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HAND HYGIENE COMPLIANCE MONITORING SYSTEM

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates generally to hand hygiene compliance and

particularly to tracking and encouraging worker compliance with hand hygiene protocols.

[0002] In a hospital setting, hospital associated infections may cause undue illness to patients.

One way of decreasing the number of hospital associated infections is for hospital workers to

wash their hands at key phases of patient care. In an effort to reduce the number of hospital

associated infections, hospitals have implemented hand hygiene protocols for hospital staff. For

example, staff at a hospital may be instructed to wash their hands when they enter a patient

room, before any patient contact, before an aseptic task, after body fluid exposure risk, after

patient contact, after contact with patient surroundings, and upon exiting the patient room.

[0003] Hospitals have a variety of techniques for reminding workers to follow hand hygiene

protocols and for tracking worker compliance with hand hygiene protocols. One method of

reminding workers to follow hand hygiene protocols is to send a signal (e.g., an audio or visual

reminder) to the health care worker (HCW) when the health care worker enters or exits a

patient's room. This method works well when hand hygiene requirements are the same for all

patients and when the requirements are associated with a health care worker being at a particular

location. One method of tracking hand hygiene compliance is to use "secret shoppers" to watch

the staff to see if they are following the protocol. The secret shoppers may remind the health

care workers and/or they may report on compliance. One drawback to the use of secret shoppers

is that knowledge of the presence of the secret shoppers on particular days can cause an artificial

spike in hand hygiene compliance, because the workers know that they are being watched.

[0004] Accordingly, there remains a need in the art for hand hygiene compliance systems that

overcome these drawbacks.

[0005] This background information is provided to reveal information believed by the applicant

to be of possible relevance to the present invention. No admission is necessarily intended, nor

should be construed, that any of the preceding information constitutes prior art against the

present invention.



BRIEF DESCRIPTION OF THE INVENTION

[0006] Embodiments include a method and computer program product for performing sanitation

compliance monitoring, including receiving sanitation compliance data. The sanitation

compliance data includes a zone identifier corresponding to a first device in a zone and an entity

identifier corresponding to a second device attached to a mobile entity in the zone. The zone is

defined by an area over which the first device and the second device communicate via one-way

or two-way communication. It is determined whether the entity is compliant with a sanitation

protocol associated with the zone, and a database is updated with results of the determining.

[0007] Another embodiment includes a system for performing sanitation compliance monitoring.

The system includes a sanitation station configured to accomplish a sanitation event that meets at

least one criterion, a mechanism to detect the sanitation event at the sanitation station, a user

interface, and a device that includes logic. The logic is for detecting at least one entity

identification (ID) tag in proximity of the sanitation station, each entity ID tag including a unique

tag identifier corresponding to an entity. The logic is also for selecting an entity ID tag from the

at least one detected entity ID tags and for displaying a unique tag identifier associated with the

selected entity ID tag, the displaying at the user interface. The logic is further for determining

whether the at least one criterion has been met at the sanitation station and for updating a

database with results of the determining and the tag identifier associated with the selected entity

ID tag.

[0008] Other embodiments include a method and computer program product for performing

sanitation compliance monitoring including receiving a notification at a circuit in a mobile entity

ID tag that a zone ID tag has been detected. Each zone ID tag corresponds to a zone and has a

unique zone identifier corresponding to the zone ID tag. The mobile entity ID tag is stored in a

database on the mobile entity ID tag in response to the receiving. Contents of the database are

periodically transmitted to a central computer.

[0009] A further embodiment includes a system for performing sanitation compliance

monitoring. The system includes a synchronization station that includes a memory; a mechanism

to detect a mobile entity ID tag; and logic for receiving data from the mobile entity ID tag, for

storing the received data in the memory, and for periodically transmitting contents of the

memory to a central computer.



[0010] A further embodiment is a system for performing sanitation compliance monitoring. The

system includes a first device in communication with a database and a second device in

communication with the database. The system also includes a target zone defined by a first area

over which a mobile device worn by a health care worker and the first device communicate, and

a sanitation zone defined by a second area over which the mobile device worn by the health care

worker and the second device communicate. The target zone and the sanitation zone do not

overlap.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Referring to the exemplary drawings wherein like elements are numbered alike in the

accompanying Figures:

[0012] FIG. 1 depicts a hand hygiene compliance system implemented in accordance with an

embodiment;

[0013] FIG. 2 depicts a process flow of determining hand-sanitizing activity in accordance with

an embodiment;

[0014] FIG. 3 depicts a process flow of determining hand washing activity in accordance with an

embodiment;

[0015] FIG. 4 depicts a hospital layout in accordance with an embodiment;

[0016] FIG. 5 depicts a high level process flow of a central computer hand hygiene compliance

monitoring application in accordance with an embodiment;

[0017] FIG. 6, which includes FIGs. 6A, 6B and 6C, depicts a more detailed view of the process

flow of FIG. 5 in accordance with an embodiment;

[0018] FIG. 7 depicts a distributed hand hygiene compliance system in accordance with an

embodiment in which synchronization stations are utilized to collect compliance data;

[0019] FIG. 8, which includes FIGs. 8A and 8B, depicts active radio frequency identification

(RFID) reader badges in accordance with embodiments;

[0020] FIG. 9 depicts a hospital layout in accordance with an embodiment in

whichsynchronization stations are utilized to collect compliance data; and

[0021] FIG. 10, which includes FIGs. 10A, 10B, and IOC, depicts a washroom station that

includes a sensor suite, dispensers and at least one display in accordance with an embodiment.



DETAILED DESCRIPTION OF THE INVENTION

[0022] Although the following detailed description contains many specifics for the purposes of

illustration, one of ordinary skill in the art will appreciate that many variations and alterations to

the following details are within the scope of the invention. Accordingly, the following

embodiments of the invention are set forth without any loss of generality to, and without

imposing limitations upon, the claimed invention.

[0023] Exemplary embodiments of the invention, as shown and described by the various figures

and accompanying text, provide a sanitation compliance monitoring system. An embodiment of

the system is a zone-based hand hygiene compliance system that monitors healthcare worker

compliance with a hand hygiene protocol. Health care workers wear badges that contain radio

signal emitting tags for communicating with radio signal reader devices that are located at points

of hygiene protocol interest in a facility (e.g., on a hand sanitizer dispenser, on a patient bed).

When a health care worker is within a predefined distance of a reader device, the reader device

detects the presence of the worker and records data related to the worker. The area around the

reader device where the reader device can detect the radio signals begin emitted from a health

care worker badge is referred to as a zone. The location of a zone may be stationary or it may be

adjustable, for example, by mounting a reader device on a movable arm and repositioning the

movable arm. Data related to health care worker hand hygiene protocol compliance and non

compliance is collected by the reader device and stored in a database for generating reports to the

health care worker, to a supervisor, and/or to other hand hygiene compliance personnel.

[0024] Embodiments also include distributed systems where, for example, badges worn by

health care workers or other monitored individuals also include reader devices that collect and

store compliance and non-compliance related data. In distributed embodiments, the data stored

on a badge is uploaded from the health care worker badge to the database when the health care

worker is in a predefined vicinity of a synchronizing station. In addition, an item such as a hand

wash station that includes a display may indicate information on the display that may be helpful

for the user of the hand wash station, such as identifying the health care worker that is getting

credit for the hand wash and whether the health care worker is compliant or non-compliant with

a hand wash protocol.

[0025] Described herein in accordance with exemplary embodiments is a zone-based radio

frequency identification (RFID) system that provides the ability to determine if employees (e.g.,



health care workers) are compliant with hygiene protocols without requiring an expensive and

invasive real time locating system (RTLS) for continuously tracking employees throughout a

facility. A RTLS uses wireless technology to continuously track the geographical location of

entities (e.g., assets and personnel) in real time by attaching tags that emit signals, such as radio

signals, to the tracked entities. The signals emitted by the tags are read automatically and

continuously by reader devices in the RTLS, and algorithms are executed by the RTLS to

determine current positions of the entities based on the signals that were read by the reader

devices. An RTLS uses trilateration and/or triangulation algorithms to determine current

positions of entities. Both trilateration and triangulation require additional hardware and/or

software infrastructure when compared to the zone-based embodiments described herein.

[0026] A RTLS is contrasted with a zone-based system utilized by embodiments described

herein. Similar to the RTLS, a zone-based RFID system uses signal emitting tags that are

attached to entities (e.g., health care workers, patients) that require tracking. However, the zone-

based RFID system described herein does not continuously monitor a current location of an

entity. Instead, the zone-based RFID system includes reader devices that are designed to detect

signals from entities when the entities are within a specified distance of the reader device. In this

manner, zones are formed and when an entity enters and exits a particular zone is determined

based on, for example, whether or not the reader device detects a signal from the entity. Thus,

the zone-based RFID system tracks whether an entity is within a particular zone and does not

require the additional overhead required by the RTLS to determine an actual location of the

entity. Further, because the zone-based RFID system only tracks an entity when it is within

particular zones in a facility, the RFID system incurs lower operational overhead (e.g., radio

band usage, power) and requires less powerful and thus, less costly readers and tags when

compared to an RTLS that is required to track an entity at all locations in a facility. In addition,

the zone-based RFID system described may also be perceived as being less invasive to the

privacy of employees than a RTLS because the zone-based RFID system only tracks an

employee when the employee is in an area of interest.

