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METHOD AND SYSTEM FOR INTEGRATED PROCESSING OF AUTOMATICALLY
COLLECTED INTERACTION DATA

CROSS REFERENCE TO RELATED APPLICATION

[0001] This appllcatlon claims the beneflt of U.S. Provisional Application No
60/423,001 filed November 4, 2002, assigned to the assignee of thls appllcatlon and
incorporated by reference herein.

FIELD OF THE INVENTION
[0002] The present invention relates generally to method and system for monitoring
interactions in a tracking environment, and more particularly, method and system for
integrated processing of interaction data automatically collected in real time from a

tracking environment and formattingAinteraction event data, which is generated by the

Iintegrated processing, for use in real time by an information management application.

BACKGROUND OF THE INVENTION

. [0003] Healthcare facilities are increasing their utilization of information technology

(“IT") to improve the quality of care, increase the productivity of caregivers and reduce
medical errors. In many prior art IT systems, the supply of input data to, and the display
of output data resulting from processing performed at, the IT system depend upon real
time interaction between a human, for example, a nurse or physician caregiver, and a
stationary data input and display device, such as a desktop computer including a
keyboard and display. This dependence upon real time interaction has prevented
exploitation of éll of the possible benefits associated with using IT in connection with

providing healthcare services. Althdugh the proliferation of wireless and handheld
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personal computing devices among caregivers is expected to alleviate the problem that
data must be entered and viewed at a fixed location, even less obtrusive ways of
interacting with an IT system in real time still are neéded.

[0004] Automatic identification and data capture (‘AIDC”) systems automatically and

non-disruptively collect data from a tracking environment which can be used to identify

and locate people, goods and equipment within the environment. AIDC technologies
include, for example, bar coding, radio frequency identification (“RFID”), real time
location systems (“RTLS"), voice recognition, smart cards, biometric recognition,
machine vision and other related technologies. Sée, for example, Smart Medicine - The
Application of Auto-ID Technology To Healthcare” by the MIT Auto-ID Center,
incorporated by reference herein, for a description of the different uses of AIDC
technology in a healthcare setting.

[0005] The healthcare industry, and also other industries that rely upon information
management to improve efficiencies and operations, have recognized that the
automatic real time data collection provided by AIDC technologies improves the ease
with which data can be collected and then displayed for viewing in real time. For
example, healthcare facilities have begun to implement various AIDC systems to
improve data collection relating‘to such areas as monitoring patient care an.d billing. In .
many cases, several separate and distinct AIDC systems, which are used for different
purposes, coexist in a single healthcare facility. Currently, bar coding is the most
prominent AIDC technology and is used extensively to identify patients, drugs and
consumables. Also, new healthcare regulations associated with privacy and security

standards have led to the installation of new access control AIDC systems using RFID
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and biometrics. Further, real time location systems ére being used to track patients,
caregivers and equipr-nent.

[0006] Implementation of AIDC systems, however, has not been as widespread as
expected in healthcare facilities. As a result, all of the potential benefits from use of an
IT system in a healthcare facility still are not being exploited. One reason for the lack of o
widespread implementation of AIDC systems at healthcare facilities is that the various
commercially available AIDC systems usually cannot be integrated seamlessly into the
IT system of a facility. Typically, the IT system infrastructure of a hospital includes
several different software applications associated with different information |
management needs. The software applications in the healthcare environment usually
include, for example, clinical information systems, administra;tive syétems and business
process modeling and analysis systeAms. New software applications, also serving
different specialized purposes, continue to be inqluded within an IT system of a
healthcare facility.

[0007] The operation of existing and new or next generation software information
applications in a healthcare facility IT system would be enhanced if real time data, such

as the real time data regularly and automatically collected by the different AIDC systems

also installed within a facility, were available for use by these applications. For

example, existing AIDC-systems record real time data about interactions between
people, locations, equipment, drugs and different types of consumable supplies. This
real time interaction data could serve many different purposes for the applications
included within the IT system of a healthcare facility, such as, for example, automatic

tracking of patient flow in an emergency department (“ED”) environment, tracking of
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assets and their utilization, tracking of patient and facility status in the perioberative

process or automatic display of context dependent data for users of clinical information

~ systems.

