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Abstract. Wayfinding plays an integral relin the ease of movement
and experience of a place when travellbejween locationsSignage

is crucial to this as it helps ensyseoplein unfamiliar environments
can successfully navigate to their dedim@a when faced with
numerousspatial @cigons. The design of wayfinding strategies is
complex and requires careful consideration of its effect on the overall
design and legibilityThis research aims to develop a decision support
tool which assists the designer in the placensémtirectional signage
within indoor spacs in the early stagef design These positions are
informed thlrough connecting the matial qualites of an environment
using weighted graph theory with consideration of visibility,
pedestrian traffic deiity and connectivity. This connection between
entrances, points of interefPOl) and destinations brings a
guantitative understanding to thew people navigatethrough the
generation ofvisual mas pathing and node value$he result from
this gproach is an automated system which can optimally place
signage within a givemRevit floor plan The signage infomation is
visually outputted in a plan with relevant informatiand analysis
displayedto inform designeron possible desigmadjustmets. The
research contributes to the development aftonomous design
environmend, expanding theopportunitiesof collaborationbetween
the designer andomputer aided design tools.

Keywords. Signhage, Graph Theory, Wayfinding, Automation,
DecisionMaking



2 D. BISAZZA

1. Introduction: (Researchcontextand motivations)

We live in a world ofconnestion. Not only through theinternetand mobile
phones but throughnumeros networks innatual complex system$rom
moleculeinteracton to human relationships, social syste andphysical
systems This include weayfinding which is afundamentalyet complex
human activitywhich we undertale daily. Wayfinding describs how people
navigatefrom a shrt point to theirdestination through path planning and
decisionmaking(Weineret al. 2012

While urbantravel has ber the forefront of reearch in wafinding, in
recent years indoospaceshave takena significant field of interest
particularly public buildings This isdueto the la& of external navigation
supportwhich meansa relianceon the buildingsstructure experienceand
visual aidsto navigae (Holscher et al., 2007)t is through these systems
that wecandevelopfilant al mapso of our environment
simplify and remembeareasfor future journeygLynch 1960) Signage is
one of theevisual aidswhich hasproven to be the most effective ftrose
unfamiliar to an enviroment(Huang et al. 2017; Montello 201G) A | ayou't
with no wayfinding signs is as confusing as a mdkeianget al. 2017.

Signagenot anew cancept but thestratedgesto place thenwithin indoor
spaces is lackingTraditionally the signage stratggis a manual process
which relies on the experience and intuition of the designer. This approach is
time consming and effectiveness of the desigrdecisiors can be
compromisedthrough assumptioiiCalori 2007) The flawswith intuitive
designbecomemore noticeableas the space becomenorecomplex The
layout must also béevelopedbefore any testing can lmmpleed on its
effectiveness which is typically late in the design procesthrough VR
testing or postonstruction user testing

Understanding he signage isplaced is reliant orknowledge ofhow
peope make sense agpaceand the decisiors madewhen navigdhg from
point A to B This networkof interconnection and interaction betwegrace
can be explairequantifiablythrough graph theorflakshmi2017). Graph
theory has been around for decatf®mughits integration with architecture,
specifically wayfirding has ber a recenendeavorUsingtheintersectiorof
graphedges as decisiopoints allows them to beweighted in accatance
with wayfinding metrics The method allows for the creation of a tool that
provides quick, iterative analysigor any size and shape ofesign, with
multiple and compex routes This provides the designerwith signage
placement stratges based onconnectbns and datacomplementing the
understandin@f signagdayous.
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2. ResearchAims

The aim of tls research ito explore howgraph theorncanbe applied inthe
Architecture, Engineering and ConstructigAEC) industry to interpret
wayfinding decision makingn indoor spaces This is throughsesking to
understad the multiple conditionsand decisionspeople make in their
everydayjourneys. Specifically, the aim is tadevelop a workbw that
collaborates with the designdo deliver an optimal signage location
strateqy, providing a basisfor further industrydevelopment

Taking existig research in theidld of wayfinding hopes to et the
foundation of knowledgewhich is used toachieveinsight on parameter
valuesand analysigequiredcreate a weighted grapifhe integration of
external Excd dataon site usagenticipatesa potertial integrationwhich
can be usetb better understand human behaviour within therenwient

