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or can operate in cooperation with a fixed dispenser config-
ured to transmit hand hygiene actions to the wearable zone
sensor. The wearable zone sensors are configured to be use-
able anonymously or to be associated with a user identifier,
and to interface with a central computer via a docking station
or communication interface to transfer data for later analysis.
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HAND HYGIENE COMPLIANCE SYSTEM

REFERENCE TO COPENDING APPLICATIONS

[0001] The entire subject matter of U.S. Provisional appli-
cation 60/920,779 filed Mar. 30, 2007 and entitled HAND
HYGIENE COMPLIANCE SYSTEM is incorporated herein
by reference. The entire subject matter of U.S. Provisional
application 60/960,521 filed Oct. 2, 2007 and entitled HAND
HYGIENE COMPLIANCE SYSTEM is also incorporated
herein by reference. The entire subject matter of U.S. appli-
cation Ser. No. 12/078,186 filed Mar. 27, 2008 and entitled
HAND HYGIENE COMPLIANCE SYSTEM is also incor-
porated herein by reference. The entire subject matter of PCT
application PCT/CA2008/000534 filed Mar. 27, 2008 and
entitled HAND HYGIENE COMPLIANCE SYSTEM is also
incorporated herein by reference. The entire subject matter of
U.S. application 61/136,720 filed Sep. 29, 2008 and entitled
HAND HYGIENE COMPLIANCE SYSTEM is also incor-
porated herein by reference. Applicant claims priority to each
of the above mentioned applications.

TECHNICAL FIELD

[0002] The present invention relates to hand hygiene sys-
tems and more specifically to hand hygiene monitoring sys-
tems.

BACKGROUND OF THE INVENTION

[0003] Approximately one in 10 people admitted to hospi-
tals in the United States acquire a new infection during their
slay. These nosocomial infections result in an estimated 100,
000 deaths per year in the United States. Nosocomial infec-
tions increase the length of patient stays in hospital, contrib-
uting to increased healthcare staffing levels, increased costs
and increased use of resources. This situation contributes
significantly to the overall stress on the healthcare systems
and increases wait times. It is estimated that approximately
half of these nosocomial infections are the result of inad-
equate hand hygiene compliance by healthcare staff.

[0004] There is considerable evidence that hand hygiene
compliance is a primary means to reduce nosocomial infec-
tions and the transmission of pathogens. Pathogens are nor-
mally present on the skin of healthcare workers and patients
and on surfaces surrounding the patient. These organisms can
be transferred to healthcare workers’ hands where they can
survive for periods ranging from minutes to hours. The final
step in the transmission process is the transfer of organisms
from the contaminated hands of the caregiver to other patients
or clean environmental surfaces. Alcohol-based hand rubs
seem to be significantly more effective than washing with
soap and water and in the reduction of transmission of patho-
gens.

[0005] Wearable dispensers of alcohol-based hand rub can
provide ready access hand hygiene without the need to visit a
fixed hand washing station and can reduce the time required
to perform hand hygiene especially for busy staff such as
nurses.

[0006] Unfortunately, published studies have generally
found that compliance with hand hygiene requirements by
healthcare workers averages about 40%. Various traditional
educational and management interventions can increase
awareness and improve this in the short term but generally do
not provide sustainable improvements.
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[0007] Some prior art systems such as U.S. Pat. No. 5,392,
546 to Smith, entitled “Hand Washing Compliance Measure-
ment and Monitoring System” monitor compliance but have
several possible disadvantages. A possible disadvantage of
the system of Smith is that there is either no prompting of the
user when it is necessary to perform hand washing, or the user
is prompted every time they enter a zone, irrespective of
whether they performed appropriate hand washing or not.
Neither scenario would seem to encourage the user or car-
egiver to improve hand washing compliance. Other possible
disadvantages of the system of Smith are interference
between site ID transmitters between closely spaced sites and
lack of a method to prompt users to wash their hands after
extended periods of time within the same zone.

[0008] Accordingly, an improved system and method to
encourage increased hand hygiene compliance in environ-
ments where the transfer of pathogens can be dangerous,
remains highly desirable.

SUMMARY OF THE INVENTION

[0009] It is therefore an object of the present invention to
provide an improved system and method to encourage
increased hand hygiene compliance by increased conve-
nience and appropriate prompting when needed.

[0010] Accordingly, an aspect of the present invention pro-
vides a method of encouraging compliance of hand hygiene
in a system having a disinfectant dispenser, a dispensing
detector, a wearable zone sensor, a controller, a timer means
and an alerting means. The method comprises steps of detect-
ing a change of zone of the wearable zone sensor; responsive
to detecting a change of zone, starting a preset first timer; and
responsive to expiration of the first timer, activating the alert-
ing means.

[0011] Another aspect of the present invention provides a
method of encouraging compliance of hand hygiene in a
system having a disinfectant dispenser, a dispensing detector,
a wearable zone sensor, a controller, a timer means and an
alerting (prompting) means. The method comprises a system
for precisely defining zones around different patients,
entrance ways, equipment and other specific areas where
hand cleansing is needed. The method also comprises steps of
starting a timer when the hand hygiene system is used;
prompting for hand cleansing if the timer has expired when
entering a zone; detecting the entry of a wearable zone sensor
moving into a defined zone; and prompting for hand cleansing
when entering a new patient zone or when leaving the room
through a zone marking the entrance or leaving the bathroom.

[0012] Some embodiments further comprise a step of dis-
abling the first timer responsive to sensing dispensing of
disinfectant.

[0013] In some embodiments, the step of detecting a
change of zone further comprises steps of: sensing a zone
identifier signal; decoding a first zone identifier from the zone
identifier signal; comparing the first zone identifier with a
stored zone identifier; determining a change of zone if said
first zone identifier differs from said stored zone identifier;
and storing said first zone identifier as the stored zone iden-
tifier.

[0014] Some embodiments further comprise a step of log-
ging the time associated with detecting a change of zone.
[0015] Some embodiments further comprise a step of log-
ging the time associated with activating the alerting means.
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[0016] Some embodiments further comprise a step of log-
ging said first zone identifier associated with detecting a
change of zone.

[0017] Someembodiments further comprise a step of trans-
mitting said zone identifier signal from a zone transmitter.
[0018] Insomeembodiments, the step of transmitting com-
prises transmitting an ultrasonic signal.

[0019] Insomeembodiments, the step of transmitting com-
prises transmitting a radio frequency signal.

[0020] Insomeembodiments, the step of transmitting com-
prises transmitting an infrared signal.

[0021] Insomeembodiments, the step of transmitting com-
prises transmitting an infrared signal from an array of one or
more infrared emitters.

[0022] Insomeembodiments, the step of transmitting com-
prises transmitting said infrared signal within a zone defined
by a radiation pattern of each of said infrared emitters.
[0023] Insome embodiments, the disinfectant dispenser is
integrated with said wearable zone detector, the method fur-
ther comprising sensing dispensing of disinfectant by way of
a contact closure.

[0024] Insome embodiments, the disinfectant dispenser is
separate from the wearable zone detector, the method further
comprising steps of at said disinfectant dispenser, transmit-
ting an indication of dispensing of disinfectant to said wear-
able zone detector, and at said wearable zone detector, receiv-
ing said indication of dispensing.

[0025] Insome embodiments, the transmitting of said indi-
cation of dispensing of disinfectant is performed wirelessly.
[0026] In some embodiments, the wireless transmitting of
said indication of dispensing of disinfectant uses radio fre-
quency, infrared or visible spectrum radiation, such as by the
use of light emitting diodes (LED’s) or the like.

[0027] Insome embodiments, the receiving of said indica-
tion of dispensing, is performed by the infrared sensor of said
Zone sensor.

[0028] In some embodiments, the indication of dispensing
is an infrared signal distinguishable from said zone identifier
signals.

[0029] A further aspect of the present invention provides a
system for encouraging compliance of hand hygiene. The
system comprises: a disinfectant dispenser; a dispensing
detector configured to detect operation of said disinfectant
dispenser; a controller in communication with said dispens-
ing detector; a wearable zone sensor in communication with
said controller; an alerting device in communication with said
controller; and a zone identification transmitter configured to
transmit a zone identification capable of detection by said
zone sensor when said zone sensor is within a predefined
proximity to said zone identification transmitter, wherein said
system is configured to activate said alerting means respon-
sive to said dispensing detector not sensing operation of said
disinfectant dispenser within a first predefined time delay of
said wearable zone sensor detecting a change of zone.
[0030] In some embodiments, the system is configured to
disable said alerting device responsive to said dispensing
detector sensing operation of said disinfectant dispenser.
[0031] Insome embodiments, the disinfectant dispenser is
integral with said wearable zone sensor.

[0032] Insome embodiments, the disinfectant dispenser is
separate from said wearable zone sensor.

[0033] Insome embodiments, the disinfectant dispenser is
mounted in a substantially fixed location and said dispensing
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detector is configured to transmit indication of operation of
said disinfectant dispenser, wirelessly to said controller.
[0034] Some embodiments further comprise a data
memory in communication with said controller, wherein said
controller is configured to log into said data memory, a zone
identifier for a current zone associated with said change of
zone.

[0035] In some embodiments, the controller is configured
to log into said data memory, a zone-change time associated
with said change of zone, responsive to said change of zone.
[0036] In some embodiments, the controller is configured
to log into said data memory, a disinfectant dispenser opera-
tion time, responsive to sensing operation of said disinfectant
dispenser.

[0037] Some embodiments further comprise a plurality of
zone identification transmitters, each configured to transmit a
unique zone identification.

[0038] Insomeembodiments, the zone identification trans-
mitter is configured to communicate with said wearable zone
sensor via a wireless signal.

[0039] In some embodiments, the wireless signal is an
infrared signal.
[0040] In some embodiments, each zone identification

transmitter comprises an array of one or more infrared emit-
ters.

[0041] Insomeembodiments, each infrared emitter is con-
figured to emit radiation in a predefined zone.

[0042] Insome embodiments, the predefined zone is deter-
mined by a shield on or around the IR transmitter having a
predefined shape.

[0043] Insomeembodiments, the predefined shape is coni-
cal.
[0044] In some embodiments, the predefined shape is a

fraction of a cone.

[0045] In some embodiments, the wireless signal is an
ultrasonic signal.

[0046] Insomeembodiments, the wireless signal is a radio
frequency signal.

[0047] Someembodiments further comprise a communica-
tion interface configured to interface with a central computer
to permit transfer of said logged information from said data
memory to said central computer, and wherein said central
computer is configured to process said downloaded data to
provide indications of hand hygiene compliance.

[0048] Some embodiments further comprise a docking sta-
tion comprising a plurality of said communication interfaces
configured to accommodate a plurality of wearable zone sen-
SOIS.

[0049] In some embodiments, the system is configured to
permit anonymous check out and check in of said wearable
zone sensors, wherein each said wearable zone sensor com-
prises a unique identifier.

[0050] In some embodiments, the processed downloaded
data is retrievable anonymously using said unique zone sen-
sor identifier.

[0051] Insomeembodiments, the processed data for a pre-
defined group of zone sensors is retrievable collectively.
[0052] In some embodiments, the system is configured to
permit check out and check in of said wearable zone sensors
using a user identifier and wherein said system logs said user
identifier.

[0053] In some embodiments, the system logs said user
identifier in said data memory.
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[0054] In some embodiments, the first predefined time
delay is a function of zone type as determined from said zone
identification.

[0055] In some embodiments, the zone identification com-
prises a unique number and wherein said zone identification
transmitter is configured to transmit said zone identification
as a coded sequence of pulses.

[0056] Insomeembodiments, the coded sequence of pulses
comprises an integrity check.

[0057] Insomeembodiments, the zone identification trans-
mitter is configured to adapt the output level of said transmit-
ted coded pulses responsive to an ambient radiation level.
[0058] Insome embodiments, the alerting device is config-
ured to provide an audible signal.

[0059] Insome embodiments, the alerting device is config-
ured to provide a vibrating signal.

[0060] Insomeembodiments, the alerting device is config-
ured to provide a visual signal, or one or more signals includ-
ing visual, vibratory, auditory and the like.

[0061] In some embodiments, responsive to connection of
the communication interface, the controller initiates down-
loading of the logged information.

[0062] Insomeembodiments, responsive to hand wash dis-
penser action, the controller resets a first preset timer; resets a
second preset timer; resets a third preset timer; and disables
alert if active.

[0063] In one aspect of the invention, a wearable tag or
device is worn by a caregiver or other user in a hospital or
other care facility. The wearable tag can detect and log when
the caregiver enters or passes through predefined zones and
can log when the caregiver sanitizes his hands by detecting
activation of a dispensing unit. The dispensing units can be
integral to the wearable unit or alternatively can be fixed
dispensing units in which case the dispensing unit can trans-
mit indication of the activation of the dispensing unit. In one
preferred embodiment, the zones are defined by arrays of
infrared (IR) transmitters. The arrays comprise one or more
IR emitters with associated collimators/lenses/shields to
clearly define a zone. The IR emitters in each zone are con-
trolled by a zone transmitter which modulates the output of
the emitters to produce a unique zone identifier.

[0064] In some embodiments the step of starting a first
timer is responsive to sensing dispensing of disinfectant.
[0065] Insomeembodiments, responsiveto connection ofa
data interface, the controller initiates down load of data to a
central computer.

[0066] In some embodiments, responsive to disinfectant
dispensing action, the controller resets a first preset timer;
reset a second present timer; and resets a third preset timer;
and disables the alerting device if active.

