect of the fifth embodunent, the transnutter unit 680 may be further configured
to transiit a wireless monttoring signal encoded with the unique device dentifier of the primary
device 100 and the controller unit 602 may be further configured to control the transmutier unit
such that the transmitter umi s further configured to fransmuf the wireless montormg signal, This

momtorng signal may be further encoded with additional 1nformation about the primary device
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100 sself, such as mformation on the battery level of the primary device 130, or addinonal
mformation acguired from signals received by the primary device 166, information such as a
location identifier. This monttoring signal may be received by a hospital computer system and
used by the computer system to monitor the primary device 166,

[0123]  Asan aspect of the fifth embodiment, the controller unu 602 may be further configured
to store a location wdentifier associated with the primary device 100, This location identifier may
be stored also mn the buwilt-n memory of the controller unit 602 As an aspect of the fifth
embodiment, the controller unit 662 may be further configured to encode the location dentifier
wito each of the muitiple first wireless signals and each of the muliiple second wireless signals.
The location wlentifter in the signals enable devices thai recetve the signals to establish their
location. As an aspect of the fifth embodiment, the primary device 108 may be a dual-range bed
slot exciter,

(01241  As an aspect of the {ifth embodument, the fransmitier unit 600 may mclude one or more
transmitters. As an aspect of the fifth embodiment, the receiver umt may mclude one or more
receivers. As an aspect of the fifth embodiment, the transmitter unit 686 may be turther configured
to transmut the multiple first wireless signals at first preset transmission infervals and the multiple
second wireless signals at second preset transmussion intervals. The first preset fransmission
mitervals may be set to be the same as or different from the second preset transmission miervals;
these mtervals may be configured as described earlier in the paragraph “Transmission intervals for
primary device”. As an aspect of the fifth embodiment, the multiple first wireless signals and the
multiple second wireless signals may each be a low-frequency signal, an infrared signal, or an
ultrasound signal As anaspect of the fifth embodiment, the recerver unit may be further configured
to receive LF, IR, or US signals, or any combination of these three types of signals. As an aspect
of the fitth embodiment, the wireless monttoring signal may be a UHF signal or a Wi-Fi signal
(01251 The pumary device 100 in the fifth embodiment may function n the same way as the
primary device FO8 mn the first, second, third, and fourth embodiments, and in the same way as the
third location device 400 1n the second embodiment.

[0126]  Sixth embodunent, primary_device for_ communication with a secondary devige, Ina

sixth embodiment, as dlustrated in FIG. 12, the wveniion 13 the primary device 100 for

commumication with the secondary device 162, The primary device 188 includes the transmitter
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unit 609, the controfler unit 602, and a receiver unit 684 coupled to the controller unit 682 The
recerver umt 684 15 configured to recerve multiple incommng wireless signals from other devices
and the controller unit 602 s further configured to control the recerver unit 684 such that the
receiver unit 604 15 configured to receive the multiple inconung wireless signals from other
devices. The recerver unit 684 may be identical to the recerver unit in the fifth emmbodiment

(01271 Seventh embodiment: secondary device for communication with a primary device, Ina

seventh embodiment, as illustrated 1 FIG. 13, the invention 15 the secondary device 102 for
conunuiucation with the prunary device 168 The secondary device 182 is configured to store a
unigue device identifier 656 of the secondary device 182, The secondary device 102 15 further
configured (o receive, from the primary device 88, muluiple first wireless signals, each first
wireless signal having a fust transmusston range and encoded with a umque signal wdentafier of the
mulbtiple first wireless signals, when the secondary device 102 15 within the first fransmission
range. The secondary device 102 15 additionally configured to recerve, from the primary device
100, multiple second wireless signals, each second wireless signal having a second transmuission
range and encoded with a umque signal identifier of the nmiltiple second wareless signals, when
the secondary device 102 15 within the second transmussion range. The second transmussion range
1s longer than the first transnussion range,

[0128]  The secondary device 102 may include a recerver unit 658 configured 1o recerve at least
the multiple first wireless signals and multiple second wireless signals, a transmitter unit 652
configured to transmit multiple outgoing wireless signals, and a coniroller unit 654 coupled to the
recerver unit 630 and the transmitier unit 652, The controller unit 634 may be configured to control
the recerver unit 650 such that the recerver unit 680 is configured to recerve at least the muliple
first wireless signals and multiple second wireless signals; this feature means that the recerver unat
&30 may be further configured to receive other wireless signals besides the first and second
wireless signals, and the controller umt 634 may be further configured to control the receiver unit
658 such that the receiver umt 656 13 further configured to recerve these other wireless signals,
The controller unit 654 may be further configured to control the transnutier unit 632 such that the
transmster unit 632 13 configured to transout the multiple outgoing wireless signals. The controller
umt 634 may be further configured 10 store the umque device identifier 636 of the secondary device

102, The control provided by the controlier uni 684 may mchide processing the signals, such as
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decoding the signals, received by the recerver unit 680, deternuming how to respond to the recerved
signals; and deternuning the contents of signals to be transnutted by the transmuiter unt 652 The
unigue device wWentifier 636 of the secondary device 102 may be stored i the buili~in memory of
the controller unit 654. The controller unit 6584 may be a microconiroller.

[0129]  Wavs of providing two transimssion ranges, For the primary device 160 in the first,

second, third, fourth, and fifih embodiments and the third location device 486G in the second
ernbodiment, the two transmission ranges can technically be accomplhished in at least two ways,
The first way is to use a single transmitter and control the transmussion ranges by controlling the
power supplied {0 the transmugter. The second way 5 {0 use two transmitters, one for each
transnussion range. If the signals are of different types (for example, one LF and one TR), different
types of transmiiters may be used, and the transmission ranges may also be controlled by
controlling the power supphed to each transnutier,

(01301 Use of more than two tragsmission ranges. It may be sgen from the above embodiments

that a prnimary device with two transmission ranges may enable greater precision in location
tracking and prowimity detection compared {0 a primary device with only one transmission range.
in special sifuations where even greafer precision is required, the primary device 18 may be
further configured {o transmit one of more additional signals similar to the first and second wireless
signals, but with fransmission ranges different from each other and from those of the first and
second wireless signals Fach of these additional signals may then be encoded with the unique
device identifter of the primary device 100 and a unique signal wdentifier of the additional signal.
The secondary device 102 may then be further configured to receive these additional signals.
Depending on the application, the secondary device 102 and any other devices that work with the
primary device 1 may be further configured 1o such a way as to meet the objective of the
appheation. Technically, the number of transmission ranges that a device may have will depend
not only on the objective of the application but ako on the design of the device. In general, for the
same type of signal, multiple transmission ranges can be achieved 1 at Jeast three ways: {a) by
using single transnutters each providing a different transmussion range, (b by using a smgle
transmatter and controlling the transnussion ranges by controlling the power supplied to the

transmutter, and {¢) by using a combmation of single-range and multiple-range transmiiters. If the
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signals are of different types (for example, one LF and one IR), different types of transmifters may
need to be used.

(01311 Useofmuluple data packets. s recogmzed that the amount of data that can be encoded

into a wireless signal s determuned by, among other things, the design of the transmatiter, the
frequency of the camer signal, the length of each data packet {in bits or bytes, for example), and
the signal modulation method used to encode the data. It 1s also recogmzed that in cases in which
it 15 not possible to 1t all the required data 1 one smgle data packet, the required data may be
transmitted 1n a series of data packets and then decoded by the recetver or by the server software.
For example, if the data to be encoded into a signal cannot £if 1o one single data packet, the signal
may be transmiited via a series of data packets,

[0132]  Types of short-range signals. At this point, i may be appropnate to compare the three

types of signals: LF, IR, and US. These signals are shori-range signals commonly used for location
tracking and proximity deteciton of people and obiects. In general, L¥F signals can pass through
walls, but some of the energy will be absorbed by the wall, such that the signal that emerges at the
other side of the wall will generally be weaker. The higher the density and the larger the thickness
of the wall, the greater will be the absorption. For example, a concrete wall will absorb more
energy than a plaster wall LF signals can travel around corners and obstacles by diffraction,
although the diffracted signals may be weaker, but being radio waves, LF signals are susceptible
to electromagnetic mterference (EMI}, also called radio-frequency mterference (RFI), which may
come from nearby electrical devices. LF signals may, therefore, be generally considered to be
omnidirectional,

[0133] IR signals, being hight waves, cannot pass through solid opaque obyects, such as walls,
metal, and people. The most commonly used type of IR signals s the directional type, rather than
the diffused type. The directional type requires unobstructed hne of sight between the IR
transmutter and the IR receiver. This means that an opaque object in the path of an IK signal can
block the signal and prevent i from being received by the IR receiver, although reflected IR signals
may sometimes be strong enough for IR recetvers to receive them. In apphications that require IR
signals to have larger signal coverage angle and range than can be provided by a single IR
transmutter, muliiple IR transmutiers each providing a defined signal coverage region may be used

to provide the necessary signal coverage US signals may be directional or ommudirectional,
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depending on the design of the US transmutter. IR and US signals, being non-radio waves, are not
affected by electromagnetic interference US signals, being mechanical signals, can, hike LF
signals, travel around corners and obstacles by diffraction, IR and US signals may be used for
more accurate location tracking within an enclosed area because they cannot pass through walls
and, hence, will not interfere with other devices i adioining rooms. In general, for any one type
of signal, multiple transoutters may be used to provide greater signal coverage that can be provided
by a stngle ransmutter. Some typical transmission ranges used i indoor apphications are follows:
LF.258m IR, 10m; US, 80m.

[0134]  Use of two or more tvpes of signals. In some applications, 1t may be more practical {o

use moltiple types of signals to achieve better overall signal coverage or more accurate provanuty
detection or location tracking. For example, if a dual-range bed slot excater {third location device
404 15 used to provade location information, 1t may be desuable to use one that transmis two LF
signals and one IR or US signal: a near-range LF signal, a mediomeranges L¥F signal, and a medium-
range IR or US signal The medumm-range IR signal represents an additional sowrce of location
mformation for the bed exciter and will be useful in cases where electromagnetic interference
{EMI} from the bed exciter motor, which is usually installed under the bed, causes the bed exciter,
which 15 usually also installed under the bed, to fail to receive the medmni-range LF signal,
assuming that the bed slot exciter 15 installed at a height that enables the medium-range IR or US
signial to reach the bed exciter with minimal signal blockage.

[0133]  As another example, if a chokepomt exciter that transnuts location information using
LF signals 1s mstalled near a first doorway of a room or area, the LF signals, which can pass
through walls, may reach an adjacent doorway 1if the adjacent doorway s located close to the first
doorway. The LF signals may also reach the hallway just outside the first or adjacent doorway, All
this can lead a tag at the adjacent doorway or i the hallway receiving an LF signal from the
chokepoint exciter, causing the location of the tag to be wrongly established One way to resolve
this problem s to place an IR or US transmuter within the room or area as an additional source of
focatton nformation. Since IR and US signals cannot pass through walls, they may be used fo
provide the correct location in case the tag recerves an LF signal from an adjacent doorway. In thus
way, having two tvpes of signals can help 10 merease the hkelihood that a tag’s location s correctly

established.
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[0136]  Eighith embodiment, method of using a primary devige, FIG 14 s a schematic
dlustrating a4 method of using a primary device for location tracking or proximity detection, in
accordance with an eighth embodiment. The method mcludes, i 782, transmitting, using a
transmatter unit of the primary device, multiple first wireless signals to be recerved by a secondary
device, each first wireless signal having a first ransmuassion range and encoded with a unique signal
wdentifier of the multiple first wireless signals. The method also includes, in 784, transotting,
using the transmutter unit of the pruvary device, multiple second wireless signals 0 be recetved by
the secondary device, each second wireless signal having a second transnussion range and encoded
with a unique signal wdentifier of the multiple second wireless signals, The second transnussion
range s longer than the firs transomussion range.

(01371 Nunth_embodiment. method of using a_secondary_devige, FIG 15 15 a schematic

dlustrating a method of using a secondary device for location tracking or provumuty detection,
accordance with a ninth embodiment. The method mcludes, 1 802, recerving, using a receiver uni
of the secondary device, multiple first wireless signals from a primary device, each first wireless
signal having a first ransnussion range and encoded with a umique signal identifier of the multiple
furst wireless signals, when the secondary device s within the first transmission range The method
also mcludes, in B84, receaving, usmg the recerver unit of the secondary device, multiple second
wireless signals from the primary device, each second wireless signal having a second transmission
range and encoded with a unique signal identifier of the multiple second wireless signals, when
the secondary device 1s within the second transmussion range. The second transmission range is
fonger than the first transmission range,

[0138]  Tenith embodiment method for location tracking or proxinuty detection. FIG. 16 15 a
schematic dlustrating a method for location tracking or proxamuty detection, in accordance with a
tenth embodiment. The method includes, in 982, transmithing, by a prumary device, multiple first
wireless signals, each first wireless signal having a first transratssion range and encoded with a
unigue signal identifier of the multiple fust wireless signals. The method also includes, 1n 984,
transmutting, by the primary device, multiple second wireless signals, sach second wireless signal
having a second transmussion range and encoded with a unigue signal identifier of the multple
second wireless signals, The method further mcludes, in 806, recerving, by a secondary devige,

the mudtiple furst wireless signals when the secondary device 1s within the first transmission range.
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The method addimonally includes, m 998, recerving, by the secondary device, the multiple second
wireless signals when the secondary device 13 within the second transmission range. The second
transmission range 15 longer than the first transnussion range.