[0008] . Currently, most AIDC systems installed within a facility are isolated systems
and each is used, at most, by one application within the IT system. One AIDC system
typically provides large amounts of data having~differen:t formatting than, and ajlevel of
detail incompatible with, that which another AIDC system provides. The lack of a
common definition for data format and level of detail does not readily permit the use of
the data automatically collected by several respective AIDC systems to generate useful
inferences concerning interactions between and among the objeéts and persons in the
tracking environment. As a result, information concerning these inferences is not
available for use by the software applications in the IT system. '

[0009] Although some techniques for using procéssed, automatic re; time data to
enhance the performance of IT applications in a healthcare environment are known,
these techniques are not completely satisfactory. For example, the data collection is
often limited to a single AIDC system, which severely limits the scope of the inferences
that can be made about interactions and does not permft high level inferences tb be
made. See, for example, U.S. Published Patent Application No. 2002/0145534,
“System and method for performiﬁg object association using a location tracking
system.” In addition, other prior art products can only process data that is automatically
collected using RFID technology. Further, although some prior art techniques for
interfacing various data collection systems with incompatible IT data processing:

systems allow flexible configuration of the data event transformation rules and logical
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conditions associated with the events, these interfacing techniques do not provide for

‘real time generation of interaction event information b_ased on the collected data.

[00010] | Therefore, ,fhere exists a need for system and method for establishing an
interface between information p}ocessing application; of an IT system and different
AIDC systems with relaﬁve ease to permit integrated processing of the real time
interaction data collected by the AIDC systems for identifying‘ interaction events
occurring within a tracking environment and for providing the interaction event data to
the applications in real time. |

SUMMARY OF THE INVENTION
[00011] In accordance with the present invention, a mediator system interfaces
automatic data collection systems, which preferably generate real time input interaction
data streams, with information management software applications, where each of the
collection systems and the applications can have different and disparate data format
and level of detail definitions. The mediator system formats the input interaction data
from the respective coliection systems to proviqe for integrated processing and, based
on the integrated processing, generates interaction event data representative of
interactions occurring within the tracking environment, such as between a location and a
person or object. The mediator system, in substantially real time, formats the
interaction event data according to the data format and detail definitions of the
respective applications and then transmits the formatted input interaétion event data to
the respective applications.
[00012] In a preferred embodiment, a mediator systém includes listeners, input data

format converters, a data reduction filter, an input interaction builder, output data format
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converters and senders. The listeners receive real time input interaction data streams

" automatically collected by respective AIDC systems and forward the input interaction:

data to respective input convérters. The input .con.verter‘s, based on data format and’
detail definitions concerning the respective AIDC systz—_zms and functionality criteria
associated with at least one of the applications retrieved from a configuration database
of the mediétor system, extract the input interaction data from the respective data
streams and map the extracted input interaction data into primary interaction events
having a sténdardized format. The primary interaction évents, in a preferred
embodiment, concern Iocaﬁng, reporting and matching an activity with respect to an»
object or person. The primary interaction events preferably include at least two
identifiers, which identify interacting entities, ~and a timAe stamp. The primary interaction
event data is forwarded to a da;ca reduction filter, which stores the forwarded primary
interaction event data in an interaction event database also contained in the mediator.
The reduction filter, based on filtering criteria contained in the configuration database,
removes selected input interaction data, which is not useful to the applications
connected to the mediator, from the received primary interaction event data stream.
The reduction filter then forwards thé filtered primary interaction event data to the
interaction builder. The interaction builder, based on interaction buildinjg rules contafned
in the configuration database, generates higher level, more complex secondary
interaction events based on the primary interaction event data provided by the reduction

filter and, optionally, also from other interaction event data previously stored in the

Jinteraction event database. The generated secondary interaction event data is then

stored in the interaction event database. The output converters receive the generated
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" secondary interaction evéntidata, and also associated primary interaction event data as

suitable, from the builder. Baséd on data format and detail definitions for applications
contained in the configuration.databése, the output converters format the interaction
event data received from the builder according to the data format and detail definitions
of the applications respectivély associated with the dutput converters. The output
converters then transmit the formatted interaction event data to respéctive senders,
which constitute the interfaces with the respective applications.
[00013] In a preferred embodimenf, the input converters extract from the real time
input interaction data streams information associated with (i) understanding interactions
between people, locations, equipment and other parts of the tracking environment; (ii)
converting the input interaction data to a standardized format; (iii) generating the higher
level, more complex secondary interaction events; and (iv) formatting the inter—action
event data for receipt by several different applications.

BRIEF DESCRIPTION OF THE DRAWINGS
[00014] Other objects and advantages of the present invention will be apparent from

the following detailed description of the presently preferred embodiments, which

" description should be considered in conjunction with the accompanying drawings in

which:

[ooo15] - FIG. 1is a block diagral-n ofa médiator system in accordance with the
present invention.