[0067] Another aspect of the present invention provides a
wearable smart zone sensor configured to be worn by a user.
The smart zone sensor comprises: a zone detector configured
to detect a wireless zone identifier signal; a controller in
communication with said zone detector; a data memory in
communication with said controller; a dispenser activation
detector in communication with said controller; and an alert-
ing device in communication with said controller for alerting
the user, wherein the controller is configured to: decode a
zone identifier from said zone identifier signal; determine
when said smart zone sensor enters a Zone responsive to said
zone identifier signal and store said zone identifier and time of
entering in said data memory; determine when said smart
zone sensor leaves a zone responsive to said zone identifier
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signal and store said zone identifier and time of leaving in said
data memory; determine when dispenser activation occurs
responsive to said dispenser activation detector and store time
of dispenser activation in said data memory; and alert said
user when a hand cleansing operation is required.

[0068] Some embodiments further comprise an interface
for transmitting to an external computer, the data stored in
said data memory.

[0069] Some embodiments further comprise a housing
configured as a user identification card.

[0070] Someembodiments further comprise a dispenser for
hand cleansing product wherein said dispenser activation
detector is configured to detect dispensing of said hand clean-
ing product.

[0071] Insomeembodiments, the dispenseris collocated in
said housing with said smart zone sensor.

[0072] Some embodiments further comprise a housing for
enclosing said smart zone sensor, wherein said housing is
configured for attachment to a lanyard.

[0073] Some embodiments further comprise an arm pivot-
ally connected to said housing, wherein said arm houses said
zone detector and is configured to maintain said zone detector
in spaced relationship from said user when said arm is in an
operating position and wherein said arm can be pivoted to a
storage position.

[0074] In some embodiments the zone detector comprises
an infrared (IR) sensor.

[0075] In some embodiments the dispenser activation
detector is configured to receive a wireless signal from a fixed
dispenser unit.

[0076] In some embodiments the dispenser activation
detector is configured to receive an IR signal from said fixed
dispenser unit.

[0077] In some embodiments the dispenser activation
detector is configured to receive a wireless signal from a
portable dispenser unit.

[0078] In some embodiments the dispenser activation
detector is configured to receive a radio frequency (RF) signal
from said portable dispenser unit.

[0079] In some embodiments the dispenser activation
detector is configured for wired communication with a por-
table dispenser unit, said portable dispenser unit configured
for mounting on said lanyard.

[0080] Yet another aspect of the present invention provides
a fixed dispenser unit for dispensing a hand cleansing prod-
uct. The fixed dispenser unit comprises: a cleansing product
container; a cleansing product dispenser for dispensing said
cleansing product from said container; a wireless zone iden-
tifier signal transmitter for transmitting a signal indicative of
a dispenser activation and zone identifier for receipt by a
smart zone sensor; a controller for encoding said zone iden-
tifier signal.

[0081] In some embodiments, the fixed dispenser unit is
configured for mounting on a wall.

[0082] In some embodiments, the fixed dispenser unit is
configured for mounting on a pylon.

[0083] Some embodiments further comprise a proximity
sensor for sensing proximity of a user’s hands to said dis-
penser and wherein said controller is further configured to
activate said cleansing product dispenser responsive to said
proximity sensor sensing a user’s hands.

[0084] In some embodiments, the fixed dispenser unit is
configured for dispensing a viscous product.
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[0085] In some embodiments, the cleansing product dis-
penser comprises a pump.

[0086] In some embodiments, the wireless zone identifier
signal transmitter comprises an infrared emitter.

[0087] In another aspect, there is provided a wearable
monitoring unit, which comprises:

[0088] a. a data transfer portion operable for receiving
sensory data reporting a hygiene event from a hygiene
detector, and zone data from a zone beacon, the zone
data including zone location data and/or zone type data;

[0089] b. a memory portion including:
[0090] 1. a first memory segment to store the sensory
data;
[0091] ii. a second memory segment to store a group

of hygiene status subroutines, each according to a
corresponding infection risk level;
[0092] c. a processor module configured to:

[0093] 1. receive at least one zone data message from
the zone beacon;

[0094] 2. decode the zone data message to identify a
zone location data portion and/or the zone type data
portion;

[0095] 3. select a hygiene status subroutine according
to a zone type data portion and the infection risk level,
or a correlation therebetween;

[0096] 4. execute the selected hygiene status subrou-
tine.
[0097] Insome embodiments, the first subroutine includes

an instruction to issue an alert signal. The monitoring unit
comprises a user alert portion for issuing one or more hygiene
alert signals for an active attendant, wearing the monitoring
unit, to carry out a hygiene event. The user alert portion is
responsive to the processor module to issue the alert signal.
[0098] Insomeembodiments, the user alert portion is oper-
able to issue two or more different hygiene alert signals, the
instruction including issuing a first of the hygiene alert sig-
nals.

[0099] Some embodiments further comprise a user alert
portion for issuing one or more hygiene alert signals for an
active attendant, wearing the monitoring unit, to carry out a
hygiene event, selected ones of the subroutines including
instructions to issue a hygiene alert message, the user alert
portion responsive to the hygiene alert message for issuing
one or more hygiene alert signals to the user.

[0100] In another aspect, there is provided a wearable
monitoring unit comprising a data transfer portion operable
for receiving sensory data reporting a hygiene event from a
hygiene detector, and zone data from a zone beacon, the zone
data including zone location data and/or zone type data. A
user alert portion is provided for issuing one or more hygiene
alert signals for an active attendant, wearing the monitoring
unit, to carry out a hygiene event. A memory portion is also
provided, including a first memory segment to store the sen-
sory data, a second memory segment to store a group of
hygiene status subroutines, each according to a correspond-
ing infection risk level, a third memory segment to store zone
location data for a plurality of predetermined zone locations
and/or zone type data for a plurality of predetermined zone
types; and a fourth memory segment to index correlations
between each of the hygiene status subroutines and one or
more of the predetermined zone locations and/or one or more
of'the predetermined zone types. Also provided is a processor
module which is configured to receive at least one zone data
message from the zone beacon, decode the zone data message
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to identify the zone location data portion and/or the zone type
data portion; select a hygiene status subroutine according to
an indexed correlation with the zone identify data portion
and/or the first zone type data portion; and execute the
selected hygiene status subroutine.

[0101] In another aspect, there is provided a wearable
monitoring unit. The wearable mounting unit comprises a
data transfer portion operable in a first phase for receiving
sensory data reporting a hygiene event from a hygiene detec-
tor, and zone data from a zone beacon, the zone data including
zone location data and/or zone type data. The data transfer
portion is operable in a second phase for transferring user
identity data and/or activity history data between the moni-
toring unit and an external station. A memory portion is
provided which includes a first memory segment to store the
sensory data, a second memory segment to store a group of
hygiene status subroutines, each according to a correspond-
ing infection risk level, a third memory segment to store zone
location data for a plurality of predetermined zone locations
and/or zone type data for a plurality of predetermined zone
types, a fourth memory module to index correlations between
each of the hygiene status subroutines and one or more of the
predetermined zone locations and/or one or more of the pre-
determined zone types, and a fifth memory segment to store
the activity history data. A processor module is also provided
and is configured to receive at least one first zone data mes-
sage from a first zone beacon, decode the first zone data
message to identify a first zone location data portion and/or
the first zone type data portion, select a first hygiene status
subroutine according to an indexed correlation with the first
zone location data portion and/or the first zone type data
portion; and execute the first subroutine.

[0102] Some embodiments further comprise a user alert
portion for issuing one or more hygiene alert signals for an
active attendant, wearing the monitoring unit, to carry out a
hygiene event. The first subroutine, in this case, includes an
instruction to issue an alert signal. The user alert portion is
responsive to the processor module to issue the alert signal.
[0103] Insomeembodiments, the user alert portion is oper-
able to issue two or more different hygiene alert signals. In
this case, the instruction includes issuing a first of the hygiene
alert signals.

[0104] Insomeembodiments, the processor module is con-
figured to receive at least one second zone data message from
a second zone beacon, decode the second zone data message
to identify a second zone location data portion and/or a sec-
ond zone type data portion, select a second hygiene status
subroutine according to an indexed correlation with the sec-
ond zone location data portion and/or the second zone type
data portion, and execute the second subroutine.

[0105] In some embodiments, the second subroutine
includes an instruction to issue a second alert signal which is
different from the first alert signal. The user alert portion, in
this case, is responsive to the processor module to issue the
second alert signal.

[0106] In some embodiments, the second subroutine has a
lower infection risk level than the first subroutine. The lower
risk level is one not requiring an alert signal and the user alert
portion is not operable to issue a second signal as a result of
the second subroutine.

[0107] In another aspect, there is provided a system for
monitoring hand hygiene among a number of human atten-
dants in a facility. The system includes a number of wearable
monitoring devices, each to be worn by an active attendant.
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Each monitoring device includes a data transfer portion oper-
able in a first phase for receiving sensory data reporting a
hygiene event from a hygiene detector, and zone data from a
zone beacon, the zone data including zone location data and/
or zone type data. The data transfer portion is operable in a
second phase for transferring user identity data and/or activity
history data between the monitoring device and an external
station. A user alert portion is provided and configured for
issuing one or more hygiene alert signals for alerting the
active attendant. A memory portion is also provided and
configured to store the sensory data, store a group of hygiene
status subroutines, each according to a corresponding infec-
tion risk level, store a listing of predetermined zone locations
and/or a list of predetermined zone types, store a listing of
associations between each hygiene status subroutine and at
least one predetermined zone location and/or at least one
predetermined zone type, and store the activity history data.
Also provided is a monitoring processor module configured
to receive at least one zone data message from a zone beacon,
decode the zone data message to identify a zone location data
portion and/or a zone type data portion, select an association
according to the zone location data portion and/or the zone
type data portion, select a hygiene status subroutine accord-
ing to the association, and execute the first subroutine.

[0108] In some embodiments, selected ones of the subrou-
tines includes instructions to issue a hygiene alert message.
The user alert portion is responsive to the hygiene alert mes-
sage for issuing one or more hygiene alert signals to the user.

[0109] In some embodiments, the number of wearable
monitoring devices include a first group of wearable moni-
toring devices for a first group of human attendants. The
memory portion in each of the first group of wearable moni-
toring devices is operable to store a first group of hygiene
status subroutines and unique to the first group. A second
group of wearable monitoring devices is also provided for a
second group of human attendants. The memory portion in
each of the second group of wearable monitoring devices is
operable to store a second group of hygiene status subroutines
and unique to the second group.

[0110] In another aspect, there is provided a wearable
monitor unit for a hand hygiene monitoring system, wearable
by an attendant in a facility. The wearable monitor unit com-
prises a data transfer portion operable for receiving sensory
data of one or more descriptors of activity of the attendant
wearing the monitoring unit. A monitor processor module is
provided and configured to receive sensory data recording a
number of repeated instances of a first current attendant activ-
ity, to generate a first series of current activity feature data sets
for the first current attendant activity, generate a feature space
data structure modeling the first series, receive sensory data
recording a number of repeated instances of a second current
activity, to generate a second series of current activity feature
data sets for the second current attendant activity, generate a
feature space data structure modeling the second series; and
associate each data structure with a corresponding hygiene
risk level to form a number of associations. A memory portion
is provided and configured to store the feature space data
structures for the first and second series and the associations.

[0111] In some embodiments, the memory portion is con-
figured to store a list of hygiene status subroutines, each
according to a corresponding infection risk level.

[0112] Insomeembodiments, the sensory datais processed
or unprocessed sensory data.
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[0113] In another aspect, there is provided a system for
monitoring hand hygiene among a number of human atten-
dants in a facility, comprising a number of wearable monitor
units, each monitoring unit to be worn by one attendant. Each
monitoring unit includes data transfer portion operable in a
first phase for receiving sensory data reporting a hygiene
event, sensory data of one or more descriptors of activity of
the attendant wearing the monitoring unit and zone data. The
zone data includes zone location data and/or zone type data.
The data transfer portion is operable in a second phase for
transferring user identity data and/or activity history data
between the monitoring unit and an external station. Also
provided is a memory portion which is configured to store a
plurality of feature space data structures, each for a predicted
attendant activity, store a list of hygiene status subroutines,
each according to a corresponding infection risk level and the
activity history data. A monitor processor module is provided
and configured to receive the sensory data to generate at least
one current activity feature data set for a current attendant
activity, associate the current activity feature data set with the
feature space data structures to generate a correlation
between the feature data set and one of the feature space data
structures, select an infection risk level according to the cor-
relation, select a hygiene status subroutine from the list of
hygiene status subroutines according to the infection risk
level, and execute the selected hygiene status subroutine.

[0114] Insome embodiments, each monitoring unit further
comprises an alerting portion for issuing one or more hygiene
alert signals for the attendant to carry out a hygiene event. In
this case, the selected hygiene subroutine includes an instruc-
tion to the alerting portion for issuing one or more hygiene
alert signals.

[0115] Insome embodiments, the monitor processor mod-
ule is configured to form a group of identities for a corre-
sponding number of successive current attendant activities,
store the identities, predict a next attendant activity based on
the stored identities, select an infection risk level according to
the next attendant activity; and carry out a corresponding
hygiene status subroutine in advance of the next attendant
activity based on the selected infection risk level.

[0116] In some embodiments, the monitor processor con-
figured to issue a hygiene alert signal according to the hygiene
status subroutine.