(0139 In one embodiment of the present invention, a prunary device for comimunication with
a secondary device is provuded. The primary device includes a transmutter unit configured to
transmat multiple first wireless signals to be receved by the secondary device and multiple second
wireless signals to be recerved by the secondary device. Each first wireless signal has a fust
transnussion range and 1s encoded with a umque signal identifier of the multiple first wireless
signals, and each second wireless signal has a second transmission range and s encoded with a
umque signal identifier of the multiple second wireless signals. The second fransrmission range 1
longer than the first transmission range. The primary device also mcludes a controller unat coupled
to the transmitter unt, the controller unit configured to conirol the transmitter unit such that the
transmutter unit 1s configured to transmut the multiple first wireless signals and the multiple second
wireless signals.

(01401  The primary device may also include a recetver unst coupled to the controller unit, the
receiver unit configured to receive multiple incoming wireless signals from other devices and the
controdler unit fusther configwred to conirel the recerver unit such that the receiver umif s
configured to recewve the multiple incoming wireless signals from the other devices.

(01411  The controller umt may be further configured to store a unique device wentifier of the
primary device The primary device may be a dual-range patient tag or a dual-range bed exciter.
(01421  The controller unit may be further configured to encode the unigue device dentifier of
the primary device into each of the multiple first wireless signals and each of the multiple second
wireless signals,

[0143]  The transoutter unit may be further configured to transmit a wireless monitoring signal
encoded with the umque device identifier of the primary device and the controller unit may be
further configured to control the transruiter umt such that the transmitter unit is further configured
to transmu the wireless monttoring signal,

[0144]  The controiler unit may be further configured to store a location identifier associated

with the primary device. The primary device may be a dual-range bed slot exciter,
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[0143]  The controller unit may be further configured to encode the location wentifier into each
of the multiple first wireless signals and each of the multiple second wireless signals.

[0146]  The transmitter umt may mclude one or more transmitters. The receiver unit may
include one or more receivers.

[0147]  The transrmutier umt may be further configured to transnut the multiple first wireless
signals at first preset transmission intervals and the multiple second wireless signals at second
preset transmission mtervals,

[0148]  The muiltiple first wireless signals and the multiple second wireless signals may each be
a low-frequency signal, an infrared signal, or an ultrasound signal

(01491 The receiver unit may be configured (o receive low-frequency signals, mitared signals,
or ultrasound signals, or any combmation of low-freguency signals, mifrared signals, and
ulirasound signals,

[G130]  The wirgless monrtoring signal may be an ultza-high frequency signal or a Wi-Fi signal.
[0151)  In one embodiment of the present invention, a secondary device for communication
with a primary device 1§ provided. The secondary device 15 configared to store a unigue device
identifier of the secondary device. The secondary device is further configured to recetve, from the
primary device, multiple first wireless signals, each first wireless signal having a first transmission
range and encoded with a urique signal dentifier of the multiple first wireless signals, when the
secondary device 1s withun the first transnussion range. The secondary device s addinonally
configured to receive, from the primary device, multiple second wireless signals, each second
wireless signal having a second transmission range and encoded with a umque signal identifier of
the multiple second wireless signals, when the secondary device 1s within the second transmission
range. The second transmission range 1s longer than the first ransmission range.

(01321 Each fust wireless signal may be further encoded with a uruque device dentifier of the
primary device, and each second wireless signal may be further encoded with the unique device
wentifier of the pumary device. The secondary device may be further configured to Wentify a
contact episode start time of a contact episode as the time at which the secondary device first
recerves a first wireless signal or a second wireless signal., whichever 1s recerved first, from the
primary device, the coniact episode start time indicating that the secondary device has come withun

the first transmission range (if a fust wireless signal 13 recerved first) or the second fransnussion
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range (if a second wireless signal is received first). The secondary device may be additionally
configured to wentify a comtact episode end time of the contact episode as the end of a preset out-
of-range period during which the secondary device does not receive any first wireless signal and
does not recerve any second wireless signal from the primary device, the preset cut-of-range period
being the period during which the secondary device 15 outside the second transmission range. The
secondary device may be a staff tag or a patient tag.

[0133]  Thesecondary device may be turther configured fo transmit a wireless moniforing signal
encoded with the umique device wWlentifier of the primary device and the umgue device wdentifier
of the secondary device at the contact episode end time,

(015841 The secondary device may be further configured to record a first number representing
the number of first wireless signals received by the secondary device during the contact episode,
record a second number representing the number of second wireless signals received by the
secondary device during the contact episede, and encode the first number and the second number
mio the wireless monitoring signal.

(0135}  The secondary device may be further configured to record a signal-reception start fime
identical to the contact episode start tune; record a signal-reception end time mdicating the time at
which the secondary device last receives a fust wireless signal or a second wireless signal,
whichever is received last, from the prumary device during the contact episode; and encode the
signal-reception start time and the signal-reception end time 1nfo the wireless monitoring signal
[0136]  Alternatively, the secondary device may be further configured to record a first contact
start time indicating the time at which the secondary device first receives a fust wireless signal
from the primary device during the contact episode; record a first contact end time mdicating the
tume at which the secondary device last receives a first wireless signal from the primary device
during the contact episode; record a second contact start time mdicating the ume at which the
secondary device furst receives a second wireless signal from the primary device dunng the contact
episode; record a second contact end time indicating the time at which the secondary device last
receives a second wireless signal from the primary device during the contact episode; and encode
the first contact siart time, the first contact end fime, the second contact start time, and the second

contact end time indo the wireless montormg signal,
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[0137]  Each furst wireless signal may be further encoded with a unique device identifier of the
primary device, and each second wireless signal may be further encoded with the unigue device
wlentifier of the primary device, The secondary device may be further configured to identify a
contact episode start time of a contact episode as the time at which the secondary device first
receives a first wireless signal from the primary device, the contact episode start time indicating
that the secondary device has come withan the first transnussion range. The secondary device may
be a staff tag

{01881  The secondary deviee may be further configured to generate one or more aleri signals
at the end of 2 second preset period immediately following a first preset pertod that starts from the
contact episode start time, after the secondary device has determmed that the ttme difference
between the time at which the secondary device last recetves a first wireless signal from the
primary device during the first preset period and the contact episode start fime s greater than or
equal 1o a preset length of time.

(0159  Alternatively, the secondary device may be further configured to generate one or more
alert signals at the end of a second preset period immediately following a first preset period that
starts from the contact episode start tme, after the secondary device has recetved at least a preset
number of first wireless signals from the primary device during the first preset period.

[0160]  The secondary device may be further configured to identify a contact episode end time
of the contact episode as the end of a preset out-of-range period during which the secondary device
does not recerve any first wireless signal and does not receive any second wireless signal from the
primary device, the preset out-of-range period being the period during which the secondary device
15 cutside the second transmission range.

(01611 The secondary device may be further configured to generate one or more alert signals
at the end of a third preset period numediately following the preset out-of-range period

(01621  The secondary device may be further configured to transiatt a wireless monitoring signal
encoded with the unique device 1dentifier of the primary device and the unique device 1dentifier
of the secondary device at the contact episode end time,

[0163]  The secondary device may be further configured 1o record a contact start time 1dentical
to the contact episode start fime, record 3 contact end time indicating the time at which the

secondary device last receives a first wareless signal or a second wueless signal, whichever 1s
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recetved last, from the primary device during the contact episode; and encode the contact start time
and the contact end time into the wireless momtoring signal,
[0164]  Each fwst wireless signal may be further encoded with a location identifier associated
with the primary device, and each second wireless signal may be further encoded with the location
wdentifier. The secondary device may be further contigured to record a first nursber representing
the number of first wireless signals received by the secondary device during a preset tracking
period and record a second number representing the number of second wireless signals received
by the secondary device during the preset trackmg period. The secondary device may be a staft
tag, a patient fag, Or an asset tag.
(01651 The secondary deviee may be further configured to derrve the location wdentifier from
at least one of the multiple first wireless signals received by the secondary device or from at least
one of the multiple second wireless signals received by the secondary device, and transnut a
wireless montoring signal encoded with the umque device dentafier of the secondary device, the
location identifier, the first number, and the second mumber.
[0166]  The secondary device may be further configured to record a3 furst contact end tume
mdicating the time at which the secondary device last receives a first wireless signal from the
primary device dwring the preset tracking period, record a second contact end time indicating the
time at whach the secondary device last receives a second wireless signal from the primary device
during the preset fracking period, and encode the first contact end time and the second contact end
time mto the wireless monitoring signal.
[0167]  The secondary device may be further configured to record a first contact start fime
mdicating the time at which the secondary device first receives a first wireless signal from the
primary device during the preset tracking period, record a second contact start time indicating the
time at which the secondary device first receives a second wireless signal from the primary device
during the preset tracking period, and encode the first contact start time and the second contact
start tme mnto the wireless monitoring signal.
(01681  Each first wireless signal may be further encoded with a location wentifier associated
with the privsary device, and each second wireless signal may be further encoded with the location
wentifier. The secondary device may be further configured to derrve the location identifier from

at least one of the multiple firsi wireless signals received by the secondary device bot not from any
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one of the multiple second wireless signals received by the secondary device, and transmut one or
more signals each encoded with the unigue device wdentifier of the secondary device and the
location identifier. The secondary device may be g staff fag, a patient tag, or an asset fag.

[0169]  Aliernatively, the secondary device may be further configured to denve the location
wdentifier from at least one of the multiple first wireless signals recerved by the secondary device
or from at least one of the multple second wireless signals received by the secondary device, and
transmit one or more signals each encoded with the umique device identifier of the secondary
device and the location identifier. The secondary device may be a bed exciter

(01701 The secondary device may include 3 receiver unit configured to receive al least the
multiple first wireless signals and multiple second wireless signals, 2 transmitter unit configured
to transmit muliple outgomyg wireless signals, and a controller unit coupled {0 the recerver umt
and the transmutter unit. The controller unit may be configured {0 control the recerver onit such
that the recerver unit 1s configured to recetve at least the multiple first wireless signals and muluple
second wireless signals. The controller ymt may be further configwred to control the transmitter
unit such that the transmitier unit 15 configured to transmut the multiple outgoing wireless signals.
The controller unit may be additionally configured to store the unique device identifier of the
secondary device.

[0171]  Inoneembodiment of the present invention, a system for location tracking or proximity
detection s provided. The system includes a primary device configured to transmit muliiple first
wireless signals and muluple second wireless signals. Each first wireless signal has a first
transmission range and 1s encoded with a unique signal identifier of the multiple first wireless
signals. Each second wireless signal has a second transnussion range and 15 encoded with a unigque
signal identifier of the multiple second wireless signals, The second transmission range 13 longer
than the first transmussion range. The system also includes a secondary device configured to store
a unuque device identifier of the secondary device, receive the multiple first wireless signals when
the secondary device 15 within the first transmission range, and receive the multiple second
wireless signals when the secondary device s within the second transnussion range.