[0027] Embodiments described herein are utilized to determine whether staff or other

individuals in a facility, such as a medical facility, have washed or sanitized their hands

according to policy (or protocol). Embodiments may also be applied to other applications and

industries where it is necessary to determine if people or equipment are cleaned or sanitized after



and/or before activities that might expose the people/equipment to contamination. Embodiments

are described herein in reference to a hospital setting and to hand hygiene compliance. It will be

appreciated that embodiments of the invention are not so limited and that embodiments of the

invention apply to any location (e.g., manufacturing locations, nursing homes, restaurants) where

it is desired to track worker compliance with a specified protocol. Embodiments may be used to

determine whether an entity is compliant with any type of sanitation protocol including the hand

washing protocol described herein. Thus, sanitation zones are not limited to the hand washing

zones described herein, but may also apply other types of sanitation procedures such as those

used on feet, or upon entry and exit of clean rooms or other sterile environments. As described

herein, different criteria can be applied to different zones

[0028] As used herein, the term "radio frequency beacon" refers to a device that transmits radio

frequency signals. Examples include, but are not limited to, radio towers, and cordless

microphones.

[0029] As used herein, the term "radio frequency receiver" refers to a device that receives radio

frequency signals. Examples include, but are not limited to, radios and televisions.

[0030] As used herein, the term "passive radio frequency identification device" or "passive

(RFID) device" refers to a device that absorbs one or more radio signals that meet certain

criteria, changes the radio signals to add useful information, and uses the absorbed energy to r e

transmit the radio signals with the added information. Passive RFID devices are often

embedded, for example, on employee badges that are used by employees as entry badges to gain

access through various points-of-entry.

[0031] As used herein, the term "active RFID device" refers to a device that, if it receives one or

more radio signals that meet certain criteria, may transmit one or more different radio signals

using its own energy source.

[0032] As used herein, the term "synchronizing station" refers to a device (e.g., a wired device

and/or a wireless device such as a radio frequency transceiver) that collects information from

radio frequency transceivers and relays that information to a processor that is executing all or a

portion of the hand hygiene compliance monitoring algorithm. The synchronizing station may

be wirelessly connected to the radio frequency transceivers and physically connected to the

processor (e.g., via cables and/or fiber optics), although other configurations are possible.



[0033] As used herein, the term "RFID reader" refers to a device that 1) transmits a radio signal

that causes nearby passive or active RFID badges to transmit different radio signals, 2) is able to

perceive and process the different radio signals, and 3) is able to communicate with a

synchronizing station or other data collection device. An example of a RFID reader is a building

access RFID badge reader.

[0034] As used herein, the term "radio frequency transceiver" refers to a device that transmits

and receives radio frequency signals and may also perform additional functions that could

include processing data and storing data. Examples of radio frequency transceivers include, but

are not limited to, RFID readers, active RFID badges, passive RFID badges, Bluetooth® devices,

wireless fidelity (WiFi) devices, and wireless synchronizing stations.

[0035] As used herein, the term "identification tag" or "ID tag" refers to a radio frequency

beacon or radio frequency transceiver. An ID tag transmits a unique tag identifier, such as a

number, that is associated with a specific location (e.g., a zone) or mobile entity (e.g., person or

mobile equipment).

[0036] As used herein, the term "sensor suite" refers to a device that collects input wirelessly,

hardwired, or by other connection from at least one source, determines whether one or more

required steps have been completed, and provides a corresponding output. A sensor suite may

contain a radio frequency transceiver, a radio frequency beacon, a radio frequency receiver,

and/or an ID tag.

[0037] As used herein, the term "zone" refers to the location area over which a zone ID tag

assigned to that zone may be in one-way or two-way communication with at least one different

radio frequency transceiver or radio frequency beacon. In an embodiment, zones do not overlap.

In accordance with an embodiment, a zone is identified by a passive or active RFID tag that

transmits a unique zone identifier in response to queries made by an RFID reader or other radio

frequency transceiver.

[0038] As used herein, the term "target zone" refers to a zone that may generally contain non-

hygienic contamination (waste station, patient bed, etc.) or that may generally be hygienic and

intended to avoid contamination (e.g., designated aseptic areas). Generally, zones are identified

as areas where a hygiene activity should occur either before entering the zone or upon exiting the

zone. Zone ID tags referred to herein as "target zone ID tags" are located on or near the items



that contain non-hygienic contamination or should be avoided to avoid contamination, defining

target zones.

[0039] As used herein, the term "hand wash zone" refers to a zone that contains a sanitation item

(a sink, a dispenser, etc.) to wash or otherwise sanitize hands or other contaminated objects. A

hand wash zone is an example of a sanitation zone. Zone ID tags referred to herein as "hand

wash zone ID tags" are affixed to or in close proximity to the sanitation item, defining the hand

wash zones.

[0040] As used herein, the term "hand wash" refers to decontaminating the hands of a health

care worker by washing with soap and water, by rubbing with hand-sanitizer, or by using some

other manner of decontamination. In an embodiment, each target zone is assigned at least one

approved hand wash zone. An approved hand wash zone is typically closer in proximity to the

target zone than an unapproved hand wash zone, which might be farther away from the target

zone, creating a risk that a health care worker may spread contamination through the facility.

[0041] In an embodiment, a target zone may be active or inactive. An active target zone is

associated with a location that has an aseptic purpose (e.g., an operating room or other area that

must remain sterile) or with a location that contains at least one source of contamination (e.g., a

waste station), such that it is desired to determine hand-hygiene compliance pertaining to that

target zone. An inactive target zone is a target zone that does not need to remain sterile because

it is not currently being used for an aseptic purpose, or a target zone that does not have a level of

contamination that warrants a determination of hand-hygiene compliance. Some embodiments

described herein do not penalize a health care worker for entering an active, non-patient target

zone (e.g., a zone that includes a waste station) if the health care worker has not washed his

hands since being in the previous target zone. This is based on the assumption that in typical

use, a health care worker will be transporting contamination from a patient to the waste station,

and it is impractical for the health care worker to wash his hands. In addition, having the health

care worker wash his hands in this case will likely be ineffective, since the health care worker

will already be transporting contamination between the two target zones.

[0042] An embodiment utilizes RFID technology to identify when an entity such as a health care

worker or a patient is in a target zone or in a hand wash zone. In an embodiment, entity ID tags

include passive RFID devices. One type of an entity ID tag is a health care worker ID tag and

another type is a patient ID tag.



[0043] The use of a zone-based approach and RFID technology provides several benefits in that

this approach does not require a line of sight, it is time-tested and well-understood, there are

many readily-available and inexpensive products for purchase, and some ID tags may not require

batteries. This is contrasted with a RTLS in which a larger number of more powerful RFID

devices are required to provide continuous real-time tracking of the geographical location of all

entities being tracked.

[0044] In an embodiment, a target zone ID tag includes a RFID reader device that "chirps" a

specific radio frequency that induces passive and/or active ID tags (e.g., health care worker ID

tags and patient ID tags) to transmit their unique tag identifiers if they are in close enough

proximity to communicate with the RFID reader. In an embodiment, for each entity ID tag (e.g.,

health care worker ID tag, patient ID tag) that the target zone ID tag identifies, the target zone ID

tag sends its own unique tag identifier along with the unique identifier associated with the

identified entity ID tag and an optional timestamp to a data collection device. In an embodiment,

the target zone ID tag is able to identify multiple passive and/or active RFID tags at a time.

[0045] In an embodiment, a target zone ID tag may be assigned to a zone for ongoing

contamination (e.g., waste station), and the hand hygiene compliance system may always

consider the zone to be "active." If a target zone ID tag is assigned to a zone that may be

temporarily uncontaminated (e.g., an unoccupied patient bed), the hand hygiene compliance

system may only consider the zone "active" if the target zone ID tag detects a patient ID tag in

the target zone. In this embodiment, the presence of a patient may be detected via the use of a

patient ID tag that the patient is wearing (e.g., a wrist bracelet) or that is located proximate to a

patient (e.g., close to the location of the patient, such attached to the patient's bed).

[0046] The effective distance of a zone is dependent upon the specific hardware used for each ID

tag in the system. In an embodiment, customers may require that different zones have different

sensing ranges. For example, there are commercially available RFID readers that have ranges

from a few millimeters to several meters. Thus, RFID readers with different ranges may be used

by an implementation of the hand hygiene compliance system to provide zones of varying sizes

based on the needs of the customer.