3. Research Question
How cangraph theorybe applied to automate signagkcementin the
wayfinding strategy of indoor spaées

4. Methodology

Action researchis a holistic approach to problesolving used in real
situations to solve real problems wherexitidity, involvement or change

must take pl ace guienk2001) diffetedtiBtesiagtion 200 1) . OO E
l earning to other me t hnogddo.l olgti e 8 n @@ u rial geeasr na
Aiparticular way of |l ooking at elour practi c¢
tshould bedo ( McNiff 2013, p.23) . The O6act
re@r ding context while the O6researchoé refer

you do though dategathering, reflection and evidence (McNiff 2013).
While there have been differing ddfions and researctabout action
research, all shathe care conceptof a cyclical and iterativeapproach to an
immediate problem solution. Kemmis (2009) outlined these steps
diagmmmatically as planning, acting, observing and reflecting which
continues until the problem issolved
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This cycle acts as ¢éhfoundation of action research and through little
modification it is capable of beng abl e to MfAadapt to the cc
i ndividual resear ch &pSeim 2000 8. )0Thi§ Azhar , Ah ma
flexibility enables it to solve problems ranging from sosicience toAEC.
The action research pach has been previously implemented in AEC and
has proven to b e ppdrtwthe Idevelsperit tardd to s u

i mpl ementation of information systemsod (Har
fi Ation researh is performed collaboratively and eanites the
competencies of both researchemd gractitioned ( Azhar, Ahmad, & Sei

2010, p. 88) When employing new strategiesd technologiesnito this

projectit involvesthe collaboration with industry prosionals in the fields

of wayfinding and computational design theory and practités €nables

the intertwine of knowledge between different fields of research wiyh ke

understanding ofdifferent shortcomings, opportunities and techniques.

Through this peinership ideas can be generated, tested and monitored with

relevant input about itsrogress which modifies the overall progression.
Furthermore, the process of pasgsidata through asystem through

grasshoppefollows a similar iterative cycle.Prior to the initial testing,

previous architectural woflows were examined, with problems identified to

help determine strategies to procedd the script deelops tests on its

accuracy and robustness are carried out, withabelts reviewed in order to

redevelop and refine as required. This process catitmbe carried out till

a solution is found which creates multiple iterative geiena which inform

and build from each other. The combination of iterative scriptindy wit

industry <coll aboration dlinks theory and |

(Azhar,Ahmad, & Sein 2010, p. 88)
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5. Background ResearcliLiterature review

5.1.INTRODUCTION

AThe true 1 mportance of signage and wa
evident whentheydoont wor k. 06 (Lor erAECpRobessbs) . The s
to a performancéased approach allows for this possibility of dedl to be
minimised, if not removed. Wayfinding is a spatial issue encountered daily
whennai gating within an environment. Lynch
consistent usena organization of definite sensory cues from the external
environment @3 Lynch 1960,

Crucial to wayfinding is the system for communicating legible spatial
information wihin a busy environment (Dubey et al. 2019). Signage has
proven to be easiest tprovide directional information and understanding
with a demonstrated ability totedct strong eye fixations even with low
visual saliency (Huang et al. 2017; Montello 201@utomation of
wayfinding strategies allows for gradual iterations and adjussnt® be
made easier and faster in comparison to traditional methods (Roudavski
2009.

When developing a workflow for signage placement, it is critical to be
able to understanthe decisiormaking of pedestrians in relation to their
complexenvironment