[0172]  The primary device roay be further configured to store a unique device wentifier of the
primary device and encode the unigue device identifier of the primary device 1mto each of the

nbtiple first wireless signals and each of the multiple second wireless signals,
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[0173]  The secondary device may be further configured fo identify a contact episode start time
of a contact episode as the time at which the secondary device {irst recerves a first wireless signal
or a second wireless signal, whichever s received first, from the primary device, the contact
episode start time indicating that the secondary device has come within the first transmission range
{(if a first wareless signal is received first) or the second transnussion range (if a second wireless
signal 1s recerved first). The secondary device may be addwionally configured to identity a contact
episode end time of the contact episode as the end of a preset out-of-range period during which
the secondary device does not receive any {irst wareless signal and does not recerve any second
wireless signal from the primary devige, the preset out-of-range period being the period during
which the secondary device s ouiside the second transmission range. The primary device may be
a dual-range patient tag or a duabrange bed exciter, and the secondary device may be a staff tag
or a patient tag,
[0174]  The secondary device may be further configured to transmit a wireless montoring signal
encoded with the umique device identifier of the primary device and the umque device identifier
of the secondary device at the contact episode end time.
[0175)  The secondary device may be further configured {o record a first number representing
the number of first wireless signals received by the secondary device during the contact episode,
record a second number representing the number of second wireless signals received by the
secondary device during the contact episode, and encode the first number and the second number
uwito the wireless monitoring signal,
[0176]  The secondary device may be further configured 1o record a signal-reception start fime
wdentical to the contact episode start ime; record a signal-reception end fime indicating the time at
which the secondary device last recerves a first wireless signal or a second wareless signal,
whichever s received last, from the primary device during the contact episode; and encode the
signal-reception start time and the signal-reception end time mio the wireless montorng signal
[0177]  Alternatively, the secondary device may be further configured to record a first contact
start time 1ndicating the tune at which the secondary device first receives a first wireless signal
from the primary device during the contact episode; record a first contact end time mdwating the
tune at which the secondary device last receives a first wireless signal from the primary device

during the contact episode; record a second contact start tume mdicating the time at which the
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secondary device first recetves a second wireless signal from the prunary device during the contact
episode; record a second contact end time mndicating the time at whach the secondary device last
receives a second wireless signal from the primary device during the contact episede; and encode
the first contact start time, the first contact end time, the second contact start tune, and the second
contact end time nfo the wireless monitoning signal.
(01781 The system may further include a server configured to determine or estimate, from the
first number and the second number, a first total contact ime representing the total length of time
during which the secondary device has been within the first transnussion range, and a second total
contact time representing the total length of time during which the secondary device has been
between the first transnussion range and the second transmission range,
(01791 Alternatively, the system may further include a server configured to determune or
estunate ~ from the first number, the second number, the signal-reception start time, and the
signal-reception end time — a total signal-reception period representing the pertod within which
signals have been received by the secondary device during the contact episode, and a total nissed-
signal number representing the total munber of signals that have been mussed by the secondary
device during the contact episode.
[0180]  Alternatively, the svstem may further include a server configured to determine or
estimate — from the first number, the second number, the first contact start time, the first contact
end time, the second confact start ime, and the second confact end time — a first signal-reception
period representing the period within which first wireless signals have been received by the
secondary device during the contact episode, a second signai-reception period representing the
period within which second wireless signals have been received by the secondary device during
the contact episede, a first missed-signal number representing the number of first wireless signals
that have been nussed by the secondary device during the contact episode. and a second nussed-
signal number representing the number of second wireless signals that bave been nussed by the
secondary device during the contact episode.
(01811 The systern may further mclude a location device configured to store a location
wdentifier associated with the location device and transmut multiple wireless location signals, each
wireless location signal having a location signal transmussion range and encoded with the location

wentifier. The primary device may be further configured to receive the moltiple wireless location
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signals when the primary device 1s within the location signal transmussion range, derive the
location identifier from at least one of the multiple wireless location signals recetved by the
primary device, and transmit a3 wirgless monitoring signal encoded with the unique device
dentitier of the primary deviece and the location wentifier. The secondary device may be further
configured to receive the multiple wirveless location signals when the secondary device s within
the location signal transmssion range, denive the location identifier from at least one of the
multiple wireless location signals received by the secondary device, and trapsmit a wireless
montioring signal encoded with the umgque device dentifier of the secondary device and the
location identifier. The location device may be a single-range chokepoint exciter,
{01821 The primary device may be further configured to transmit the multiple first wireless
signals at first preset transmussion intervals and the multiple second wireless signals at second
preset transnussion mtervals.
[0183]  The location device may be further configured to fransmit the multiple wireless location
signals at preset transmission mtervals.
[0184]  The secondary device may be further configured to wlentity a contact episode start fime
of a contact episode as the time at which the secondary device first receives a first wireless signal
from the primary device, the contact epasode start {ime indicating that the secondary device has
come within the first transmission range. The primary device may be a dual-range patient fag ora
dual-range bed exciter, and the secondary device mav be a staff tag.
[0183]  The secondary device may be further configured to generate one or more alert signals
at the end of a second preset period immediately following a first preset period that starts from the
contact episode start time, after the secondary device has deternuned that the time difference
between the time at whach the secondary device last recerves a first wireless signal from the
primary device during the first preset penod and the contact episode start tune 18 greater than or
equal to a preset length of time.
[0186]  Alternatively, the secondary device may be further configured to generate one or more
alert signals at the end of a second preset peniod immediately following a first preset period that
starts from the contact episode start time, after the secondary device has recerved at least a preset

nurmber of first wireless signals from the primary device durning the firsi preset period.
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[0187]  The secondary device may be further configured to identify a contact episode end time
of the contact episode as the end of a preset out-of~range period during which the secondary device
does not recerve any first wireless signal and does not receive any second wireless signal from the
primary device, the preset out-of-range period being the pertod during which the secondary device
15 outside the second transmission range.

(01881  The secondary device may be further configured to generate one or more alert signals
at the end of a third preset period nomediately following the preset out-of-range perniod.

{01891 Thesecondary device may be further configured o transmutil a wireless monttoring signal
encoded with the unigue device 1dentifier of the primary device and the nuque device 1dentstier
of the secondary device at the contact episode end time,

[0190]  The secondary device may be further configured 1o record a contact siart time identical
to the contact episode start fime, record 3 contact end time indicating the time at which the
secondary device last receives a first wareless signal or a second wireless signal, whichever 13
received fast, from the pnimary device during the contact episode; and encode the contact start tme
and the contact end time into the wireless monitoring signal

(0191}  The system may turther include a server configured o deternune or estimate, from the
contact start {ime and the contact end time, 3 total signal-reception period representing the period
within which signals have been recerved by the secondary device during the contact episode.
[0192]  The primary device may be further configured to encode the location identifier into the
nwultiple first wireless signals and the multiple second wireless signals. The secondary device may
be further configured to derive the location identthier from at least one of the multiple wireless
location signals received by the secondary device, from at least one of the multiple first wireless
signnals received by the secondary device, or from at least one of the multiple second wireless
signals recerved by the secondary device. The location device may be a single-range bed slot
exciier,

[0193] The system may further mnclude a location device configured to store a location
wdentifier associated with the location device. The location device may be configured to transmat
multiple near-range wireless location signals and muluple medium-range wireless location signals.
Each near-range wireless location signal may have a near-range location signal transmission range

and may be encoded with the location wWdentifier and a unique signal identifier of the multple near-
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range wireless location signals. Bach medium-range wireless location signal may have a mediom-
range location signal transnussion range and may be encoded with the location ideniifier and a
unigue signal identifier of the muliiple medium-range wireless focation signals. The medium-range
location signal fransoussion range may be longer than the near-range location signal transmission
range. The secondary device may be further configured to receive the multiple near-range wireless
focation signals when the secondary device 1s within the near-range location signal transmission
range, and recerve the multiple medium-range wireless location signals when the secondary device
15 within the medipme-range location signal fransmussion range. The secondary device may be
addmionally configured o denve the location sdentifier from al least one of the multiple near-range
wiretess location signals received by the secondary device but not from any one of the multiple
medinm-range wireless location signals recerved by the secondary device, and transmiut a wireless
montioring signal encoded with the umgque device dentifier of the secondary device and the
location identifier. The location device may be a dual-range bed slot exciter and the secondary
device may be a staff tag.

[0194]  The primary device may be further configured to receive the mulliple near-range
wireless location signals when the primary device 15 within the near-range location signal
transnuission range, and receive the muliiple medium-range wireless location signals when the
primary device 1s within the medium-range location signal transmission range. The primary device
may be additionally configured to derive the location identifier from at least one of the multiple
near-range wireless location signals received by the primary device but not from any one of the
multiple mediom-range wireless location signals received by the primary device, encode the
location dentifier into the multiple first wireless signals and the multiple second wireless signals,
and fransmit a wireless monitoring signal encoded with the umque device wdentifier of the prumary
device and the location identifier. The secondary device may be further configured to denve the
jocation dentifier from at least one of the multiple near-range wireless location signals recerved
by the secondary device, from at least one of the multiple first wireless signals recerved by the
secondary device, or from at least one of the multiple second wireless signals received by the
secondary device, but not from any one of the multiple medium-range wireless location signals

received by the secondary device The prumary device may be a dual-range patient tag
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[0193]  Alternatively, the prumary device may be further configured to recerve the multiple near-
range wireless location signals when the primary device i3 within the near~range location signal
transmussion range, and receive the multiple medium-~range wireless location signals when the
primary device 15 within the medisnm-range location signal transmussion range. The primary device
may be additionally configured to denve the location identifier from at least one of the muluple
near-range wireless location signals recerved by the primary device or from at least one of the
nmultiple mediom-range wireless location signals received by the primary device, encode the
location wdentifier inio the multiple {irst wireless signals and the multiple second wireless signals,
and transmat a wireless momtoring signal encoded with the umique device identifier of the primary
device and the location wdentifier. The secondary device may be {urther configured to denve the
location wentafter from at least one of the multiple near-range wireless location signals received
by the secondary device, from at least one of the multiple first wireless signals received by the
secondary device, or from at least one of the multple second wireless signals recetved by the
secondary device, but not from any one of the multiple medium-range wireless location signals
received by the secondary device The primary device may be a dual-range bed exciter.
[0196]  The location device may be further configured to transmit the multiple near-range
wireless location signals at preset near-range location signal fransmussion intervals and the
nultiple medium-range wireless location signals at preset medium-range location signal
transmission intervals.
[0197]  The primary device may be further configured to store a location identifier associated
with the primary device and encode the location wentifier mto each of the multiple first wireless
signals and each of the multiple second wireless signals.
(01981 The secondary device may be further configured to record a first nomber representing
the number of first wireless signals recerved by the secondary device duning a preset tracking
pertod and record a second number representing the number of second wireless signals recerved
by the secondary device during the preset tracking period. The primary device may be a dual-range
exciter, and the secondary device may be a staff tag, a patient tag, or an asset tag.
[0199]  The secondary device may be further configured to denve the location identifier from
at least one of the multiple first wireless signals received by the secondary device or from at least

one of the muliiple second wireless signals received by the secondary device, and fransmii a
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wireless monitoring signal encoded with the unigque device identifier of the secondary device, the
focation identifier, the first number, and the second number.
[0200]  The secondary device may be further configured o record a first contact end time
indwating the tume at which the secondary device last recerves a first wireless signal from the
primary device during the preset tracking period, record a second contact end time indicating the
tune at which the secondary device last recetves a second wireless signal frors the primary device
during the preset tracking period, and encode the first contact end ttme and the second contact end
time nto the wireless monitoring signal
[0201]  The secondary device may be further configured to record a first contact start time
mdwcating the time at which the secondary device first receives a first wireless signal from the
primary device during the preset tracking period, record a second coniact start time indicating the
time at which the secondary device first receives 3 second wireless signal from the primary device
during the preset tracking period, and encode the f{irst contact start tume and the second contact
start time mto the wireless monitoring signal
[0202]  The system may further inchude a server configured to determine or estimate, from the
first number and the second number, whether the secondary device has been withun the first
transnuission range or between the first transnussion range and the second transmission range.
[0203]  The system mayv further include a server configured to determuine or estimate — from
the first contact end time and the second contact end time, or from the first number, the second
number, the first confact end time, and the second contact end time — whether the secondary
device has been within the first transnussion range or between the first transmission range and the
second fransnission range.

from

(02041 The systern may further include a server configured 1o determine or estimate

the first number, the second number, the first contact start fime, the first contact end time, the

second contact start time, and the second condact end tume a first signal-reception period
representing the period within which first wireless signals have been recerved by the secondary
device during the preset tracking period, a second signal-reception period representing the period
within which second wireless signals have been received by the secondary device during the preset
tracking period, 3 fiwst missed-signal number representing the number of first wireless signals that

have been missed by the secondary device during the preset tracking period, and a second missed-
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signal number representing the number of second wireless signals that have been missed by the
secondary device during the preset tracking penod.

[02053]  The secondary device may be further configured o dertve the location identifier from
at least one of the multiple first wireless signals received by the secondary device but not from any
one of the multiple second wireless signals recerved by the secondary device, and transmut one or
more signals each encoded with the vmgue device wentifier of the secondary device and the
location identifier. The primary device may be a dual-range bed slot exciter, and the secondary
device may be a staif tag, a patient tag, or an asset fag.

[0200]  Alternatively, the secondary device may be further configured to derive the location
wlentifier from at least one of the multiple first wireless signals received by the secondary device
or from at least one of the multiple second wireless signals recerved by the secondary device, and
transmit one or more signals each encoded with the unigue device identifier of the secondary
device and the location identifier. The primary device may be a dual-range bad slot exciter and the
secondary device mayv be a bed exciter.

[0207]  The primary device may mclude a transmitter umit configured o transmi at least the
multiple first wireless signals and multiple second wireless signals. The primary device may akse
mclude a controller unit coupled o the transmiiter wnit, the controller unit configured (o control
the transitter unut such that the transnutter unit s configured to transmut at least the multiple first
wireless signals and multiple second wireless signals,

[0208]  The primary device may further melude a recetver unit coupled to the controller unit of
the primary device, the receiver unit configured to recerve multiple incoming wireless signals from
other devices and the controlier unit further configured to control the receiver unit such that the
receiver unit 1s configured 1o recetve the multiple incoming wireless signals.