[0047] FIG. 1 depicts a hand hygiene compliance system implemented in accordance with an

embodiment. The system depicted in FIG. 1 includes a plurality of entity ID tags 102 (e.g.,

health care worker ID tags and patient ID tags) that can communicate with zone ID tags 104



(e.g., target zone ID tags and hand wash zone ID tags). The zone ID tags 104 shown in FIG. 1

are in communication with a central computer 110 via a network 106 for transmitting data to a

hand hygiene compliance monitoring application executing on the central computer 110. In an

embodiment, the network 106 is implemented by a local area network (LAN). It will be

appreciated that network 106 can be implemented using other types of wired and wireless

networks such as, but not limited to the Internet and an intranet. As depicted in FIG. 1, the

network 106 is in communication with the zone ID tags 104, the central computer 110, a storage

device 112, and a user device 108. In an embodiment, the central computer 110, the storage

device 112, and the user device 108 are located in the same geographical location. In another

embodiment, the central computer 110, the storage device 112, and the user device 108 are

located in two or more different geographical locations.

[0048] The user device 108 depicted in FIG. 1 is utilized to access the hand hygiene compliance

monitoring application executing on the central computer 110. In an embodiment, the hand

hygiene compliance monitoring application includes software instructions to receive data from

the zone ID tags 104 and to perform functions described herein related to monitoring hand

hygiene compliance. Embodiments of the hand hygiene compliance monitoring application

provide summary reports related to hand hygiene compliance. In an embodiment, the user

device 108 is used to monitor hand hygiene compliance data (current and/or past data) related to

all or a selected portion of a facility (e.g., a room, a floor, a department). In an embodiment,

access to the hand hygiene compliance data is restricted and only authorized users are provided

access to all or selected portions of the hand hygiene compliance data. For example, in a

hospital setting, one user may be able to access hand hygiene compliance data for only one room,

while another user may be able to access hand hygiene compliance data for a group of rooms or

for an entire floor. In addition, a user may only be able to access his own hand hygiene

compliance data, while another user who supervises a group of employees may be able to access

hand hygiene compliance data for any employee in the group. In an embodiment, current hand

hygiene compliance data is stored in storage device 112 and status is monitored via the user

device 108.

[0049] Zone ID tags, such as zone ID tag 104, may be mounted in a variety of manners. In one

embodiment, a zone ID tag is mounted on a wall or ceiling or other stationary structure.

Alternatively, a zone ID tag may be mounted on a movable arm for desired positioning within



arm limits. Zone ID tags may also be mounted on objects such as, but not limited to, a waste

basket, an operating room table, and a hand sanitizer dispenser. Any combination of all or a

subset of these manners of mounting the zone ID tags may be utilized at an installation of the

hand hygiene compliance system. Entity ID tags 102 include health care worker ID tags and

patient ID tags. Health care worker ID tags and patient ID tags are typically worn by health care

workers and patients in a manner such as, but not limited to, a wrist band, a pocket in a lab coat

or shirt, a clip on a belt, and a clip on a necklace.

[0050] In an embodiment, at least one of the zone ID tags 104 shown in FIG. 1 is a hand wash

zone ID tag that includes a sensor suite for integrating multiple sensor functions. The sensor

suite may include an RFID reader that identifies any entity ID tags 102 (e.g., health care worker

ID tags or patient ID tags) that are in the hand wash zone associated with the hand wash zone ID

tag. The sensor suite may also include a display (liquid crystal display or "LCD", light emitting

diode or "LED", etc.) that indicates which identified health care worker or patient ID tag is the

preferred entity ID tag (determined by order of entry, signal strength, or some other algorithm).

The preferred entity ID tag is the ID tag of the health care worker or patient given credit by the

hand hygiene compliance system for the hand washing or hand sanitizing event. If the cleanser

is a sanitizer in a dispenser, then the sensor suite may receive an input from the dispenser that

indicates that the sanitizer has been dispensed. If the hand wash zone ID tag is associated with a

sink, the sensor suite may receive an input from the sink indicating that water is flowing and an

elapsed time of the water flow. The sensor suite may also receive inputs from a soap dispenser

when soap is dispensed and from a towel dispenser when a towel is dispensed.

[0051] In some embodiments, if the sensor suite determines that the water, soap, and towel

inputs meet a predefined (and programmable) criteria, then the hand wash zone ID tag sends the

unique identifier associated with the preferred ID tag and the unique identifier associated with

the hand wash zone ID tag to a data collection device (e.g., central computer, synchronizing

station, or entity ID tag) with an indication of a successful (or compliant) hand wash. Examples

of the predefined criteria include, but are not limited to, a number of minutes that the water was

run, an amount of soap that was dispensed, a number of times that soap was dispensed, a number

of towels used, and an elapsed time that an electric hand dryer was run. The sensor suite (or

other location in the hand wash zone) may also display an indication of a successful hand wash,

or hand wash compliance, by displaying the unique identifier associated with the preferred entity



ID tag and optionally a message indicating compliance. Alternatively, if the sensor suite

determines that the water, soap, and/or towel inputs did not meet the predefined criteria, then the

hand wash zone ID tag sends the unique identifier associated with the preferred entity ID tag and

the unique identifier associated with the hand wash zone ID tag to a data collection device with

an indication of an unsuccessful hand wash. In an embodiment, the sensor suite (or other

location in the hand wash zone) also displays an indication of an unsuccessful hand wash by

displaying the unique identifier associated with the preferred entity ID tag (or name of the health

care worker or patient) and a message indicating that the hand wash was unsuccessful and, in

some cases, suggested steps to complete a successful hand wash.

[0052] FIG. 2 depicts a process flow of a hand wash zone sensor suite for a hand sanitizing event

at a hand washing station that includes a dispenser for dispensing a sanitizing gel (or other

sanitizing liquid) in accordance with an embodiment. Processing starts at block 202, followed by

block 204, where the sensor suite identifies at least one entity ID tag 102 in the hand wash zone.

At block 206, the sensor suite chooses and optionally displays (e.g., on a display at the hand

washing station) a preferred entity ID tag 102 or other identifier. The sensor suite selects the

preferred entity tag ID using an algorithm based on items such as, but not limited to, order of

entry to the hand wash zone and/or signal strength of the entity ID tag. At block 208, it is

determined if the sensor suite indicates that that the sanitizer was dispensed. Optionally, the

sensor suite also indicates an amount of sanitizer that was dispensed. If the sanitizer was not

dispensed (or alternatively, if less than a programmable pre-defined amount of the sanitizer was

dispensed), then processing returns to block 204. If the sanitizer was dispensed, then processing

continues at block 210 and the sensor suite displays (e.g., at the hand washing station and/or on

the entity ID tag) a successful hand wash indicator for the preferred ID tag. In an embodiment, if

the sanitizer was dispensed, but it was less than the programmable pre-defined amount, then

processing continues at block 204. In an embodiment, the sensor suite sends the unique

identifier associated with the preferred ID tag and the unique identifier associated with the hand

wash zone ID tag, along with an optional timestamp, to a data collection device such as central

computer 110. In another embodiment, the sensor suite sends the unique identifier associated

with the preferred entity ID tag to the hand wash zone ID tag, which relays the unique identifier

associated with the preferred ID tag and the unique identifier associated with the hand wash zone

ID tag to the data collection device.



[0053] FIG. 3 depicts a process flow of a hand wash zone sensor suite for a hand sanitizing event

at a hand washing station that includes a sink for dispensing water, a soap dispenser for

dispensing soap, and a towel dispenser for dispensing towels in accordance with an embodiment.

Processing starts at block 302, followed by block 304, where the sensor suite identifies at least

one entity ID tag 102 in the hand wash zone. At block 306, the sensor suite chooses and

optionally displays (e.g., on a display at the hand washing station) a preferred entity ID tag 102.

The sensor suite selects the preferred entity tag ID using an algorithm based on items such as, but

not limited to, order of entry to the hand wash zone and signal strength of the entity ID tag. At

block 308, it is determined if the water has been flowing at the sink for more than a predefined

(and programmable) period of time (in this example one second). If the water has been flowing

for more than the predefined period of time, then processing continues at block 310, otherwise

processing returns to block 304. At block 310, it is determined if the sensor suite has received an

indication that the soap dispenser is dispensing soap within in a preceding predefined (and

programmable) number of seconds (in this example, three seconds). If the sensor suite has

received an indication that the soap dispenser has dispensed soap within the predefined number

of seconds, the processing continues at block 312, otherwise processing returns to block 304.

[0054] At block 312 in FIG. 3, it is determined if the water flow at the sink has resumed within a

preceding predefined (and programmable) number of seconds (in this example, fifteen seconds).