[0117] In some embodiments, the data transfer portion is
operable to receive the sensory data reporting a hygiene
event, in the form of a signal from a dispenser worn by the
attendant or from a dispenser not worn by the attendant.
[0118] Some embodiments further comprise a dispenser
which is operable for issuing a signal to the data transfer
portion, with the signal carrying the sensory data reporting a
hygiene event.

[0119] Insome embodiments, the dispenser is worn by the
attendant wearing the monitoring unit.

[0120] Some embodiments further comprise one or more
sensors for issuing a signal to the data transfer portion. Each
signal carries the sensory data of one or more descriptors of
activity of the attendant wearing the monitoring unit.

[0121] Insomeembodiments, the sensors include an accel-
erometer, thermometer, microphone, elevation meter, pres-
sure meter, motion sensor, global positioning device, gyro-
scope, blood pressure monitor, heart rate monitor, muscle
activity monitor (electromyographic (EMG) sensors, Mecha-
nomyographic (MMG) sensors), skin conductance sensor.
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[0122] In some embodiments, one or more of the sensors
include a sensor processor configured to generate one or more
predetermined feature coordinates.

[0123] Insomeembodiments, the monitor processor is con-
figure to generate the feature data set according to the one or
more feature coordinates.

[0124] Insome embodiments, the hygiene event includes a
hand wash disinfectant activation.

[0125] Insome embodiments, the hygiene event includes a
hand wash sink activation, a soap dispenser activation, a towel
activation, a glove dispenser activation and/or blower activa-
tion.

[0126] In some embodiments, one or more of the sensors
are configured to measure one or more signals of the attendant
activity, including linear acceleration, angular acceleration,
temperature, air pressure, and/or sound as well as physiologi-
cal signals such as heart rate, blood pressure, muscle activity,
skin conductance of the attendant.

[0127] In some embodiments, the monitor processor
employs one or more pattern recognition subroutines to gen-
erate the correlation.

[0128] In some embodiments, one or more of the sensors
measures angular or linear acceleration, speed, and/or dis-
tance the feature coordinates including mean, standard devia-
tion, energy and/or axis correlation.

[0129] In some embodiments, one or more of the feature
coordinates include one or more time domain features coor-
dinates, including root mean square (RMS), integrated RMS,
mean absolute value (MAV), mean absolute value slope
(MAVSLP), zero crossing (ZC), waveform length, variance,
number of slope sign changes and/or amplitude histograms.

[0130] In some embodiments, one or more of the feature
coordinates include one or more frequency domain features
coordinates including spectral representations of the signal,
the spectral representations including Fast Fourier Transform
(FFT) coefficients, autoregressive (AR) coefficients, and/or
cepstral coefficients.

[0131] In some embodiments, one of the feature coordi-
nates include one or more time-frequency features including
short-time Fourier transform (SIFT) coefficients, wavelet
coefficients and wavelet packet coefficients.

[0132] In some embodiments, the monitor processor is
responsive to the sensor processors to receive a plurality of
feature coordinates therefrom and to generate the feature data
set.

[0133] Insome embodiments, the monitor processor is fur-
ther configured to employ a dimensionality reduction subrou-
tine to reduce the number of feature coordinates in the plu-
rality of received feature coordinates in the generated feature
data set.

[0134] In some embodiments, for the step to associate, the
monitor processor is configured to employ a supervised and/
or an unsupervised classification subroutine, including Lin-
ear classifiers such as Linear Discriminant Analysis, Decision
Tables, Decision Trees (C4.5), k-Nearest Neighbor, Support
Vector Machines (SVM), Hidden Markov Models, Artificial
Neural Networks, Fuzzy and neuro fuzzy classifier, and Clus-
tering.

[0135] Insome embodiments, for the step to associate, the
monitor processor is configured to employ a majority vote
subroutine to resolve conflicts between a current feature data
set and a corresponding feature space data structure.

[0136] In yet another aspect, there is provided a system for
monitoring hand hygiene among a number of human atten-
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dants in a facility, comprising a number of wearable monitor
units. Each monitoring unit includes a data transfer portion
operable in a first phase for receiving sensory data reporting a
hygiene event, sensory data of one or more descriptors of
activity of the attendant wearing the monitoring unit, as well
as zone data, in which the zone data includes zone location
data and/or zone type data. The data transfer portion is oper-
able in a second phase for transferring user identity data
and/or activity history data between the monitoring unit and
an external station. An alerting portion is provided for issuing
one or more hygiene alert signals for the attendant to carry out
a hygiene event. A memory portion is provided and config-
ured to store a plurality of vector space values for a predicted
attendant activity; store a list of hygiene status subroutines,
each according to a corresponding infection risk level; and the
activity history data. A monitor processor module is provided
and configured to receive the sensory data to assemble at least
one current activity vector value for a current attendant activ-
ity, associate the current activity vector value with the vector
space values to generate a correlation between the current
activity vector value and one of the vector space values, select
an infection risk level according to the correlation, select an
alert subroutine from the list of hygiene status subroutines
according to the infection risk level, and execute the selected
hygiene subroutine.

[0137] In another aspect, there is provided a system for
monitoring hygiene compliance, comprising a plurality of
zone sensors for issuing zone data and a plurality of wearable
monitoring devices. Each wearable monitoring device com-
prises a data transfer portion operable for receiving sensory
data reporting a hygiene event from a hygiene detector, and
zone data from a zone beacon, in which case the zone data
includes zone location data and/or zone type data. A memory
portion is also provided which includes first memory segment
to store the sensory data a second memory segment to store a
group of hygiene status subroutines, each according to a
corresponding infection risk level. A processor module is
provided which is configured to receive at least one zone data
message from the zone beacon, decode the zone data message
to identify a zone location data portion and/or the zone type
data portion, select a hygiene status subroutine according to a
zone type data portion and the infection risk level, or a cor-
relation therebetween, and execute the selected hygiene sta-
tus subroutine.

[0138] In some embodiments, the plurality of wearable
monitoring devices includes a first group of wearable moni-
toring devices for a first group of human attendants. The
memory portion in each of the first group of wearable moni-
toring devices is operable to store a first group of hygiene
status subroutines and unique to the first group. A second
group of wearable monitoring devices is also provided for a
second group of human attendants. The memory portion in
each of the second group of wearable monitoring devices is
operable to store a second group of hygiene status subroutines
and unique to the second group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0139] Further features and advantages of the present
invention will become apparent from the following detailed
description, taken in combination with the appended draw-
ings, in which:

[0140] FIG. 1A is a breakaway perspective illustration
showing an embodiment of a smart zone sensor incorporating
a wearable handwash dispenser of the present invention;
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[0141] FIG. 1B is a breakaway perspective illustration
showing another embodiment of a wearable smart zone sen-
sor of the present invention;

[0142] FIG. 2A is a block diagram illustrating a wearable
smart handwash dispenser in a system of the present inven-
tion;

[0143] FIG. 2B is a block diagram illustrating a wearable
smart zone sensor in a system of the present invention;
[0144] FIG. 3 is a breakaway perspective illustration show-
ing embodiment of a fixed handwash dispenser of the present
invention;

[0145] FIG.4is flowchartillustrating an embodiment of the
present invention;

[0146] FIG. 5 is flowchart illustrating another embodiment
of the present invention;

[0147] FIG. 6A, 6B, 6C illustrate various locations for
wearing an embodiment of a wearable smart handwash dis-
penser;

[0148] FIG. 7 is a plan view showing an exemplary layout

of an embodiment the system of the present invention in a
hospital setting;

[0149] FIG. 8 is a perspective illustration of a zone defined
by an embodiment of a zone array of the present invention;
[0150] FIG. 9 is flowchart illustrating another embodiment
of the present invention;

[0151] FIG.10is a perspectiveillustration of alanyard—ID
card embodiment of the present invention;

[0152] FIGS. 11A and 11B illustrate a perspective view and
a break-away perspective view respectively, of a lanyard—ID
card with a wearable dispenser with RF communication
embodiment of the present invention.

[0153] FIGS. 12A and 12B illustrate a perspective view and
a break-away perspective view respectively, of a lanyard—
wearable dispenser embodiment of the present invention;
[0154] FIG.13A, 13B, 13C illustrate various locations for
wearing an embodiment of a wearable smart handwash dis-
penser;

[0155] FIG. 14 illustrates a break-away perspective view of
a fixed dispenser embodiment of the present invention;
[0156] FIG. 15A illustrates a perspective view of a pylon-
mounted fixed dispenser of the present invention;

[0157] FIG. 15B illustrates a perspective view of a wall-
mounted fixed dispenser of the present invention;

[0158] FIG.16 illustrates a perspective view of a bathroom
zone embodiment of the present invention;

[0159] FIG. 17 illustrates a break-away perspective view of
an embodiment of a zone controller of the present invention;
[0160] FIG. 18A illustrates a perspective view of an
embodiment of a collimator of the present invention;

[0161] FIG. 18B illustrates a cross-sectional view of the
collimator of FIG. 18A;

[0162] FIG. 19 illustrates exemplary embodiments of vari-
ous shapes of collimators and the resulting IR emission pat-
terns;

[0163] FIG. 20 illustrates an exemplary array of collimators
and the resulting cubic zone they define;

[0164] FIG. 21 is a perspective view of an area of an exem-
plary health care facility illustrating various zone types; and
[0165] FIGS. 22, 22a and 23 to 28 are schematic views of
other exemplified hygiene monitoring systems and compo-
nents thereof.

[0166] Itwill be noted that, throughout the appended draw-
ings, like features are identified by like reference numerals.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0167] It should be understood that the invention is not
limited in its application to the details of construction and the
arrangement of components set forth in the following descrip-
tion or illustrated in the drawings. The invention is capable of
other embodiments and of being practiced or of being carried
out in various ways. Also, it is to be understood that the
phraseology and terminology used herein is for the purpose of
description and should not be regarded as limiting. The use of
“including,” “comprising,” or “having” and variations thereof
herein is meant to encompass the items listed thereafter and
equivalents thereof as well as additional items. Unless limited
otherwise, the terms “connected,” “coupled,” and “mounted,”
and variations thereof herein are used broadly and encompass
direct and indirect connections, couplings, and mountings. In
addition, the terms “connected” and “coupled” and variations
thereof are not restricted to physical or mechanical connec-
tions or couplings. Furthermore, and as described in subse-
quent paragraphs, the specific mechanical configurations
illustrated in the drawings are intended to exemplify embodi-
ments of the invention. However, other alternative mechani-
cal configurations are possible which are considered to be
within the teachings of the instant disclosure. Furthermore,
unless otherwise indicated, the term “or” is to be considered
inclusive.

[0168] Various embodiments of the present invention will
now be described with reference to the figures. FIG. 1A shows
a breakaway perspective illustration of a wearable smart dis-
infectant dispenser assembly 10. The assembly comprises a
smart zone sensor 12 which fits in external housing 14, along
with dispenser cartridge 16. The dispenser cartridge 16 is a
disposable cartridge for dispensing a hand sanitizing lotion or
gel such as alcohol based sanitizing gels well known in the art.
The gel is dispensed by squeezing a resilient side wall of the
cartridge 16 against external housing 14. The cartridge 16 can
be easily replaced as needed. In other embodiments, the car-
tridge 16 is refillable and reusable. The zone sensor 12 has a
signal detector 18, a control circuit 20, a dispensing sensor 22,
and an alerting device 24. The detector 18 will be discussed in
its exemplified form as an infrared detector 18, though it may
also be operable to receive signals of other forms, such as
ultrasonic signals. The infrared detector 18 can be an intelli-
gent infrared detector integrated circuit as is well known in
the art. The control circuit uses a microprocessor with a
real-time clock or other suitable controller. The control circuit
20 is connected to infrared detector 18 which is visible exter-
nal to the external housing 14 so that the infrared detector 18
can receive infrared signals from among a plurality of zone
transmitters 26 (see FIGS. 2, 7, 8) which can be setup in a
hospital, or other caregiver environments or food handling
environment where hand hygiene might be important to coun-
teract cross contamination. The control circuit 20 is con-
nected to dispensing sensor 22, which is shown here as a
pressure sensitive switch which is positioned so as to be able
to sense the dispensing action of the cartridge when it is
operated by the user. The alerting device 24 can be an audible
buzzer or sound generating device or a visual indicator such
as a lamp or light emitting diode (LED) or a vibrator to
provide an alerting signal to the user without unduly distract-
ing patients or attracting attention, or a combination thereof.
The control circuit 20 has a data memory 21 (see FIG. 2) for
collecting or logging data.
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[0169] The assembly 10 is operable in a communication
network which, in this example, is computer implemented
and may be provided in a number of forms, by way of one or
more software programs configured to run on one or more
general purpose computers, such as a personal computer, or
on a single custom built computer, such as programmed logic
controller (PLC) which is dedicated to the function of the
system alone. A system controlling such a communication
network may, alternatively, be executed on a more substantial
computer mainframe. The general purpose computer may
work within a network involving several general purpose
computers, for example those sold under the trade names
APPLE or IBM, or clones thereof, which are programmed
with operating systems known by the trade names WIN-
DOWS, LINUX or other well known or lesser known equiva-
lents of these. The system may involve pre-programmed soft-
ware using a number of possible languages or a custom
designed version of a programming software. The computer
network may be include a wired local area network, or a wide
areanetwork such as the Internet, or acombination of the two,
with or without added security, authentication protocols, or
under “peer-to-peer” or “client-server” or other networking
architectures. The network may also be a wireless network or
a combination of wired and wireless networks. The wireless
network may operate under frequencies such as those dubbed
‘radio frequency’ or “RF” using protocols such as the 802.11,
TCP/IP, BLUE TOOTH and the like, or other well known
Internet, wireless, satellite or cell packet protocols. While the
assembly 10 collects location data from zone transmitters 26,
the assembly may have the ability to determine its location
within the facility by use of other locating methods, such as by
global positioning system (GAS) protocols or variants or
analogs thereof.

