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ERGONOMIC DESIGN OF INTERFACE FOR CONCEPTUAL FLOOR PLAN MODEL
AND SPATIAL EVENT HANDLING IN RFID APPLICATION

The development of advanced spatial-positioning rmoditoring systems for medical monitoring and egeecy response
using RFID & Wi-Fi technologies is a large-scales@sh project being conducted at the ward W21C oftlits Hospital, Calgary,
Canada by University of Calgary. The scope of thigjgmt is to support real-time location trackingroédical equipments and
personnel in hospital settings. In this context,degeloped an innovative, interactive, decisionpsupmedical system for tracking
of personnel and high value medical equipments. gda behind development of such a system is twigeoa convenient, easy to
use interface using existing technologies thatallto visualize and analyse clinical pathways aealth care provider's workflow
pattern as well as to perform time motion studies more advanced statistical pattern analysis. &\échieving this goal, we aim to
also fill the existing void of documentation andegent to scientific community functional issuesamtered along with their
importance in success.

1. INTRODUCTION

The development of biomedical devices supporting-inwasive medical monitoring is an exciting domafresearch,
with significant human health implications and eptienal technology transfer potential. Novel wisdelevices for the real-
time monitoring of the location of patients, mediparsonnel, and equipment are now commerciallyla@ve, proposed by
some as a technology solution that can contributeetter and safer health care. Real Time Locaigstems (RTLS) can be
based on RFID (Radiofrequency Identification Taghinology and Wireless Fidelity (Wi-Fi) networksheBe technologies
have been implemented at some of the medical ceateund the world but without any notable publisirformation not
only on operational issues that arise with thislementation, but also on user friendliness andcéffeness of this technology
in meeting its intended benefits.

The Medical Ward of the 21st Century (W21C) at lRdlst Hospital in Calgary, AB, Canada is a settingvhich these
technologies can be tested to assess their ugahilén applied health care settings and to explogepotential contributions
of RTLS to safety and quality of care. Technologgders IBM and AeroScout are also partners inrdsiearch.

The fully interactive path tracking system develbjp®e based on ergonomic design principles. ThisePapgues that
ergonomic criteria if applied to RTLS system in rioadl environment can significantly improve over syistem usability and
will ultimately enhance patient care. Evidencesmesented to corroborate this argument.

2. BACKGROUND LITERATURE

Location-based tracking is a new area of applicattmd research in healthcare for addressing patefdty.
Most location based tracking technologies to dateetbeen cantered around RFID. However, the emeegefiVi-Fi tracking
technology which uses the existing 802.11 wirelegandard has been gaining more momentum recently [9
The advantage of the Wi-Fi solution is that it ues existing wireless infrastructure that is beimglemented in healthcare
environments, including our research ward W21Cdifiaally, location based tracking has been appf@ the “real-time”
identification of assets, such as wheelchairs artilgor equipment [3]. However, the potential éxido apply Wi-Fi
location-based tracking for improving quality ardtleessing patient safety [1, 4]. Since this is & mnovative technology,
the application of these devices and systems ipitadbseenvironments is limited and the literature itmapplication remains
scarce. We foresee that location-based trackinbuofian resources such as physicians, nurses andirtexiaction with
patients can provide insight that could contribitdmproving patient safety and quality of careaBwles of this include
improving clinical pathways, provider's workflow J[8information about monitoring patient safety pedares, time motion
studies and more advanced research applicatiofis 1&)].

As was recently demonstrated in [5] good knowledgmagement of any health care related data camh fignificant
benefit for overall patient care. On the other hamell developed principles of ergonomic designd4g§ always a significant
input into overall knowledge management.

The rest of paper is organized as follows. Section 3: Brief overview of Research Project, Section 4: Salient features of
Previous System, Section 5: Test Case Results of the previous system, Section 6 : Salient features of New System, Section 7:
Model Validation and Experimentation, Section 8: Conclusions & Future Advancements in the project and Setion 9:
Biblography.
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3. BRIEF OVERVIEW OF THE RESEARCH PROJECT

The recently-established Wi-Fi Network on the W2%@ key infrastructure asset that now makes imptgation of
location tracking system readily feasible. Thistponl aims at integration of such technologies (R Wi-Fi) into an
applied clinical care setting, and also exploratiéthe potential impact of this location trackiggstem on safety and quality
of care.