If the water flow has resumed within the preceding predefined number of seconds, then

processing continues at block 314, otherwise processing returns to block 304. At block 314, it is

determined by the sensor suite if the water has been flowing at the sink for more than a

predefined (and programmable) period of time (in this example three seconds). If the water has

been flowing for more than the predefined period of time, then processing continues at block

316, otherwise processing returns to block 304. At block 316, it is determined if the sensor suite

has received an input from the towel dispenser indicating that that the towel dispenser has been

used within a preceding predefined (and programmable) number of seconds (in this example,

three seconds). If the sensor suite has received towel dispense input within the predefined

number of seconds, then processing continues at block 318, otherwise processing returns to

block 304. At block 318, the sensor suite optionally displays an indication of a successful hand

wash by displaying the unique identifier associated with the preferred entity ID tag. In an

embodiment, the sensor suite sends the unique identifier associated with the preferred entity ID



tag and the unique identifier associated with the hand wash zone ID tag to a data collection

device. In another embodiment, the sensor suite sends the unique identifier associated with the

preferred entity ID tag to the hand wash zone ID tag, which relays it along with unique identifier

associated with the hand wash zone ID tag to the data collection device.

[0055] The process flows shown in FIGs. 2 and 3 are examples of process that may be

implemented by exemplary embodiments that utilize sensor suites. Multiple other configurations

may also be implemented in accordance with exemplary embodiments and specific protocols

being monitored. For example, a process that does not include block 308 of FIG. 3 is

implemented for a hand hygiene protocol that does not require health care workers to have wet

hands before applying soap. As another example, a process that does not include block 312 may

be implemented for a hand hygiene protocol that does not require the water to be turned off

while applying soap. As will be appreciated by those skilled in the art, numerous variations on

content and order of processing blocks may be implemented by exemplary embodiments.

[0056] FIG. 4 depicts an embodiment of a hospital layout that includes target zones 402 and

hand wash zones 404 that are in communication with a central computer 406. Target zones

402a-d and target zones 402f-h are target zones located around patient beds, and in this example

all of the beds contain patients wearing patient ID tags with unique identifiers PT1-PT7. Target

zone 402e is a target zone around a waste station. Hand wash zones 404a-b include hand

sanitizer dispensers, and hand wash zones 404c-d include sinks/soap dispensers. As described

previously, each target zone and hand wash zone includes a zone ID tag. As shown in FIG. 4,

when a health care worker (e.g., HCWl or HCW2) wearing a health care worker ID tag is within

any of the target zones or hand wash zones shown in FIG. 4, a reader device within the zone

receives a signal from the health care worker ID tag and records the presence of the health care

worker in the corresponding zone. The unique identifier of the health care worker, the unique

identifier of the zone, and optionally a time stamp is sent from each zone that detects an entity to

the central computer 406 for storage and for reporting compliance with hand hygiene protocols.

Additionally, the presence of a patient ID tag in a target zone 402 may be used to determine if

the corresponding zone is active or not active.

[0057] FIG. 5 depicts a high level process flow of a central computer hand hygiene compliance

monitoring application in accordance with an embodiment. In an embodiment, all or a subset of

the blocks 5 11, 512, 513, 514, and 515 are performed in response to receiving hand hygiene



compliance data. These blocks contain various criteria that are applied to determine whether a

sanitation protocol has been flowed. The criteria are based on factors that include a current zone

location of an entity, and may include one or more previous zone locations of an entity and

approved hand washing zones for particular target zones. Whether a particular block is

performed may depend on the hand hygiene compliance data received, other blocks performed,

previously received data, and/or whether an authorized user device 108 has configured the hand

hygiene compliance monitoring application 110 to perform the block. At block 500, the central

computer receives hand hygiene compliance data from one or more zone ID tags. At block 510,

hand hygiene compliance data (a type of sanitation compliance data) may be processed by all or

a subset of the blocks 5 11 through 515, in any order. At block, 511, the hand hygiene

compliance monitoring application verifies that a health care worker washed their hands at an

approved hand wash zone before approaching a target zone (e.g., a target zone that includes a

patient ID tag). In an embodiment, this occurs at the central computer when a target zone ID tag

reports a detected health care worker ID tag to the computer. The hand hygiene compliance

monitoring application executing on the central computer verifies that a patient occupies the

same target zone, and the computer recalls prior hand washing events and/or contamination

exposure events of the health care worker. The application then determines whether the most

recent recorded activity of the health care worker was a hand wash at an approved hand wash

zone (compliant), and updates compliance information in a database.

[0058] At block 512, the hand hygiene compliance monitoring application verifies that hand

washing occurred at an approved hand washing zone after leaving an active target zone. When a

target zone ID tag or hand wash zone ID tag (or associated sensor suite) reports a detected health

care worker ID tag to the computer, the hand hygiene compliance monitoring application

executing on the central computer recalls prior hand washing events and/or contamination

exposure events of the health care worker. The application determines whether a health care

worker's most subsequent recorded activity after a previous exposure to a target zone was a hand

wash at an approved hand wash zone (compliant), and updates compliance information in a

database.

[0059] Some hand hygiene protocols may require health care workers to wash their hands twice

after departing one target zone and before entering the next target zone, while it may not be

necessary to wash hands twice in other circumstances. For example, two hand washes may be



required when moving from a waste station to a patient, and only one hand wash may be required

when moving from one patient to another patient. At block 513, the hand hygiene compliance

monitoring application determines whether circumstances required the health care worker to

wash their hands twice. This is performed when a target zone ID tag (or associated sensor suite)

reports a detected health care worker tag to the computer. If the protocol being enforced only

requires hand washing once, then the computer does not report non-compliance to the database if

the health care worker failed to wash their hands twice.

[0060] At block 514, the hand hygiene compliance monitoring application verifies that hand

washing has occurred within a predefined (and programmable) elapsed time. When a hand wash

zone ID tag (or associated sensor suite) reports to the computer that the a health care worker is in

the hand wash zone (or in the case of a sensor suite that that patient has performed a successful

hand wash), the application can determine whether the elapsed time since a previous hand wash

by the health care worker is greater than the maximum allowed time between successive hand

washings. If so, the health care worker is non-compliant.

[0061] At block 515, the hand hygiene compliance monitoring application records patient hand

washing. When a hand wash zone ID tag (or associated sensor suite) reports to the computer that

a patient is in the hand wash zone (or in the case of a sensor suite that the patient has performed a

successful hand wash) this data is saved to a database. The hospital can utilize this information

to help track the containment of contamination.

[0062] FIG. 6, which includes FIGs. 6A-6C, depicts one embodiment of a process flow that may

be implemented by the hand hygiene compliance monitoring application to perform the high

level process flow shown in FIG. 5 in accordance with an embodiment. The process starts at

block 602 and continues at block 604 where a next incoming event data point (a type of

sanitation compliance data) is received by the computer from a reader device (or synchronization

device). The data point includes a unique identifier associated with an entity ID tag, a unique

identifier associated with a zone ID tag, and optionally a timestamp. At block 606, it is

determined if the entity ID tag is a health care worker ID tag. If it is not (i.e., the entity ID tag is

patient ID tag), then processing continues at block 618 to determine if the data point indicates

that a patient is in a target zone. The data point indicates that the patient is in a target zone if the

zone ID tag is associated with a target zone. If the data point indicates that a patient is in the

target zone, then processing continues at block 620, where the computer stores, in a database, an



indication that the target zone is active (because it contains a patient). Otherwise, processing

continues at block 622, where the computer stores, in the database, an indication that the patient

has performed a hand wash (i.e, the zone ID tag is associated with a hand wash zone).

[0063] If it is determined at block 606, that the data point is a health care worker event then

processing continues at block 608, where it is determined whether the health care worker has

finished a work shift. If the health care worker has finished a work shift, then processing

continues at block 610 to determine whether the health care worker washed in an approved hand

wash zone after the health care worker left the last target zone. If it is determined that the health

care worker had washed in an approved hand wash zone, processing continues at block 614,

where it is determined if the elapsed time since the most recent hand wash of the health care

worker is greater than a predefined (and programmable) time. If the elapsed time since the most

recent hand wash of the health care worker is not greater than the predefined time, then

processing continues at block 616 where the health care worker is indicated in the database as

being compliant. In an embodiment, the indication of compliant includes the unique identifier

associated with the health care worker ID tag, the unique identifier associated with the target

zone ID tag and a time stamp to indicate that as of the recorded time, the health care worker was

compliant with the protocol. Processing then continues at block 604 to get the next data point.

[0064] If it is determined at block 610 that that the health care worker did not perform a hand

wash in an approved hand wash zone after exiting the last target zone, then processing continues

at block 612 where the database stores an indication of non-compliance for the health care

worker. In an embodiment, the indication of non-compliance includes the unique identifier

associated with the health care worker ID tag, the unique identifier associated with the target

zone ID tag and a time stamp to indicate that as of the time indicated by the time stamp, the

health care worker was not compliant with the protocol. Processing then continues at block 604

to get the next data point.