[0209]  The secondary device may mneclude a recetver unut configured to receive at least the
mubtiple first wireless signals and multiple second wireless signals, a transmuter unit configured
to transmit multiple outgomyg wireless signals, and a controlier unit coupled to the receiver umt
and the transmutter unit. The controller umit may be configured to control the recerver umit such
that the recerver unit is configured to receive at least the multiple first wireless signals and mouluple
second wireless signals. The controller untt may be further configured (o control the transmutier

unit such thai the transmustier unit 15 configured to transmt the moltiple cuigoing wireless signals.
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The controller unit may be additionally configured to store the umque device identifier of the
secondary device,
[0210]  In one embodiment of the present invention, a method of using a primary device for
location tracking or proxunity detection is provided. The method includes transmithing, using a
transmatter unit of the primary device, multiple first wireless signals to be received by a secondary
device, each first wireless signal having a first transmission range and encoded with a unigque signal
wentifier of the muluiple first wireless signals. The method also wcludes transmutting, using the
transnutter unt of the primary device, multiple second wireless signals 1o be received by the
secondary device, each second wireless signal having a second transmission range and encoded
with 2 unigue signal identifier of the multiple second wireless signals, The second transmission
range 15 fonger than the first transmission range.
[0211]  Each first wireless signal may be forther encoded with a unique device identifier of the
primary device, and each second wirsless signal may be further encoded with the unique device
wdentifier of the primary device The unigue device identifier of the primary device and a unique
device identifier of the secondary device may be encoded into a wireless monitoring signal to be
subsequently transnutted by the secondary device.
[0212]  Each first wireless signal may be further encoded with a location identifier, and each
second wireless signal may be further encoded with the location identifier. A unique device
wentifier of the secondary device and the location idenufier may be encoded mio a wireless
montorng signal to be subsequently transnutied by the secondary device.
(02131 The method may also melude receiving, using a receiver unit of the primary device,
nmultiple wireless location signals from a location device, each wireless location signal having a
location signal transmission range and encoded with a location entther associated with the
location device, when the primary device 15 within the location signal transnussion range. The
method may further include transmutting, using the transmutter unit of the primary device, a
wireless monttoring signal encoded with a unwgue device 1dentifier of the primary device and the
{ocation identitier.
[0214]  In one embodunent of the present invention, a method of using a secondary device for
location tracking or proximuty detection 15 provided The method inchides recetving, using a

receiver unit of the secondary device, multiple first wireless signals from a primary device, each
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first wireless signal having a first transnussion range and encoded with a unique signal identifier
of the multiple first wireless signals, when the secondary device 15 witlun the first transmission
range. The method also mchudes receiving, using the receiver unit of the secondary device,
multiple second wireless signals from the primary device, each second wireless signal having a
second transnussion range and encoded with a unigue signal identifier of the muluple second
wireless signals, when the secondary device 15 within the second transnussion range. The second
transmission range 15 longer than the first transmussion range.

[0215]  Each first wireless signal may be further encoded with a unique device identifier of the
primary device, and each second wireless signal may be further encoded with the unique device
wentifier of the primary device. The method may also include fransnutimg, usmyg 3 transmatier
unit of the secondary device, a wireless monstoring signal encoded with the unique device
wentifier of the primary device and a unique device identifier of the secondary device.

[0216]  Each first wireless signal may be further encoded with a location wdentifier, and each
second wireless signal may be further encoded with the location identifier. The method may also
mclude transmitiing, using a fransmiiter unit of the secondary device, a wireless monttoring signal
encoded with a unique device identifier of the secondary device and the location identsfier.
(02177  The method may also mclude recesving, using the recetver unit of the secondary device,
nmultiple wireless location signals from a location device, each wireless location signal having a
focation signal transmission range and encoded with a location identifier associated with the
location device, when the secondary device is within the location signal transmission range. The
method may further mclude transmutting, using a transmitter unit of the secondary device, a
wireless monitoring signal encoded with a unigue device 1dentifier of the secondary device and
the location identifier,

[0218]  Inone embodiment of the present invention, a method for location tracking or proximity
detection 15 provided. The method wcludes tansmutting, by a primary device, multiple first
wireless signals, each first wireless signal having a first transmussion range and encoded with a
umigue swgnal wdentifier of the multiple fust wireless signals. The method also includes
transmatting, by the primary device, multiple second wireless signals, each second wireless signal
having a second transmission range and encoded with a umque signal dentifier of the multiple

second wireless signals The method further includes receiving, by a secondary device, the
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nultiple first wireless signals when the secondary device 15 within the first transmission range.
The method additionally includes recerving, by the secondary device, the multiple second wireless
sighals when the secondary device is within the second transmission range The second
transnission range is longer than the first transoussion range.
[0219]  Each first wireless signal may be further encoded with a unique device wWdentifier of the
primary device, and each second wireless signal may be further encoded with the unique device
wdentifier of the primary device. The method may also include identifying, by the secondary device,
a contact episode start time of a contact episode as the time at which the secondary device first
receives a first wireless signal or a second wireless signal, whichever 1s recerved fust, from the
primary device, the coniact episode start time indicating that the secondary device has come withun
the first transnission range of the second transmission range. The method may Rurther mclude
wentifying, by the secondary device, a contact episode end time of the contact episode as the end
of a preset out-of-range pertod during which the secondary device does not receive any first
wireless signal and does not receive any second wireless signal from the primary device, the preset
out-of-range period being the period during which the secondary device 15 outside the second
HIANSINISSION Tange.
[0220]  The method may also mclude transmiiting, by the secondary device, a wireless
montoring signal encoded with the unque device identifier of the primary device and a unique
device identifier of the secondary device at the contact episode end time,
[0221] The method may also include recording, by the secondary device, a first number
representing the number of fust wireless signals received by the secondary device durning the
contact episode. The method may further include recording, by the secondary device, a second
numnber representing the number of second wireless signals recetved by the secondary device
during the contact episode. The method may additionally wclude encoding, by the secondary
device, the first nuraber and the second number into the wireless monitoring signal,
[0222]  The method may also mclude recordimg, by the secondary device, a signal-reception
start tirae wdentical to the contact episode start e, The method may further include recording, by
the secondary device, a signal-reception end time indicating the time at which the secondary device
iast receives a first wireless signal or a second wireless signal, whichever 15 received last, from the

primary device during the contact episode. The method may additionally mclude encoding, by the
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secondary device, the signal-reception start time and the signal-reception end time info the wireless
montoring signal,

[0223]  Alternatively, the method may also include recording, by the secondary device, a first
contact start time indicating the time at which the secondary device first receives a first wireless
stgnal from the primary device duning the contact episode; and recording, by the secondary device,
a first contact end tune imndicating the tme at which the secondary device last recerves a first
wireless signal from the primary device during the contact episode. The method may further
melude recording, by the secondary device, a second contact start tme indicating the time at which
the secondary device first receives a second wireless signal from the primary device during the
contact eptsode; and recording, by the secondary device, a second contact end time indicating the
time at whach the secondary device last receives a second wireless signal from the primary device
during the contact episode The method may adduionally include encoding, by the secondary
device, the first contact start time, the first contact end time, the second contact start time, and the
second contact end time nto the wireless moniforing signal.

(0224}  The method may also include determining or estimating, by a server, from the first

number and the second nomber, a first total contact time representing the total length of time during
which the secondary device has been within the first transmission range, and a second total contact
time representing the total length of time during which the secondary device has been between the
first transmuission range and the second transmission range.

[0223]  The method may also include determming or estimating, by a server — from the first
number, the second number, the signal-reception start time, and the signal-reception end time —
a total signal-reception peniod representing the period within which signals have been recerved by
the secondary device during the contact episode, and a fotal missed-signal number representing
the total number of signals that have been nussed by the secondary device during the contact
episode.

[0226]  The method may also include determuning or estimating, by a server — from the first
number, the second number, the first contact start fime, the first contact end time, the second
contact start time, and the second contact end time — a first signal-reception period representing
the period within which first wireless signals have been received by the secondary device duning

the contact episode, a second signal-reception period representing the period within which second
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wireless signals have been received by the secondary device during the contact episode, a first
missed-signal number representing the number of first wireless signals that have been missed by
the secondary device during the contact episode, and a second nussed-signal number representing
the nuraber of second wireless signals that bave been missed by the secondary device during the
contact episode.

(022717 The method may also mnclude transmitting, by a location device, multiple wireless
location signals, sach wireless location signal having a location signal transnussion range and
encoded with a location wentifier associated with the location device; and receiving, by the
primary device, the rmultiple wireless location signals when the primary device is within the
focatton signal transmission range. The method may further mclude deriving, by the primary
device, the location identifier from at least one of the multiple wireless location signals received
by the primary device;, and transmitiing, by the primary device, a wireless monitoring signal
encoded with a unique device 1dentifter of the primary deviee and the location dentifier. The
method may also include receiving, by the secondary device, the multiple wireless location signals
when the secondary device 15 within the location signal transmission range. The method may
further 1nclude dertving, by the secondary device, the location identifier from at least one of the
multiple wireless location signals received by the secondary device; and transmitling, by the
secondary device, a wireless monitoring signal encoded with a unique device identifier of the
secondary device and the location identifier.

[0228]  Each furst wireless signal may be further encoded with a unique device identifier of the
primary device, and each second wireless signal may be further encoded with the unique device
wdentifier of the prumary device. The method may also include identitying, by the secondary device,
a comact eptsode start time of a contact episode as the time at whach the secondary device first
recerves a first wireless signal from the primary device, the contact episode start time indicating
that the secondary device has come within the first transnussion range.

[0229]  The method may also include generating, by the secondary device, one or more alert
signals at the end of a second preset period mumediately following a first preset period that starts
from the contact episode start time, after the secondary device has determned that the time

difference between the time at which the secondary device last receives a first wireless signal from
. Emtd
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the primary device during the first preset period and the Contact episode start time 15 greater than
or equal to a preset length of time,

(02301  Alternatively, the method may also mclude generating, by the secondary device, one or
more alert signals at the end of a second preset period immediately following a first preset period
that starts from the contact episode start time, after the secondary device has received at least 2
preset number of first wireless signals from the primary device during the first preset period.
[0231]  The method may also nclude dentifying, by the secondary device, a confact episode
end time of the contact episode as the end of a preset out-of-range period during which the
secondary device does not receive any first wireless signal and does not receive any second
wireless signal from the prnimary device, the preset ouwl-of-range period being the period during
which the secondary device 13 outside the second transmission range,

102321  The method may also mclude generating, by the secondary device, one or more alert
signals at the end of a thard preset period immediately following the prasset owt-of-range pertod.
[0233])  The method may alse include transmitting, by the secondary device, a wireless
monitoring signal encoded with the umigue device ideniifier of the primary device and a unique
device identifier of the secondary device at the coniact episode end time.

[0234}]  The method may also include recording, by the secondary device, a contact start time
wdentical to the contact episode start time. The method may further mnclude recordmng, by the
secondary device, a contact end time indicating the time at which the secondary device last receirves
a first wireless signal or a second wireless signal, whichever is received last, from the primary
device during the contact episode. The method may addmionally include encoding, by the
secondary device, the contact start time and the contact end tune into the wireless monitoring
signal,

(02351  The method may also include determuming or estimating, by a server, from the contact
start fime and the contact end time, a total signal-reception penod representing the period within
which signals have been received by the secondary device during the contact episode.

(02361  The method may also mclude encoding, by the primary device, the location dentifier
o the multiple first wireless signals and the multiple second wireless signals. The method may
further mnclude deniving, by the secondary devige, the location identifier from at least one of the

nltiple wireless location signals recerved by the secondary device, from at least one of the
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nultiple first wireless signals received by the secondary device, or from at least one of the multiple
second wireless signals received by the secondary device.

(02371  The method may also include transmitting, by a location device, muliiple near-range
wireless location signals, each near-range wireless location signal having a near-range location
stgnal transmssion range and encoded with a location wdentifier associated with the location device
and a umugue signal identifier of the multiple near-range wireless location signals. The method may
further melude transotting, by the location device, multiple medmwm-range wireless location
signals, each medium-range wireless location signal having a medium-range location signal
transrssion range and encoded with the location identtfier and a unique signal wdentifier of the
multiple mediume-range wireless location signals The mediom-range location signal fransmission
range may be longer than the near-range location signal transmission range. The method may also
melude receiving, by the secondary device, the multiple near-range wireless location signals when
the secondary device i3 within the near-range localion signal transmssion range; and recetving, by
the secondary device, the multiple medium-range wireless location signals when the secondary
device is within the mediume-range location signal transmission range. The method may further

mchade deriving, by the secondary device, the location identifier from at least one of the multiple

near-range wireless location signals received by the secondary device but not from any one of the
nultiple medium-range wireless location signals received by the secondary device. The method
may addimonally mclude transmitting, by the secondary device, a wireless moniforing signal
encoded with a unigue device identifier of the secondary device and the focation identifier.

