Supporting indoor evacuation through landmarks on mobile displays
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Summary We present an attempt to establish the role d& &uring emergency evacuation from indoor settings
We attempt to present a methodology for establishiframework of information visualization for sgecneeds;
evacuation conditions in this paper. A generalsifesition of landmarks is presented first. Thialkowed by an
attempt to give a holistic range of visualizatimsgibilities. A user test was conducted to corrateosome of the
postulates we made regarding the ideal depictioedoh class of landmark. The setup and resuttiofest are de-
scribed. Our goal is to present an approach thatsed for evacuation conditions in indoor settisgscifically, but
one we believe can be translated for other contextsell.

Introduction

Advances in technology have increased the effantise of the mobile phone as a context-aware agiémer via
activity recognition Kray 2004) or by location sensing and positioni@®PS, Gallileo, Cricketetc.). What this pre-
sents is an opportunity to transform the mobilenghfsom just a handy telephone, to a handy sourabiquitous,
pragmaticinformation. Projects have been done to harndésstiential of the mobile phone for tourism whthis
could prove invaluable as value addition to anadimg experience. One other possibility is disastanagement
where the presence of directed, unambiguous andttered information could be invaluable for botraeuees and
rescue personnel. Research has been done to imih@weteroperability of relief services, improvetautomatic
generation of escape routéai(& ZlatanovaZlatanova et al2005) and so on. What we did not come acrossawas
attempt towards the user centered visualizatioevatuation information, which we feel is just apartant as the
system architecture as it is the first “frontietirothg the actual usage of the system. To this emdpresent first a
general approach to geographic information visatitim on the mobile screen and then postulate estdat frame-
work for evacuation purposes.

Briefly, when evacuating a building, the chief stof panic is confusion - that stems from a cogmibverload
- too much information to deal with but not enoygshgmatic informationGhao et al2001). In the case of people
new to the building, the main problem is a laclonéntation - where they are with repect to theé erd the build-
ing (Boer et al2004). A lot of confusion can be eliminated byt,uigstly, telling the person where he is - in gk
language he can quickly grasp, and then let hinwkhow to leave. Also helpful, we believe, mightthe knowl-
edge of where exactly the source of danger is fapalssible, alternate escape routes as well.

Parameters for effective evacuation maps

Based on literature on map and visual communicat&sign Tufte 1990, 1997Kosslyn1989,Keates1996,Lloyd
2000), we chose the following points as paramdtersffective maps for evacuation purposes. Basethese, we
made some hypotheses as explained in a later sectibthese were also the key factors which welfitested out.

1) Completenesdhe degree to which the map is adequate for theuee to make his way out. The aim in the
previous section was to get a complete representafithe exit route.

2) Flashbulb timeThe time it might take for the evacuee to scamtae and internalize it.

3) Visual clutter / perceptual qualityfthe more visual clutteiPhilips and Noye4982) there is, the more time it
takes for the evacuee to understand the messagigal\dlutter implies a high flashbulb time but thek of it might
not mean that a map is internalized quickly. Thigshy we list the flashbulb time as a seperatetgre.

4) Symbol clarity:The degree to which symbols used are understamdétiiout putting a legend into use. A safe
hypothesis may be that greater the degree of itgr{iGattis 2003) of the symbol, more clear it will be. Thisasv
one of the key goals of our test.

5) ConsistencyWhether the same scheme of symbols is used thootighseries of signages. This is because simi-
larity helps in buiding mental links between difat signages and the message of each sign hagdtciphered if
the evacuee is to get out of the building safely.



Visualization of evacuation information
Our main aim in this section is to look at the was facets of envisioning evacuation informatiorsorall screens.
The design of efficient wayfinding aids dependsaogood understanding of the wayfinding procesdf i{g&ssini
1992). A basic approach to wayfinding processeagvisn by Downs and Stea (1977), who differentiate follow-
ing four sub-tasks:

1. Orientation, i.e. determining one’s positioramenvironment,

2. Choosing the route, i.e. planning one’s routéhédestination,

3. Keeping on the right track,

4. Discovering the destination.
With these points as our goals, we subdivide thpgctof visualization into the following topics:

- Why use a map for communicating evacuation infgiom.

- What are landmarks? What are their chief chariatites?

- How can landmarks be classified?

- How to choose landmarks for indoor settings.

- How can each landmark be visualized.

- How can spatial relationships be depicted on kseaéens.

- Evolving frames of reference and the small screen

- Options to be presented to the evacuee.

- The evacuation context.
We will now look at each of these topics in turm dhis should give us a fair understanding of infation visuali-
zation for evacuation conditions.