[0065] If it is determined at block 608, that the health care worker has not finished a shift, then

processing continues at block 624 in FIG. 6B, followed by block 626. At block 626, it is

determined if the data point associated with the health care worker is in a target zone. If the data

point is in a target zone, then processing continues at block 628 to determine if the target zone

recorded for the health care worker is the same as the previous target zone recorded for the

health care worker. If they are the same, then the health care worker has not moved to a different



target zone and processing continues at block 630 to delete the current data point. If the target

zone is not the same as the previous target zone for the health care worker, then processing

continues at block 632 to determine if the target zone is active. If the target zone is not active,

then activity in this inactive target zone does not need to be tracked and processing continues at

block 630 to delete the current data point, followed by a return to block 604 in FIG. 6A. At

block 634, it is determined if there is a patient in the zone. If there is not a patient in the target

zone, then processing continues at block 604 in FIG. 6A. Otherwise processing continues at

block 635.

[0066] At block 635, it is determined if the health care worker's most recent activity was a hand

wash at an approved hand wash zone. If it was, then processing continues at block 636 to

determine whether the health care worker moved right from a target zone into an approved hand

wash zone. If the health care worker moved directly from a target zone into an approved hand

wash zone, then processing continues at block 640 where it is determined whether two hand

washes are recorded for the health care worker after the health care worker was in a target zone.

If two hand washes were recorded, then processing continues at block 638 with the database

recording an indication of compliant for the health care worker. Processing then continues at

block 604 in FIG. 6A. If any of blocks 635, 636 or 640 do not hold true, then processing

continues at block 642, with the database recording an indication of non-compliant for the health

care worker, followed by returning to block 604 in FIG. 6A to get another data point.

[0067] If it is determined at block 626 in FIG. 6B that the data point is not from a target zone

(i.e., it is from a hand wash zone), then processing continues at block 646 in FIG. 6C. Block 646

is followed by block 648, where it is determined if an elapsed time since a most previous hand

wash activity by the health care worker is greater than a predetermined (and programmable)

threshold. If it is not, then processing continues at block 652 where it is determined whether the

most recent activity associated with the health care worker is in a target zone. If the most recent

activity is within a target zone, then processing continues at block 654 where it is determined

whether the current hand wash is at an approved hand wash zone. In an embodiment, an

approved hand wash zone is generally in close proximity to the previous target zone, indicating

that the health care worker has performed a hand wash close to any possible contamination. If

the current hand wash zone is an approved hand wash zone, then block 656 is performed to

update the database to indicate that the health care worker is complaint, and processing continues



at block 604 in FIG. 6A. If it is determined at block 648 that the elapsed time since the most

previous hand wash is greater than a threshold, or it is determined at block 654 that the current

hand wash is not in an approved hand wash zone, then processing continues at block 650 with

the database storing an indication that the health care worker is not compliant with the hand wash

protocol. Processing then continues at block 604 in FIG. 6A.

[0068] The process flows shown in FIGs. 5 and 6 are examples of two processes that may be

implemented by exemplary embodiments to determine compliance and non-compliance with an

example hand hygiene protocol. The blocks may be different and/or in a different order

depending on the particular hand hygiene protocol being implemented by an embodiment. Thus,

multiple other processes may also be implemented in accordance with exemplary embodiments.

In one alternate embodiment, entity ID tags only include health care worker ID tags, and patient

ID tags are a type of zone ID tag. In this embodiment, the patient ID tags are worn by the

patients resulting in a target zone around each patient. For this embodiment, blocks 632 and 634

of FIG. 6B are replaced with one decision block to determine if the zone ID tag is associated

with a patient zone. Block 636 is performed if the zone ID tag is associated with a patient zone,

and block 604 in FIG. 6A is performed otherwise.

[0069] Table 1 below depicts a scenario in which the hand hygiene compliance with a protocol,

such as that shown in FIGs. 4-6 above, is monitored for a health care worker (in this example

HCW2). In this example, all beds shown in FIG. 4 begin with patients occupying them except

for the one corresponding to target zone 402a, and the hospital only allocates one approved hand

wash zone per target zone 402. In this example, hand wash zone 404b is the approved hand

wash zone for target zones 402a-d; hand wash zone 404c is the approved hand wash zone for

target zone 402f; hand wash zone 404d is the approved hand wash zone for target zones 402g-h;

and hand wash zone 404b is the approved hand wash zone for target zone 402e. In addition,

every health care worker must wash their hands at least once every sixty minutes. Referring to

Table 1 below, the first column is a timestamp, the second column includes a data point and the

third column shows data written to a database by the hand hygiene compliance monitoring

application for the health care worker in response to the data points in accordance with an

embodiment.



1:00 Begins shift, sanitizes None
at 404a

1:05 Sanitizes at 404b None
1:10 Enters 402a Deletes data point.
1:15 Enters 402b COMPLIANT ID tag, approved hand wash before patient
1:20 Patient departs 402b, Deletes data point (but has retained initial contact in 402b)

HCW2 remains in
402b

1:25 Enters 402e None
1:30 Sanitizes at 404b COMPLIANT ID tag approved hand wash after target zone
1:35 Enters 402g NON-COMPLIANT ID tag, no approved hand wash before

patient.
NON-COMPLIANT ID tag, didn't wash twice before patient

1:40 Enters 402h NON-COMPLIANT ID tag, no approved hand wash before
patient.

NON-COMPLIANT ID tag, no approved hand wash after
previous target zone

3:00 Sanitizes at 404a NON-COMPLIANT ID tag, more than 60 minutes since last
hand wash

3:05 Washes at 404c None
3:10 Enters 402f COMPLIANT ID tag, approved hand wash before patient

NON-COMPLIANT ID tag, no approved hand wash after
previous target zone

3:15 Washes at 404c COMPLIANT ID tag, approved hand wash after target zone
4:00 Washes at 404d None
4:30 Enters 402g COMPLIANT ID tag, approved hand wash before patient
4:40 Washes at 404d COMPLIANT ID tag, approved hand wash after target zone
4:45 Enters 402h COMPLIANT ID tag, approved hand wash before patient.

NON-COMPLIANT ID tag, didn't wash twice before patient.
5:00 Sanitizes at404a None
6:30 Ends shift. NON-COMPLIANT ID tag, no approved hand wash after

previous target zone
2) NON-COMPLIANT ID tag, more than 60 minutes since

last hand wash

TABLE 1

[0070] Other embodiments includes a distributed implementation of the hand hygiene

compliance monitoring system, where passive RFID tags, active RFID tags, other RF

transceivers, or RF beacons are mounted in target zones and hand wash zones, and a health care

worker ID tag in the form of an RFID reader is worn by one or more of the health care workers.

If the health care worker ID tag detects a signal from a target zone or hand wash zone, the health



care worker ID tag stores the target zone ID or hand wash zone ID temporarily in memory

located on the health care worker ID tag. In accordance with an embodiment, from time to time

(depending upon location, time limits, and/or other specified limits set by the hand wash

compliance system administrator) the RFID reader ID tag transmits a wireless signal in an

attempt to connect with a network connection or "synchronizing station" and, once connected,

wirelessly uploads to the synchronizing station any information (such as target zone or hand

wash zone events) stored in the health care worker ID tag. In another embodiment, a

synchronizing station is continuously transmitting a wireless signal in an attempt to connect with

the health care worker ID tag, and once connected, the health care worker ID tag wirelessly

uploads to the synchronizing station any information (such as target zone or hand wash zone

events) stored in the health care worker ID tag. In a further embodiment, from time to time, the

health care worker ID tag and synchronizing station are physically connected, perhaps with a

wire, to upload to the synchronizing station any information (such as target zone or hand wash

zone events) stored in the health care worker ID tag. In these embodiments, the synchronizing

station relays information from the health care worker ID tag to the computer monitoring the

hand washing compliance system.

[0071] These "synchronizing station" embodiments, use essentially the same compliance

determination logic described previously. The differences are in the entity ID tags, zone

determinations, and how data is transmitted to the hospital's central computer to determine hand

hygiene compliance. The advantages include reducing the overall number of RFID readers in the

compliance system, and reducing or eliminating the need to connect to a LAN infrastructure in a

hospital, or other facility.

[0072] FIG. 7 depicts a distributed hand hygiene compliance system implemented in accordance

with an embodiment. The system depicted in FIG. 7 includes a plurality of synchronization

stations 714 in communication with central computer 710 via a network 706 for transmitting data

to a hand hygiene compliance monitoring application executing on the central computer 710.

The synchronization stations 714 gather data from RFID readers or other radio frequency

transceivers located on entity ID tags 702. The entity tags 702 gather data from radio frequency

beacons, passive RFID tags, active RFID tags, or other radio frequency transceivers located on

zone ID tags 704. In an embodiment, the synchronization stations 714 collect the data when an

entity (such as a health care worker or a patient) comes within range to communicate information



with a synchronization station 714. In an embodiment, the network 706 is implemented by a

LAN. It will be appreciated that network 706 can be implemented using other types of wired and

wireless networks such as, but not limited to the Internet, and an intranet. As depicted in FIG. 7,

network 706 is in communication with the central computer 710, a storage device 712, and a user

device 708.

[0073] The user device 708 depicted in FIG. 7 is utilized to access the hand hygiene compliance

monitoring application executing on the central computer 710. In an embodiment, the hand

hygiene compliance monitoring application 710 includes software instructions to receive data

from the synchronizing stations 714 and to perform functions described herein related to

monitoring hand hygiene compliance.