[0170] In another embodiment, the smart zone sensor 12
can be used independently of the wearable dispenser assem-
bly 10. FIG. 1B illustrates a breakaway perspective view
showing a wearable smart zone sensor assembly 23 wherein
a wearable housing 25 is configured to accept insertion of
smart zone sensor 12 and further configured to accept a clip or
lanyard or other suitable attachment means to allow a car-
egiver or other user to wear the assembly 23. In this embodi-
ment, the wearable smart zone sensor can operate in coopera-
tion with a fixed or wall-mounted disinfectant dispenser 31 as
shown in FIG. 3. The wearable smart zone sensor assembly
23 is configured to accept a wireless signal indicating a hand
sanitizing operation from an external disinfectant dispenser
such as the fixed disinfectant dispenser 31. The wireless sig-
nal can be, for example, one or more of a radio frequency
signal an ultrasonic signal, a visible spectrum radiation signal
or, as in this particular case, an infrared signal using the
infrared detector 18.

[0171] The wearable smart zone sensor assembly 23 can be
configured as an anonymous device, with a device identifier
discreetly incorporated such that a user can readily determine
the identity of the unit for later data tracking, but the device
identifier is not easily visible to other people when it is worn
by the user. Alternatively, the wearable housing 25 can be
combined with a user identification badge, displaying the
user’s name 19 and/or photo 17 or other indicia as appropriate
to the working environment. The wearable housing 25 can
also incorporate magnetic stripes, bar codes or RFID tags, as
is well known in the field of user identification badges.

[0172] In general, the smart wearable disinfectant dis-
penser assembly 10, can detect zones that a user enters, such
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as can be defined around individual patient beds, hospital
rooms or patient treatment areas, and can record or log the
time of entering and leaving such zones as well as log the zone
identifier. Thus, the assembly 10 is operable to detect a
change of zone, that is when the user moves from one zone to
another. The time of hand sanitizing as determined by activa-
tion of the disinfectant dispenser can also be logged.

[0173] The alerting device 24 can provide prompting to the
user if he/she forgets to sanitize his/her hands when appro-
priate. If the user sanitizes his/her hands at appropriate times,
then the alerting signal is not required and the user can avoid
the annoyance of the alerting signal. This feedback can pro-
vide a training or conditioning function which can help
increase hand hygiene compliance among users. Another
feedback mechanism can be reviewing a daily log of hand
sanitizing activity correlated with a log of'a user’s movement
between zones. The wearable device of the present invention
can be associated with a user identifier or alternatively, can be
used anonymously. The user can benefit from the prompting
actions of the device and can also review the activity log
anonymously by merely accessing logged data associated
with an identifier of the device used by the user.

[0174] FIG. 2A is a block diagram illustrating the smart
wearable disinfectant dispenser assembly 10 of FIG. 1, in a
system of the present invention. Controller 20 has data
memory 21 for logging data such as time of dispenser activa-
tions, and of entering and leaving zones. The data memory 21
is an EEPROM for non-volatile storage of data although other
type of data memory known in the art could be used as an
alternative. The data memory 21 can store an identifier code
unique to each individual unit, a record or log of the identity
of'each zone visited and the time of entering and leaving each
zone, and a log of the time of dispensing actions or hand
hygiene activity history. This data is stored for later down-
loading to a central computer for later analysis. Temporary
data such as hand disinfection status “flags™ of the caregiver
(clean or dirty) will be stored in the controller 20 so the unit
will know whether it has been recently used to disinfect the
wearer’s hands (this time interval can be set in the software),
or whether the wearer’s hands have been disinfected since the
previous zone was visited. These status flags may be used as
a condition for a hygiene status indication light or signal that
may be provided on or in association with the wearable
device, such as by way of the LED or similar signal indicator
shown schematically at 25q in FIG. 1B. Infrared zone iden-
tifier transmitters 26 define zones and are configured to emit
pulse coded infrared signals to convey zone identifier infor-
mation to the wearable unit. The coded signals incorporate
check sums or other data integrity codes as is known in the art,
to provide reliable detection reduce the possibility of false
signals. Controller 20 is programmed to demodulate and
decode the zone identity signals.

[0175] Fixed disinfectant dispenser assembly 31 can be
used in conjunction with the smart wearable disinfectant dis-
penser 10. The fixed disinfectant dispenser assembly 31 can
be permanently wall mounted or attached to a patient bed or
alternatively, be mounted on a stand or pedestal so as to be
available for the user of the smart wearable disinfectant dis-
penser 10 and to other persons, such as patients or visitors in
a hospital. The user of the smart wearable disinfectant dis-
penser 10 can use the fixed disinfectant dispenser assembly
31 for convenience or if the dispenser cartridge 16 is empty.
The user can still benefit from the prompting and data logging
features of the smart wearable disinfectant dispenser 10.
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When the user dispenses disinfecting gel from the fixed dis-
penser 28 of fixed dispenser assembly 31, this action is sensed
by dispensing sensor 30 and a coded signal is sent by infrared
dispenser transmitter 32 to the infrared sensor 18 of the wear-
able device. The coded signal is distinguishable from zone
identifier signals. The signal is transmitted for a short period
of time, for example, several seconds, to allow the user to
ensure the wearable unit captures the signal. Various feedback
can be conveyed to the user. The fixed dispenser can have a
visual indicator such as an LED to indicate when the infrared
dispenser transmitter 32 is transmitting. The controller 20
then decodes the infrared signal and treats this information
similarly to receiving an indication from dispensing sensor
22. The user can thus receive credit for disinfecting his/her
hands. While the dispenser transmitter 32 is discussed as an
infrared transmitter, other transmitters may also be used in
some applications, such as ultrasonic or RF transmitters. If
desired, the dispensing sensor 22 and controller 20 may be
configured to detect when a dispenser is empty.

[0176] If desired, the controller may also be operable to
decode, in addition to the zone identifier, one or more zone
type identifiers in the zone identifier signal. In this case, the
alerting device may be operable to issue one or more distinct
types of alerts to the user according to the zone type identifier.
The one or more zone type identifiers may, for instance,
include an identifier that the zone is an isolation region in light
of'a predetermined communicable disease or condition, such
as SEVEREACUTE RESPIRATORY SYNDROME (SARS)
or METHICILLIN-RESISTANT STAPHYLOCOCCUS
AUREUS (MRSA). For instance, the zone transmitters 26
may be provided with a switch function which controls one or
more bits as needed in the zone identifier signal to allow staff
to indicate to the system that this particular zone is for an
isolated patient, requiring special prompting. The system
may then provide a more urgent signal, such as a louder or
recognizably different signal when leaving this zone and pos-
sibly when approaching a subsequent zone to reduce the
probability of transmission by encouraging greater attention
to the importance of hand hygiene in this circumstance.
[0177] To this end, the plurality of zone identification trans-
mitters may include a first group of one or more zone identi-
fication transmitters which are configured to transmit a
unique zone type identification. Each ofthe zone identifiers in
the first group may thus include a switch function to adjust the
zone type identification. The switch function may include a
switch unit located at the zone identification transmitter, as
shown schematically at 26a in FIG. 2A, or be remotely
adjusted and/or activated by the central computer 36, as
shown by the communication path schematically in dashed
lines at 265 which may be a wired or wireless communication
path.

[0178] The controller 20 is provided with communication
interface 34. It is shown here as a USB interface but persons
skilled in the art will recognize that other interfaces could be
used as well. The communication interface 34 can connect to
a connector incorporated in a docking station configured to
accept one or more smart wearable disinfectant dispenser
assemblies 10. The docking station can store the wearable
units when not in use, recharge batteries within the wearable
units and download the logged data from the data memory 21.
[0179] FIG. 2B illustrates a similar system to FIG. 2A but
the wearable portion has a smart zone sensor without the
wearable dispenser portion such as housing 14 and cartridge
16, as shown in FIG. 1B. The dispensing detector or sensor 22
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is not required in this scenario and thus can be shielded by
housing 25 or alternatively could be disabled by the firmware
of controller 20 or alternatively smart zone sensor intended
exclusively for use in housing 25 can be manufactured with-
out the sensor 22. The smart zone sensor could be manufac-
tured as a permanent component of housing 25. The wearable
smart zone sensor 12 can be incorporated as part ofauser’s ID
badge or could be a plain unit with no easily visible identifier
information so that it could be used in an anonymous fashion.

[0180] FIG. 3 is a breakaway perspective view of the fixed
disinfectant dispenser assembly 31 having a fixed housing 29
suitable for mounting on a wall, pole, pedestal, hospital bed or
other suitable location. The fixed housing 29 contains disin-
fectant dispenser 28, a dispensing sensor assembly 30 and
infrared transmitter 32. The dispensing sensor assembly 30
comprises a sensor for sensing a dispensing action of disin-
fectant dispenser 28, and control circuitry to generate a wire-
less signal to be transmitted by infrared transmitter 32. The
infrared transmitter 32 comprises an infrared emitter and an
infrared beam collimator or shield to limit the radiation pat-
tern of the infrared emitter to a region or zone proximate to the
disinfectant dispenser assembly 31. In this manner, a user
disinfecting his/her hands using the disinfectant dispenser
assembly 31 can present his’her wearable smart zone sensor
23 or wearable smart disinfectant dispenser 10 to the zone
such that the zone sensor 12 is able to receive the wireless
signal indicating that he/she has dispensed disinfectant. Other
examples of the device 31 may not require the collimator.

[0181] The operation of an embodiment of the present
invention will now be described with reference to FIG. 4. In
operation, the wearable smart zone sensor 12 monitors and
logs hand disinfecting activity, and entering and leaving
zones. The method starts at 100. The controller 20 polls the
infrared (IR) detector 18 at step 102. A zone identifier signal
is detected by infrared detector 18 and demodulated. An
example of a suitable zone identifier signal is a pulsed code
infrared signal on a 38 kilohertz carrier. A 5 millisecond
preamble pulse precedes an 8-bit binary pulse stream repre-
senting a zone identifier. This is followed by a second repre-
sentation of the zone identifier to act as a check-sum and
confirm the accuracy of the demodulated zone identifier. One
example of a second representation is a pulse stream repre-
senting the zone identifier offset by a predefined number.
Other check-sum techniques can be used, as is well known in
the art, such as inverting the first pulse stream representation.
An 8-bit identifier can distinguish up to 256 different zones.
More bits can be used for defining zone identifiers as
required.

[0182] Once a zone identifier has been determined, the
controller 20 performs a series of tests starting at 104 where
the zone identifier is compared to a “zone identifier” code
which is associated with one or more fixed disinfectant dis-
pensers. In one embodiment, one bit of the zone identifier
binary representation, represents a disinfectant dispenser,
thus if this bit is detected, the decision at step 104 is deter-
mined to be “yes” in which case, at step 106, the controller 20
logs the “zone identifier” identifying the dispenser. The pro-
cess continues to step 110 where the disinfecting action is
logged with the associated time of day and date. If the alerting
device 24 is activated, it is reset. First timer T1, second timer
T2 and third timer T3 are also reset to begin counting down.
Note that this functionality can be used with either a wearable
smart disinfectant dispenser assembly 10 or a wearable smart
zone sensor assembly 23. If desired, a timer function may also
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be provided, to start when the gel is dispensed and beep after
a preset time (e.g. 15 sec) to mark the end of a washing
procedure, so that user knows how long they need to wash/rub
for a particular sanitizing process.

[0183] First timer T1 represents an acceptable period of
time for a user to have disinfected his/her hands in advance of
entering a zone, thus a nurse or healthcare worker can sanitize
his/her hands while approaching a patient’s room. This
mechanism can then avoid triggering the alerting device 24 if
the healthcare worker is conscientious and efficient. The
capability to avoid triggering the alerting device can encour-
age healthcare workers and other users, to practice good hand
hygiene and can possibly help in conditioning such behavior.
An example of such a time period is 10 to 40 seconds. This
time can be preset and could be configurable by an adminis-
trator using an external computer such as computer 36 in
FIGS. 2A and 2B.

[0184] Second timer T2 represents an acceptable amount of
time for a healthcare worker to be inside a zone without
sanitizing their hands. Even when restricted to a zone of a
single patient, it is possible to cross contaminate the health-
care worker’s hands from coming in contact with various
bodily fluids, handling open wounds, handling bedpans, etc.
The T2 timer can be set to 10 minutes for example.

[0185] Third timer T3 represents a time delay before deter-
mining that a user has left a zone. A worker could briefly step
outside a zone while walking around a patient’s bed for
example. The wearable zone sensor could be briefly obscured
while bending over a patient or by movement of the user. T3
thus “forgives” such intermittent interruptions of a zone sig-
nal. The process then returns to the start of the flowchart as
indicated by “A” 112.

[0186] Step 110 can also be reached by an interrupt signal
108 received from a directly connected dispensing sensor 22
of a wearable smart disinfectant dispenser assembly 10.