[0238]  The method may also include recerving, by the primary device, the multiple near-range
wireless location signals when the primary device 15 within the near-range location signal
transnussion range, and receiving, by the primary device, the multiple medivme-range wireless
location signals when the primary device 1s within the medium-range location signal transnussion
range. The method may further melude deriving, by the primary device, the location wentifier
from at least one of the multiple near-range wireless location signals received by the primary
device but not from any one of the multiple medium-range wireless location signals received by
the primary device. The method may addiionally mclude encoding, by the primary device, the
location wdeniifier inio the multiple {irst wireless signals and the maltiple second wireless signals,

and transmuiting, by the primary device, a wireless momtoring signal encoded with a umque devige
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wdentifier of the primary device and the location identifier. The method may also include derrving,
by the secondary device, the location identifier from at least one of the multiple near-range wireless
location signals received by the secondary device, from at least one of the multiple first wireless
signals received by the secondary device, or from at least one of the multple second wireless
signals received by the secondary device, but not from any one of the nultiple medium-range
wireless location signals received by the secondary device,

[0239]  The method may also inchude receiving, by the primary device. the multiple near-range
wireless location signals when the primary device 1 withun the near-range location signal
transmussion range; and receiving, by the primary device, the multiple medium-range wireless
location signals when the primary device 1s within the medivme-range location signal fransmission
range. The method may further dervving, by the primary device, the location identifier from at least
one of the multiple near-range wireless location signals recerved by the primary device or from at
jeast one of the multiple medium-range wireless location signals received by the primary device,
and encoding, by the primary device, the location identifier into the multiple first wireless signals
and the maultiple second wireless signals. The method may additionally include ransmitting, by
the primary device, a wireless monstormng signal encoded with a wnique device wlentifier of the
primary device and the location wlentifier. The method may also inchude deriving, by the secondary
device, the location dentifier from at least one of the multiple near-range wireless location signals
recetved by the secondary device, from at least one of the multiple first wireless signals recerved
by the secondary device, or from at least one of the multiple second wireless signals received by
the secondary device, but not from any one of the multiple medium-range wireless location signals
received by the secondary device.

[0240]  Each first wireless signal may be further encoded with a location wdentifier associated
with the primaary device, and each second wireless signal may be further encoded with the location
wdentifier. The method may also wnclude recording, by the secondary device, a first number
representing the number of first wireless signals received by the secondary device during a preset
tracking period; and recording, by the secondary device, a second number representing the nunber
of second wireless signals recerved by the secondary device during the preset tracking period.
[0241]  The method may also mclude deriving, by the secondary device, the location identifier

from at least one of the muliiple first wireless signals received by the secondary device or from at
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least one of the multiple second wireless signals received by the secondary device. The method
may further melude transmitting, by the secondary device, a wireless momtormg signal encoded
with a umgue device wdentifier of the secondary device, the location identifier, the first number,
and the second number.

[0242]  The method may also include recording, by the secondary device, a first contact end
tune indicating the time at which the secondary device last recetves a first wireless signal from the
primary device during the preset tracking period. The method may further include recording, by
the secondary device, a second contact end time indicating the time at which the secondary device
last recetves a second wireless signal from the primary device during the preset traclking period.
The method may addiionally include encoding, by the secondary device, the first contact end fime
and the second contact end time nio the wireless montoring signal.

[0243]  The method may also include recording, by the secondary device, a first contact start
time indhcating the ime at which the secondary device first recerves a first wireless signal from
the primary device during the preset tracking penod. The method mav further include recording,
by the secondary device, a second contact start time indicating the tune at which the secondary
device first recetves a second wireless signal from the primary device during the preset tracking
period. The method may additionally include encoding, by the secondary device, the first contact
start time and the second confact start time mto the wireless monitoring signal.

[0244]  The method may also include determming or estimating, by a server, from the first
number and the second number, whether the secondary device has been within the first
transmission range or between the first transnussion range and the second transmission range.
[0243]  The method may also include determming or estimating, by a server — from the first
contact end time and the second contact end time, or from the first number, the second number,
the first contact end time, and the second contact end tume — whether the secondary device has
been within the first transinission range or between the first transmission range and the second
FANSIMISSIon range.

[0246]  The method may also mclude determuming or estimating, by a server — from the first
number, the second number, the first contact start time, the first contact end fime, the second
contact start tume, and the second contact end fime - a firsi signabrecepiion period representing

the period within which first wireless signals have been received by the secondary device during
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the preset tracking period, a second signal-reception period representing the pertod within which
second wirgless signals have been received by the secondary device during the preset tracking
period, a first missed-signal number representing the number of first wireless signals that have
been mussed by the secondary device during the preset tracking penod, and a second missed-signal
number representing the nuraber of second wireless signals that have been missed by the secondary
device during the preset tracking period.

[0247]  Each first wireless signal may be further encoded with a location identifier associated
with the primary device, and each second wireless signal may be further encoded with the location
wentifier. The method may also mclude deriving, by the secondary device, the location identstier
from at least one of the multuple first wireless signals received by the secondary device but not
from any one of the muliiple second wireless signals recetved by the secondary device. The method
may further mclude transmitting, by the secondary device, one or more signals each encoded with
a umque device deniifier of the secondary device and the location wlenifier,

[0248]  Alternatively, the method may also include deriving, by the secondary device, the
location wdentifier from at least one of the multiple first wireless signals received by the secondary
device or from at least one of the multiple second wireless signals received by the secondary
device The method may further include transmitting, by the secondary device, one or more signals
each encoded with a unique device wdentifier of the secondary device and the location identifier.

(02491 Application mformation. Although the above mvention has been described with

reference to apphlications in hospial settings, 1t can in general be used m any apphication that

requires location tracking or proximity detection, in both hospital and non-hospital settings.
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CLAIMS

1. A primary device for conunumication with a secondary device, the primary device
comprising

a transmutier unt configured to transmit multiple first wireless signals to be received by
the secondary device, each first wireless signal having a first transmission range
and encoded with a unique signal identifier of the multiple first wireless signals,
and multiple second wireless signals to be recerved by the secondary device, each
second wireless signal having a second transnussion range and encoded with a
untgue signal wWentifier of the muliiple second wireless signals, wherein the
second fransmussion range 1s longer than the firsi transmission range, and

a controller unit coupled to the transmiiter unit, the controller unit configured to conirol
the transrowtter urut such that the transmtter wut 1s configured to transnut the

mudtiple first wireless signals and the multiple second wireless signals,

2. The prumary device of clatm 1, further comprising a recerver unit coupled to the controller
unit, the receiver wnif configured fo receive multiple incoming wireless signals from other
devices and the controbler wmit further configured 1o control the recetver umi such that the
receiver unit is configured to receive the multiple mncoming wireless signals from the other

devices,

3. The primary device of claim 1, wherem the controller unit is further configured 1o store a

unique device wdentifier of the primary device.

4, The primary device of claim 3, wherem the controller unit 15 fusther configured to encode
the unique device identifier of the primary device into each of the multiple first wireless

signals and each of the multiple second wireless signals.
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The primary device of claim 3, wherein the transmitter unit 5 further configured to transyun
a wireless momtormng signal encoded with the unique device wdentifier of the primary
device and the controller unit 1s further configured to control the transmitter unt such that

the transnutter unit 1s further configured to transiout the wireless monttoring signal.

The prumnary device of claim 1, wherein the controller unit 15 further configured to store a

location 1dentifier associated with the pnimary device.

The primary device of claim 6, wheremn the controller unut 1s further configured o encode
the location wdentifier into each of the multiple first wireless signals and each of the

multiple second wireless signals.

The primary device of claum 1, wherein the ttansmitter unit comprises one or more

transmitiers.

The primary device of claim 2, wheremn the recerver unit comprises one or More recervers.

The primary device of claim |, wherein the transmitter unit 15 further configured to transyun
the multiple first wireless signals at first preset transnussion ntervals and the multiple

second wireless signals at second preset fransmission intervals,

The primary device of claim 1, wherem the muluple first wireless signals and the multiple
second wireless signals are each a low-frequency signal, an infrared signal, or an

ultrasound signal,

The primary device of claim 2, wheremn the receiver unit is configured to recetve low-
frequency signals, infrared signals, or ulrasound signals, or any combination of low-

frequency signals, infrared signals, and uitrasound signals.
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13, The primary device of claim 5, wherein the wireless monitoring signal is an ultra-high

froquency signal or a Wi-Fi signal,

14, The prunary device of claima 3, wherein the prunary device 15 a dual-range patient tag or a

dual-range bed exciter.

153, The primary device of claim 6, wheremn the primary device 1s a dual-range bed slot exciter.

16, A secondary device for communication with 3 primary device, the secondary device
configured to

store 3 unique device identifier of the secondary device,

receive, from the primary device, mubltiple first wireless signals, each first wireless
signal having a first transmission range and encoded wath a umque signal
dentifier of the multiple first wireless signals, when the secondary device is
within the {irst {ransmission range; and

receive, from the primary device, multiple second wireless signals, each second
wireless signal having 3 second transmission range and encoded with a unique
signal identifier of the multiple second wireless signals, when the secondary
device 1s within the second transmission range;

wherein the second fransnussion range s longer than the first fransmission range.

17 The secondary device of claim 16, wherein

each first wireless signal 1s further encoded with a uique device identihier of the
primary device,

each second wireless signal 1s further encoded with the unique device identifier of the
primary device, and

the secondary device 1s further configured to
identity a contact episode start time of a contact episode as the time at which the

secondary devige first recerves a fust wireless signal or a second wireless

signal, whichever is recetved first, from the primary device, the contact
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episode start fime indicating that the secondary device has come within the
first transmission range or the second transmission range, and

wlentity a contact episode end time of the contact episode as the end of a preset
out-of-range period during which the secondary device does not receive any
first wireless signal and does not recerve any second wireless signal from
the primary device, the preset out-of-range peried being the pertod during

which the secondary device 15 cutside the second transmussion range,

18, The secondary device of claim 17, wherein the secondary device 15 further configured to
transmit a wireless monitoring signal encoded with the unigee device wdentifier of the
primary device and the unwque device idenistier of the secondary device at the conlact

episode end time,

19, The secondary device of claim 18, wherein the secondary device is further configured to
record a first number representing the number of first wireless signals received by the
secondary device during the contact episode,
record a second number representing the number of second wireless signals received by
the secondary device during the contact episode, and

encode the first number and the second number nto the wireless monitoring signal,

20, The secondary device of claim 19, wherein the secondary device 1s further configured to
record a signal-reception start time 1dentical to the contact episode start time;
record a signal-reception end time indicating the time at which the secondary device
last recerves a first wireless signal or a second wireless signal. whichever s
recetved last, from the primary device during the contact episode; and
encode the signal-reception start time and the signal-reception end time nio the

wireless monitoring signal,

21, The secondary device of claim 19, wherein the secondary device s further configured to
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record a fust contact start tume indicating the time af which the secondary device first
recetves a first wireless signal from the primary device during the contact
episode;

record a first contact end time 1ndicating the tune at which the secondary device last
recerves a first wireless signal from the pnimary device during the contact
episode;

record a second contact start time mdicating the time at which the secondary device
first receives a second wireless signal from the primary device durmyg the contact
episode;

record a second contact end time indicating the time at which the secondary device Iast
receives a second wireless signal from the primary device durmg the contaet
episode; and

encode the first contact start time, the first contact end time, the second contact start

time, and the second contact end fime info the wireless momiormg signal.

22. The secondary device of claim 17, wherein the secondary device is a staff tag or a patient

tag.

23 The secondary device of claim 16, wheremn

each first wireless signal is further encoded with a unigue device identifier of the
primary device,

each second wireless signal 1s further encoded with the unique device dentifier of the
primary device, and

the secondary device s further configured to 1dentify a contact episode start time of a
contact episode as the time at whach the secondary device first receives a first
wireless signal from the primary device, the contact episode start time mdicating

that the secondary device has come within the first transmission range.

24, The secondary device of claim 23, wherein the secondary device s further configured to

generaie one or more alert signals at the end of a second preset period immediately
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following a first preset pertod that starts from the contact episode start time, after the
secondary device has determined that the ime difference between the time at which the
secondary device last recetves a first wireless signal from the primary device during the
first preset period and the contact episode start time (s greater than or equal to a preset

length of time.

The secondary device of claim 23, wherein the secondary device 1s further configured to
generate one or more alert signals at the end of a second preset period immediately
following a first preset pertod that starts from the contact episode start time, after the
secondary device has received at least a preset number of first wireless signals from the

primary device during the first preset period.