[00016] FIG. 2 is a flow diagram of exemplary data processing operations performed

by the mediator system of FIG. 1 in accordance with the present invention.
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[00017] FiGs. 3A and 3B are representative tables of secondary interaction event
data generated by an interacﬁon builder of a mediator system in accordance with the'
present invention. |

DETAILED DESCRIPTIbN OF PREFERRED EMBODIMENTS
[00018] FIG. 1 shows in block diag‘ram' form a mediator system 10, in accordance
with a éreferred embodiment of the present invention, for. receiving and formatting real
time input interaction data automatically collected in a healthcare facility tracking
environment by various automatic identification and data capture (“AIDC”) systems,
each of which can have a different data format and level of detail definition, to permit
integrated processing of the input interaction data for generating interaction event data
and for providing the interaction event data in real time to software information
applications, where the interaction event data is formatted based on the data format and
detail definitions of the respective applications. Although the present invention is
described in detail below in connection with the monitoring and processing of real time
input data associated with interactions occurring within a heélthcare facility, it is to be
understood that the monitoring and processing of real time input interaction data
streams collected by AIDC systems in other environments, such as in an industrial or
military environment, can be performed in accordance with the present invention for
generating interaction event data and making the interaction event data available in real
time to, and in the format required by, an application.
[00019] Referring to FIG. 1, the mediator system 10 includes the functional blocks of
listeners 12A-12C connected to respective input data format converters 14A-14C, a

data reduction filter 16 connected to each of the input converters 14A-14C, an
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interaction builder 18 connectéd to the reduction filter 16 and output data format

‘converté_rs 20A-20C, and senders 22A-22C connected respectively to the output

converters 20A-20C. In addition, the mediator 10 includes a configuration database 24
coupled to each of the input converters 14, the reduction filter 16, the builder 18 and
eéch of the output con\;erters 20. Itis to be understood that each of the functional
blocks of the i'nyentiv‘e mediator, which are described below as performing data
processing operations, constitutes a software module or, alternatively, a hardware
module or a combined hardware/software module. In addition, each of the modules
suitably cpntains a memory storage area, such as RAM, for storage of data and
instructions for performing processing operations in accordance with the present
invention. Alternatively, instructions for performing processihg operations can be stored
in hardware in one or more of the modules.

[00020] Referring again to FIG. 1, the Iistenérs 12A-12C are coupled to AIDC
collection systems 30A-30C and the senders 22A-22C are coupled to information
management software applications 40A-40C, respectively. In addition, the mediator 10
includesl an.intera'ction event database 26 and each of the reduction filter 16 and the
builder 18 is coupled to the database 26. Although the mediator 10 in FIG. 1 is
illustrated with connections to only three AIDC systems 30 and three abbﬁcations 40, it
is to be ‘understood that, in accordance with the present invention, the mediator 10 can
be constructed to iﬁclude a listener 12 and an input converter-14 for each available
collection system 30, and also an output converter 20 and an associated sender 22 for

each desired connection to an application 40.
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," [60021] The collection system 30 can be any data collection system that includes an

output port which provides a real ﬁme input interaction data stream. The input
interaction data represents at least two interacting identifiers énd a time stamp
indicating when the interaction was detected. For exgmple, the identifiers identify an
infrared-transmitting badge carried by a person and an indoor location of an infrared
recei\}er which, for example, is included in an indoor real-tirr;e location data collection
system and reads thé transmitting badge. [n addition, an identifier can include
associafed qualifier data, such as, for example, an indication that an alarm button
associated with a location badge has been manually depressed. The collection system
can be any AIDC data entry system, a manual data entry system or an interface with
any other information collection system. The AIDC systems can include, for example,
an indoor location system, a barcode system, an RFID éystem or a PDA data entry
system as known in the art. o

[00022] The listener 12 is a conventional data signal interface which provides a
physical data signal interface between the mediator 10 and a collection system 30. For
example, in a preferred embodiment the listener 12 is configured for connection to a
TCP/IP port. The listener 12 receives the real time input interaction data stream
generated at a collection system, adds a time-stamp if it is not already included in the
stream, and routes the input interaction data stream to an associated input converter 14
within the mediator 10. The input interaction data stream provided by a collection
system in a healthcare facility, for example, can include one or more of the following

attributes concerning the tracking of an object or person being performed and the

device or system being used to collect interaction data: event type being monitored,

10
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badge number, initials, primary name, last name, phone number, receiver number,
receiver name, receiver phone number, collector number, sensor number, badge time
in, badge time last seen, receiver type, last receiver, last receiver name, last collector,
last sensor, badge type, badge type description, area ID area description and device
identification.

[000;3] The configuration database 24 inclﬁdes programming instructions.and data
for controlling data processing operations performed at the input converters 14, the
reduction filter 16, the builder 18 and the output converters 20. As described below,
static or non-real-time configuration data, stored in the database 24, is usedto control
formatting of primary interaction event data containing the real time input interaction
data by the input converter 14; selectively filtering the primary interaction event data at
the reduction filter 16; generating higher level, more complex secondary interaction
event data at the builder 18; and formatfing the interaction event data for output to an
application at the output converter 20. The programming instructions stored in the
database 24 are described in detail below in connection with the description of the
processing operations performed by the modules of the mediator 10 coupled to the
database 24.

