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EXPLORATION OF SPATIAL-TEMPORAL PATTERNSIN HEALTHCARE
IMPLEMENTATION OF RFID INDOOR NAVIGATION SYSTEM

The development of advanced spatial-positioningesys for medical monitoring and emergency respossgy
RFID and Wi-Fi technologies is a current resedoctus of many healthcare organizations. The gbalioh system is
to support real-time location tracking of medicqugments and personnel in hospital settings uRihgS technology.
This paper presents a spatial-temporal data asdhgsied on data collected at the W21C of FootHiispital, Calgary,
Canada. The collected data, comprising real-timgepfations and tracking paths, has been used forpeadvanced
statistical pattern analysis and visualization affkwflow patterns in health care system. From #nsalysis, we bring
forward some insights into medical resource, amsétfacility utilization in a clinical care ward afregional healthcare
organization. This gained knowledge could be usedre of the inputs in improving patient care, oesiveness, and
infection control practices.

1. INTRODUCTION

The development of biomedical devices supporting-inwasive medical monitoring is an active
domain of research, with significant human healtiplications and exceptional technology transfer
potential. One of the new areas of research inttnese, which make use of such innovative deviises,
Real-Time Location Systems (RTLS). This technologyns at integration of radio frequency
identification (RFID) and Wi-Fi technologies intggied clinical care setting and exploration of the
potential impact of location tracking system oresafind quality of care. In order to study effeetess,
utility and potentials of this technology, a prgfoé system has been setup at Foothills HospitdgjaBa

[8].

Primary focus of this research paper is to presamlysis and visualization of real-time
observational and location measurements obtaind®Thys system. The data includes time and location
observations of assets, equipment or clinical patbiected in accordance with protocol for Ethical
Review of Clinical Trials at W21C. This spatial-tearal data is used for subsequent data analysis ant
visualization, which assists in further exploratmincapabilities of RTLS in healthcarhe rest of paper
is organized as follows. Section 2: Brief Overview of Background Literature, Section 3: Methodology,
Section 4: Summary, Section 5: Bibliography.

2. BACKGROUND LITERATURE

Location-based tracking is a new area of applicaind research in healthcare, addressing patient
safety. Most location based tracking technologiedate focus on RFID, further with the emergenice o
Wi-Fi tracking technology (802.11 wireless standardt has gained more momentum [9]. RTLS
technology which uses active RFID tags and Wi-K adaapability to store both real-time and histdric
data for analysis and reporting purposes withoyt rasticeable changes required in infrastructurg.[12
Traditionally, location based tracking was primarilsed for inventory management, planning and
military operations, but later its utility was ertked to various other domains, one of which is in
healthcare [14, 15].

In healthcare it is used for “real-time identificat of assets, such as infusion pumps or medicine
carts and there are number of such successful dgarfy 15, 16]. However, the potential exists pplg
Wi-Fi location-based tracking for improving qualignd addressing patient safety [5, 1]. In some
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instances, location-based tracking of human regsusach as physicians and nurses can provide insigh
that could contribute to improving patient safetyd ajuality of care [7]. Spatial-temporal data ociiel
using these technologies can be further utilizediriderstand workflow of medical professionals and
usability of high value medical assets [13]. Thmmtitative research methodology is shown to be an
effective way to quantify observation and analysiscomes in many different domains of research, one
of which being healthcare [3].

3. METHODOLOGY

This section is divided into three sub-sectiongstFsub-section explains how technology was
implemented in real time healthcare settings. d@esf the clinical path visualization system is
elaborated in the second sub-section. The lasssatien describes collection and processing oftneed
spatial temporal data.

RFID is a broad term representing a set of teclyiedothat offer an automatic identification system
to enable transfer of information through radiagfrency system. RTLS technology, on the other hand,
facilitates real time locating and tracking of mebassets or resources. RTLS uses RFID to identify
assets and algorithm to triangulate and deterntieeldcation of the asset based on the interaction
between RFID tag and readers. Active tags are haith¢o mobile assets or resources for real time
tracking. These tags are battery powered and aitiate data transmission with reader.