The secondary device of claim 23, wherein the secondary device 1s further configured 1o
tdentify a contact episode end time of the contact episode as the end of a preset out-of-
range period during which the secondary device does not recetve any first wireless signal
and does not receive any second wireless signal from the primary device, the preset out-of-
range period being the period during which the secondary device is outsude the second

LIANSINISSION range,

The secondary device of claim 26, wherein the secondary device s further configured to
generate one or more alert signals at the end of a third preset period immediately following

the preset out-of-range period.

The secondary device of claim 26, wherein the secondary device s further configured to
transmit a wireless monuorning signal encoded with the unigue device weniifier of the
primary device and the unwjue device identifier of the secondary device at the contact

episode end time,

The secondary device of claim 28, wherein the secondary device 1s further configured to

record g contact start fime identical 1o the contact episode start time;
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record a contact end tume indicating the time af which the secondary device last
recetves a first wireless signal or a second wireless signal, whichever 1s received
last, from the primary device during the contact episode; and
encode the contact start time and the contact end time nto the wireless monitoring

signal

30, The secondary device of claim 23, wherein the secondary device s a staff tag.

31

oy

The secondary device of ¢claim 16, wherem

each first wireless signal 15 Rurther encoded with a location identafier associated with
the primary device,

each second wireless signal is further encoded with the location identifier, and

the secondary device 1§ further configured to record a first number representing the
mumber of first wireless signals received by the secondary device during a preset
tracking period and record a second number representing the number of second
wireless signals received by the secondary device during the preset tracking

period.

32 The secondary device of claim 31, wherein the secondary device 1s further configured to
derive the location identifier from at least one of the multiple first wireless signals
recerved by the secondary device or from at least one of the multipie second
wireless signals received by the secondary device, and
transmit a wireless monttoring signal encoded with the unique device identifier of the

secondary device, the location identifier, the first number, and the second number.

33, The secondary device of claim 32, wherein the secondary device s further configured to
record a first contact end time indicating the tune at which the secondary device last
receives a first wireless signal from the primary device during the preset tracking

period,
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record a second contact end time indicating the time at whach the secondary device last
recetves a second wireless signal from the primary device during the preset
tracking period, and

encode the first contact end time and the second contact end time into the wireless

monitoring signal.

34, The secondary device of claim 33, wherein the secondary device s further configured to

record a first contact start time indicating the time at which the secondary device first
receives g first wireless signal from the primary device during the preset tracking
period,

record a second contact start fime indicating the time at whach the secondary device
first receives a second wireless signal from the primary device during the preset
tracking pertod, and

encode the first confact start time and the second confact start time into the wireless

monitoring signal

33 The secondary device of claim 31, wherein the secondary device 15 a staff tag, a patient tag,

Of an asset tag.

36.  The secondary device of claim 16, wherein

each first wireless signal is further encoded with a location identifier associated with
the primary device,

each second wireless signal 13 further encoded with the location identifier, and

the secondary device 1s further configured to derve the location identifier from at least
oune of the multiple first wireless signals received by the secondary device but not
from any one of the multiple second wireless signals recerved by the secondary
device, and transmit one or more signals each encoded with the unique device

identifier of the secondary device and the location identifier.

37. The secondary device of ¢laim 16, wherein
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each first wireless signal 1s further encoded with a location wdentifier associated with
the primary device,

each second wireless signal 1s further encoded wath the location identifier, and

the secondary device 1s further configured to derive the location wentifier from at least
one of the multiple first wireless signals received by the secondary device or from
at least one of the multiple second wireless signals received by the secondary
device, and transmit one or more signals each encoded with the umque device

wdentifier of the secondary device and the location wentifier,

33, The secondary device of claim 36, wherein the secondary device s a siatt tag, a patient tag,

oF an asset fag.

39, The secondary device of claim 37, wherein the secondary device 15 a bed exciter,

40.  The secondary device of claim 16, wherein the secondary device comprises

a receiver unit configured to recetve at feast the mudtiple first wireless signals and
muitiple second wireless signals,

a transmutier unat configured to transmut multiple outgoing wireless signals, and

a controller unit coupled to the receiver wit and the ransmitter wut, the controller unit
configured o conirol the receiver unit such that the receiver unit 1s configured to
recerve at least the multiple first wireless signals and multiple second wireless
signals, the controller unit further configured to control the transmiiter unit such
that the transmstter unit 15 configured to transnut the multiple outgomng wireless
signals, and the controller unit further configured to store the unique device

wdentifier of the secondary device.

41, A system for location tracking or proxinuty detechion, the system comprising
a prunary device configured to transmut multiple first wireless signals, each first
wireless signal having a first transnussion range and encoded with a unigue signal

identifier of the multiple first wireless signals, and multiple second wireless
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signals, each second wireless signal having a second transmission range and
encoded with a unigue signal identifier of the multiple second wireless signals,
wherein the second transmussion range s longer than the first transmussion range;
and

a secondary device configured to
store a umique device 1dentifier of the secondary device,
receive the muluple first wireless signals when the secondary device s within the

first transmmission range, and

receive the multiple second wireless signals when the secondary device 1s within

the second transmission range.

42, The system of claim 41, wherein the primary device s further configured to store a unique
device identifier of the primary device and encode the unigue device identifier of the
primary device info each of the multiple first wireless signals and each of the multiple

second wireless signals,

43.  The system of claim 42, wherem the secondary device 15 further configured to

identify a contact episode start fime of a contact episode as the time at which the
secondary device first receives a first wireless signal or a second wireless signal,
whichever 1s recerved first, from the primary device, the contact episode start time
dicating that the secondary device has come within the first transmission range
or the second transmission range; and

wlentity a contact episode end time of the contact episode as the end of a preset out-of-
range period during which the secondary device does not recerve any first
wireless signal and does not recerve any second wireless signal from the primary
device, the preset cut-of-range pertod being the pentod during which the

secondary device is outside the second transimssion range,
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44, The system of claim 43, wherein the secondary device 15 further configured fo transmit a
wirgless momtoring signal encoded with the unique device identifier of the primary device

and the unigue device identifier of the secondary device at the comtact episode end time.

The system of claim 44, wherein the secondary device s further configured to

record a first number represeniing the number of first wireless signals received by the
secondary device during the contact episode,

record a second number representing the number of second wireless signals received by
the secondary device during the contact episode, and

encode the first mumber and the second number into the wireless montoring signal,

46, The system of claim 45, wherein the secondary device s further configured o
record a signal-reception siart time wdentical to the contact episode start time,
record a signal-reception end time indicating the time at which the secondary device
last receives a first wireless signal or a second wireless signal, whichever 13
received last, from the primary device during the coniact episode; and
encode the signal-reception start time and the signal-reception end time mto the

wireless monitoring signal

The system of claim 45, wherein the secondary device s further configured to

record a first contact start ime dicating the time at which the secondary device first
recerves a first wireless signal from the primary device during the contact
episode;
record a first contact end tme indicating the time at whach the secondary device last
recetves a first wireless signal from the primary device dunng the contact
episode;
record a second contact start time indicating the time at which the secondary device

first receives a second wireless signal from the primary device during the contact

episode;
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record a second contact end time indicating the time at whach the secondary device last
recetves a second wireless signal from the primary device during the contact
episode; and
encode the first contact start tune, the first contact end time, the second contact stant

time, and the second contact end time 1ndo the wireless monitoring signal

48 The system of claim 45, further comprising a server configured to determine or estimate,
from the first number and the second number,
a first total contact ime representing the total length of time during which the
secondary device has been withm the first transmission range, and
a second total contact ime representing the total length of time during which the
secondary device has been between the first transmission range and the second

{ransmussion range,

49 The system of claim 46, further comprising a server configured to deternune or estimate —
from the first number, the second number, the signal-reception start time, and the signal-
reception end time —

a total signal-reception period representing the period within which signals have been
recerved by the secondary device during the contact epasode, and
a total missed-signal number representing the total number of signals that have been

missed by the secondary device during the contact episode.

50, The system of claim 47, further comprising a server configured to deternune or estimate —
from the fust number, the second number, the first contact start time, the first contact end
tine, the second contact start tume, and the second contact end time —

a first signal-reception period representing the period within which first wireless signals
have been recerved by the secondary device during the contact episode,
a second signal-reception pertod representing the period within which second wireless

signals have been recerved by the secondary device doring the contact episode,
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a first missed-signal number representing the number of first wireless signals that have
been missed by the secondary device during the contact episede, and
a second missed-signal number representing the number of second wireless signals that

have been nussed by the secondary device during the contact episode.

The system of claim 41, turther comprising a location device configured to store a location
identifier associated with the location device and transnut multiple wireless location
signals, each wireless location signal having a location signal transmission range and
encoded with the location identifier, wherein
the primary devige 18 {further configured 10 recewve the multiple wireless location signals
when the primary device 13 within the location signal transmission range, derive
the tocation wdentifier from at least one of the multiple wireless location signals
recetved by the primary device, and transmit & wireless monitoring signal
encoded with the unique device wlentifier of the primary device and the location
identifier; and
the secondary device is further configured to receive the multiple wireless location
signals when the secondary device 15 within the location signal transnmussion
range, derive the location identifier from at least one of the multiple wireless
location signals recetved by the secondary device, and transmit a wireless
monitoring signal encoded with the unique device identifier of the secondary

device and the location identifier

The system of claim 43, wherem the primary device 18 a dual-range patient tag or a dual-

range bed exciter, and the secondary device s a staff tag or a patient tag.
The system of claim 31, wherem the location device 15 a single-range chokepoint exciter,
The systern of claim 41, wherein the primary device is further configured to transmit the

multiple first wireless signals at first preset transmission intervals and the multiple second

wireless signals at second preset ransrmission infervals.
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The system of claim 51, wherein the location device 1s further configured to transmit the

multiple wireless location signals at preset transmission intervals,

The systern of claim 42, wheren the secondary device s further configured to 1dentify a
contact episode start time of a contact episode as the time at which the secondary device
first recerves a first wireless signal from the primary device, the contact episode start tune

indicating that the secondary device has come within the first transmussion range,

The system of claim 56, wherein the secondary device 1 further configured to generate one
or more alert signals at the end of a second preset period munediately followmng a first
preset period that starts from the contact episode start time, after the secondary device has
determingd that the tme difference between the time at which the secondary device last
recetves a first wireless signal from the primary device during the fisst preset period and

the contact episode siart time 15 greater than or equal to a preset length of time.

The system of claim 56, wherein the secondary device is further configured to generate one
or more alert signals at the end of a second preset period mmmediately following a first
preset period that starts from the contact episode start time, after the secondary device has
recerved at least a preset number of first wireless signals from the primary device during

the first preset period.

The system of claim 56, wherein the secondary device 15 further configured to identifv a
contact episode end tune of the contact episode as the end of a preset out-of-range period
during which the secondary device does not receive any first wireless signal and does not
receive any second wireless signal from the primary device, the preset out-of-range period
being the period during which the secondary device 1s outside the second transnussion

range.
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60.  The system of claim 39, wherein the secondary device s further configured to generate one
or more alert signals at the end of a thurd preset period immediately following the preset

out-of-range pertod.

61, The system of claim 59, wherein the secondary device s further configured fo transmit a
wireless momtoring signal encoded with the unique device identifier of the primary device

and the umgue device identrfier of the secondary device at the contact episode end time,

62, The system of claim 61, wherein the secondary device s further configured to
record a contact start tume identical to the contact episode start time;
record a contact end time mdicating the time at which the secondary device last
receives a first wireless signal or 3 second wireless signal, whichever 1s recetved
fast, from the primary device during the contact episode, and
encode the contact start {ime and the contact end time into the wireless monitoring

signal.

63.  The system of claim 62, further comprising a server configured to determine or estimate,
from the comtact start ime and the contact end time, a total signal-reception period
representing the period within which signals have been received by the secondary device

during the contact episode.