[00024] vThe input data format converter 14 processes a real time input interaction ,
data stream to extract input interaction data, formats the extracted interaction data in a
standardized format as primary interaction events and then forwards the primary

interaction event data to the reduction filter 16. The extraction of the input interaction

'data and the formatting of the primary interaction events are performed based on data

format and level of detail definitions of the respective data collection systems. The data

11
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deﬁnitiéns for the respective collection systems and the functionality criteria for the
respective applications coupled to the médiator are contained in the conﬁgijration
databasé 24,

[0.00251 In an exefnblary‘ implementation of the med_iator 10 in a healthcare facility
environment, the input converter 12 maps the extracted interaction data into primary.
interaction events incfuding an attribute event name and associated attribute values.
For example, the healthcare facility‘relate‘d attributes qgh include (i) a location event
having the associated attribute values of tag ID number, k;cation ID, time stamp and
data collection system; (i) a report event, which describes reading of a report and has
the associated attribute values of a report [D, RFID reader ID, read time and data
collection system; and (iii) a hatch event, which describes reading of the tagged items
to be matched with a person, such as a patient or healthcare professional, and includes
the associated attributes of match ID, RFID reader ID, received time and data collection
system. In still a further exemplary embodiment, the input converter 14 adds identifier
type data, which indicates that a particular identifier is associated with a patient also
identified in the primary interaction event data, to the primary inte_raction event data
forwarded to the filter 16.

[00026] The data reduction filter 16 processes the primary interaction event data
forwarded to it from the input converters 14 to remove input interaction data that is not
meaningful for any of the applications 40 coupled to the mediator 10. The configuration
databése 24 includes data and software programming instructions that the ﬁltér 16 uses
to identify information that needs to be removed. The filter 16 forwards the filtered

primary interaction event data stream to the builder 18. The filter 16, preférably‘,

12
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génerates filtered primary interaction even£ data including at least one meaningful class
of interaction events. The filter 16 also stores the priméry interaction event data
forwarded to it from the converters 14 in the datat;ése 26.

[00027] In an exemplary embodiment, the filter 16 gliminates, from the received
primgry interacﬁon event data, location event data which does not indicate a location
change. This filtering operation, for example, is performed because, although a real
time location sysfem may automatically produce location event data every five seconds,
an event may be meaningful to an application only if a location change is indicated. The
filter 16 stores this eliminated information in the database 26 and continues to monitor
the primary interaction event data received from the converters 14 until the location
change criteria is satisfied. When the criteria is satisfied, the filter 16 adds primary
interaction event data containing the attribute values associated with the location
change event to the primary interaction event data tha’; is forwarded to the builder 18.
[00028] The interaction builder 18 bperates to combine interactions described by‘tﬁe
primary interaction events into more complex, higher level secondary interaction events
representativelof interaction identities. The processing operations performed by the
builder 18 are in accordance with programming instructions andl programming data
included in the database 24. The programming instructions performed by the builder 18
preferably include a different set of interaction building rules for each of the different
applications to which the mediator 10 is connected. The builder 18 forwards, to one or
more of the output converters 20, the generated secondary intéraction event data, and
optionally also received primary interaction event data, and also stores the generated

secondary inferaction event data in the database 26. The interaction event data

13
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transmitted to a particular output converter 20 depends upén the application to which
the output converter is coupled.

[00029] In a preferred embodiment, the configuration database 24 includes
interaction building rules corresponding to activities of_ a plan, schedule, workflow or
process that a process flow monitoring application performs. The rules provide for the
generation of secondary interaction event data that the épplication can use o verify
whether the activities occurred. For example, the process monitoring application can
include an operation schedule for a set of patients where the start of an operation for a
given patient is defined as occurring when both the patient and a surgeon are
simultaneously present in an operating room. The configuration database, therefore,
would include an interaction building rule from which secondary interaction event data
can be generated and which corresponds to the definition of the start of an operation as
set forth in the monitoring application.

[00030] In a preferred embodiment, the builder 18 generates secondary interaction
event data which includes primary interaction events and also is representative of a set
of basic of interactions spanning a length of time.

[06031] In a further preferred embodiment, the builder 18 generates secondary
interaction events including primary interactions eventé related to a single identifier.. For
example, a single identifier may be a patient and all interactidn events, such as, for
example, a nurse using a barcode reader to record an interaction with a patient, an
indoor location system simultaneously locating the patient as being in a room and the
patient being attached to a monitoring device, are related to the patient. Alternatively,

the interaction events associated with the single identifier may be related to each other

14
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by é chain of intéractions, éUch as, for example, a nurse using a barcode reader to
record an interaction with a patient where the patient is attached to a telemetry
monitoring device which can be located by an indoor location system.