Following is the ‘high-level’ overview of this regech project. The initial phase focuses on the dwtation of the
organizational process of implementing RTLS techg@s (RFID/Wi-Fi) in hospital setting, with empigsn documenting
the challenges & barriers encountered with thdintgms. After execution of pre-created test plemsneasure performance of
technology, validation of time & location data pused is being carried out by a team of doctorssesiand technology
experts. The data collected is used to developtimal observational and motional measurements dadicaé personnel
(physicians and nurses) and equipment trackingyréate spatio-temporal data for analysis and vizatin of work-flow
patterns of health care service providers. In #st phase of research, observational analysis dfcalepersonnel activities
related to patient care and infection control pcast will be used as a basis for the developmentecfinology-based
interventions that might contribute to safety angldy of care. For example, hand sanitization ipt@ patient visits will be
followed by an alarm reminder for providers, if yigo not visit sanitizer.

In the context of this large-scale research projihet path tracking system was developed over tistirgg floor plan
model which allows to dynamically display movemeofsone or more subjects on the floor plan, represeighbouring
relationship on the model and analyze time andespapendencies between the observations. Develamheiser interface,
underlying data model, path visualizations and ysiglof resulting motion are carried out utilizieggonomic principles of
system design

4. SALIENT FEATURES OF PREVIOUS SYSTEM

Following are the key features of the applicatiad &s user Interface.

4.1. FLOOR PLAN MODEL

Floor plan model has been developed based on pthysichitecture of research site W21C, Foothillsgiil, Calgary.
It visually shows entire ward setting comprisingvafious types of rooms, their purpose and allowsitultaneously track
location, time and movement of subjects in the ward

Features of previous system

— Load and display floor plan files.

- Load and display the tracking data files for a sabj

- Presentation of rooms in different colour as peretutility.

— Grid representation of the floor plan.

— Export the floor plan as an image.

— Display path and frequency of its travel.

— Hierarchical tree representation of rooms in thedwa

Show the room purposes
Load a hospital floor plan
<<extend>> Show the grid
<<extend>>

, <§exber1d>>
,{:

é % Szl
Display afloor  }=------- e Export the plan as a picture

User

<<extend B

Fig. 1. User Case Diagram of the Application

4.2. USER INTERFACE OF THE APPLICATION

User interface has been divided in three partspnNiéenu at the top, Hierarchical Representationoofirs on the left,
Visual Representation of floor model on right. Fign2 below, displays the application with trackipgrpose and grid view
settings.
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Fig. 2. User Interface of the Floor Model

5. TEST CASE RESULTS OF THE PREVIOUS SYSTEM

To discover potential area of improvement and eobarser experience test cases were executed inltaiim with
medical personals of Foothills hospitals. Thesd tases compared output of the system with usetfsereence and
requirements

The obvious need of improvement was visible. We meport some of the errors and improvements basedoth
functional and ergonomic criteria.

5.1. FUNCTIONAL TEST CASE RESULTS

Functional Test Case Results Priority
The system doesn’t take into account the doorshatfidvays to compute the movement.| High
just looks at the XML file and checks if this isreighbour’ value to decide if a movement
possible or not.

The comparison of 2 files doesn’t care about time. Medium
The application displays the floor as needed buisés an external library ‘QT’. It can | Medium
useful to remove this external library to realliggahe control of all it is displayed.

The XML schema has to be more restrictive withltduation. Low
The application doesn’t manage the floor selection Low
The application has to valid the XML before loading Low

Fig. 3. Summarizes the Functional Test Case Results

5.2. ERGONOMIC TEST CASE RESULTS

Ergonomic test caseresults Priority
Resize the main window according to the screen size High
Change the concept of “each action, another window” High
Add a Menu bar toolbar with icons to facilitate tee of function. Medium
Save the users’ preferences. Medium
Add confirmation messages (also provide facilitylisable messages) Medium
Provide some tooltips for users Low
Provide the user with a online help Low

Fig. 4. Summarizes ergonomic test case results

6. SALIENT FEATURES OF NEW SYSTEM

Based on test cases results new system was degledogefollowing are details.
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6.1. PATH TRACKING SYSTEM USING EXISTING FLOOR MODEL REHRESENTATION.

Our goal is to enhance operational functionaligesl visualization aspects of the application insistence with
ergonomic principles of system desigriErgonomic design integrates knowledge from the huarad technology sciences to
match systems, products and environments with lilysipal and mental abilities of the users. The rogaic design principles
that are were referenced in development of thi$ getcking system have been Compatibility, Guidan€ensistence,
Adaptability and Explicit control, Workload and BrriManagement. Following are the key benefits actde

Functionality Improvements & Enhanced Visualizatiothe application:

— Shortest paths are computed in the applicatiomlditian to the horizontal and vertical computatafrthe path.

— Data Filters functionality is incorporated to pestrictions on the tracking data files.

— Analysis tools are extended to provide additionfdimation based on acceptance or rejection of o\afdter.

- New Functionality is provided to compare two or mtracking data files, i.e. comparison of pathsaaf subjects
with subsequent comparison report.