y fi
hi f

5.2. WAYFINDING AND SIGNAGE

Wayfinding explores and examines how people mdkeough their
environment, in essence Ahow | iving organi
origin to a destinationd (Carpman & Grant
failure in a wayfinding system comes down tother a deficiency of
information or architectural coplexity (Raubal and Egenhofer 1998).
Majority of studies relating to wayfinding theories and approaches have a
focus on the urban environment. While there is researclayfinding in
indoor spaces (Campan & Grant 1993; Raubal & Egenhofer 1998), most
focuson a specific setting which is indicative of predefined routes. As such,
its complexity and adaptability are limited to the environment which the
research is conductéal. Passini (1984, 2002) takesnmre holistic approach
of complex architectural symts with a focus on decision making. He
presents the three fundamentals of wayfinding as deeisaking, decision
execution and information processing.
To extend this dfinition environmental psycholagjs have included the
introduction of visual cluethat provide orientation and navigation aid. An
effective signage system can increase the legibility of a complex
environment (Cubukcu 2003). While there has been lotseséarch on
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environmental cues antheir effect on wayfinding, there is a lack of
reources identifying the effectiveness of this research in a system. The
current approach to wayfinding systems involve a manual creation of a
design through the understangiof theory, experience and irttan of the
designer. As a result, the process efaloping a strategy lasts for a lengthy
period with no evaluation beyond -gsite observation pogtroduction
(Calori 2007).

5.3. ACOMPUTATIONAL APPROACH

As the AEC indudry slowly digitally transforms its processes and practices
so does the way desigsecollaborde with computer aided tools for
automating design tasks. Many designers have attemptedcreate the
principles presented in the Image of the City (Lynch@9&ing a range of
computational strategie$his has includedhethod of Space Syrx (Bafna
2003), selectioreriteria (Kavakli & Gero 2001), Inter Connection Density
(O'Neill) and routebased comlexity (Heye & Tumpf 2003). Each have
their own findingsand flaws, with some only considering the structural
features within an environmeniThese approaches gigally overlook
approaches that can quantitatively derive the elements of an environment
(Filomena Verstegen and Manley 2019).

5.4. GRAPH THEORY

Graph theoryis a branch of mathematieshich startedfrom the Koinsber
Br i dprablérnsin 1735 (Sarma2012) This concepthas developd and
over time been applied to more fields refsearh, includingin the AEC
industry (Majeed 202Q) Graph theorydeals with lhe study of topological
relatiors andit forms asthe basis ofpacesyntax Applying grghtheory to
architecturanvolves theconversion of complexpatial environments into a
set ofrelationships of nodemndedgeqMajeed 202D The benefit of graphs
in the AEC discipline isthrough the selection of charactéds relevantto
the design poblem (Roth & Hashimshony1988). This allows for the
analysis of individual spaces that come together to build a wider system
(Kalay 1987)

Comnon forms of abstractiorinvolve producing convex spaces, xal
lines and visibility graphgDawes& Ostwald D13). Michael Betty 2014
proposed an alternativeppro@h that shifted the ephasisfrom lines of
movementto ther intersection. This is crucial to wayfindingthrough
providing information on specific location in space which are the
intersectiorof long lines of sightproviding an array of visual inforntian.

Wan and Krishnamurti (2008) created a variant of the ideas presented by
Lynch (1960) and Passini (1984)n the legibility problem which they
defined as wayfinding manageability. The marzsddigy of a system defines
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a measure for the facilitatiosf wayfinding within an environment. Through

the development of weighted environmentaks and variables theyeve

able to produce a routmsed system which gave an expression of the
manageabilif quantitively. Limitations to the work stem from a maordy
approach at a route level which neglects aspects of the broader environment.
Huanget al. (2017) provides more thorough approach to this which takes
graphical representation, optimisationssofieme and paths and adds in an
agentbased sign refiement. This additional layer provides a combination of
both analytics and human behaw which is crucial to wayfiding.

5.5. CONCLUSION

Graph theory and other computational approaches have allbeteatt to the
dewelopment of an automated wayfinding workflow which provides insights
and evaluations of indoor systems. Although the research specific to signage
placemenhis limited and has diffing approaches, they all provide useful
information to a ddgner about thavay humans understand and navigate
throughtheir environment with the help of visual cues. Future studies can be
conducted that instead combine a range of optittin and evaluation
approaches like Huang et al. (2017) but for indoor spaces.