[00032] In an exemplary émbodiment, the builder 18 generates secondary interaction
events from location and match event attributes inc;luded in pﬁmary interaction event
data. In a further exemplary embodiment, secondary interaction events represent start
and completion of an interaction. An interéc;tib‘n is started when all elements are located
in the required location and start delay has been completed. An interaction is
completed when one of the elements leaves the location or an action has been -
performed.

[00033] The output data format converter 20 converts the interaction event data
received from the builder 18 into a data format suitable for receipt and processing by the
application to which it is coupled. The data format conversion processing operations
performed at the output converter 20 are controlled by programming instructions and
data stored in the database 24. In a preferred embodiment, the converter 20 adds
details, such as names and descriptions of the participants of an interaction to the
secondary interaction events, based on programming instructions included in the
database 24.

[00034] Referring to FIG. 1, in an alternative preferred embodiment, 'thé filter 16 can
be positioned in the system 10 following the builder 18 so that it removes input
interaction data from at least one of the primary and secondary intefaction event data

before the interaction event data is supplied to the converters 20.
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[00035] The sender 22 is a conventional data signal interface which provideé a
physical data signal interface between the mediator 12 and an application 40. For
example, in a preferred embodiment thé sender 12 is configured for conngcﬁon toa
TCP/IP port. The application 40 in a E_ealt’hcare facility environment can include, for
example, a scheduling system such as a process scheduling and resource
management system, an order eniry system, a clinical informaﬁon system, a billing .
software system, an equipment maintenance system, a medicatibn distribution tracking
syistem, a process ménitoring/variance detection system and a laboratory/radiology
system. The application 40 can be»located on a mobile terminal, laptop, PDA, desktop
computer or like data processing and display device.

[00036] In an exemplary embodiment, the mediator 10 includes a predetermined
configuration da’taalis’cener interface, operating similarly as a listener 12, which receives
conf:fgufation data from a separate configuration application or an external IT application
énd furthermore stores the configuration data in the database 24.

[00037] FIG. 2 illustrates data processing operations performed at the mediator 10
according to a preferred flow process 100, which provides for generation of secondary
interaction event data based on real time input interaction data for receipt, in real time or

substantially real time, at applications connected to the mediator 10 in accordance with

the present invention. Referring to FIGs. 1 and 2, in'step 110 the listeners 12 receive

real time input interaction data streams provided by the respective collection systems

30. The listeners 12 route the input interaction data streams to the respective input

converters 14.

16
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[00038] In step 112, the input converters 12, Which have retrieved from the database

24 data processing instructions associated with the data definitions of the respective

collection systems, extract the input interaction data from the streams and generate,

based on the extracted input interaction data, primary interaction event data having a
standardized format. The availability of the primary interaction event data in a
standardized format advantageously prdvides for integrated processing of input
interaction data at the builder 18. The converters 12 transmit the primary interaction
evept data to the reduction filter 16.

[00039] In step 114, the filter 16, which has fetriéved its data processing instructions
from the database 24, stores in the database 26 the primary interaction event data
received from the respective input converters 14. In addition, the filter 16 processes the
received primary interapfion event data to retain only meaningful interaction events.
The elimination of input interaction data is performed in relation to the applications 40
connected to the mediator 10. The filtér 16 forwards the filiered primary interaction
event data to the builder 18.

[00040] In step 116, the builder 18, which has retrieved processing instructions
relating to the functionality of the applications 40 from the database 24, processes the
primary interaction event data recei\}ed from the filter 16-to generate secondary
interaction event data representative of higher level, more complex interactions than
those represented in the primary interaction events. The generation of the secondary
interaction event data optionally includes retrieving and processing suitable primary and
secondary interaction event data stored in the database 26. The builder 18 stores the

currently generated secondary interaction event data in the database 26 for subsequent
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use in identifying still more interaction identities, which thereby results in the generation
of additional secondary interaction events. In addition, the builder 18 transmits to the
output converters 20 the éurrently generated secondary interaction event data, and
optionally selected primary interaction event data fbrw_arded by the filter 16 and,‘also
optionally, selected priméry and secondary interaction event data retrieved from the
database 26. The specific interaction evént data transmitted to a particular output
converter 20 depends on the operating requirements of the applications 40 connected
to the mediator 12. The builder 18 generates a plurality of data streams of intefaction
events corresponding to the appliqétions 40 for receipt at the respective output
converters 20.