— The software additionally provides the users wittlemn visualization of the path of the subjectsmre than two
different ways(refer Figure. 5) other than thistsafe also provides with a mouse over events fer osnvenience
(refer Figure. 6)

— Statistics tool are provided in the applicationdorlysis and decision making.

— User preferences can be stored by the applicatisaved user from doing same set of actionsya@aeferences
such as Filter selection, Layout settings, Toold®itings, grid settings, Colour preferences castbed. So next
time when user uses the application all of thettings are already set saving users time.

— User experience was enhanced by significant additisuch as help wizard, online help for user refsrs,
Language Translation, additional menu & tool bars.

R3606  |R3607
>>>>>>33>> 1 path Type Human
2232223332 2 paths Name Jonathan Gilgen
2222222222 3 paths Time 10.30 am
] ®
Cunentpathsiviseaination 3T 2 paths Static time ~4 minutes L
7222222222 3 paths il X I
— — — 2 paths »rrrerrrrr 1 path *
—_— Gpaths veoee 2paths R3604  [R340Y  [R3b02
soeeeee 3paths :
—+ = = = = | path .
—b = = 2 paths F1
——— 3 paths
Fig. 5. Symbols for displaying different paths pphcation Fig. 6. “Mouse Over Event” facility

Show the room/path//hallway information

i s=extendzz> .°
S geubend S Use the analysis tool

ccextends> Lo
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Load and display a hospital floor plan

Change the analysis tools

Show / Hide the haspital tree /
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e
=8 =
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Manage the paths visualization settings -‘
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——————————— Load I or more tracking data files
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Fig. 7. User case diagram on the application
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6.2. USER INTERFACE OF THE APPLICATION

User interface of new application is shown in Feg8t System displays floor model visualization extitce. Menu bar
and two more tool bars on top and other on thedkthe screen, hierarchical representation ofrflplan at extreme right,
status bar and zoom (+/-) at bottom of the userfate.
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Fig. 8. Application Interface

— Figure 9 displays more features of developed agfitin, such as manage (time/space/purpose) filbath, setting (path
detectors/analysis tools/path drawers), layouirngsttand room purpose window. The red arrows orfldwer model are
the subject’s movement in that ward and any molisk on the subject informs about it's details. Baolour resemble
a specific room type.
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Fig. 9. Application Interface Fig. 10. Applicatidmerface

- In new application, subject movement on the flotanpmodel are displayed using arrow head symbaoisbégdter
understanding. There is also an added ability tonzdo focus on movements in any particular areastasvn in
Figure 10.

7. MODEL VALIDATION AND EXPERIMENTATION

In order to validate the interface, it is necessarygo through functional and ergonomic criterialeation and to
analyse if all the weaknesses of the previous pt@ee corrected. This phase would be useful ferftiture enhancements of
the application.

The testing of the application was done by tearhedlth care providers who will be using this apgtien on daily
basis. Figure 11 and Figure 12 very clearly shasiynificant improvements in the application’sdtionality and ergonomic
design. Figure 11 shows that the new applicatiomotsonly very easy to use and compatible with umssds but also very
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robust to deal with high volume and significanthntplex data including hospital floor plans, purpo$&ooms and intricate
paths. Display of tracking data in new system is@®prehensive and user friendly as loading of.dataddition to features
shown in the chart, there were also many otheufeatadded to the application (refer section 6).

Lead a hospital floor pan

Compatibility m VisaTrack
5

= = VisaTrack PreviousProject

previous projact

Load and disp ay tracking cata Dispay a floor

Workload Consisteney

Showthz zird Show the room puraooses

Error management Adaptability

Cxportthe pan 3sa piciure Explicit control

Fig. 11. Functional comparison score Fig. 12. Eagoic comparison score

New application (VisaTrack-gray) and Previous peojavhite) in the radar charts above.

8. CONCLUSIONS & FUTURE ADVANCEMENTS IN THE PROJECT

The Path Tracking System developed on existingrfim@del, using ergonomic design technique has hep
effective in satisfying user requirements. The wsial statistical and Filter tools along with palbtectors make this
application very efficient in tracking personalsiaesources in clinical care settings. User frigradis of this location tracking
system, plays a vital role in the success of tipiglieation. These improvements boost user confideanod hence make it
possible to take this research project to nextlleve

Next level in this research project will be devetemt of Spatio-temporal data analysis and visuiainaof work-flow
patterns of health care service providers. Thi$ el followed by performing observational analysfsmedical personnel
activities related to patient care and infectiontoal practices.

The outcomes of this research will lead to polietting knowledge directed on improvements of compgecesses
(infection control, work flow, critical and lifesang equipment sharing, etc.) in the hospital enwinent. This process
enrichment, in turn could produce improvementslinical outcomes, provider well-being, patient stction, cost and time
saving, and overall safety and quality of care.
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