6. Case Study

The researchexplores how to extract decision making points feignage
through the development ahinterconnead graph whicliteraesbased on
wayfinding principle. The process waslevelopedo have a seamlesgross
platfom between Rhino and Revit, to allow fowltiple stages of designs to
be tested in industry standard work environme®g. running through
different analysis and optimisatia@@chniquesone can get an understanding
of the factos that influencehuman behaviouand the effect it has on the
design of a signageystem. Throughouteach stepof the process action
researchis underaken to ensure the goals are being ntietough
collaboration with industry partner.
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Figure 2. Complee project workflow

1 COLLECTING MODEL DATA

Collecting andsharing @ta forms the basis of the projeData isfeed into
the script through two major souscd he fist isthe Revit model data which
includes the geomtey of the floor plan as well as theformation attached it
The second step involves fdimg existing environmental data about POI
name and usag@&his helps inform the stagnd end pointand weight the

graph.
Revit Model
Filter by level
Structural POI geometry + Excel
geometry + data data ' Spreadsheet

| J
!

Rhino Model

Figure 3. Workflow using Rhino.Inside arttkcel
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6.1.1Rhino.Inside

TheRevit datais capable of beingxtractedusing Rhino.Inside which runs a
live Rhino environment within ReviThis allows for a connected wdkbw

in which changeganbe made to the Revit environment aaugtomatically
update and integate with the script without constantimporing and
exporting The ability to link toa Revit modelis valuableasit is thecurrent
industry stadard forBIM. All data abouRevit familiesand th& paraneer
valuesarestoredwithin the Revit file andby thelinking this to Rhino gives
direct access tdits data Information can subsequently be filtered out to
extract onlycomponentsequired fo wayfinding analysisThis includes the
boundaries (\&lls, columns stdrs, lifts, etc) and the POI datahich varies
depending on thmdoor space.

Q08 @
Y I

.90 @ ¢
s 41—
4 i

Figure 4. RevitSample Architecturfioor plan Figure5. Extracted information in Rhino
6.1.2ExcelSpreadsheet

The Excel datausedfor this researcls a sanple file which would hopefully
evolveinto separate files for different environmeni$is meanshz for a
station it would include data on all relevant station B@dusageandfor a
shoppingcener it would havea separatelataset that igelevantto its usage

This Excel spreadsheeis fed into the grasshopper script and used to
extract families wth the terms contained in the sheet. This did cause issues
as families were inconstantly namedtle actual Revit family namiead to
be inputtedfrom the project
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TABLE 1. SampleExcelspreadsheet data

POI Revit Family/Tag(s) Usage (%)
Toilet wc 92
Kitchen Kitchen 26
Lift LIFT 88
Stairs Stair 11
Largemeetingroom 18P MEET 30

6.2 CONNECTING SPACES CREATING THE GRAPH

Figure 6. Script for extracting ®I from Revitelement dataisingExceldata

[]

o

:

Figure 7. SamplePOl geometry isolated iRevitfloorplan

In order to test the system,Rhino environment waaitially used This not
only helpedincrease the speed dévelopment but also allows fdre script
to work for multiple platforminput. The geometry is fomitial designstage,
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with only a mugh estimation of areas and locationth input start
destination pairs.

The first step was to creata simplified version of the environment as
surfaceswhich serve aghe obstaclesvithin an environment This includes
items such as wallspoms lifts, stairs,columns etc.

Figure 8. Obstacle Creation

In order to get sense of tw peoplemove throughouthe space graph
is created of all possible paths one could takds wasachievedthrough
extracting themedial axisof the plan using/oronoi tessellatioron divided
points alongall edges of the obstasldFigure 9). The paths were then
cleaned by remadmng anythat intesectedwith obstacles athe pattbhecanes
invalid (Figure 10).

e !

Figure9. Voronoitessellatiomf plan Figure 10. Graph creation ofll possible
paths
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Start and destinain poins were manually placedsing poins within
Rhino. This differs to the Revienvironmentwhere the POtata serves as
the startdestination p@ which are derivedfrom Excel dataBy finding the
shortestwalk along the paths generatiedm start to destinatigrihe shortest
route people would mosefficiently travel between these pointan be
determined

Figure 11. Shortestvalk betweerstart anddestinationpoints

Using these paths, the pointavhere people would have to make a
navigatianal decisioncan beidentified by calculatingif the angle of travel
exceed 45°. These points become areas for potential signage.

rrrrrrrrrrr

Figure 12. Decision points withipaths indicated byred circles
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Using these nodessatarting pint for decisionmaking, thedirection of
travel from the node to the destinati@atiows for adirectionto beassociatd
with each nodevhich informs the signage informatiorin order to reduce
the complexiy of information provided all angles vere rounded to their
closa anglewithin 0,90, 180,270and360degrees