[00041] In step 118, thé output converters 20 format the received secondary, and
optionally primary, interaction event data according to the data format and detail
definitions of the respective applications 40 to which the senders 22 coupled to the
converters 20 are also coupled.

[00042] in step 120, the senders éZ forward the formatted interaction event data to
the reséective applications 40.

[00043] ~ Thus, the mediator 10 is a dynamic gateway between automatic data
collection systems and data analysis software. When apblied ina healthcafe facility
environment, the mediator provides that input interaction data collected in real time can
be used to support and improve patient flow and resource management in and between
various hospital departments. The generation of complex (secondary) interaction event
data in real time, based on input interaction data collected in real time by an existing

data collection systei'n or a data collection system added in the future, permits various
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departments in a healthcare facility to coordinate in real time and have information

‘available in real time. The availability of real 'tih'xé information permits improved

planning capability.

[00044] lnﬁ an exemplary implementation of the mediator 10 of the present invention,
the mediator 10 connects several automatic real time data collection systems in a
healthcare facility environment to a healthcare facility patient tracking and monitoring
application. The environment, for example, is an ED environment including an infrared-
based location activity data collection system which uses low-cost tracking badges for
patient tracking. In an alternative preferred embodiment, a‘wireless local area network-
based location system tracks the location of wirelessly connected PDAs carried by
health'care professionals to locate the nurses and physicians when needed, such that
the data collection system does not continuously track nurses and physicians. In
addition, a bar coding based data collection system is used to prevent medication error.
Further, a radio frequency identification (“RFID”) system tracks patient records, for
example, X-ray images. The above-identified data collection systems are connected to
respective listeners of tﬁe mediator 10. The mediator .10 performs integrated
processing on the input interaction data provided by the collection systems and
genérates secondary interaction event data and transmits such event data, properly
formatted, to a process modeling and monitoring application 40 connected to a sender.
For example, the builder 18 processes primary interaction event data obtained from the
real time input interaction data streams, retrieving primary interaction event data and
secondary interaction event data stored in the database 26 as suitable, to identify

events involving & physician staying in a patient's room for a given time while the patient
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is also preéent. The builder 18 combines ;rhe primary interaction events, such as a
physician being in a given room, which is indicated by the input interaction data
provided by a PDA tracking sygtem, and a patient also being in the same room, which is
indicated by the input interaction data provided by the‘patient tracking system, into a
secondary input iﬁteraction eveﬁt that is transmitted to the process monitoring
application. The application then automatically, or after a confirmation from the
physician, generates and stores in its memory a data record indicating that the
physician has seen the patient and updatés the patient's status in the care process
accordingly. Similarly, at a subsequent time during the patient's stay at the ED, the
builder 18 generates a secondary interaction event indicatiné that a nurse has read the
ID of a medication dosage whiié co-located with the patient in the patient’s room. The
process monitoring application, after receipt of such interaction event data in real time,
again, automatically or semi-automatically, stores a data record in its memory
concerning the reception of the medication by the patient and updates the patient status
in the care process. Further, at still a later time, the builder 18 generates an secondary
interaction event representative of the availability of the patient's X-ray images based on
brimary interaction event data associated with detection of an interaction by a tabletob
RFID reader, which is positioned in the n‘ursing station, indicating that the image file is
on the table. |

[00045] Fle. 3A and 3B are tables illustrating exemplary secondary interaction
event data including primary interaction events in a healthcare facility associated with a
single identifier, i.e., a patient. It is noted that the attributes associated with a single

identifier can include, for example, type of interaction, data collector, description of
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{

interaction for user interface, interaction type identification, interaction identification
created by builder, location of interaction, location of-de‘sé:ription, interaction start and
complete times, patiént tag ID, patient tag bearer ID, staff tag ID, staff tag bearer ID,
asset tag |D and asset tag bearer ID.

[00046] The secondary iﬁteraction event data illustrated in FIG. 3A can be generated,
for example, based on input interaction data provided from (i) an infrared data collection
system and including the attributes of identityiof an infrared badge associated with a
specific EKG monitor, the number of the hosjpital room in which an infrared sensor
detécting the infrared badge is located and the times of day that the infrared sensor
detected the infrared badge; (i) an RFID data collection system and including the
attributes of identities of first and second RF badges respectively associated with an
EKG report and a patient, the number of the hospital room in which an RF sensor
detecting the first and second RF badges is located and the times of day that the RF
sensor detected the first and sécqnd RF badges; and (iii) a smart card data collection
system and including the attributes of the identifi'cation numbers of resbective smart

cards used by a specific nurse and a specific physician to enter and exit a hospital