Classifying landmarks
We classify landmarks from various points of viegrdnto get a better understanding of them and te reffec-
tively choose a landmark when necessary. The iotehiere is to get as comprehensive a taxonomyssitge and
to list the attributes of each “type” of landmafle next step would be to postulate a mode of limat#on for each
type of landmark. The hopeful result is that
* By quantifying the attributes of each type of lardlky we can judge the usefulness of any objechieravi-
ronment as a landmark and
« If we create a set of pairings of attributes arslalizations for types of landmarks then it is gaesfor a
PDA/server to automatically generate the most peggnvisualization for a landmankhich might not always
remain the same
For example, a lot of objects and information htovbe shown on screen and perhaps, the next lakdahére next
decision point from where the person is standing b& shown as a sign or just text initially, butynmeeed to be
shown in visual detail as he approaches it. Thidccalso be feedback about the distance of theumeafrom that
particular node.
We have three basic ways of looking at landmarksn&tructural semantiqRaubal and Winte2002) orphysical
points of view.
1) Structural classificationWe classify landmarks, structurally, based orirtleeation with respect to the evacuee
or with respect to the whole environment (which rbaythe whole floor of the building or the buildiitgelf). With
respect to the evacuee, we can classify landmarks a
- Global vs local
- On-route vs off-route
2) Physical classificationWe can classify a landmark either by the nattithe physical object or the characteristic
which sets that object apart as a landmark. Objadise evacuation environment may be earmarkddranarks
based in the following two broad ways:
- Visual vs functional
- Rigid vs movable
3) Semantic classificationWe can classify landmarks based on how they arnsidered by evacuees and how
evacuees interact with them in normal, non-evaonatonditions. We can classify landmarks as:
- Orientation vs reinforcement
- Denotative vs connotative visual landmarks
The classification that will be discussed in thk paper may be represented as shown in fig 1.



A Taxonomy of Landmarks

Semantic Structural Physical
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Fig. 1. The presented classification of landmarks

Picking attributes for the types of landmarks
The next step is to list the major attributes aftetype of landmark, so that any object can besiflad as one of
these “types” based on the attributes it does gesahot) possess.
« Visual landmarksThe key features for a visual landmark are Migjoand differentiation (uniquenesd)igckin-
son et al2006).Raubal and Winte2002,Raubal, Winter and Nothegg2005 describre relevant factors.
« Functional landmarks(the relevant attributes will be described in fihié paper)
¢ Rigid vs movabtelntuitively, a rigid object may be more preferaltb a highly movable object as it might not
get moved around in an evacuation condition.
e Global vs local:As we will later see, the main reason this bifdsocamatters is the level of detail in which to
represent the object. The reason is explainedeifiuth paper.
« On or off-route This is an objective measure and it depends onlthe object’s location and the computed es-
cape route. All the subdivisions of the on-routedimarks are the same way.
« Connotative vs denotative / semantic “valu&his is a more subjective measure than what we baen so far.
Some of the attributes of connotative landmarkshiriog:
- Cultural and Historical ImportancéRaubal and Winte2002)
- Symbolic valueSome entities have become attached with symBalsinstance, McDonalds is best
represented by its log8étke et aR005).
Orientation vs reinforcement landmarks.
The different classifications presented here ateemolusive. This particularly comes into play whea try to
quantify each variable. Some postulates/statenvemtsan intuitively make are:
¢ Off route landmarks can mainly help in the (re)ota&ion of the evacuee
¢ Off-route landmarks should be treated as globalrzarks
¢ Denotative landmarks are highly visual landmarks
¢ Global landmarks may be for orientation and loaatimarks for re-inforcement
¢ Local landmarks are best used in between nodes.
* Functional landmarks are better for people famtletheir settings [tested]
* Visual landmarks are better for people new to theftings [tested]
These statements are important for the followirsgoas:
- Each major classification will have one visualipati'paradigm” that we propose in a later sectiod st with
a first user study
- Each object will have to be compared with the latié list and classified.
Such cross-references might help in getting a moreprehensive solution. Some attributes can betirquanti-
fied beforehand. For instance, the facade area efevator can be directly calculated. Some atiethowever can
only be judged empirically against a scale, cultimgortance for example. Some other attributes madably be
judged objectively. For instance, social frequetropy” be measured, by probably sensing PDA sigmals;h like
situated diplays in Kriiger (2003). We will now loakhow each “class” of landmarks can be visualized



Visualization of individual landmarks

With respect to depicting individual landmarks, the issues that need to be looked at are: “whiolderof depic-

tion might suit our purposes best” and “what traitshe object to depict when necessary”. The fattight be better

understood with the statement “what traits of avador contribute most to its elevatorness, thanaost associated
with it and would be most quickly associated witHuring recall”.
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Fig. 2. Some ways of representing a major landmark on alenstreen. (a) taken from http://www.it.stlawwed