[0187] Ifatstep 104, the zone identifier is determined notto
be a disinfectant dispenser “zone identifier” code, then the
process continues to step 114 where the zone identifier is
compared to an “old zone” identifier stored in memory 21. If
the current zone is the same as the old zone, then the user is
still in the same zone and timer T2 is tested at step 124. If T2
has expired then at step 126, timer T2 is reset and the alerting
device 24 is activated and the process returns to the start
through 112. Ifthe current zone is not the same as the previous
zone (old zone) then at step 116, the zone identifier is tested to
see ifitis anew zone. If'yes, at step 118 the current (new) zone
is logged in memory 21 along with the corresponding time-
of-day and date; the new (current) zone is stored as the old
zone; and timer T2 is reset. If the current zone is not a new
zone, then at step 128, the zone identifier is tested to deter-
mine if not in any zone. If the user is in a recognizable zone,
the process continues at the start via 112. If the user is not in
a zone, then the process continues at step 130 where the old
zone is tested to see if it also was “no zone” in which case
timer T3 is tested at step 132 to see if the user has been outside
of'a zone sufficiently long to make a determination that in fact
the user is outside of a zone and not just obscuring the sensor
temporarily. If it is determined that the user has left a zone,
then at step 134, the time and date of leaving the zone is
logged in memory 21; timer T3 is reset; and the alerting
device 24 is activated. To avoid activating the alerting device,
the user should disinfect his/her hands within the time delay
of'T3. The process then returns to the start via 112. With timer
T2 reset in step 118, the device queries at step 120 if timer T1
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has expired. If no, the device advances to step 112. If yes,
timer T1 is reset in step 122 and the device proceeds to step
112.

[0188] If at step 130, the old zone was not “no zone” then
“no zone” is a new condition and the system can not yet
determine if the user is actually outside of a zone or is merely
obscuring the sensor 18 temporarily in which case at step 136,
timer T3 is activated to track the interval during which it is no
definitive determination can be made.

[0189] Another embodiment of the present invention will
now be described with reference to FIG. 5. In operation, an
embodiment of the wearable smart zone sensor 12 imple-
ments the process of FIG. 5, which starts at step 200. At step
202, the controller 20 polls the IR detector 18 to determine if
a zone has been detected and if not loops back to step 202 to
repeat the step until a zone is detected, in which case the
process advances to step 204 where the controller 20 stores
the zone identifier (ID) in memory 21. The process continues
to step 206 where the controller 20 checks if first timer T1 has
expired and ifit has, alerting device 24 is activated at step 208.
If timer T1 has not yet expired, the process continues to step
210 where the controller 20 tests if the current detected zone
is the same zone as the previous zone, that is, the user is still
in the same zone. If it is, the second timer T2 is tested at step
212. If timer T2 has not expired, the process returns to step
210. If timer T2 has expired, at step 214, the alerting device is
activated and the process returns to step 210. Ifat step 210, the
controller determines that the user is not in the same zone, the
process continues to step 216 where the current zone is tested
to see if it is a new zone and if not, at step 218 the third timer
T3 is tested to see if it has expired. If timer T3 has not expired,
the process returns to step 210. If timer T3 has expired the
alerting device 24 is activated at step 220 before the process
returns to the start of the process at step 202. If at step 216, it
is determined that the current zone is a new zone, the system
determines at step 222, if the disinfectant dispenser has been
activated since the previous zone and if it has, the process
returns to step 206. The system can monitor an integral wear-
able dispenser 16 or a fixed dispenser 28 as previously
described. If at step 222, the disinfectant dispenser has not
been activated since the previous zone, then at step 224, the
user is alerted by alerting device 24, and the process returns to
step 210.

[0190] FIGS. 6A, 6B, 6C illustrate how the smart wearable
disinfectant dispenser assembly 10 (10a, 105, 10¢) can be
worn by a user. The wearable smart zone sensor assembly 23
can be worn in a similar manner. The smart wearable disin-
fectant dispenser 10aq is configured to clip onto a chest pocket
on the user’s clothing. The smart wearable disinfectant dis-
penser assembly 105 mounts on the sleeve of the user’s cloth-
ing by a spring clip, a magnetic pad with a cooperating ferrous
metal plate on the inside of the sleeve, with a pin the fabric of
the sleeve, via a harness 38 worn over the sleeve or any other
suitable means. The smart wearable disinfectant dispenser
assembly 10c is mounted on a harness 40 worn on the user’s
shoulder. In general, it is advantageous to carry the wearable
dispenser 10 higher on the user’s body so as to be easily
accessible for dispensing the disinfecting gel, so as to not
interfere with the user’s other daily tasks such as to administer
care to patients and to best position the infrared sensor 18 to
receive infrared signals from overhead zone identifier trans-
mitters.

[0191] The layout of zones will now be described with
reference to FIG. 7 which illustrates a plan view of an exem-
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plary layout of zones in a hospital setting 300. Zone 302
covers a doorway 304 to a hospital ward or department. Zone
302 is defined by a zone beacon 312 which comprises an
infrared emitter driven by a transmitter circuit to modulate the
infrared radiation to transmit a signal representing a zone
identifier. The emitter of zone beacon 312 can have a shield of
conical shape to define a conical zone. Other shapes of shields
can be used to define different shaped zones as required. Zone
302 can be coded as a transitional zone and the firmware in the
wearable zone sensor can be configured to require a disin-
fecting action only once while moving through the transi-
tional zone 302. A zone 3064 can be defined around a patient
bed 308 using a zone beacon array of emitters 310, which are
described in more detail with reference to FI1G. 8. The patient
bed zone 306a has clearly defined vertical boundaries which
permits adjacent patient bed zone 3065 to be located rela-
tively close by without causing interference or overlap of
zones. A zone is also shown at 306¢ around a nearby patient
bed.

[0192] Withreferenceto FIG. 8, a zone 402 is defined by an
embodiment of a zone beacon array 400 of the present inven-
tion. The zone beacon array (zone array) 400 includes an
array of infrared emitters, each having a shield/cone/“colli-
mator” 412 to clearly define the radiation pattern of each
infrared emitter. The emitters and associated shields 412 are
supported by a frame 410. This arrangement facilitates defin-
ing a zone having clearly defined boundaries with vertical
walls. It is thus possible to have different zones quite close to
one another without overlapping and possibly causing inter-
ference. The frame 410 can accommodate wiring to intercon-
nect emitters from the same zone. A common transmitter
circuit (not shown) provides the modulated zone identifier
signal to drive each of the emitters as discussed previously.
The frame 410 can be lightweight and easily suspended from
a ceiling and may be integrated into a suspended ceiling as
desired. The transmitter can be relatively low powered and be
powered from an electrical power outlet with a power supply.
A small battery can be supplied to provide uninterruptible
power if required.

[0193] FIG. 9 is a simplified flowchart illustrating another
embodiment of the present invention. The flowchart describes
the logic of the wearable smart zone sensor/dispenser opera-
tion within the distributed hand hygiene compliance system.
In this example, a number of software timers is used to adjust
disinfection expiry intervals for different clinical environ-
ments, where:

[0194] ¢, is the time of working with patient (time spent
inside the zone);

[0195] ¢, is the expiry time inside the zone;

[0196] ¢, is the expiry time outside the zone; and
[0197] t,.,1s the time of dispenser activation.

[0198] The device is in sleep mode most of the time and

wakes up (or may otherwise be activated) periodically to
check the presence of the zone emitters at step 903 with the
time of activation recorded at 905. Duration of the power
saving intervals is controlled by a watchdog timer and defined
by the maximum acceptable reaction time when the user/
caregiver enters the zone. The portable unit can also be woken
up by an interrupt signal resulting from dispenser activation
in the case of a directly connected dispenser. If the zone is
detected at step 907 as determined at step 909, the device
decodes, at step 915, the type of zone, by being responsive to
different signals being emitted from different zones, not only
to identify each of them uniquely, but also to classify them as
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between a full zone, a micro zone or a wall dispenser zone.
The device checks, at step 917, to see if the detected zone is
the same as the previous zone. The device checks at step 925
that the last disinfection occurred not earlier than the disin-
fection expiry time texpl outside of the zone. Note that texpl
is programmable and may vary for different applications. If
disinfection was not performed or the time is already expired
(step 919) the device prompts the caregiver at step 927 to
activate dispenser. When the device leaves the zone its disin-
fection status flag remains set to clean for a certain program-
mable period of time, so the caregiver is allowed to leave the
zone temporarily and come back without being prompted for
disinfection. In this situation if device detects the zone which
is different from the previous one at step 917 and dispenser
was not activated between the zones (step 923 via step 921 to
record the zone ID and time of entering the zone) the disin-
fection status flag changes immediately issuing the prompt-
ing signal (step 927). If the zone is not detected at step 909,
then the device queries, at step 911, if the zone was detected
before. If yes, then the device records zone ID and the time of
leaving at step 913 and reverts back to step 903. If, at step 911,
the zone is not detected, then the device reverts back to step
903.

[0199] Another embodiment of the present invention is
illustrated in FIG. 10 where 1000 is a wearable smart zone
sensor. The controller 1107 (not shown) is contained within
housing 1001 which is attached to a lanyard 1003, of the type
typically used to carry a user identification (ID) card 1013.
When this device is worn by a user the controller housing
1001 will be situated behind or near the user’s head or lower
down the body of the user. Arm 1005 is pivotally attached to
housing 1001 and in an operating position it extends out-
wardly away from the user such that infrared detector or
detecting means 1007, or in other words an electronic eye, is
clear of the user’s head and hair and is in a position to accept
infrared signals from zone identifier signal transmitters. In
this embodiment an alerting device 1009 such as a beeper is
located adjacent to the pivot of arm 1005. A USB connector
1011 is available to connect that device to a reporting means
such as an external computer to download stored data. This
embodiment can be used by users such as caregivers, patients,
visitors in a healthcare facility to prompt the user to sanitize
his or her hands when moving from zone to zone. The user can
use fixed handwash dispensers of the present intention,
mounted on walls near patient zones to sanitize his/her hands.
These fixed handwash dispensers can transmit infrared sig-
nals indicating that handwashing and was performed, which
can be received by the wearable unit and logged.

[0200] FIGS.11A and 11B illustrate a perspective view and
a break-away perspective view respectively, of another
embodiment of a wearable smart zone sensor within housing
1001 and working in cooperation with a corresponding wear-
able dispenser unit 1103 including dispenser cartridge 1105
and having an RF or other communication link 1101 with the
wearable smart zone sensor 1000. This embodiment works
similarly to the embodiment of FIG. 10 with the added func-
tionality of having the wearable hand sanitizer dispenser
1103 conveniently available. The wearable hand sanitizer
dispenser 1103 can sense a dispenser activation via switch
1115 and transmit this information by way of an RF trans-
mitter located on printed circuit board 1111 held within hous-
ing portions 1113a, 11135. RF signal 1101 is received by
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logic board 1107 having an RF receiver. Thus handwash
activity can be performed conveniently by the user and the
activity can be logged.

[0201] FIGS. 12A and 12B illustrate a perspective view and
a break-away perspective view respectively, of another
embodiment of a wearable smart zone center similar to that of
FIGS. 10 and 11, but in this case the wearable dispenser 1203
is attached to the lanyard 1003. This embodiment has the
advantages of not requiring a clip in order to wear the wear-
able dispenser and of avoiding the costs and complexity of an
RF transmitter circuit and receiver, using instead a wire con-
nection 1201 running through lanyard 1003 and terminating
at end region 1205 with a dispensing sensor 1207.

[0202] As an example of construction details, the wearable
unit in this system can be constructed using a PIC18LF2550
microcontroller, a 241.C256 EEPROM for data storage, a
DS1338 real time clock, communicating with microcontrol-
ler via 12C interface, and a PNA4602 infrared detector. The
short-range RF link between the wireless wearable gel dis-
penser and the wearable zone sensor can use an rfRXD0420
or MICRF2111 based 433.92 MHz receiver.

[0203] The wearable electronic units and gel dispensers
work in pairs with each dispenser being equipped with a
MAX1472 based transmitter to inform corresponding elec-
tronic unit about dispenser activations. In this configuration
the main functions of wearable electronic unit are to demodu-
late and decode zone identity signals, record the real time of
entering/leaving the zones and dispenser activations, provide
prompting if required, store hand hygiene activity history as
well as the detected codes of the zones. The hand disinfection
status “flags” of the caregiver (clean or dirty) are stored in the
wearable unit so it knows whether it has been recently used to
disinfect the wearer’s hands (this time interval can be set in
the software), or whether the wearer’s hands have been dis-
infected since the previous patient zone was visited. Advan-
tageously, this distributed system does not require a real-time
central co-coordinator. The data recorded by the wearable
smart zone sensors units can be later downloaded to a PC via
a USB interface for monitoring and further analysis.

[0204] Furthermore, an indication such as a light or other
signal unit may be provided integrally the wearable dispenser
12034 as shown in FIG. 12A, for example on the housing
1203, or elsewhere on housing 1113 in FIG. 12B, or separate
therefrom, or with the lanyard 1003, or the badge shown at
1013, as an indication of the status flag. This would permit,
for instance, a patient in a patient zone to determine if the
attending user has executed the required disinfection step
before visiting the patient’s zone in particular. If the status
signal is “red” for instance, it may give the patient a cue to
remind the user to disinfect before proceeding further. Alter-
natively, the patient may see a green signal indicating that the
user has indeed disinfected prior to the visit.

[0205] FIG.13A, 13B, 13C illustrate various locations for
wearing the embodiments of FIGS. 10, 11, 12. Note that
infrared sensor 1007 on arm 1005 is exposed beyond the
user’s hair so as to have improved line-of-sight to at least one
infrared transmitter when the user is inside a zone.