- room, the number of the hospital room associated with the smart card reader that read

the smart cards used by the nurse and physician to enter and exit the hospital room and
the times of day that the smart card reader in the hospital room read the smart cards of
the nurse and physician. The input converters of the mediator generate primary
interaction event data in a standardized format from the respective input interaction data
streams (i), (i) and (iii). For example, the primary interaction event data generated from

the input interaction data stream supplied by the smart card collection system indicates
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co-location of the nurse and physician in a specific hospital room for a predetermined
time period. In addition, the primary interaction event data generated from the input
interaction data stream supplied by the RFID collection system indicates co-location of
the patient and the EKG report in the same hospital room for the same predetermined
time period that the physician and nurse were in the hospital room as indicated in the
primary interaction event data associated with the smart _card collection system.
Further, the ﬁrifnary interaction event data .generated from the input interaétion data
stream supplied by the infrared collection system indicates the presence of the EKG
monitor in the same hospital room at the same predetermined times that (i) the
physician and nurse were detected as entering and exiting the hospital room by the
smart card collection system and (ii) the patient and the EKG report were detected as
being in the room based on the primary interaction event data associated with the RFID
collection system. Based on this primary interaction event data, which indicates co-
location of a patient, an EKG monitor, an EKG report, a physician and a nurse in the
same hospital room for a predetermined time period, the builder generates secondary
interaction event data which is formatted for receipt and proceésing at a billing
application and a clinical information application coupled to respective output converters
and senders. For example, the mediator generates and transmits to the billing

application secondary interaction event data identifying that an EKG was used on a

. patient on a certain date by a certain nurse and physician, which permits the billing

application to generate a billing entry associated with the physician and nurse providing
EKG services to the patient. In addition, the mediator generates and transmits to the

clinical application secondary interaction event data including the same information,
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namely, that an EKG was used on the patient on a certain date by a certain nurse and
doctor. Based on this information, theAclinical appli'cation‘ updates the patient’s
electronic clinical chart to indicate that a certain required EKG procedure was performed
by the identified nurse and physician.

t00047] In a further preferred embodiment, thé builder 18 processes kp’rimary
interaction event data associated with a physician and the patient being in the same
physical location, and generateé corresponding secohdary interaction events. The
mediator 10 then suitably forwards data representative of these complex secondary
interaction events, through the sender, to the administrative IT system of the hospital
and the interaction events are used as a basis for billing.

[00048] In a further préferred embodiment, the mediator 10 couples a clinical data
collection system, such as a patient monitoring system, to suitable applications. The
mediator 10, based on the configuration data for the suitable applications, extracts
interaction events from the monitoring system data stream. For example, a location
data collection system separately tracks equipment, to permit the mediator to extract
this tracking information to generate primary and secondary interéction event data. The
mediator 10 transmits the primary and secondary interaction event data, which includes
the location tracking information, to an asset management application. In addition, the
mediator 10 combines the location information with primary interaction events indicating
the assignment of a patient to a particular monitor to generate secondary interaction
event data, thereby permitting the location of a patient to be determined even if a patient

tracking system is not in use.
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[000491 Although preferred embodiments of the present invention have been
described and illustrated, it will be apparent to those skilled in the art that various

modifications may be made without depar{ing from the principles of the invention.
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What is claimed is:

1. A method for generéting interaction events associated with a tracking
environment in substantially real time using substantially real time input interaction data
collected by a plurality of automatic data collection systems compriéi’ng:

receiving a plurality of substantially real time inﬁut interaction data streams
generated at a plurality of respective automatic data collection systems;

extracting the input interaction data from the data streams according to data
format and detail definitions 6f the respective collection systems generating the
interaction data streams;

generating primary interaction events based on the extracted interaction data,
wherein the primary interaction events have a standardized processing format;

generating secondary interaction events bésed on the primary interaction events;
and

formatting the secondary interaction events for reception by at least one software
application based on configuration requirements of the at least one software application.

2. The method of claim 1 further comprising:

transmitting the formatted secondary interaction events in substantially reat time
to the at least one software application. |

3. The method of claim 1 further comprising:

~ filtering at least one of the primary and secondary interaction events to remove
input interaction data according to predetermined criteria.

4, The method of claim 2 further comprising:
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formatting at least one of the primary interaction events foir output in accordance
with the configuration requirements of the at least one application and transmitting the |
primary interaction events formatted for output in substantially reai time to the at least
one application.

5. The method of claim 1, wherein at least one of the primary interaction
events includes at least a location attribute, an object/person attribute and a time
attribute.

6. The method of claim 1 further comprising:

storing the primary interaction events and the secondary interaction events in a
memory; and

following the storing and based on the configuration requirements for the at least
one application, retrieving from the memory at least one of (i) the stored primary
interaction events and (i) the secondary interaction events, and using the retrieved
interaction events for generating additional Asecondary interaction events.