Some of the main ways of representing individuajomindmarks are as shown above, in decreasirgj| detm
left to right. We base this discussion again ontiie theories presented in an earlier section whahthat we re-
member objects based either from a snapshot of myeondrom their structural properties. Silhouettesspart of the
structure-based object perception play an importletin preceiving the object since many objeta&d the statue
of liberty for instance), have definitive silhowesttand are easy to recognize. Line drawings areidened equal to
silhouettes and line drawings are particularly effe when rapid responses have to be made. Thisviofrom the
structural theory. However, when all the informatiaf an object that needs to be presented in dodensure rec-
ognition, cannot be presented (maybe due to spatstraints like in a mobile screen), then, linedobdrawings are
the least effective form of representation. A st@@yas et al2006) conducted to test the speed of perceptam fr
different representation types used four main tygfesepresentation: Photographic, shaded drawing, drawing
and cartoon. It was found that cartoons were masityeperceived and line drawings were least egshgeived.

What we postulate, building on this study is thedpe who are very much familiar with an objecttém remember
an abstracted version of it i.e. remember it stmadly. People who have only seen an object oritlegreremember
a snapshot of the object, remember it by its nanfarxtion, or dont remember it at all. Based os theory here,
we infer that a cartoon like depiction of the glblaadmark, with its chief defining characteristiesaggerated (part
d of figure 1 for example) is probably the besttfoe instant recognition of the object. Adding artliae will only
accent the loandmark and maybe draw attentionas vtell thus making part ¢ of figure 1 the idealvto represent
an elevator on a mobile screen for evacuation E&Ro

Based on these theories and tests, we can fornalaatrix” of visualization possibilities as shownfigure 3. In

the lower part of the figure, we summarize the fidssnter-relationships of the various classesliasussed in an
earlier section. A cartoon figure was most easdycpived in Elias et al (2006). For this reasonabgmenting the
cartoon with the function of the object, we canduode that (3) would be fitting functional depiatiof a sliding

door. Visual landmarks need to be depicted, werirde quasi-realistically as possible as their gaitmn / recall

hinges on their visual features. But photographsugh a small size (75x75 pixels in this case), matybe under-
stood very quickly. For this reason, we infer, @idgon such as (5) fulfills the required criteritor a visual land-
mark. This matrix is as depicted in figure 3.

Connotative landmarks, however, rely heavily onirthppearence. Also, we choose for connotativerteartls, ob-
jects with some significance/importance and it'senprobable that people would be familiar with thémot their
location in the building in all cases. So, showthg landmark in its physical setting, contrastediragt the sur-
roundings by its visual attributes would, we hymsilze, be an effective depiction.

The case of local landmarks then arises. If a ldekdgsometric representation of an object is givewill only be an
advantage when the user can perceive it from tine sangle Davis 1989). If the view shown differs from the view
presented, it may only be more problematic foreliacuee. This is what is likely to happen if 3Dwseof local
landmarks are presented. The possibility that we l@ahost of depictions for each landmark, eaci faodifferent
point of view can be considered here. However, suchse will warrant a very precise positioninghtegue. For
this reason, we propose the frontal views (2, 4)doal landmarks.
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Fig. 3: Different depictions for the different classedasfdmarks.

Representing spatial relations on the mobile screen

The main relations we have to portray on the ss@ten are between the landmarks themselves ane wie
user is located with respect to them. The keyimrias the distance of one landmark to another.e@Galy the prac-
tice is to use on-screen distance between the larkdnproportional to the real world magRyétedt2001) The
problem arises when we are faced with large distaicat need to be shown on the screen. Scaling dtivthe
routes uniformly will leave us with little place tepresent local landmarks as they come along.vigiiy helpful, we
hypothesize, to show the complete route to theamdtnot just to the next “checkpoint” or major icleopoint. This
postulate we corroborate in a later section. Tlaesehe problems that crop up when we try to “sdalen” the es-
cape route to fit on the map.

To solve this problem, some of the techniqué¢sik 1994) we can use are

1) Scaling down the landmarks to simulate perspecti

2) Scaling down the “route” to simulate perspective

3) Using colour to simulate distance
The perspective or lack of perspective can helgréating hierarchy as required. Given in figure &€ some ex-
amples of these principles in practice. ‘a’ shows/Hocus is created by breaking perspective ofrtlute. ‘b’ does
not break this perspective. ‘c’ shows the perspeatf the route maintained but the view of the faadk breaks the
“rules” of the layout, which may possibly make tlisonfusing layout. ‘d’ shows the major methods tpuuse.
Size of the landmarks is also subject to perspeesvis the route. A slight “altitude” is givendnsure focus, while



level of detail is uniformly maintained. e usesdkwuf detail in favour of the “altitude” effect. Xeis used to aug-
ment the landmaks in most of the cases but irtégtual instructions are also given initially.

ire starting on floor 3 Firefig

doors

Default screen More options [l Default screen More options

Fig. 4: The various possibilities as explained above.