[0206] FIG. 14 illustrates a break-away perspective view of
an exemplary embodiment of a fixed pylon-mounted dis-
penser 1400 of the present invention. The fixed dispenser is
mounted on pylon or pole 1401. Printed circuit board 1403
comprises controller functions for encoding infrared zone
identifier signals, for controlling and interfacing with prox-
imity sensor (not shown), and for controlling a pump such as
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a peristaltic dispenser pump assembly 1413. The fixed dis-
penser 1400 uses replaceable refill bag 1409 for providing the
disinfecting gel held within housing portions 1405,1407. The
housing portions 1405, 1407 are, in turn, mounted on the pole
1401 with a drip catch tray 1425 located below the outlet of
tubing 1411. Tubing 1411 dispenses the disinfecting gel from
bag 1409 by squeezing action of rollers of peristaltic pump
assembly 1413. The fixed dispenser 1400 uses electric power
provided by four AA batteries 1415, or an alternative power
supply may be used as desired. In operation when a user
places his/her hands under the fixed dispenser 1400 the prox-
imity sensor detects the placement of the hands and the
printed circuit board (PCB) control circuit activates the dis-
pensing pump assembly 1413 to dispense sanitizing gel. The
dispensing pump assembly 1413 can be programmed to dis-
pense different amounts of gel, for example 1 ml of gel every
second for up to four seconds. When a dispensing activation
takes place, the PCB control circuit then generates a zone 1D
signal which travels through wires 1417 to IR emitter array as
shown by dashed lines at 1419 behind reflector 1421. This
zone 1D signal is only transmitted for a short time and is coded
to inform the user’s wearable smart zone sensor that a hand
sanitizing operation has been performed. The logic of the
controller of the wearable smart zone sensor will sense the
zone ID signal and when it decodes the zone ID as represent-
ing the dispensing action, it will set the status flag to “clean”
and log the action in the memory. Thus the fixed dispenser
creates a “micro zone” where the zone 1D signal is transmitted
only briefly, following a dispensing action. The zone bound-
aries 1423 are determined by the shape of reflector 1421.

[0207] FIG. 15A illustrates a perspective view of a pylon-
mounted fixed dispenser of the present invention. The pylons
1401 are set in bases 1429 to support the pylons. Retractable
physical barrier ribbon 1427 can span between pylons or
between a pylon and a wall to control pedestrian traffic, and
can be used to direct persons to a conveniently located fixed a
dispenser to encourage hand hygiene. This can be reinforced
by appropriate signs. This arrangement can be useful for
controlling hand hygiene compliance in wide hallways, for
example, or to define and set up temporary zones.

[0208] FIG. 15B illustrates a perspective view of a wall-
mounted fixed dispenser 1501 which is similar to the pylon-
mounted fixed a dispenser except that it is configured to be
mounted on a wall 1500.

[0209] FIG. 16 illustrates a perspective view of a bathroom
zone embodiment 1600 of the present invention. In this
embodiment, fixed dispenser 1601 can be used to dispense
liquid soap which can be used in conjunction with water from
faucet 1607 and sink 1605. The fixed dispenser 1601 is physi-
cally similar to wall-mounted fixed dispenser 1501. Infrared
emitters 1603A, 16038, 1603C transmit a zone identifier
signal which is encoded to provide identification of the zone
type. Thus when a user wearing a wearable smart zones
sensor enters the bathroom zone the smart zone sensor logs
the zone identifier for the bathroom zone. Fixed dispenser
1601 is configured to transmit a modified zone identifier
signal for a short duration upon dispenser activation. This
modified zone identifier signal is encoded to inform the smart
zone sensor that a dispenser activation has occurred to allow
the smart zone sensor to set the status flag to “clean” and to log
the activation in memory. When the user leaves the bathroom
zone without a dispenser activation of either the fixed soap
dispenser 1601 or a wearable disinfectant dispenser, the smart
zone sensor will alert the user with a single long duration
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prompt. This is a contrasted by the persistent prompt that the
user receives from the smart zone sensor when the user enters
a patient zone without proper hand cleansing activity. In other
embodiments the fixed bathroom zone dispenser 1601 can be
applied with disinfecting gel instead of liquid soap. Other
embodiments would provide dispensers for liquid soap and
for disinfecting gel.

[0210] FIG.17 illustrates a break-away perspective view of
anembodiment of a zone controller 1700 of the present inven-
tion. The zone controllers 1700 comprise a zone controller
housing top 1701 and a printed circuit board controller 1703.
The controller is configured to transmit a zone identifier sig-
nal to infrared LED emitters 1709 via wires 1707. Each
infrared emitter is mounted in a collimator cone 1711 which
has a dust cover 1713. In one embodiment the collimators are
configured to mount on T-bars of suspended ceilings by
means of T-bar clip 1715. Other mounting arrangements for
the light-weight collimator cones will be readily apparent to
persons skilled in the art. In one embodiment the infrared
emitters 1709 are connected in series in groups of six emit-
ters, driven by the current source on printed circuit board
controller 1703. Ambient light sensor 1705 is used by con-
troller 1703 to adjust the drive current to the infrared emitters
1709 in order to provide crisp boundaries of the infrared zone,
according to varying levels of ambient lighting in the zone.
[0211] An entrance zone can be provided using zone con-
troller 1700, configured to transmit a zone identifier signal
comprising a zone type identifier. An entrance zone can have
different hand hygiene compliance requirements compared to
a bathroom zone or a patient zone. The wearable smart zone
sensors can be programmed to recognize different zone types
by decoding the zone type identifier within the zone identifier
signal. Different actions can be taken and different timing
parameters can be used by the wearable smart zones sensors
responsive to the zone type. For example when the wearable
smart zones sensor detects an entrance zone, it can be pro-
grammed to produce a single long prompt if cleansing was not
performed within the expiring time before entering the zone.
When the user leaves the entrance zone and no other zone is
detected within a predefined or programmable time. A long
prompt is issued. The wearable smart zone sensor can be
programmed not to prompt the user as long as the user
remains within the entrance zone. The wearable smart zone
sensor can also be programmed not to prompt the user when
passing through the entrance zone while traveling between
patients if proper hygiene procedures were performed
between the patient zones.

[0212] Anembodiment of a collimator 1711 of the present
invention is illustrated in FIG. 18A along with a correspond-
ing cross-sectional view in FIG. 18B. The collimator walls
restrict the field of emission of the infrared LED as well as
providing controlled scattering of the infrared emissions in
order to provide even infrared light distribution across the
field of emission. The collimator 1711 is provided with key-
hole slots 17114 to engage complementary pins, not shown,
in the dust cover 1713.

[0213] FIG. 19 illustrates exemplary embodiments of vari-
ous shapes of collimators and the resulting IR emission pat-
terns. Thus, collimator 1903 provides a generally circular
emission pattern 1909, collimator 1901 provides a generally
fan-shaped emission pattern 1907, and collimator 1905 pro-
vides a generally semicircular emission pattern 1911. These
collimator cones can be combined into an array mounted on a
ceiling, to define a cube-shaped zone 1913 for example with

Feb. 7, 2013

well-defined boundaries as shown in FIG. 20. Other shapes of
zones having well-defined boundaries can be defined by
using different arrays of collimator cones. Well defined
boundaries are advantageous when adjacent zones are in
close proximity such as for example and adjacent patient beds
in a hospital ward.

[0214] FIG. 21 is a perspective view of an area of an exem-
plary health care facility illustrating various zone types. In
this example and entrance zone 2101 is defined at the entrance
of a hospital ward. Patient zones 2103 are defined around
patient beds. Bathroom zones 2105 can also be provided.
[0215] Insomeembodiments, Zones include an array of 12
I.R. emitters housed in specially designed white plastic Col-
limators. The geometry of the Collimators is driven by the
desired zone boundary, the distance from the floor and their
respective location in the array. In a square 12 emitter array,
three shapes were determined to be sufficient to provide a
cubic zone of detection with a granularity of 5-10 cm. Most
zone shapes can be defined by using the three shapes but
accommodating a complex custom zone boundary might
require custom collimators. While the IR emitters provide
effective zone boundaries or delineations, there may be other
configurations that enable similar zone boundaries. For
example, modules may be available which are one or two
dimensional, that is are capable of emitting a signal around or
over an area or along a line and which are capable or drawing
patterns or lines using visible red semiconductor lasers, such
as those which are used in virtual keyboards and laser levels.
[0216] Another example is shown in FIG. 22 which sche-
matically illustrates a system 2000 employing a number of
smart zone sensors, in this case referred to as a number of
wearable monitoring units, one of which is shown at 2010.
The monitoring unit 2010 includes a data transfer portion
2012, which may be provided by one or more discrete data
transfer units, such as transmitters, receivers, transceivers, or
data transfer ports such as RS232, USB, Bluetooth, 802.11
and the like. The data transfer portion 2012 is operable for
receiving sensory data reporting a hygiene event, in this case
from ahygiene detector 2014, and zone data from one or more
zone beacons shown at 2016, the zone data including zone
location data and/or zone type data.

[0217] A user alert portion is provided at 2018 for issuing
one or more hygiene alert signals for instructing an active
attendant, wearing the monitoring unit, to carry out a hygiene
event. A memory portion is provided at 2020 to store data for
use during operation of the monitoring unit. As shown in
FIGS. 22, 23, the memory portion includes a first memory
segment Ma to store the sensory data and a second memory
segment Mb to store a group of hygiene status subroutines
HS1, HS2, HSn, each according to a corresponding infection
risk level L1, .2, Ln. The hygiene status subroutines provide
predetermined alert signals to the attendant wearing the unit
depending on the risk level. Thus, the memory portion 2020
may be a single memory chip or the like or may include more
than one memory chip or other memory element, such as a
hard drive, or the like.

[0218] A monitor processor is also provided at 2022 which
is configured to receive at least one zone data message from
one of the zone beacons 2016, to decode the zone data mes-
sage to identify a zone location data portion Z1 and/or the
zone type data portion Zt, to select one of a number of avail-
able hygiene status subroutines HS1 to HSn, according to a
zone type data portion Zt and an infection risk level [.1 to L,
or a correlation therebetween, and then execute the selected
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hygiene status subroutine. Thus, the monitor processor may
select one of the number of hygiene status subroutines based
on a specific geographical location, such as a monitored zone
around a hospital bed, as would be indicated by the zone
location data portion alone, or alternatively on a general geo-
graphical location, such as in a hallway, as would be indicated
by a zone type data portion, for instance in the absence of a
zone location type indicating a specific location in the hall-
way. There may be instances where the monitoring unit may
select one of a number of available hygiene status subroutines
HS1 to HSn, according to correlation between the zone type
data portion Zt and the selected hygiene status subroutine,
without an infection risk level. For instance, the zone type
data portion may be an infection risk level.

[0219] Inthis example, the first subroutine HS1 includes an
instruction to issue an alert signal and the user alert portion
2018 is responsive to the monitor processor issue the alert
signal.

[0220] Selected hygiene alert subroutines HS1 to HSn
include instructions to issue a hygiene alert message and the
user alert portion is responsive to the hygiene alert message
from the monitor portion for issuing one or more hygiene alert
signals to the user. In this case, the user alert portion 2018 may
issue two or more different hygiene alert signals, on instruc-
tion from the monitor processor.

[0221] As shown in FIG. 23, this means that the monitor
processor may be configured, in the case of a first zone data
message Dm, to decode the message to identify a first zone
location data portion Z1 and/or a first zone type data portion
7t and then select a first hygiene status subroutine (such as
subroutine HS1) according to an indexed correlation with the
first zone location data portion and/or the first zone type data
portion. Next, the monitor processor may be configured, in
the case of a second zone data message which is different
from the first zone data message, to decode the message to
identify a second zone location data portion and/or a second
zone type data portion and then select, and execute, a second
hygiene status subroutine HS2 according to an indexed cor-
relation with the second zone location data portion and/or the
second zone type data portion.

[0222] In this case, the first and second subroutines HS1
and HS2 may apply to different infection risks. For instance,
the second subroutine HS2 may have a lower infection risk
level than the first subroutine HS1 and the lower risk level
may not require an alert signal. In this case, the user alert
portion will not issue a second signal as a result of the second
subroutine. On other hand, the second subroutine may have a
higher infection risk level than the first subroutine and the
higher risk level may include an escalated second alert signal
when compared with the first alert signal.

[0223] If desired, the memory portion 2020 may also
include a third memory segment Mc to store zone location
data 71 for a plurality of predetermined zone locations and/or
zone type data for a plurality of predetermined zone types;
and a fourth memory segment Md to index correlations
between each of the hygiene status subroutines and one or
more of the predetermined zone locations Z1 and/or one or
more of the predetermined zone types Zt. It may be useful, in
this case, to associate each location in the facility with a risk
level.

[0224] If desired, the data transfer portion may also be
operable for transferring user identity data and/or activity
history data between the monitoring unit and an external
station 2024. In this case the memory portion 2020 may be
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partitioned or otherwise arranged to include a fifth memory
segment Me to store the activity history data.

[0225] If desired, the processor 2022 may also include, or
interact with, a time-of-day module 2023 to associate a user
activity with a particular time of day in which the activity is
carried out. For instance, a bath activity for a patient at noon
in a busy ward on a weekday may require involve greater risk
to the patient and others in the facility, when compared with a
bath activity that occurs in a quieter ward setting, for example
after visiting hours on a Sunday evening. In this case, the
monitor processor may receive a time-of-day signal from the
time-of-day monitor and make an adjustment to the risk level
normally associated with the activity question, thus changing
the hygiene status protocol employed.