[0074] Referring now to FIG. 8, which includes FIGs. 8A-8B, embodiments of transceiver ID

tags that may used for the entity ID tags described above with respect to FIG. 7 are generally

shown. In an embodiment, such as the one depicted in FIG. 8A, a radio frequency transceiver ID

tag 802 is powered by a battery or other source and includes a microcontroller, a memory, a

radio frequency transceiver circuit, and an antenna. In another embodiment, the radio frequency

transceiver ID tag also includes a user interface to communicate (visual, audio, haptic) with the

wearer of the ID tag (e.g., a health care worker) to provide, for example, information regarding

compliance status. In an embodiment, the user interface is arranged to display and/or provide

compliance status to any one interacting with the wearer or in the vicinity of the wearer.

[0075] The radio frequency transceiver circuit portions of the radio frequency transceiver ID tag

802 may be configured as shown in the embodiment of FIG. 8A with an radio frequency

transceiver and circuit components responsible for both transmitting and receiving. In another

embodiment, a radio frequency transceiver ID tag 804 can be configured as shown in the

embodiment of FIG. 8B with a separate transmitter circuit and receiver circuit with some

separate components (e.g., the receiver and transmitter have separate antennas). Both radio

frequency transceiver ID tag 802 and radio frequency transceiver ID tag 804 are examples of ID

tags (e.g., zone ID tag, entity ID tag).

[0076] An embodiment of a radio transceiver ID tag utilizes an electro-chemical cell as a battery.

Other alternatives are utilized by other embodiments, including, but not limited to high value

capacitors (e.g., "super" or "ultra" or "Aerogel" capacitors).



[0077] Embodiments are described herein that utilize RFID technology. Other embodiments

utilize technologies that can be used to communicate wirelessly such as, but not limited to,

wireless fidelity (WiFi); infrared communications; and ultra sonic communications. In another

embodiment, Blue Tooth® technology is utilized.

[0078] An embodiment of the memory shown in radio frequency transceiver ID tags 802 and

804 is implemented using non-volatile memory such as, but not limited to electrically erasable

programmable read only memory (EEPROM). The memory is used to keep a record of events

that the wearer has initiated or participated in. The size of this memory may be dictated by

factors such as number of zones, frequency of interactions with those zones, the update rate

specified (that is the frequency of data collection), the amount of data required by the compliance

system, and the length or duration between communicating information to a synchronizing

station or other data collection device.

[0079] In an embodiment, the health care worker ID tag performs one or more of the following,

signaling the ID tag (or badge) wearer if they are in compliance or not; signaling the ID tag

wearer if they actually do not have to wash their hands; and signaling to other people in the

vicinity of the ID tag wearer the compliance status of the ID tag wearer. The signaling may be

performed using audio (e.g., specific sounds), visual (e.g., badge containing the ID tag blinks)

and/or haptic (e.g., badge containing the ID tag vibrates).

[0080] In accordance with an embodiment, a zone is identified by a sensor suite that includes an

ID tag. In an embodiment, the sensor suite collects data from the multiple components of, for

example, a hand washing station (such as water on/off, water temperature, water flow rate, soap

dispenser energized, towel dispenser energized) to determine if appropriate hand washing

activity has taken place. In an embodiment, a sensor suite on a hand washing station may also

identify ID tags within communication distance, select a preferred ID tag, display the preferred

ID tag to which credit will be given for any hand washing activity, transmit the preferred ID tag

number to a data collection device, display the ID tag number and other information on a screen,

and communicate this information to the preferred ID tag.

[0081] FIG. 9 depicts a hospital layout in accordance with an embodiment where the health care

worker ID tag is an RFID reader or other radio frequency transceiver capable of processing data,

and synchronizing stations 908 are utilized to collect compliance data. The hospital layout

shown in FIG. 9 includes target zones 902, and hand wash zones 904, as well as numerous



patients (PT1-PT7) and three health care workers (HCW1-HCW3). As shown in FIG. 9,

synchronizing stations, such as synchronization stations 714 or 908, are located at strategic

locations in the hospital, such as exit doors, main corridors, etc. In an embodiment,

synchronizing stations continuously transmit a wireless signal over a limited radius. If a health

care worker ID, such as entity tag 702 or HCW2, receives the signal from a synchronizing

station, the health care worker ID tag wirelessly transmits to the synchronizing station any

information stored in the health care worker ID tag. The synchronizing station relays this

information to the central computer 906. The hand hygiene compliance application processes

this data as described previously herein to determine hand hygiene compliance.

[0082] In an embodiment, the health care worker ID tag is an RFID reader or other radio

frequency transceiver that is continuously listening for signals from zone ID tags or

synchronizing stations 714. If a signal from a zone ID tag is received, the health care worker ID

tag stores the zone ID tag number as well as a time stamp. In an embodiment, the health care

worker ID tag is an always-on RFID reader that continuously queries, listens for, and stores the

unique identifiers of nearby passive RFID tags, active RFID tags, other radio frequency

transceivers, and/or radio frequency beacons. In another embodiment, the health care worker ID

tag is a radio frequency transceiver that listens for signals from zones or synchronizing stations,

and the health care worker ID tag only broadcasts its own signal when transmitting its unique tag

identifier and/or stored event information. In this embodiment, when the health care worker ID

tag receives a signal that it is in a target zone, it stores the unique identifier of the target zone and

a timestamp, and is thus not required to broadcast its presence to the zone ID tag. If the health

care worker ID tag receives a signal that it is in a synchronizing station zone, it communicates its

health care worker ID and any stored event history with the synchronizing station according to

an embodiment. If the health care worker ID tag receives a signal that it is in a hand wash zone,

or specifically a hand wash zone that includes a sensor suite, the health care worker ID tag

broadcasts its health care worker ID periodically (a few times a second). In an embodiment, a

health care worker ID tag in a hand wash zone broadcasts a confirmation that it received a

"successful hand wash" signal from a hand wash zone ID tag or sensor suite so the hand wash

zone ID or sensor suite can inform the health care worker that he has been credited.

[0083] In an embodiment, the patient ID tag is a passive or active RFID tag that transmits its

own unique identifier in response to a query from a RFID reader or other radio frequency



transceiver or radio frequency beacon. In another embodiment, the patient ID tag is an active tag

that periodically transmits its own unique identifier over a limited radius without being queried.

[0084] In an embodiment, a target zone ID tag is a passive or active RFID tag that transmits its

own unique identifier, and optionally a timestamp, in response to a query from a RFID reader or

other radio frequency transceiver or radio frequency beacon. In another embodiment, the target

zone ID tag is a radio frequency beacon, RFID reader, or other radio frequency transceiver that

continuously broadcasts its own unique identifier over a limited radius without being queried. In

an embodiment, the target zone ID tag is an RFID reader or other radio frequency transceiver

that listens for radio signals such as those originating from nearby patient ID tags or health care

worker ID tags. In an embodiment, the target zone ID tag responds to the presence of a health

care worker ID tag or patient ID tag by transmitting at least one signal that indicates that a health

care worker or patient is in the target zone. In an embodiment, the target zone ID tag stops

transmitting a signal if a patient is not in the target zone (rendering the zone "inactive").

[0085] In another embodiment, the target zone ID tag is a radio frequency beacon that

continuously transmits a two-item signal comprising its own unique identifier and an indication

of whether a patient is present, the latter controlled by a manual toggle activated by an

authorized health care worker, the patient, some other person, or some other non-human means

(infrared detector, weight detector, etc.). An embodiment includes using a LED light, or other

indicator, that illuminates if a patient is present, and/or illuminates in a different manner (e.g., a

different color or blinking) if a patient is not present, to help remind health care workers whether

they need to wash their hands or not.

[0086] In an embodiment, a hand wash zone ID tag is a passive RFID tag or active RFID tag that

transmits its own unique ID in response by a query from an RFID reader or other RF transceiver

or RF beacon. In an embodiment, a hand wash zone ID tag is an RF beacon that continuously

transmits its zone ID over a limited radius. In an embodiment, a hand wash zone sensor suite

receives signals from health care worker ID tags, displays a preferred health care worker ID tag

ID, and detects whether sufficient inputs are received to indicate a successful hand wash. The

hand wash zone ID tag transmits a signal to any listening health care worker ID tags that the

health care worker associated with the preferred ID should be credited with a successful hand

wash.



[0087] In an embodiment, at least one hand wash zone includes a sensor suite and a radio

frequency transceiver that are powered by AC, batteries, or some other source. In an

embodiment, the hand wash zone is the area in which a health care worker ID tag can detect a

signal from the RF transceiver. In an embodiment, the radio frequency transceiver transmits a

"talk" command four times per second (or at some other interval), requesting any listening health

care worker ID tags to transmit their unique ID. The radio frequency transceiver listens for

health care worker ID tag numbers, chooses a preferred ID, and causes a display to indicate the

preferred ID. In an embodiment, the sensor suite receives input from at least one dispenser or

other device and determines whether the input(s) indicate a successful hand hygiene event in a

manner such as the shown in FIG. 2 or FIG. 3 . If so, the radio frequency transceiver transmits its

unique identifier and the unique identifier of the preferred health care worker. In an

embodiment, the radio frequency transceiver listens for the preferred health care worker ID tag

to transmit the hand wash zone ID as acknowledgement, and if acknowledged, causes a display

to indicate that the preferred ID receives credit for the hand hygiene event.