64, The system of claim 51, wherein
the primary device 18 further configured to encode the location 1dentifier into the
multiple first wireless signals and the multiple second wireless signals, and
the secondary device 15 further configured to derive the location wentifier from at least
one of the multiple wireless location signals recerved by the secondary device,
from at least one of the multiple first wireless signals received by the secondary
device, or from at least one of the multiple second wireless signals received by

the secondary device.
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63, The system of claim 41, further comprising a location device configured to store a location
wdentifier associated with the location device and transmnt
multiple near-range wireless location signals, each near-range wireless location signal
having a near-range location signal transnussion range and encoded with the
location identifier and a umgue signal wdentther of the muluple near-range
wireless location signals, and
multiple medwm-range wireless location signals, each medwime-range wireless location
signal having a medmme-range location signal transmission range and encoded
with the location identifier and a unique signal wentifier of the multiple mediam-
range wirgless location signals,
wherem
the medium-~-range ocation signal transmission range 1s longer than the near-range
tocation signal fransmission range, and
the secondary device is further configured to
receive the multiple near-range wireless location signals when the secondary
device 13 withmn the near-range location signal transmission range,
receive the multiple medium-range wireless location signals when the secondary
device 1s within the medium-range location signal transnussion range,
derive the location identifier from at least one of the multiple near-range wireless
location signals recerved by the secondary device but not from any one of
the multiple medimm-range wireless location signals received by the
secondary device, and
transmit 8 wireless montormng signal encoded with the unigue device identifier of

the secondary device and the location wdentifier,

66.  The system of claim 65, wherem
the primary device is further configured 1o
receive the muluple near-range wireless location signals when the pumary device

15 within the near-range location signal transrmission range,
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recerve the muluple medivm-range wireless focation signals when the primary
device 13 within the medivmerange location signal transmission range,

derive the location identifier from at least one of the muliiple near-range wireless
location signals recerved by the primnary device but not from any one of the
multiple medium-range wireless location signals recerved by the primary
device,

encode the location wdentthier o the multiple first wireless signals and the
mudtiple second wireless signals, and

transnut a wireless montioring signal encoded with the unique device wentifier of
the primary device and the location identifier; and

the secondary device 1s further configured {o derrve the location identifier from at least

one of the multiple near-range wireless location signals received by the secondary

device, from at least one of the multiple first wireless signals received by the

secondary device, or from at least one of the multiple second wireless signals

recetved by the secondary device, but not from any one of the multiple medium-

range wireless location signals received by the secondary device.

67, The system of claim 65, wherein
the primary device is further configured to

recerve the muluiple near-range wireless location signals when the primary device
is within the near-range location signal transmission range,

recerve the muluple medivm-range wireless focation signals when the primary
device 13 within the medivmerange location signal transmission range,

derve the location wdentifier from at least one of the muluple near-range wireless
location signals recerved by the primary device or from at least one of the
multiple medium-range wireless location signals recerved by the primary
device,

encode the location wdentthier indo the multiple first wireless signals and the

mudtiple second wireless signals, and
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transmit a wireless monttoring signal encoded with the unique device identifier of
the primary device and the location identifier; and
the secondary device ts further configured to derive the location identifier from at least

one of the multiple near-range wireless location signals recetved by the secondary
device, from at least one of the muluiple first wireless signals received by the
secondary device, or from at least one of the muluple second wireless signals
recerved by the secondary device, but not from any one of the multiple medium-

range wireless location signals received by the secondary device.

The system of claum 36, wherein the primary device s a dual-range patient tag or a dual-

range bed exorter, and the secondary device s a staff tag.

The system of claim 64, wherein the location device 13 a single-range bed slot exciter.

The system of claim 65, wherein the location device 1s a dualrange bed slot exciter and the

secondary device s a staff tag.

The system of claim 66, wherein the primary device is a dual-range patient tag.

The system of claim 67, wherein the primary device is a dual-range bed exciter.

The system of claim 65, wherein the location device 1s further configured to transmit the
multiple near-range wireless location signals at preset near-range location signal
transatssion iervals and the multiple mediurs-range wireless location signals at preset

medivm-range location signal fransnussion intervals,

The system of claum 41, wherein the primary device is further configured to store a location
identifier associated with the primary device and encode the location dentifier into each of

the multiple {irst wireless signals and each of the mulisple second wireless signals,
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The system of claim 74, wherein the secondary device s further configured to record a first

¥
L

number representing the number of first wireless signals received by the secondary device
during a preset tracking period and record a second numiber representing the number of

second wireless signals received by the secondary device during the preset tracking penod.

76, The system of claum 75, wherein the secondary device is further configured to
derive the location identifier from at least one of the multiple first wireless signals
received by the secondary device or from ai least one of the multiple second
wireless signals received by the secondary device, and
transnut a wireless montioring signal encoded with the unique device swdentifier of the

secondary device, the location identifier, the first number, and the second number

77, ‘The system of claim 76, wherein the secondary device i further configured to
record a first contact end ime indicating the time at which the secondary device last
receives a first wireless signal from the primary device during the preset tracking
period,
record a second contact end time indicating the time at which the secondary device last
receives a second wireless signal from the primary device durning the preset

tracking period, and
encode the first contact end tume and the second contact end time into the wireless

monitoring signal,

78, The system of claim 77, wherein the secondary device is further configured to
record a first contact start tune indicating the time at which the secondary device first
recetves a first wireless signal from the primary device duning the preset tracking
period.
record a second contact start time indicating the time at which the secondary device

first recerves a second wireless signal from the primary device during the preset

tracking pertod, and
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encode the first contact start time and the second confact start time into the wireless

monitoring signal

79, The system of claum 76, further comprising a server configured to determine or estimate,
from the fuirst number and the second number, whether the secondary device has been
within the first transmission range or between the first transmussion range and the second

{TANSINISSION range,

80, The system of claim 77, further comprising a server configured 1o deiermine or estimate
from the first contact end time and the second contact end time, or from the first number,
the second number, the first contact end time, and the second contact end time — whether
the secondary device has been within the first transmission range or between the first

transnussion range and the second fransmission range.

&1, The system of claim 78, further comprising a server configured to determine or estimate —
from the first number, the second number, the first contact start time, the first contact end
time, the second contact start time, and the second contact end time

a first signal-reception period representing the period within which first wireless signals
have been received by the secondary device during the preset tracking period,

a second signal-reception period representing the period within which second wireless
signals have been received by the secondary device during the preset tracking
period,

a first missed-signal number representing the number of first wireless signals that have
heen missed by the secondary device during the preset tracking period, and

a second missed-signal number representing the number of second wireless signals that

have heen missed by the secondary device duning the preset tracking period.

82. The system of claim 75, wherein the primary device s a dual-range exciter, and the

secondary device 1s a siaft tag, a patient fag, or an assel tag.
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The system of claim 74, wherein the secondary device s further configured to derive the
location identifier from at least one of the multiple first wireless signals received by the
secondary device but not from any one of the multiple second wireless signals recetved by
the secondary device, and transmit one or more signals each encoded with the umique

device wentifier of the secondary device and the location wentifier.

The systern of claim 74, wherein the secondary device s further configured to denive the
tocation wlentifier from at least one of the mmitaple first wireless signals received by the
secondary device or from at least one of the multiple second wireless signals received by
the secondary device, and transmit one or more signals each encoded wath the unigue

device identifier of the secondary device and the location wdentifier.

The system of claim 83, wherein the primary device 13 a dual-range bed siot exciter, and

the secondary device is a staff tag, a patient tag, or an asset fag

The system of claim 84, wherein the primary device is a dual-range bed slot exciter and the

secondary device is a bed exciter.

The system of claim 41, wherein the primary device comprises
a transmutier unat configured to transmut at least the multiple first wireless signals and
multiple second wireless signals; and
a controller unit coupled 1o the transmutier unit, the controller unit configured to confrol
the transmutter unit such that the transmutter unit 13 configured to transmit at least

the multiple first wireless signals and multiple second wireless signals.

The systern of claim 87, wherein the primary device further coraprises a recerver unit
coupled to the controfler unit of the primary device, the receiver umit configured to receive
multiple incoming wireless signals from other devices and the controller unit further
configured to control the receiver uni such that the recerver unit s configured to receive

the multiple mconung wireless signals.
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8¢, The system of claum 41, wherein the secondary device comprises

a recerver untt configured 1o recetve at least the multiple first wireless signals and
multiple second wireless signals,

a transnutier vt configured to transmit multiple outgoing wireless signals, and

a controller unut coupled to the receiver wit and the ransmitter unit, the controller unit
configured o control the receiver unit such that the receiver unit 1s configured to
recerve at feast the multiple first wireless signals and multiple second wireless
signals, the controller unt forther configured to control the transmutter umi such
that the fransmatter unst 1s configured 10 transmit the mubiiple outgomg wireless
signals, and the controtler unit further configured (o store the unique device

wdentifier of the secondary device

90, A method of using a primary device for location tracking or proximity detection, the
method comprising

transmitiing, using a transmitter unit of the primary device, muliiple first wireless
signals {0 be recetved by a secondary device, each first wireless signal having a
first transrussion range and encoded with a unique signal identifier of the
multiple first wireless signals;

transmitting, using the transmitter unit of the primary device, multiple second wireless
signals to be recerved by the secondary device, each second wireless signal
having a second transmission range and encoded with a unique signal identifier of
the multiple second wireless signals;

wherein the second transnussion range 18 longer than the first ransnussion range.

91, The method of claim 90, wherein
each first wireless signal is further encoded with a unique device wentifier of the
primary device,
each second wireless signal 1s further encoded with the unigue device identifier of the

primary device, and
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the unique device identifier of the primary device and a unique device identifier of the
secondary device are encoded nto a wireless monitoring signal to be

sybsequently transnutted by the secondary device.

92.  The method of claim 90, wherein
each fust wireless signal is further encoded with a location identifier,
each second wireless signal is further encoded with the location wdenttfier, and
a umque deviee identifier of the secondary device and the location identifier are
encoded nto a wireless montoring signal to be subseqguently transmutted by the

secondary device.

93, The method of claim 90, turther comprising

reCceIving, using a receiver unit of the primary device, muliiple wireless location signals
from a location device, each wireless location signal having a location signal
transnussion range and encoded with a location idendifier associated with the
location device, when the primary deviee 15 within the location signal
transmussion range; and

transmitting, using the transmitter unit of the primary device, a wireless monitoring
signal encoded with a unique device identifier of the primary device and the

iocation identifier.

94. A method of using a secondary device for location tracking or proximity detection, the
method comprising

recelving, using a receiver unit of the secondary device, multiple first wireless signals
from a primary device, each first wireless signal having a first transmission range
and encoded with a unique signal identifier of the multiple first wireless signals,
when the secondary device 1s within the first transnisston range; and

receiving, using the recerver unit of the secondary device, multiple second wireless
signals from the primary device, each second wireless signal having a second

transmission range and encoded with a unique signal identifier of the multiple
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second wireless signals, when the secondary device 1s within the second
IransHIssion range;

wherein the second transmission range i longer than the first transmission range.

9% The method of claim 94, wherein
each first wireless signal is further encoded with a unique device wentifier of the
primary device,
each second wireless signal 1s further encoded with the unigue device identifier of the
primary device, and
the method further comprises transmitiing, using 2 transmatter umit of the secondary
device, a wireless monitoning signal encoded with the unigue device dentifier of

the primary device and a onigue device wdentifier of the secondary device,

96, The method of claim 94, wherein
cach first wireless signal 15 further encoded with a location identifier,
each second wireless signal is further encoded with the location ideniifier, and

the method further comprises transmitting, using a transmiter unat of the secondary

=)

device, a wireless monitoring signal encoded with a unique device identifier of

the secondary device and the location dentifier.

97, The method of claim 94, further comprising

receiving, using the recerver unit of the secondary device, multiple wireless location
signals from a location device, each wireless location signal having a location
signal transrssion range and encoded with a location identifier associated with
the location device, when the secondary device 1s within the location signal
transrission range; and

transmitting, using a transmuter unit of the secondary device, a wireless momtoring
signal encoded with a umique device identifier of the secondary device and the

focation wentifter.
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98. A method for location tracking or proximity detection, the method comprising

transmitting, by a primary device, muitiple first wireless signals, each first wireless
signal having a first transmussion range and encoded with a umque signal
wdentifier of the muluple first wireless signals;

transmitting, by the primary device, multiple second wireless signals, each second
wireless signal having a second transnussion range and encoded with a umgue
signal identifier of the multiple second wireless signals;

receiving, by a secondary device, the multiple first wireless signals when the secondary
device 15 withun the first transmussion range; and

receiving, by the secondary device, the multiple second wireless signals when the
secondary device 1s within the second transmission range;

wherein the second fransmission range 15 longer than the first transmussion range.

99, The method of claim 98, wherein
each first wireless signal 1s further encoded with a umque device ideniifier of the
primary device,
each second wireless signal is further encoded with the unique device identifier of the
primary device, and
the method further comprises
identifying, by the secondary device, a contact episode start time of a contact
episode as the time at which the secondary device first receives a first
wireless signal or a second wireless signal, whichever 1s recerved first, from
the primary device, the contact episode start time mndicating that the
secondary device has come within the first transnusston range or the second
transrssion range; and
identitying, by the secondary device, a contact episode end tiine of the comtact
episode as the end of a preset ocut-of-range period during which the
secondary device does not recerve any first wireless signal and does not

receive any second wireless signal from the prunary device, the preset out-
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of-range period being the period during which the secondary device is

owtside the second transmission range.

100, The method of claim 99, further comprising transnutting, by the secondary device, a
wireless monttormg sgnal encoded with the unique device wdentifier of the primary device

and a umique device wdentifier of the secondary device at the contact episode end tune.