[0226] FIG. 5illustrates one example of a group of hygiene
status subroutines, involving three timers. Other hygiene sta-
tus subroutines may also be configured with one, two, three or
more timers as desired, depending on the circumstances. Sev-
eral examples of hygiene status subroutines falling under the
group shown in FIG. 5 follow:

Example

Selection of Infection Risk Level-Dependent
Subroutine Upon Entrance to a Monitored Zone with
a Patient Infected with MRSA

[0227] Category:

[0228] Emphasized prompting upon leaving an area
[0229] Protocol:

[0230] Providing care for individuals with MRSA places

special emphasis on ensuring that caregivers comply with
thorough measures for preventing the spread of the disease.
This includes disposing of garments worn while in contact
and/or proximity to the MRSA infected individual and hand
disinfection upon exiting the patient’s area.
[0231] Details:
[0232] 1. Caregiver walks into a monitored zone
[0233] 2. Wearable unit receives data message from zone
beacon
[0234] 3. Wearable unit decodes data message to identify
zone location and zone type
[0235] 4. Wearable unit identifies zone location and/or
zone type as having a high infection risk level due to the
presence of MRSA
[0236] 5. Wearable unit (processor module) selects a sta-
tus subroutine with an enhanced ability to detect when
the caregiver exits a zone (eliminating or reducing the
time window currently provided before the wearable
unit acknowledges a zone exit).
[0237] Inthis case, the third timer would be set to a time that
is appropriate for these circumstances of the patient. Where
the third timer may be set at ten minutes in one lower risk level
example, it may alternative be set at two minutes under these
circumstances.

Example

Selection of Infection Risk Level-Dependent
Subroutine Upon Entrance to a Monitored Zone with
a Patient with a Compromised Immune System

[0238] Category:

[0239] Emphasized prompting while in an area

[0240] Protocol:

[0241] Providing care for immunocompromised individu-

als places special emphasis on ensuring that caregivers com-
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ply with thorough measures for preventing the contamination
of the patient’s area with pathogens from other zones. This
includes hand disinfection upon entering the patient’s area.
[0242] Details:
[0243] 1. Caregiver walks into a monitored zone
[0244] 2. Wearable unit receives data message from zone
beacon
[0245] 3. Wearable unit decodes data message to identify
zone location and zone type
[0246] 4. Wearable unit identifies zone location and/or
zone type as having a high infection risk level due to the
presence of a person with a compromised immune sys-
tem
[0247] 5. Wearable unit (processor module) selects a sta-
tus subroutine with and enhanced ability to prompt the
caregiver while inside the zone (reducing the time win-
dow currently provided before the wearable unit emits a
prompt while inside a zone).
[0248] Inthis case, the first timer would be set to a time that
is appropriate for these circumstances of the patient. Where
the first timer may be set at two minutes in one lower risk level
example, it may alternative be set at 10 to 40 seconds under
these circumstances.

Example

Selection of Infection Risk Level-Dependent and
Task-Dependent Subroutine Upon Entrance to a
Monitored Zone with a Patient with a Compromised
Immune System

[0249] Category:

[0250] Emphasized prompting while in an area

[0251] Protocol:

[0252] Providing care for immunocompromised individu-

als places special emphasis on ensuring that caregivers com-
ply with thorough measures for preventing the contamination
of the patient’s area with pathogens from other zones. This
includes hand disinfection upon entering the patient’s area
and through hand cleansing after assisting in toileting activi-
ties.
[0253]
[0254]

[0255] 2. Wearable unit receives data message from zone
beacon

[0256] 3. Wearable unit decodes data message to identify
zone location and zone type

[0257] 4. Wearable unit identifies zone location and/or
zone type as having a high infection risk level due to the
presence of a person with a compromised immune sys-
tem

[0258] 5. Wearable unit (processor module) selects a sta-
tus subroutine with and enhanced ability to prompt the
caregiver while inside the zone (reducing the time win-
dow currently provided before the wearable unit emits a
prompt while inside a zone) and with the ability to
prompt after changing an incontinence pad.

[0259] In this case, the second timer would be set to a time
that is appropriate for these circumstances of the patient.
Where the second timer may be set at two minutes in one
lower risk level example, it may alternative be set at 10 to 40
seconds under these circumstances.

Details:
1. Caregiver walks into a monitored zone
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[0260] FIG. 22a illustrates the wearable monitoring units in
two groups, a first group of wearable monitoring devices G1
for a first group of human attendants, and the memory portion
in each of the first group of wearable monitoring devices
being operable to store a first group of hygiene status subrou-
tines and unique to the first group, and a second group of
wearable monitoring devices G2 for a second group of human
attendants, the memory portion in each of the second group of
wearable monitoring devices being operable to store a second
group of hygiene status subroutines and unique to the second
group.

[0261] Another example of the system 2000 is shown in
FIGS. 24, 25. In this case, the wearable monitor unit 2010 is
capable of making relatively more intelligent decisions on
when and if to issue an alert signal. This additional intelli-
gence is provided by way of the monitor processor 2022
which is configured to predict, analyze and/or forecast an
activity by the attendant wearing the monitoring unit.

[0262] in this case, the data transfer portion 2012 is oper-
able for receiving sensory data from a number of sensors
shown at 2026 issuing signals of one or more descriptors or
features of an activity ofthe attendant wearing the monitoring
unit. The sensors in FIG. 24 are merely examples and may be
provided in smaller housings as desired. Also provided are a
number of feature space data structures stored in the memory
portion 2020 which are formed to model a “template” activity
of'the attendant, based on past examples of the activity. Each
feature space data structure may thus model a single activity,
or a group of activities involving certain common activity
features. The feature space data structures may be based on a
generic sampling of test subjects by carrying out the activities
in question, to establish a generic set of feature space data
structures for a class of users of the monitoring or on a specific
set of feature space data structures for a specific user of a
specific monitoring unit and assembled through a training
mode, as discussed above. Also provided is an activity mod-
ule Ac which serves as a current activity identifier to allow for
an authorized entity, be it a user of the monitoring unit, a
technician assisting the user, or a supervisory representative
or function overseeing a particular function, to determine or
verify that the monitoring processor has in fact correctly
identified an activity. This activity module may include an
audio signal, such as a beep, or a synthesized or pre-recorded
voice message, or a visual signal, such an LED, LCD or other
illuminating element, or the like, or a bank of LED’s, each
identifying a predetermined activity, or an electronic signal to
berelayed to an external station either for redirecting an audio
or visual or for analyzing the signal for further action. In the
latter case, the activity module Ac may thus communicate
with the data transfer portion.

[0263] Thus, for one example of the teaching mode as
shown in FIG. 26, the monitor processor is configured to
receive sensory data in the form of feature coordinates F1, F2,
F3, F4, Fn, from one or more sensors S1, S2, S3, 54, Sn,
recording a number of repeated instances of a first current
attendant activity, such as “administering a needle”, generate
a first series of current activity feature data sets 1A1, 1A2,
1A3, 1An, for the first current attendant activity; and then
generate a feature space data structure FS1 modeling the first
series.

[0264] Then, for a second activity, such as “going to the
bathroom”, the monitor processor may receive sensory data
recording a number of repeated instances of the second cur-
rent activity, generate a second series of current activity fea-
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ture data sets 2A1, 2A2, 2A3, 2An, for the second current
attendant activity and generate a feature space data structure
FS2 modeling the second series.

[0265] The monitor processor then is configured to associ-
ate, or be instructed to associate, each data structure with a
corresponding hygiene risk level to form a number of asso-
ciations. The monitor processor is thus configured to repeat
these steps for as many activities as needed.

[0266] The memory portion 2020 is thus provided with a
sixth segment as shown at Mf in FIG. 25 to store the feature
space data structures for the first and second series and the
associations, as well as other series and associations as
desired.

[0267] Inthis example, the sensory data being received by
the monitor processor may be processed or raw sensory data.
In other words, the raw data may be received by the data
transfer portion 2012 as a feature coordinate and as a direct
output from a sensor element, such as a temperature gauge, in
an integer format in this case. On the other hand, the pro-
cessed sensor data may be received by the data transfer from
another processor which in turn receives raw, or unprocessed,
data from a sensor and performs one or more calculations or
subroutines on the data to generate one or more feature coor-
dinates.

[0268] The monitor processor 2022 is, in this example,
configured to receive the sensory data to generate at least one
current activity feature data set for a current attendant activity,
associate the current activity feature data set with the feature
space data structures to generate a correlation between the
feature data set and one of the feature space data structures;
selectan infection risk level according to the correlation; elect
a hygiene status subroutine from the list of hygiene status
subroutines according to the infection risk level; and execute
the selected hygiene status subroutine.

[0269] In yet another variation, as shown in FIG. 26, the
monitor processor is configured to form a group of identities
11, 12, 13, for a corresponding number of successive current
attendant activities and then store the identities. The monitor
processor is then operable to predict a next attendant activity
based on the stored identities. The monitor processor is then
operable to select an infection risk level according to the next
attendant activity; and thereafter carry out a corresponding
hygiene status subroutine in advance of the next attendant
activity based on the selected infection risk level.

[0270] In this case, the sensors S1, S2, S3, S4, Sn are
configured for issuing a signal to the data transfer portion,
with the signal carrying the sensory data of one or more
descriptors of activity of the attendant wearing the monitoring
unit.

[0271] The sensors may include an accelerometer, ther-
mometer, microphone, elevation meter, pressure meter,
motion sensor, global positioning device and/or a gyroscope.
Some of the sensors may themselves include a sensor proces-
sor shown at Spl, Sp2, Sp3, Sp4, Spn, as shown in FIG. 25,
which are themselves configured to generate one or more
predetermined feature coordinates F1, F2, F3, F4, Fn and the
monitor processor is configured to generate the feature data
set according to the one or more feature coordinates.

[0272] The hygiene event may include a hand wash disin-
fectant activation, a hand wash sink activation, a soap dis-
penser activation, a towel activation, a glove dispenser acti-
vation and/or blower activation, among others. These are
collectively identified by the external sensor Ax.
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[0273] One or more of the sensors may measure one or
more signals of; or relating to, the attendant activity, includ-
ing temperature and/or sound. One or more of the sensors
may measure angular or linear acceleration, speed, position
and/or distance the feature coordinates including, but not
limited to, mean, standard deviation, energy and/or axis cor-
relation.

[0274] The sensor processor, for those sensors employing
one, may be configured to carry out a range of programs or
subroutines according to a range of algorithms for the corre-
lation step, based on hardware, firmware or software, includ-
ing one or more pattern recognition subroutines.

[0275] One or more of the feature coordinates may include
one or more time domain features coordinates, including, but
not limited to, root mean square (RMS), integrated RMS,
mean absolute value (MAV), mean absolute value slope
(MAVSLP), zero crossing (ZC), waveform length, variance,
number of slope sign changes and/or amplitude histograms.
[0276] One or more of the feature coordinates may also
include one or more frequency domain features coordinates
including, but no limited to, spectral representations of the
signal, the spectral representations including Fast Fourier
Transform (FFT) coefficients, autoregressive (AR) coeffi-
cients, and/or cepstral coefficients.

[0277] The feature coordinates may also include one or
more time-frequency features including, but not limited to,
short-time Fourier transform (SIFT) coefficients, wavelet
coefficients and wavelet packet coefficients.

[0278] The monitor processor may also be configured to
carry out a range of programs or subroutines according to a
range of algorithms for the correlation step, based on hard-
ware, firmware or software, including one or more pattern
recognition subroutines. In this case, the monitor processor is
responsive to the sensor processors to receive a plurality of
feature coordinates therefrom and to generate the feature data
set.

[0279] The monitor processor may be further configured to
employ a dimensionality reduction subroutine to reduce the
number of feature coordinates in the plurality of received
feature coordinates in the generated feature data set.

[0280] The monitor processor may also be configured to
employ a supervised and/or an unsupervised classification
subroutine including for example:

[0281] Linear classifiers such as Linear Discriminant
Analysis,
[0282] Decision Tables,
[0283] Decision Trees (C4.5),
[0284] k-Nearest Neighbor,
[0285] Support Vector Machines (SVM),
[0286] Hidden Markov Models,
[0287] Artificial Neural Networks,
[0288] Fuzzy and neuro fuzzy classifier, and
[0289] Clustering.
[0290] In some cases, an association between the feature

data set and the feature space data structures may be suffi-
ciently unrecognizable, that a correlation is not possible, is
unclear, or has a relatively low confidence interval. In this
case, the monitor processor may be configured to employ one
or more a “majority vote”—type subroutine or other subrou-
tine to resolve conflicts between a current feature data set and
a corresponding feature space data structure. For instance, it
may be that most but not all of the feature coordinates have a
match with corresponding sectors in the feature space data
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structure, in which case those correlating feature coordinates
“out vote” the feature coordinates without a correlation.
[0291] The feature coordinates collected by the monitor
processor can also be considered coefficients for a vector,
where the feature data set may also be considered a feature
vector and the feature space data structure may also be con-
sidered to be a feature vector space.

[0292] Thus, the monitor processor is capable of storing
feature space data structures, which in one example can be in
the form of store a vector space values for a predicted atten-
dant activity. The monitor processor may thus also be config-
ured to receive the sensory data to assemble at least one
current activity vector value for a current attendant activity
and then to associate the current activity vector value with the
vector space values to generate a correlation. In one instance,
the correlation may be a mathematical match, within a pre-
determined confidence interval.