Typical commercial use of RFID (shown in Figureiijolves an active RFID tag being adhered
to an item. This tag is normally small in size. Eeas then read the tag to identify the item, witha
direct line of site. Integration of RFID and Wi-tdchnologies allows the tags to be read from a Wi-F
network, without the need for an intrusive separa®vork. Exciters are installed in the ward angirth
beacon rates are set to a very small interval.i@damporal data served two purposes - first & tiene
visualize mobile assets on the floor map and set¢ormtocess this data for workflow analysis. Mobile
assets were referred to as tags. No permanent ciiomevas established between assigned tag number
and mobile asset, making the entire process fulpngmous. Moreover, the same tag number could be
assigned to different asset on a different daté.oBservations were conducted under ethics umbrella
obtained prior to studies.

3.1.CLINICAL PATH VISUALIZATION

Clinical path visualization plays a significant &oin understanding work patterns and resource
utilization. In this context, we developed an inabve, interactive, path visualization system vattded
benefit of data analysis.
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Fig. 1. Working process in RTLS [16]. Fig.Qinical path visualization system.
The goal behind development of this visual syste® been to provide a convenient, easy to use

interface that enables users to visualize clinjgathways, execute date/time filters, perform basic
statistical functions and provide user customizatptions [8]. Figure 3 shows system interface.
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Fig. 3. Example of system interface.

3.2.DATA COLLECTION AND PROCESSING

Real time tracking of the tags and dynamics inedlin health care environment lead to a large

point location dataset. This dataset was furtheckssonized with reference to the coordinate systém
the hospital floor plan, so that automatic allomatdbf room numbers and wing can be performed.
A robust database was needed for storage of spetigboral information related to tag positions.
Extensive data normalization and cleaning was reduio improve the efficiency of the system. The
software system also performed data analysis.|tulzed frequency at given location, time spent by
mobile asset in different facilities/wings and Edien distance traveled over given time frame.

3.3. QUANTITATIVE DATA ANALYSIS

This section provides an example of quantitativea @aalysis. Note that due to technical settings
and existing infrastructure, the recorded locatibeervations were imprecise for the same tag evemw
the tag was stationary. The recorded range wasnAtimeter radius from the absolute tag locatiamsT
imprecision, fully discussed in the project repawbes not allow exploring fully all the benefits thie
prototype system. However, the goal of this papéo ireport on potential uses of technology, if eungn
it becomes precise enough.

Below is the list of sample questions that potdigtiaould be answered using subsequent data
analysis:

« Are workflow patterns different among mobile as8ets
- Do work patterns vary with time/day of week?

« Where was most of the time spent by resource?

- What is the distance traveled by each resource?

« How often was specific facility visited by resouPce

3.3.1. STATISTICAL ANALYSIS

The analysis presented in this section is baseth®@subset of data related to tag spatio-temporal
locations. For example, Figure 4 compares Euclidiatance traveled by two resources.

Subject Euclidian Distance
Resource 07 206.18
Resource 01 1111.21

Fig. 4. Comparison of Euclidian distance.
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Similar analysis can be used to visualize diffeesnia workflow.

4:48:00 mio1
2:24:00 =02
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Wing names in the ward

Fig. 5. Comparison of wing visit frequency by resms.

Statistical results presented above can be usadswer questions such as when, where and how
much time resource spent in different facilitiesmangs of the ward which will differentiate work gbarn.
Figure 4 informs that two resources traveled sigaiftly different distance. Figure 5 indicates magh
traffic and least high traffic areas, which can foether used to improve ward space utilization or
infection control practices (such as installing emband washing stations in the high traffic areas).

Also, understanding reasons behind high use areakl de beneficial to further optimize resource
utilization. Center wing is a highly used wing (&ig 5) because it is reception and most of the coenp
terminals for charting. In addition, questionsd@on workflow pattern can be answered, for examp
1) Which wing is highly used; 2) Which roms are duader utilized; 3) Comparison of work patterns in
different wings. The similarity or difference betwvework patterns could be observed, which varigs w
job responsibilty or work flow pattern variation.