101, The method of clamm 100, further comprising
recording, by the secondary device, a first mumber representing the number of first
wirgless signals received by the secondary device during the contact episode;
recording, by the secondary device, a second number representing the number of
second wireless signals recerved by the secondary devige during the contact
episode; and
encoding, by the secondary device, the first number and the second number into the

wireless monitoring signal.

102, The method of ¢laim 101, fusther comprising

recording, by the secondary device, a signal-reception start time dentical to the contact
episode start time;

recording, by the secondary device, a signal-reception end time mdicating the time at
which the secondary device last receives a first wireless signal or a second
wireless signal, whichever s recerved last, from the primary device during the
contact episode; and

encoding, by the secondary device, the signal-reception start tame and the signal-

reception end fime mio the wireless monttoring signal.

103. The method of clamm 101, further comprising
recording, by the secondary device, a first contact start fune indicating the tune at
which the secondary device first recerves a first wirgless signal from the primary

device dunng the contact episode;



WO 2020/256630 PCT/SG2019/050303

106

recording, by the secondary device, a first contact end time mndicating the time at which
the secondary device last recerves a first wireless signal from the primary device
during the comtact episode;

recording, by the secondary device, a second contact start time indicating the time at
which the secondary device first receives a second wireless signal from the
primary device durmg the contact episode;

recording, by the secondary device, a second contact end time indicating the time at
which the secondary device last receives a second wireless signal from the
primary device during the coniact episode; and

encoding, by the secondary device, the first contact start ime, the tirst contact end time,
the second contact start fime, and the second contact end time mio the wireless
monitoring signal

104 The method of claim 101, further comprising determining or estimating, by a server, from

the first number and the second number,
a first total contact time representing the {otal length of time during which the
secondary device has been within the first transmission range, and
a second total contact time representing the total length of time during which the
secondary device has been between the first fransmission range and the second

LIANSINISSION range,

103, The method of claim 102, further comprising determiming or estimating, by a server —
from the first numbesr, the second number, the signal-reception start time, and the signal-
reception end tirme —

a total signal-reception period representing the peried wathan which signals have been
recerved by the secondary device during the contact episode, and
a total mussed-signal number representing the total number of signals that bave been

missed by the secondary device during the contact episode.
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106, The method of clawm 103, further comprising determining or estimating, by a server —
from the first number, the second number, the first contact start time, the first contact end
time, the second contact start time, and the second contact end time —

a first signal-reception period representing the pertod within which first wireless signals
have been recerved by the secondary device during the contact episode,

a second signal-reception period representing the period within which second wireless
signals have been recetved by the secondary device during the contact episode,

a first missed-signal number representing the number of first wireless signals that have
been missed by the secondary device during the contact episode, and

a second missed-signal number representing the number of second wireless signals that

have been mussed by the secondary device during the contact episode

1G7. The method of claim 98, further comprising

transmitiing, by a location device, mudtiple wireless location signals, each wireless
location signal having a location signal {ransmission range and encoded with a
location identifier associated with the location device;

receqving, by the primary device, the multiple wireless location signals when the
primary device 1s within the location signal transmission range;

deriving, by the primary device, the location 1dentifier from at least one of the multiple
wireless location signals received by the primary device;

transmitting, by the primary device, a wireless monitoring signal encoded with a umigue
device dentifier of the primary device and the focation dentifier;

receiving, by the secondary devige, the multiple wireless location signals when the
secondary device s within the location signal transmission range;

denving, by the secondary device, the location wentifier from at least one of the
multiple wireless location signals received by the secondary device; and

transmutting, by the secondary device, a wireless monitoring signal encoded with a

uique device wentifier of the secondary device and the location wentifier.

108 The method of claim 98, wherein
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each first wireless signal is further encoded with a unigue device identifier of the
primary device,

each second wireless signal 1s further encoded with the unique device wdentifier of the
primary device, and

the method further comprises identifving, by the secondary device, a contact episode
start tiroe of a contact episode as the time at which the secondary device fust
recerves a first wireless signal from the primary device, the contact episode start
time indicating that the secondary device has come withun the first iransmassion

range.

The method of claim 108, further comprising generating, by the secondary device, one or
more alert signals at the end of a second preset period immediately following a first preset
period that starts from the contact episode start ttme, after the secondary device has
determined that the time difference between the time at which the secondary device last
receives a first wireless signal from the primary device during the first preset period and

the contact episode star{ time 1s greater than or equal (o a preset length of ime.

The method of clanm 108, further comprising generating, by the secondary device, one or
more alert signals at the end of a second preset period immediately following a first preset
period that starts from the contact episode start tume, after the secondary device has
recerved at least a preset number of first wireless signals from the primary device during

the first preset period.

. The method of clatm 108, further comprising wdentifving, by the secondary device, a

contact episode end time of the contact episode as the end of a preset out-of-range period
during which the secondary device does not recerve any first wireless signal and does not
recetve any second wireless signal frora the primary device, the preset out-of-range period
bemyg the period during which the secondary device 1s outside the second transmission

range.
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112, The method of claim 111, further comprising generating, by the secondary device, one or
more alert signals at the end of a third preset period mmmediately followng the preset out-

of-range period.

113, The method of claim 111, further comprising transmitting, by the secondary device, a
wireless momtoring signal encoded with the unique device identifier of the primary device

and a unique device identifier of the secondary device at the contact episode end time.

114 The method of clamm 113, further comprismg

recording, by the secondary device, 3 contact start time 1dentical 1o the contact episode
start tume,

recording, by the secondary device, 3 contact end time indicating the time at whach the
secondary device last recerves a first wireless signal or a second wireless signal,
whichever is received last, from the primary device during the contact episode;
and

encoding, by the secondary device, the contact start time and the contact end time nio

the wireless monitoring signai.

1138, The method of claim 114, further comprismg determining or estimating, by a server, from
the contact start time and the contact end time, a total signal-reception period representing
the period within which signals have been received by the secondary device during the

confact episode,

116, The method of clawa 107, further comprising
encoding, by the primary device, the location 1dentifier into the multiple first wireless
signals and the multiple second wireless signals; and
denving, by the secondary device, the location wentifier from at least one of the
multiple wireless location signals received by the secondary device, from at least

one of the multtple first wireless signals received by the secondary device, or
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from at least one of the multiple second wireless signals recerved by the

secondary device,

117, The method of claim 98, further comprising

transmitting, by a location device, multiple near-range wireless location signals, each
near-range wireless location signal baving a near-range location signal
transrssion range and encoded with a location identifier associated with the
tocation device and a umque signal wdentifier of the muliple near-range wireless
location signals;

transmitting, by the location device, multiple medium-range wireless location signals,
each medium-range wireless location signal having a medium-range location
signal transmussion range and encoded wiath the location identifier and a umque
signal identifier of the multiple mediom-rangs wireless location signals, wherein
the medinum-range location signal transmission range 1s longer than the near-range
location signal transmission range,

receiving, by the secondary device, the multiple near-range wireless location signals
when the secondary device is within the near-range location signal transmission
range;

recerving, by the secondary device, the multiple medium-range wireless location
signals when the secondary device s within the medium-range location signal
{ransnussion range;

deriving, by the secondary device, the location identifier from at least one of the
multiple near-range wireless location signals recerved by the secondary device but
not from any one of the muluple mediuim-range wireless location signals recerved
by the secondary device; and

transmitting, by the secondary device, a wireless monttoring signal encoded with a

unigue device identifier of the secondary device and the location identifier.

118, The method of clamm 117, further comprising
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receiving, by the primary device, the multiple near-range wireless location signals
when the primary device 15 within the near-range location signal transmission
range;

receiving, by the primary device, the multiple medium-range wireless location signals
when the primary device s within the medium-range location signal transmussion
Tange;

deriving, by the primary device, the location denifier from at least one of the multiple
near-range wireless location signals recerved by the primary device but not from
any one of the multiple medinme-range wireless location signals received by the
primary device,

encoding, by the primary device, the tocation wenttfier into the multiple fivst wireless
signals and the multiple second wireless signals;

transmuiting, by the primary device, a wireless monttoring signal encoded with a unigue
device identifier of the primary device and the location identifier; and

deriving

f=r)

by the secondary device, the location tdentafier from at least one of the
multiple near-range wireless location signals received by the secondary device,
from at least one of the multiple first wireless signals received by the secondary
device, or from at least one of the multiple second wireless signals received by
the secondary device, but not from any one of the multiple medmum-range

wireless location signals received by the secondary device.

119, The method of claim 117, further comprising

receiving, by the primary device, the multiple near-range wireless location signals
when the primary device s within the near-range location signal transmission
Tange;

receiving, by the primary device, the multiple mediurs-range wirveless location signals
when the primary device 1s within the medium-range focation signal transmission
range;

deriving, by the primary device, the location identifier from at least one of the multiple

near-range wireless location signals recerved by the primary device or from at
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least one of the multiple medium-range wireless location signals received by the
primary device,

encoding, by the primary device, the location wdenttfier inmto the multiple first wireless
signals and the multiple second wireless signals,

transmitting, by the primary device, a wireless monrtoring signal encoded with a umgue
device identifier of the primary device and the location wientifier; and

deriving, by the secondary device, the location identifier from at least one of the
multiple near-range wireless location signals received by the secondary device,
from at least one of the multiple first wireless signals recerved by the secondary
device, or from at least one of the multiple second wireless signals received by
the secondary device, but not from any one of the multiple medinme-range

wirgless location signals recetved by the secondary device.

120, The method of claim 98, wherein
cach first wireless signal 15 further encoded with a location identifier associated with
the primary device,
cach second wireless signal is further encoded with the location identifier, and
the method further comprises
recording, by the secondary device, a first number representing the number of first
wireless signals recerved by the secondary device during a preset tracking
period; and
recording, by the secondary device, a second number representing the number of
second wireless signals received by the secondary device during the preset

tracking pertod.

121, The method of clatm 120, further comprising
denving, by the secondary device, the location wentifier from at least one of the
muitiple first wireless signals received by the secondary device or from at least

one of the muoltiple second wireless signals received by the secondary device; and
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transmitting, by the secondary device, a wireless monitoring signal encoded with a
unique device wentifier of the secondary device, the location identifier, the first

number, and the second number,

122. The method of clatm 121, further comprising

recording, by the secondary device, a first contact end time mdicating the tune at which
the secondary device last recetves a first wireless signal from the primary device
during the preset tracking period,

recording, by the secondary device, a second contact end time indicating the time at
which the secondary device last receives a second wireless signal from the
primary device during the preset tracking penod; and

encoding, by the secondary device, the fust contact end time and the second contact

end time inio the wirgless monitoring signal

123 The method of ¢laim 122, fusther comprising

recording, by the secondary device, a first contact start time indicating the time at
which the secondary device first recerves a first wireless signal from the primary
device during the preset tracking period;

recording, by the secondary device, a second contact start time mdicating the time at
which the secondary device first receives a second wireless signal from the
primary device during the preset tracking period; and

encoding, by the secondary device, the first contact start ime and the second contact

start time 1010 the wireless monstoring signal,

124, The method of claim 121, further comprising determaming or estimating, by a server, from
the first number and the second number, whether the secondary device has been within the
first transmission range or between the first transmission range and the second transnussion

range.
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123 The method of claim 122, further comprising determiming or estimating, by a server —
from the first contact end time and the second contact end tumne, or from the first number,
the second number, the first contact end time, and the second contact end time — whether
the secondary device has been within the first transmission range or between the first

transrssion range and the second transmission range.

126. The method of claim 123, further comprising deternuming or estunating, by a server —
from the first number, the second number, the first contact siart time, the furst contact end
time, the second contact start time, and the second contact end time

a first signal-reception period representing the period within which first wireless signals
have been received by the secondary device during the preset tracking period,

a second signal-reception period representing the period withan which second wireless
signals have been recerved by the secondary device during the preset tracking
period,

a first missed-signal mumber representing the number of first wireless signals that have
been missed by the secondary device during the preset tracking period, and

a second nussede-signal number representing the number of second wireless signals that

have been missed by the secondary device during the preset tracking period.

127. The method of claim 98, wherein
each first wireless signal is further encoded with a location identifier associated with
the primary device,
each second wireless signal 13 further encoded with the location identifier, and
the method further comprises
deriving, by the secondary device, the location identifier from at least one of the
multiple first wireless signals recetved by the secondary device but not from
any one of the multiple second wireless signals received by the secondary
device; and
transmiting, by the secondary device, one or more signals each encoded with a

unique device identifier of the secondary device and the location dentifier
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128. The method of claim 98, wherein
each first wireless signal 1s further encoded with g location wdentifier associated wath
the primary device,
each second wireless signal is further encoded with the location wdenttfier, and
the method further comprises
denving, by the secondary device, the location wentifier from at least one of the
multiple first wireless signals receved by the secondary device or from at
least one of the muliiple second wireless signals recerved by the secondary
device; and
transnutting, by the secondary device, one or more signals each encoded with a

anique device identifier of the secondary device and the location dentifier.