[0088] In an embodiment, each synchronizing station includes an RF transceiver, memory,

power source (likely AC), and data connection to the central computer (wired or wireless). In an

embodiment, the RF transceiver transmits a "synchronize" command 4 times per second (or at

some other regular interval) requesting any listening health care worker ID tags that have an

event history stored in memory to transmit that data and their unique identifiers. If a

synchronizing station receives a full event history from an health care worker ID tag, the

synchronizing station transmits the event history to the central computer to determine hygiene

compliance, and orders the health care worker ID tag to delete its memory according to an

embodiment.

[0089] In an embodiment, patient ID tags are not required because patient target zones are

activated manually. According to an embodiment, if the hospital wanted to determine patient

hand washing and/or exposure to target zones, the hospital would need to issue patients the same

type of badge that health care worker's use.

[0090] In a synchronizing station embodiment, the hand hygiene compliance monitoring

application executing on the central computer determines hygiene compliance in a manner

similar to that described above. In an embodiment, the central computer does not have to

determine if a patient is present in a patient target zone. This is because the target zone radio



frequency beacon or other radio frequency transceiver is deactivated or removed when a patient

is not present, therefore the target zone cannot transmit its unique identifier to a health care

worker ID tag for hand hygiene compliance determination.

[0091] The following table summarizes conditions and actions occurring at the different

elements in a synchronizing station embodiment, such as that shown above in FIG. .

[0092] At least one synchronizing station embodiment does not require passive RFID tags and

associated RFID readers, because all event and ID information is communicated by components

utilizing radio frequency beacons, radio frequency receivers, and/or radio frequency transceivers

(other than RFID readers). Also, since the zones may be relatively small (e.g., two to six feet)

and RFID readers are not used in this embodiment, the required transmitting power is very low.

As such, health care worker ID tags can be made very small and can operate a long time without

battery replacement. Target zone and hand wash zone equipment (radio frequency beacons,

receivers, transceivers, sensor suites) can also be battery-powered and avoid the need for hard

wiring. Thus, an entire embodiment can be installed into a hospital without any infrastructure or

electrical wiring, with the possible exception of a hard wire connection for power to a few

synchronizing stations and the central computer. (This assumes the synchronizing stations



transmit information wirelessly, otherwise a few LAN connections will be required for the

synchronizing stations.)

[0093] Turning now to FIG. 10, which includes FIG. lOA-lOC. FIG. 1OA depicts a hand wash

station that includes a display 1006 in accordance with an embodiment, where the display 1006

is integrated with a sensor suite 1004 and a paper towel dispenser 1002, the sensor suite 1004

receiving inputs from multiple sources (a soap dispenser 1008 and an automatic faucet on a sink

1010). FIG. 10B depicts a hand wash station that includes one display 1014 in accordance with

an embodiment, where the display 1014 is integrated with a stand-alone sensor suite 1016, the

sensor suite 1016 receiving inputs from multiple sources (a soap dispenser 1008 and an

automatic faucet on a sink 1010 and a paper towel dispenser 1012). FIG. IOC depicts a hand

wash station that includes one display 1018 in accordance with an embodiment, wherein the

display 1018 is a stand-alone unit receiving input from a sensor suite 1020. The sensor suite

1020 receives inputs from multiple sources (a soap dispenser 1008, an automatic faucet on a sink

1010 and a paper towel dispenser 1012).

[0094] In an embodiment, the displays are LCDs, however any display can be used. Particular

design considerations that may be taken into account when selecting a display include battery

operation, low or variable ambient lighting, requirement to display images as well as text

(possibly including moving images; e.g. to illustrate accepted hand washing technique), ability to

operate in humid environments, ability to cope with electrostatic build up, immunity to chemical

contact of soap, and other factors. Examples of other types of displays include, but are not

limited to, e-paper, mechanical displays (alpha-numeric only), electrophoresis, electrochromism,

and field omission displays. Changing constraints may make other display technologies such

LED and cathode ray tube, viable in other embodiments.

[0095] The specific embodiments described here pertain to a hand hygiene compliance system

where a health care worker ID is presented or displayed on a dispenser, a hand wash station, or

on some other object in order to indicate that a specific healthcare worker was verified as having

complied with a hygiene protocol (e.g. washed their hands) (also referred to herein "received

credit for" "washing hands"). However, different embodiments may include additional

information in one or more displays. Additional information may include status of towel roll,

soap, or any other dispensed material; status of battery or other device supplying energy to run

the dispenser; a time log of hand wash station usage history to determine, for example, peak



usage and/or best time to perform maintenance on the hand wash station; a log of any faults that

may have occurred (e.g., stalled dispenser motor leading to shut down); and training on how to

wash or dry hands effectively.

[0096] Embodiments of additional information shown on a display can range from routine hand

wash confirmations to important messages concerning current events, healthcare alerts, etc. The

displays may be able to provide information about nearby dispensers or hand wash stations in an

embodiment with a network of dispensers or hand wash stations communicating amongst

themselves or via a central computer. In an embodiment, it may be possible for a towel

dispenser to annunciate the fact that a nearby soap dispenser is out of power and is unable to

communicate that fact.

[0097] Some embodiments described herein do not penalize a health care worker for entering a

waste station if he has not washed his hands since the previous target zone. This is based on the

assumption that in typical use, a health care worker will be transporting contamination from a

patient to the waste station, and it is impractical for the health care worker to wash his hands.

However, in some embodiments, certain waste stations are not acceptable to approach from

distant target zones. For example, if a health care worker departs a patient zone with waste on

the east side of the building and there is a waste station on the east side, it may be unwise to

allow the health care worker to deposit the waste in a waste station on the west side of the

building. In an embodiment, the hand hygiene compliance system determines and reports non

compliance if the health care worker enters certain waste stations without washing their hands

according to hand hygiene compliance policy.

[0098] As will be appreciated by one skilled in the art, aspects of the present invention may be

embodied as a system, method, or computer program product. Accordingly, aspects of the

present invention may take the form of an entirely hardware embodiment, an entirely software

embodiment (including firmware, and resident software, etc.) or an embodiment combining

software and hardware aspects that may all generally be referred to herein as a "circuit,"

"module" or "system." Furthermore, aspects of the present invention may take the form of a

computer program product embodied in one or more computer readable medium(s) having

computer readable program code embodied thereon.

[0100] Any combination of one or more computer readable medium(s) may be utilized. The

computer readable medium may be a computer readable signal medium or a computer readable



storage medium. A computer readable storage medium may be, for example, but not limited to,

an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus,

or device, or any suitable combination of the foregoing. More specific examples (a non-

exhaustive list) of the computer readable medium would include the following: an electrical

connection having one or more wires, a portable computer diskette, a hard disk, a random access

memory (RAM), a read-only memory (ROM), an erasable programmable read-only memory

(EPROM or Flash memory), an optical fiber, a portable compact disc read-only memory (CD-

ROM), an optical storage device, a magnetic storage device, or any suitable combination of the

foregoing. In the context of this document, a computer readable storage medium may be any

tangible medium that may contain, or store a program for use by or in connection with an

instruction execution system, apparatus, or device.

[0101] A computer readable signal medium may include a propagated data signal with computer

readable program code embodied therein, for example, in baseband or as part of a carrier wave.

Such a propagated signal may take any of a variety of forms, including, but not limited to,

electro-magnetic, optical, or any suitable combination thereof. A computer readable signal

medium may be any computer readable medium that is not a computer readable storage medium

and that can communicate, propagate, or transport a program for use by or in connection with an

instruction execution system, apparatus, or device.

[0102] Program code embodied on a computer readable medium may be transmitted using any

appropriate medium, including but not limited to wireless, wireline, optical fiber cable, RF, etc.,

or any suitable combination of the foregoing.

[0103] Computer program code for carrying out operations for aspects of the present invention

may be written in any combination of one or more programming languages, including an object

oriented programming language such as Java, Smalltalk, C++ or the like and conventional

procedural programming languages, such as the "C" programming language or similar

programming languages as well as assembly language and/or machine code type languages. The

program code may execute entirely on the user's computer, partly on the user's computer, as a

stand-alone software package, partly on the user's computer and partly on a remote computer or

entirely on the remote computer or server. In the latter scenario, the remote computer may be

connected to the user's computer through any type of network, including a local area network



(LAN) or a wide area network (WAN), or the connection may be made to an external computer

(for example, through the Internet using an Internet Service Provider).