Another possible analysis is comparison of timenspead frequency of visits to different patientmosg if

this data becomes available. These and other queséin be answered if precise technology for data
collection becomes available.

Additional analysis can provide insights on weeldyility utilization. From figures 6 and 7 it careb
inferred that Mondays and Fridays are the busiags avhen resources travel considerably more distanc
in the ward as compared to other days of the wéddo, analysis of most frequently visited ward
locations can be done from Figure 6.
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Fig. 6. Comparison of total time spent. ig. #. Comparison of Euclidian distance travelled.

3.3.2. CORRELATION IN VARIABLES

In this section we investigated if there any relaship between total time spent and frequency of
visits to respective facilities of the ward withdwandom sample data sets. Null Hypothesis: Trenoi
correlation between total time spent and frequeriaysits in different facilites.

*** Correlations for data in: SAWPLE 1 *** Correlations for data in: SAWLE 2

Count Ti me Count Ti me
Count 1. 0000000 0.9867939 Count 1.0000000 0.9971425
Time 0.9971425 1.0000000 Time 0.9867939 1.0000000

Fig. 8. Correlation data example.
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Interpretation: The correlation coefficient informs that time dnelquency are very closely associated to
each other (using Pearson table, see Figure 8kdfople 1, Level of significance (using Pearsote)ab

r. 27 is Degree of freedon0.98 for 27 degree of freedom;=0.367 (0.05) ang=0.471 (.01)

(r(27) =0.98p< 0.01). For sample 2 Degree of freedom is 35. @aled value of = 0.99 in our samples
and it is higher than (alpha 0.05, 0.325 and alpba, 0418)((37)=0.997 p<0.01). Hence we reject the
null hypothesis.

3.4.SUMMARIZING KEY OBSERVATIONS

Above analysis demonstrates that RFID data cansed tor expoloration of workflow analysis
even with technology limitation observed and raligbof recorded observations. Below is the ligt o
some of observations that can be drawn using attastical analysis.

3.4.1. RESOURCE UTILIZATION

 There is significant difference between variousorese utilization, this difference could be
subsequently analyzed to improve resource utibzati

» Patterns vary from resource to resource.

* Reception area (center wing) which has most of agergerminals is a highly used area of the ward.
Time spent here and type of work performed in #msa of the ward can be used as one of the
measures to understand productivity.

3.4.2. FACILITY UTILIZATION

» Hallways are frequently used, to carry medicalsatt . So, for easy workflow and access, special
consideration should be paid to design facilites.

» Allocation of patient rooms to medical eprsonnelynieave impact on productivity. This is very
important observation because it plays vital raleptimal utilization of resources and can be vexlif
using RTLS technology.

» Usage of wings is normally directly proportionalrtomebr of patient rooms. Wings with less patient
rooms have lesser frequency of visits.

3.4.3. INFECTION CONTROL

* ltis very useful to have location of sanitizatiamts in areas of high utilization.

» Based on observations, central wing has the highaf§ic area and potentially most vulnerable for
infection. To prevent contagious diseases, morgizag units should be installed here.

* Wings with most of patient rooms have highest ttafivhich makes them more prone to spread of
infection. In W21C, north wing has most of theig@at rooms and is also the largest wing in the ward
S0 more sanitization facilities should be instaleere.

4. SUMMARY

To summarize, we conclude that spatial temporala damalysis is an effective way for
understanding medical workflow with the goal of wethg patient waiting time and increasing utilipati
of medical facilities. This paper paves a feaswdg towards facility redesign so that critical fa@s are
ideally located in clinical care settings. Moreqweorkflow analysis informs about which areas of th
ward are high traffic and hence prone to more tndac Like any other evolving technology, RFID has
some technological, privacy, security and otherstamts that need to be addressed before itscapioin
can be extended from a prototype to a large scalegt and before it can be used to make any judgjme
on productivity or work quality levels. Neverthedesour primary motivation has been fulfilled —
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highlighting potential uses of RTLS technology amdovative use of spatial-temporal data for wonkflo
analysis.
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