Schematisation on the small screen

Schemetisation here refers to reduction of infoilmmatontent, from a rich physical world to sketawontent Klip-
pel et al2005). In the scenario of emergence evacuatioalse have a very low threshold for cognitive ovado
The evacuee has to convert the information he @edke mobile screen to the real world and the Maneeces-
sary” information he sees, we believe, the toudfeefinds this translation. We refer back to the faxamples pre-
sented in figure 4. Schemetisation in the firstrfemamples (a to d) varied through different leuals essentially
remained the same throughout. In the fifth exarng|eve see how a change of schemetisation cawtefédy act as
both a local landmark if well implemented and atseates focus on screen due to the elaboratidminpért of the
screen. We may or may not subject the “flattenead! pe. the schemetised part of the image to eets, only de-
tailed user testing will determine which is moredicial.

Evaluation by User study
With a framework postulated as shown in a earketisn, we set out to test some of the postulaegavlier. The
aim of the test was to simulate evacuation condlitiand to see how effective the different modegisfalization
were in guiding the evacuee out. Some of the nsinds that we wanted to test out were:

- How much of the escape route be shown? (magtidita

- What role does text play?

- How much infomation of the “floor” is appropri&e

- What is the “ideal” depiction for each type ofithmark?
The test was a walkthrough through a “post disasterironment. We chose a fire evacuation condititime layout
of the floor was unconvential and a visibility wasite low due to the smoke simulated. We also whtdesimulate
the panic associated with the evacuation conditiorsome extent. We attempted that by creatingeiky] walk-
through where the question of “how to control myveiment” conflicted with “where do | go” to increatse cogni-
tive load on the evacuee. People’s spatial alslitiepend mainly on perceptual capabilities, fundaatenforma-
tion processing capabilities, previously acquiredwledge and motor capabilitiealien 1999,Garling 1983). The
smoke filled conditions and jerky movement couphéth the strange environment helped increase thgsts’ re-
liance on the maps. The smoke filled conditiongtiydowered visibility. We then provided the evaes with “mo-
bile maps” which they could check as they progresse
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Fig. 6: The layout of the test possible locations the sgacould move through.

To guide the evacuee around, we put “landmark’ $ilfire extinguisher, a painting, a sculpture anclevator in
the layout of the floor. These landmarks from hyg¥ibual like the sculpture and highly functioniel the elevator.
We used a painting of Lord Buddha as a connotdgéimdmark. We then created five different versiohthe test,
each with a different depiction of each type ofdiarark. The parameters used to judge performanteedkst sub-
jects were the time taken to succesfully find thié &d number of “errors” made. An error was diéasd as a step
taken outside the designated escape route.

Many of the postulates we made for the “ideal” lmagks were corroborated. Some were not. We deterrtime
following from the results of the tests as weltlas comments we solicited from the subjects aftertést.

- The cartoon depiction used for the visual landnmadved less effective when compared to the quasiistic
isometric depiction.

- Aclear front view of the connotative landmark vpasferred.

- An abstracted depiction of the functional landméighlighting its function was preferred.

- The functional landmark (an elevator in this casa$ the most helpful landmark, according to thgexib. The
problem arose with its lack of “visual differentiity”. A highly visual landmark worked great forientation.

- Too much text proved detrimental and “unnerved’uber form using the map.

- Text might be best used by always having it fobgldandmarks but only “switching it on” for lociaindmarks
when the evacuee is near them.

- Just text and a dot seemed to work well enouglot@l landmarks.

- Showing the layout of the whole floor proved degirtal (as in the case of group 5).



The findings of this study can be represented digyime 8. The time subjects took in deciding iéyhwere at the
right place and where to go next, at each landmaas, gauged by observing them take the test adbgitheir
comments. The number and location of errors madébled us to judge the “effectiveness” of each laadmas
judged by the width of each bar in figure 8.

More detailed results and findings of the userstuill be presented in the full paper.
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Fig. 8 A comparision of the different depictions usedhe user test

Summary and Outlook

We presented an overview of the different methddeteracting with a PDA today. Then a general feavork was
laid down on the various facets involved in viszialy information on the mobile screen. The teseheas succes-
ful in simulating evacuation conditions, to an extelhe next step would be to implement some ofvibars and
ideas presented and test these possibilities hysigal test and solidify the inferences drawn here
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