I J,; T ‘q
‘.:\\ — { e
i F o—g f b g
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# o | & | k A
Y

L

Figure 13. Arrowsinitiall y generated Figure 14. Simplified arrows

6.3 FINDING MEANING i ANALYSIS AND OPTIMISATION

Oncetheinitial system wasetup, severalanalyss wasrun to determinghe
necessity of the sigor whether additional sigtgewould be required. This
involved calculaing the number ofdecisionsmade at each nodand its
correspondingveighting which dictates the imparice ofthe decision.The
weighting is informed by the values from tEscel spreadshet on the sage
percatageof the POI

80%

Number of decisions at a node
path

Figure 15. Nodes weighted by connectivity
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TABLE 2. Effect ofdestinatiorusagechange on odeat destinatiorone(red rectagle)

Destination i
estinatio Weighted Graph
Usage #b) '
' = |
EN
.
30 ®
¥
®
80 ®

The final set of analysis was the vision from each sign with consideration
of the surroundingenvironment.This is testd tlrough an isovist malysis
from each node to its surrounding ar@his help indicate areas with blind
spots which might need additional sigeags well as areas where signage is
most effective and reaebthe greatestumberof people.

100%

Visibility of signage by area

—"\
/
- /;' ‘
|

L

o

Figure 16. Visibility of area fom nodes using isovist analysis
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While signage iscrucial it is important that only the essential
information is be relayedEven if theenvironment isnot complex and has
good visibility, if there are too many signs it can lead tannecessary
confusion which cancausenavigation errors. Likeise, if there areminimal
signswhich are not within a visible rangeeassurance sighage may need to
be added.This can bdacilitated for by having a min and max viewgirange
which alters the number and positioning of note$e withinsetrange
Another factor for node necessityincludeswhether a sign was placed too
close to adestinationpoint where thedcationwould already bevisible and
only identificationsignage is required

In order to assure thatew nodes were notplaced in inconvenient
locatiors like small corridors or in low &ffic zones, thenewpositioning was
weighted based on prior analysfsvisibility andcentralityof nodes

TABLE 3. Nodesadjustment Bsed on min and max distances

Max distance = 2m | Max distance =3.5m Max distance =5m

Min distance =0m Min distance = 1.5m Min distance = 3m

The <aling of the sample project was relatively small compared to most
public spaceso determining theamin andmax distance for thRevit project
was based othelegibility of text from distance.
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Figure 17. Letter visibility chat (Farm Architects 2019

After iterating throughpossible solutionsa result is generatedith
statisticsattadhed Thesevalues chang with adjustmatsto layout or start
destination pairdnformation orthevisual analysisof the layout canalsobe
toggledon and off The wayinder can usethis information to input their
own creative intelligence ardiscoverhow it affects the ovellasystem.

TABLE 4.Visual and quantitative resuligth different circumstances

Moved destination
results

Changein layout

I nitial results
results

Information Provided

Statistics

No. of nodes: 7
No. of paths: 6
No. of segments: 13

No. of nodes: 7
No. of paths: 6
No. of segments: 16

No. of nodes: 5
No. of paths: 6
No. of segments: 10

Average segment length (m): 4.5
Average path length (m): 1.1
Average exit paths: 2.6

Average segment length (m): 4.4
Average path length (m): 1.1
Average exit paths: 2.4

Average segment length (m): 3.5
Average path length (m): 8.0
Average exit paths: 2.6
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Visibility

Weighting

6.4TESTING IN A REVIT ENVIRONMENT

While the fundamentals of the code mmthe samethe environmentand
complexity of a floor plan from a Revit gextis muchhigher thara simple
Rhino enviroment. It also allows forbourdary geometry anéOl data to
automaticallygenerate fronnputs removing tle maual precess

Several floor plans were test on to esure heflexibility of the script to
different spacesThe results prove to work in a similar fashasthe Rhino
samples however there were somew issues thatecamenoticeable These
involved the need fodistancemeasurementsiodificationdue to change in
scale, changing the mimax length by destination rathethan having it