[0293] Referring to FIG. 27, the operation of the system
2000 is as follows. First, the processor receives a zone data
signal and decodes the zone identity and zone type signal
portions. The monitor processor also collects feature coordi-
nate data from the various sensors via their corresponding
sensor processors to form the activity feature data set.
Depending on the number of feature coordinates, the system
may then employ a dimension reduction procedure as
described above. If desired, the sensors may also send raw
data to the monitor processor so that the monitor processor
may calculate and extract the features therefrom. In this case,
the sensors sending raw data may themselves not be required
to have a processor.

[0294] The monitor processor then asks if the system is
being trained. This state may be established by a manual or
electronic switch function onboard the monitoring unit, such
as the switch module shown at Sw, as deployed by an atten-
dant, by an assisting technician, by supervisory personnel, or
by an automated server function through a wireless or wired
communication link to the monitoring unit. If the status of the
switch function indicates yes, the feature data set for the
current activity is labeled, such as by 1A2 above and the
feature set is recorded in memory. With the feature data set
labeled and stored, the monitor processor then asks if the
training is finished. This would be indicated by a counter
recording the number of instances of the formation of the data
set for the current activity. The counter would be advanced by
the storing of the data set in memory or by some other event
either in advance of, for following, the storing of the data set
in memory. The current counter value would then be com-
pared with a test count value and, provided that the current
counter value is less than the test count value, the monitor
processor would then advance to the collection step. If the
current counter value equals the test count value, meaning
that training is finished, the monitor processor then advances
to a testing subroutine, which may include a number of trial
activities or a set up for a number of preset activities to see
how the monitoring is functioning. If the system is not being
trained, the monitor processor compares the feature data set
with the feature space data structures stored in memory to
look for a correlation, resulting in identifying an activity.
[0295] The monitor processor then queries if the activity is
the wrong activity. This is done by the monitor processor
issuing, or instructing the issuance of, a query signal, via the
identity module to an authorized entity, as described above.
The authorized entity then confirms if the activity is the
wrong activity. If yes, a training routine is repeated, causing
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the system to advance to the collection step #. If no, the
monitor processor then accesses the hygiene status subrou-
tine that corresponds to the infection risk level for the iden-
tified activity and executes the hygiene status subroutine
which, depending on the subroutine, leads to a user alert. The
monitor processor then waits for a signal recording a hygiene
event.
[0296] The two examples of the system benefit from the
ability of the hand wash monitor units to make intelligent
decisions in order to reduce the number of “hand washings”
that would otherwise have to occur without the intelligence.
[0297] For instance, if a nurse were to wash her hands each
time she enters and leaves a patient area, she may be hand
washing a great many times a day. Clearly, success in hand
washing (or other hygiene) compliance and cost controls may
be enhanced when the monitoring unit is able to make
informed decisions about just when the hand washing has to
occur.
[0298] To achieve this, in one example, the hand wash
monitoring unit may taught so that it can make judgments
about when to identify a hygiene event and, if so, by which
alert, and, if so, for which hygiene mode or procedure (such as
putting on, or taking off, protective gloves).
[0299] To this end, in one example, the hand wash moni-
toring unit includes the ability to record a number of local
“attributes” and thus to obtain a signature for the attributes,
and then to evaluate the signature, or group of signatures, over
a predetermined time interval, to identify a predetermined
regular activity.
[0300] A regular activity might be attending a toilet with a
patient, with the monitoring unit sensing a change in the
orientation of the torso of the user (i.e. that the user is bent
over) and sensing the sound (i.e. of a flushing toilet). Another
predetermined regular activity might be attending to a patient
in bed (bent over, no echoes), or walking, running, eating, or
doing filing. And in each event, the sensor would be in a
position to assess if hand washing is needed thereafter and, if
s0, determine when the hand washing (or other hygiene pro-
cedure) should occur. The monitoring unit may then alert the
user accordingly.
[0301] The system may thus track not only the entrance into
a sensed zone but the departure from one zone and the arrival
at another zone, by tracking two beacons in succession,
thereby indicating direction.
[0302] A collection or suite of signature plots may then be
assembled for each predetermined activity, each signature
plot for each attribute of the activity, or for the activity itself.
These may then be loaded on the hand wash monitoring unit
as “template” signatures. The hand wash monitoring unit may
then:
[0303] i) collect data for each attribute from each sensor
over a predetermined sensing period;
[0304] ii)form a“current” signature for each attribute (or
a composite “current” signature); and then
[0305] iii) compare the “current” signature with the
stored signatures, such as by a statistical best fit analysis
to match the signatures with any one of the stored sig-
nature sets to approximate or predict the current activity.
[0306] Once the hand wash monitoring unit has identified
the activity, it may then consider what hygiene activity needs
to be undertaken.
[0307] Of course, the activities carried out by people in the
hygiene-monitored environment will vary with their job
description. A custodian will have a different set of activities
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to a nurse, and in turn a doctor. Each hand wash monitoring
unit may then be loaded, if desired, with a different suite of
signatures according to their role in the facility.

[0308] The zone beacons may then provide a number of
geographical markers and patient identifiers or other loca-
tional identifiers that may be relevant to selecting a hygiene
protocol. The hand wash monitoring unit may then do the
processing, all at the local level, reducing bandwidth in the
internal network of the facility in question that would other-
wise be necessary, if the processing were being done at a
central server.

[0309] The local processing capability of the hand wash
monitoring unit gives it the capability to ask more questions
about its own environment and make more informed deci-
sions on when (and indeed if) a user needs to wash hands,
rather than relying entirely on nearby zone beacons to issue
signals providing the hand wash monitoring unit a useful,
though relatively limited, view of what’s going on. Rather, the
hand wash monitoring unit looks to the zone beacons for
location and type information to describe the specific zone
environment and to its own local mobile resources by way of
sensors worn by the user and to other external sensors, as
necessary, as shown at Sx in FIG. 25, to assess a current
activity and conditions and then assess a hygiene protocol for
the activity under those conditions. These other external sen-
sors may include such things as a local video camera or
microphone in a zone.

[0310] With the benefit oflocal processing at the hand wash
monitoring unit, the processing requirements for the zone
beacons are substantially reduced. They may operate on their
own, once programmed, and not be part of a central network.
The zone beacons may also be provided with local switching
to allow the zone beacons to identify the “type” of zone. The
switching may be provided at a switch location in the moni-
tored zone, or be remotely actuated by a remote wireless
switch located or accessible in the monitored zone.

[0311] Thehand wash monitoring unit may then be updated
or uploaded at the external station 2024 during or following a
data dump stage if new protocols need to be added.

[0312] The sensors 2026 may include hybrid sensors to
detect nursing activities. Accelerometers may be used to
detect linear acceleration of the movement, a gyroscope to
detect angular acceleration of the movement, or a microphone
to detect environmental sound related to performing activi-
ties. Other sensors may also be employed to obtain more
information from the environment such as temperature, air
pressure, as well as physiological sensors to monitor such
features as heart rate, blood pressure.

[0313] Each sensor is capable of recording raw data from
the environment and sends either the processed or raw data to
the wearable monitoring unit. However, in order to decrease
the processing load on monitoring unit and decrease power
consumption, it may be desirable to include a processing unit
in each hybrid sensor and send the results therefrom to the
monitoring unit.

[0314] Each hybrid sensor may communicate with the
monitoring unit either by way of a wired communication path
(such as a USB-HID class) or by a wireless communication
path (such as the Bluetooth Class-2) It should be noted that
Bluetooth Class-2 is a relatively low power wireless protocol
and may be particularly desirable in healthcare settings.
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Data Processing

[0315] Pattern recognition may be used to identify different
nursing activities. Pattern recognition is a branch of machine
learning whose goal is to classify patterns into a number of
categories or classes. The components of a typical pattern
recognition protocol in one example are shown in the FIG. 28.

Sensing:

[0316] Each hybrid sensor may be configured to detect a
different modality of nursing activity such as linear and angu-
lar acceleration, temperature and sound.

Preprocessing:

[0317] The signal quality may be enhanced for example by
using filters to remove noise and/or other unwanted signals
from the original signal.

Feature Extraction:

[0318] The wearable monitoring unit may thus be config-
ured to extract discriminatory features from the signal. The
extracted features thus may be used to define the feature space
within which the different classifiers can be evaluated.

[0319] In terms of acceleration signal, the following is a
nonexhaustive list of features that may be employed:

[0320] Mean: isthe DC component of the acceleration data.
This feature is mostly used to detect the body posture. Elec-
tronic tilt sensors work based on this feature.

[0321] Standard Deviation: is used for discriminating the
range of possible acceleration values, which differs among
different activities.

[0322] Energy: Can be used to estimate the intensity of the
activity.
[0323] Correlation among axis: Features that measure cor-

relation or acceleration between axes can improve recogni-
tion of activities involving movements of multiple body parts.

[0324] It should be noted that different signals may typi-
cally have different characteristics. For example, the charac-
teristics of an acceleration signal may be different from those
of a sound signal. Therefore, the techniques employed for
extracting discriminatory features from an acceleration signal
may not be effective for signal data from other sensors. The
following examples of features may be explored and
extracted from different signals recorded from different sen-
sors to improve the accuracy of the system. The accuracy of
the system maybe investigated by trial and error.

[0325] Time domain features. These are extracted from the
temporal representation of the signal. Examples include root
mean square (RMS), integrated RMS, mean absolute value
(MAV), mean absolute value slope (MAVSLP), zero crossing
(ZC), waveform length, variance, number of slope sign
changes and amplitude histograms

[0326] Frequency domain features. These features are
derived from a spectral representation of the signal, including
such examples as the Fast Fourier Transform (FFT) coeffi-
cients, autoregressive (AR) coefficients, and cepstral coeffi-
cients

[0327] Time-frequency features. The short-time Fourier
transform (STFT) coefficients, wavelet coefficients and
wavelet packet coefficients are examples of features com-
puted from a joint time and frequency signal representation.
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Feature Projection:

[0328] If necessary, dimensionality reduction techniques
may utilized, such as Principal Component Analysis (PCA),
to be able to present the features more efficiently to the
classifier.

Classification:

[0329] The task of a classifier is to assign a category to a
newly observed feature. Classifications of new objects (in this
example each attendant activity, such as a prescribed nursing
activity) are based on a set of previously observed patterns
whose true class is already known. This set is known as the
training set. A classifier uses the training set to divide the
extracted features into different classes.

[0330] A wide range of supervised and/or unsupervised
algorithms, from simple Bayseian classifers to complex and
powerful neural networks, may be used for classification,
such as:

Linear classifiers such as Linear Discriminant Analysis,

Decision Tables,

Decision Trees (C4.5),
[0331] k-Nearest Neighbor,

Support Vector Machines (SVM),
Hidden Markov Models,

Artificial Neural Networks,

[0332] Fuzzy and neuro fuzzy classifier; and

Clustering.

Post-processing

[0333] A post-processor may be employed to use the output
of the classifier to decide the output function of the terminal
device. The post-processor may improve system performance
For example, a technique called majority vote can be used to
increase the classification accuracy. In this technique, the
output of each classifier is considered and the final decision is
made when most classifiers agreed on a certain decision.
[0334] For example, if the accelerometers, and gyroscope
classifiers (2 out of 3 classifiers) decided that the current
nursing activity is ‘taking blood pressure’ but the sound clas-
sifier (1 out of 3 classifier) is showing the current nursing
activity as “inserting an IV’, the majority vote among these 3
classifiers, would claim the current nursing activity as ‘taking
blood pressure”.

[0335] The ability to predict the next nursing activity: The
hand wash monitoring unit may log the history of the per-
formed nursing activities and their corresponding hygiene
events. Numerous mathematical and statistical algorithms are
available to help the monitoring unit learn from the sequence/
pattern of the past nursing activities and let it predict the next
coming nursing activities with acceptable accuracy.
Examples of such algorithms include, but are not limited to,
Markov Models, Hidden Markov Models, Fuzzy systems,
Neuro Fuzzy systems, and Artificial Neural Networks. For
instance, if the monitoring unit recognizes that a current
activity involves picking up a bed pan, the system may be able
to identify that the next activity will involve installing the bed
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pan for use. In another example, the system may recognize a
current activity as being pre-aseptic procedure, such as
accessing a syringe out of a storage compartment or such as
transporting a medication cart to monitored zone, thus indica-
tive of an aseptic activity soon to follow and requiring hand
washing before hand.

[0336] The entire subject matter of each of the References
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[0352] While the present invention has been described for
what are presently considered the preferred embodiments, the
invention is not so limited. To the contrary, the invention is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

[0353] The embodiment(s) of the invention described
above is (are) intended to be exemplary only. The scope of the
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invention is therefore intended to be limited solely by the
scope of the appended claims.

1. A wearable monitoring unit comprising:

a. a data transfer portion operable for receiving sensory
data reporting a hygiene event from a hygiene detector,
and zone data from a zone beacon, the zone data includ-
ing zone location data and/or zone type data;

b. a memory portion including:

i. a first memory segment to store the sensory data;

ii. a second memory segment to store a group of hygiene
status subroutines, each according to a corresponding
infection risk level;

c. a processor module configured to:

1. receive at least one zone data message from the zone
beacon;

2. decode the zone data message to identify a zone
location data portion and/or the zone type data por-
tion;

3. select a hygiene status subroutine according to a zone
type data portion and the infection risk level, or a
correlation there between;

4. execute the selected hygiene status subroutine.

2-78. (canceled)