[0104] Aspects of the present invention are described with reference to flowchart illustrations

and/or block diagrams of methods, apparatus (systems) and computer program products

according to embodiments of the invention. It will be understood that each block of the

flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart

illustrations and/or block diagrams, may be implemented by computer program instructions.

[0105] These computer program instructions may be provided to a processor of a general

purpose computer, special purpose computer, or other programmable data processing apparatus

to produce a machine, such that the instructions, which execute via the processor of the computer

or other programmable data processing apparatus, create means for implementing the

functions/acts specified in the flowchart and/or block diagram block or blocks. These computer

program instructions may also be stored in a computer readable medium that may direct a

computer, other programmable data processing apparatus, or other devices to function in a

particular manner, such that the instructions stored in the computer readable medium produce an

article of manufacture including instructions which implement the function/act specified in the

flowchart and/or block diagram block or blocks.

[0106] The computer program instructions may also be loaded onto a computer, other

programmable data processing apparatus, or other devices to cause a series of operational steps

to be performed on the computer, other programmable apparatus or other devices to produce a

computer implemented process such that the instructions which execute on the computer or other

programmable apparatus provide processes for implementing the functions/acts specified in the

flowchart and/or block diagram block or blocks.

[0107] The flowchart and block diagrams in the Figures illustrate the architecture, functionality,

and operation of possible implementations of systems, methods, and computer program products

according to various embodiments of the present invention. In this regard, each block in the

flowchart or block diagrams may represent a module, segment, or portion of code, which

comprises one or more executable instructions for implementing the specified logical function(s).

It should also be noted that, in other embodiment, the functions noted in the block occur out of

the order noted in the figures. For example, two blocks shown in succession may, in fact, be

executed substantially concurrently, or the blocks may sometimes be executed in the reverse



order, depending upon the functionality involved. It will also be noted that each block of the

block diagrams and/or flowchart illustration, and combinations of blocks in the block diagrams

and/or flowchart illustration, may be implemented by special purpose hardware-based systems

that perform the specified functions or acts, or combinations of special purpose hardware and

computer instructions.

[0108] While the invention has been described with reference to example embodiments, it will

be understood by those skilled in the art that various changes may be made and equivalents may

be substituted for elements thereof without departing from the scope of the invention. In

addition, many modifications may be made to adapt a particular situation or material to the

teachings of the invention without departing from the essential scope thereof. Therefore, it is

intended that the invention not be limited to the particular embodiment disclosed as the best

mode contemplated for carrying out this invention, but that the invention will include all

embodiments falling within the scope of the appended claims. Moreover, the use of the terms

first, second, etc. do not denote any order or importance, but rather the terms first, second, etc.

are used to distinguish one element from another. Furthermore, the use of the terms a, an, etc. do

not denote a limitation of quantity, but rather denote the presence of at least one of the referenced

item.



CLAIMS

What is claimed is:

1. A method for performing sanitation compliance monitoring, the method comprising:

receiving, at a computer, sanitation compliance data comprising a zone identifier

corresponding to a first device in a zone and an entity identifier corresponding to a second device

attached to a mobile entity in the zone, the zone defined by an area over which the first device

and the second device communicate via one-way or two-way communication;

determining whether the mobile entity is compliant with a sanitation protocol associated

with the zone; and

updating a database with results of the determining.

2 . The method of claim 1, further comprising changing the area of the zone by physically

moving the first device.

3 . The method of claim 1, wherein the area of the zone does not overlap the area of another

zone.

4 . The method of claim 1, wherein the zone is a target zone and the determining whether the

zone is compliant with a sanitation protocol comprises determining a sanitation zone that is

approved for the target zone.

5 . The method of claim 4, wherein the target zone has one approved sanitation zone.

6 . The method of claim 4, wherein the determining whether the mobile entity is compliant

with a sanitation protocol further comprises verifying that the sanitation zone that is approved for

the target zone is the most previous recorded activity of the mobile entity before the mobile

entity entered the target zone.

7 . The method of claim 4, wherein the determining whether the mobile entity is compliant

with a sanitation protocol further comprises verifying that the sanitation zone that is approved for

the target zone is a next recorded activity of the mobile entity after it exits the target zone.



8. The method of claim 1, wherein determining whether the mobile entity is compliant with

a sanitation protocol comprises verifying that the mobile entity has satisfied a criteria of the

sanitation protocol within a predetermined period of time.

9 . The method of claim 1, wherein the zone is a contamination zone.

10. The method of claim 1, wherein the mobile entity is a health care worker.

11. A system for performing sanitation compliance monitoring, the system comprising:

a sanitation station configured to accomplish a sanitation event that meets at least one

criterion;

a mechanism to detect the sanitation event at the sanitation station;

a user interface; and

a device comprising logic for:

detecting at least one entity identification (ID) tag proximate to the

sanitation station, each entity tag ID comprising a unique tag identifier

corresponding to an entity;

selecting an entity ID tag from the at least one detected entity ID tag;

displaying a unique tag identifier associated with the selected entity ID

tag, the displaying at the user interface;

determining whether the at least one criterion has been met at the

sanitation station; and

updating a database with results of the determining and the tag identifier

associated with the selected entity ID tag.

12. The system of claim 11, wherein the displaying includes one or more of a visual display,

an audio display and a haptic alert.



13. A method for performing sanitation compliance monitoring, the method comprising:

receiving a notification at a circuit in a mobile entity identification (ID) tag that a zone ID

tag has been detected, each zone ID tag corresponding to a zone and having a unique zone

identifier;

storing, in a database on the mobile entity ID tag, the unique zone identifier

corresponding to the zone ID tag, the storing in response to the receiving; and

periodically transmitting contents of the database to a central computer.

14. The method of claim 13, further comprising deleting contents of the database in response

to the transmitting.

15. The method of claim 13, wherein the mobile entity tag is a radio frequency transceiver

and the zone tag is a radio frequency transmitter or transceiver.

16. The method of claim 13, wherein the mobile entity ID tag includes a radio frequency

identifier (RFID) reader and the zone ID tag is a RFID tag.

A system for performing sanitation compliance monitoring, the system comprising:

a synchronization station comprising:

memory;

a mechanism to detect a mobile entity identification (ID) tag; and

logic for:

receiving data from the mobile entity ID tag;

storing the received data in the memory; and

periodically transmitting contents of the memory to a central computer.



18. A system for performing sanitation compliance monitoring, the system comprising:

a first device in communication with a database;

a second device in communication with the database;

a target zone defined by a first area over which a mobile device worn by a health care

worker and the first device communicate; and

a sanitation zone defined by a second area over which the mobile device worn by the

health care worker and the second device communicate, wherein the target zone and the

sanitation zone do not overlap.

19. The system of claim 18, wherein the first device transmits data to the database responsive

to a communication between the first device and the mobile device worn by the health care

worker, and the second device transmits data to the database responsive to a communication

between the second device and the mobile device worn by the health care worker.

20. The system of claim 18, wherein the data transmitted by the first device includes a unique

identifier associated with the first device, a unique identifier associated with the mobile device,

and a time stamp.

21. The system of claim 18, wherein the target zone is a contamination zone.

22. The system of claim 18, wherein the target zone is an aseptic zone.

23. The system of claim 18, wherein a sensor suite is located in the sanitation zone and the

sensor suite is in communication with the second device.



24. A computer program product for performing sanitation compliance monitoring, the

computer program product comprising:

a tangible storage medium readable by a processing circuit and storing instructions for

execution by the processing circuit for performing a method comprising:

receiving sanitation compliance data comprising a zone identifier corresponding to a first

device in a zone and an entity identifier corresponding to a second device attached to a mobile

entity in the zone, the zone defined by an area over which the first device and the second device

communicate via one-way or two-way communication;

determining whether the mobile entity is compliant with a sanitation protocol associated

with the zone; and

updating a database with results of the determining.

25. The computer program product of claim 24, wherein the zone is a target zone and the

determining whether the zone is compliant with a sanitation protocol comprises determining a

sanitation zone that is approved for the target zone.

26. The computer program product of claim 25, wherein the determining whether the mobile

entity is compliant with a sanitation protocol further comprises verifying that the sanitation zone

that is approved for the target zone is the most previous recorded activity of the mobile entity

before the mobile entity entered the target zone.

27. The computer program product of claim 25, wherein the determining whether the mobile

entity is compliant with a sanitation protocol further comprises verifying that the sanitation zone

that is approved for the target zone is a next recorded activity of the mobile entity after it exits

the target zone.



28. A computer program product for performing sanitation compliance monitoring, the

computer program product comprising:

a tangible storage medium readable by a processing circuit and storing instructions for

execution by the processing circuit for performing a method comprising:

receiving a notification at a circuit in a mobile entity identification (ID) tag that a zone ID

tag has been detected, each zone ID tag corresponding to a zone and having a unique zone

identifier;

storing, in a database on the mobile entity ID tag, the unique zone identifier

corresponding to the zone ID tag, the storing in response to the receiving; and

periodically transmitting contents of the database to a central computer.
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