7. The method of claim 1, wherein at least one of the secondary interaction
events indicates co-location of at least two persons. |

8. The method of claim 1, wherein at least one of the secondéry interaction
events indicates co-location of at least one person wit:h‘ ;t Ieas;c one object.

9. The method of claim 1, wherein at least one of the secondary interaction
events indicates co-location, for a predetermined time interval, of (i) at least two persons

or (i) at least one person with at least one object.

26



10

15

20

WO 2004/042563 PCT/EP2003/011767

10.  The method of claim 1, wherein the generating of the secondary
interaction events is based on an interaction building rule corresponding to an activity of
a process step performed by fche at least one application. |

11. The method of claim 1, wherein the secondary interaction eventé are
formatted for transmission to at least one of a billing software application, a clinical
information application, a medication distribution tracking applicaﬁon and a process
moniforing/varianée detection application and a process scheduling and resource |
management application.

12.  The method of claim 1 further comprising:

filtering the primary interaction events to remove input interaction data according
to predetermined criteria, and wherein the generating secondary interaction events uses
the filtered primary interaction events.

13. A system for generating interaction events associated with a tracking
environment in substantially real time using substantially real time input interaction data
collected by a plurality of automatic data collection systems comprising:

a plurality of listeners for interfacing with a plurality of respective automatic dalta
collection systems, wherein the liéteners in substantially real time fon/vard substantially
real time input interaction data streams provided by the respective collection systems;

a plurality of iriput data format converters respectively coupled to the plurality of
listeners and for receiving the interaction data streams forwarded by the respective
listeners;

an interaction builder coupled to the input converters and to a plurality of output

data format converters;
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a plurality of senders respectively coupled to the plurality output converters and

for interfacing with a respective pldrality of applications;

a configuration data database coupled to the input and output converters and the
builder; |

an interaction event data database coupled to the builder;

wherein each of the input converters generates primary interaction event data
based on the input interaction data stream received from the associated listener and

data format and detail definitions of the collection system generating the input

+ interaction data stream, wherein the primary interaction event data has a standardized

processing format, wherein the configuration database contains the configuration
requirements and the data definitions;

wherein the builder génerates secondary interaction events based on the primary
interaction events; and |

wherein the output converters format the secondary interaction events for
reception by at least one of the software applications.

14.  The system of claim 13, wherein the senders transmit to the respective
software'applications in substantially real time tﬁe formatted secondary interaction
events réceived from the respective outpljt converters.

15.  The system of claim 13 further comprising:

a data reduction filter coupled to the builder, the configuration database and each
of the input converters, wherein the reduction filter filters at least one of the primary and
secondary interaction events to remove interactién data according to predetermined

criteria.
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16.  The system of claim 14, wherein the builder transmits at least one of the
primary interaction events received from the input converters to at least one of the
output converters and wherein the output converter formats at least one 6f the primary
interaction events for output to the application coupled to the sender aséociated with the
output converter.

17.  The system of claim 13, wherein at least one of the primary interaction
events includes at least a location attribute, an object/person attribute and a time
attribute.

18.  The system of claim 13 further comprising an interaction event memory,
wherein the builder stores the primary interaction eQents and the secondary interaction
events in the interaction event memory, .and wherein the builder, based on the
configuration requirements for the at least one application, retrieves from the memory at
least one of (i) the stored primary interaction events and (i) the secondary interaction
events and uses the retriéved interaction events to generate additional secondary
interaction events.

19.  The system of claim 13, wherein at least one of the secondary interaction
events indicates co-location of at least two persons.

20.  The system of claim 13, wherein at ieast one of the secondary interaction
events indicates co-location at least one person with at least one object.

21. The syste.m of claim 13, wherein at least one of the secondary.interaction
events indicates co-location, for a predetermined interval, of (i) at least two persons or

(ii) at least one person with at least one object.
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22.  The system of claim 13, wherein the secondary interaction events are
generated based on an interaction building rule corresponding to an activity associated
with a process step performed by the at least one application.

23.  The system of claim 13, wherein the sec_ondary interaction events are
formatted for transmission to at least oné of a billing software application, a clinical
information application, medication distribution tracking apblication, a process
monitoring/variance detection application and a process scheduling and resource
management application.

24.  The system of claim 13, wherein the data collection systems includes at
least one of an radio frequency identification system, a smart card reader system, an
indoor location system, a voice recognition system, a bar coding system, a biometr‘ic
recognition system and a machine vision system.

25.  The system of claim 13 further comprising:

a da’.ca reduction filter coupled to the builder, the configuration database and each
of the input converters, wherein the reduction filter filters the primary interaction events
to remove interaction data according to predetermined criteria, and wherein the buiider

generates secondary interaction events based on the filtered primary interaction events.
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