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Abstract

Themodelingof pedestriamimovementhasreceved growing interestover thelastdecades.
Thisis dueto the potentialapplicationsn facility designandespeciallyevacuationsimula-
tion aswell asthefascinatiorof its fundamentapropertiesEmpirical dataplaysa particu-
lar role with respecto bothaspectsThekey challengan modelingandsimulatingcrowd
movementis to validatethe modelassumption®n the one handandto verify the simu-
lation resultson the otherhand.In this paperwe presentempiricaldataon an evacuation
exercisein aprimaryschool Abouttwo hundredoupils (andtheirteachersjook partin the
drill. Threedrills were carriedout. The premisesaredivided into two separatéouildings,
the larger one containing6 classroomswith about120 pupils. The resultsof the exercise
arereported Additionally, thetime measureds comparedo thetime gainedfrom a simu-
lation. It took about85 s to evacuatethe whole school.It hasto be notedthattheresultfor
the exerciseis not a statisticaloneandno standarddeviation canbe given. The simulation
estimatedL60s with parametesettingsepresenting@naveragepopulation.This deviation
is mainly dueto thefactthatthe studentgo notfit into this populationdemographicswWe
thereforeadaptedhe parametersiccordinglyandgot a resultcloserto the empiricalone:
(100 + 4) s for the egresstime (500 simulationruns), e.g.,the empiricalresultsis about
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1 Modeling and Simulating Evacuation Processes

Pedestriamlynamicds avital andgrowing interdisciplinaryfield of research2,4].

Especiallythe subjectof evacuationsimulation hasattractedincreasinginterest.
Overviews overthedifferentsimulationandoptimizationmethodsavailablecanbe
foundin [6-8]. They canberoughlyclassifiednto:

(1) regressiommodels(hydraulic/hydrodynamic),

(2) queuingmodels,

(3) route-choicanodels(mesoscopic),

(4) macroscopienodelsandgas-kinetionodels(differentialequations)and

(5) microscopianodels(socialforcemodel)[9] andCellularAutomaton-Models
(CA-Models)[10-13].

Thepurposeof thisclassificatioris thefollowing: We will alsocompareheempiri-
caldatato simulationresultsin sectionb. It depend$o someextentonthemodeling
approactused which datafits bestto validatethe modelandto verify theassump-
tions the simulationis basedon. For example,aggr@ateddata,like flow density
relationshipsor overall egresstimes canbe usedfor all five typesof approaches.
However, in orderto take into accounindividual behaior anddifferencedetween
personspnehasto take a closerlook. Thenthe databasisbecomesscarce since
obtainingdetaileddatais harderthanobtainingaggregyateddata.

Thetotal evacuationtime canbe obtainedby the following equation14]:

tevac = tprocess + treact + tegress (1)

2 Aspectsinfluencing the evacuation exercise

Theinfluenceson anevacuationcanbe cateyorizedasfollows: configuration(e.g,
geometry) procedureernvironment(e.g.,temperatureandbehaior. The concrete
influencesn the casestudiedherearethe following:

(1) Environment:no hazardsno aggraatingcircumstancesct. section4).

(2) ConfigurationEscapeoutesigns, familiarity with thebuilding (seefig. 1 and
section3).

(3) ProcedureAfter thealarmsignalis triggered staf (teacherguidingstudents)
andstudentsstartimmediatelyleaving the buildingsvia the nearesexits.

(4) Behavior: Routechoiceis determined/knan beforehandwalking speedis
ratherhigh (2—7m/s), pausingfor orientationis negligible.

It hasto be keptin mind that a single exercisedoesnot provide statisticaldata.
Thereis no“true evacuatiortime” but adistribution of times.Theresultspresented



hereconstituteatmosttwo measurement$t would usuallybedesirableo carryout
aseriesof measurementshichis not possibledueto practicalandtime constraints
(seetablel.3).

3 The evacuation exercise

Thehbuilding consistf two separategarts.lt houses primaryschoolwith about
200pupils. Thegeometricabetailstogethemwith theinitial distribution of the per
sonsareshavnin fig. 1. Theinitial distribution is takenfrom the statisticalrecords
of the headmastefclasssizesandrooms,nottakinginto accountabsences).

The procedurevasthefollowing:

(1) Thealarmsirenwastriggered.

(2) Thepersonsstartedevacuating.

(3) A personwas consideredevacuatedvhenshereachedhe outside,e.g.,had
left the building via its mainexit.

The camerasvhereplacedin building 1 in the top left cornerof the room right
next to the main exit on the groundfloor (cf. fig. 1) andon the first floor at the
dooroppositeto thestaircaseThis doorwasnotused.n building 2 theonecamera
wasplacedbeneaththe stairleadingfrom the groundto thefirst floor. The camera
filming the main exit of building 1 wasfixed on a tripod placedon a table, i.e.,
its positionabove groundwas 2.20m. All the other camerasvherenot mounted
(handheld)sotheir positionwasabout1.80m above ground.

Thereforeall thevideotapeshav thedoorsfrom theinsidewhich hasthedisadan-

tagethat countingmight be complicatedcby obstruction(personsvalking directly

behindeachother). On the other hand,the queuesorming in front of the doors

canbe obsenred. It would be desirableto have bothviews (insideandoutsidethe

door). This wasnot possiblein this case dueto therestrictednumberof cameras
available.

This procedureallows to obtaindatathat coverssomeof the individual behaior.
However, it is not asdetailedasto allow a directandin depthcomparisorof, e.g.,
thetrajectoriesof all thepersons.

The numberof personsvasreconstructedrom the videotapesn the way thatthe
sumfor eachbuilding is in accordancewvith the total count. Thosenumbersare
lower thanthoseprovided by the headmasteof the schoolfor the classsizes.The
numberof personsn eachroom (class)was not countedat the day of the exer-
cise. The participantswereall children of the age6 to 10 (first to fourth grade).
Demographiadatacan be taken into accountin the simulation(cf. section5) by
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Fig. 1. Layoutof the schoolbuilding. It is separatednto two independenparts(building
1 and 2), building 1 having three,building 2 two floors. The numbersshav the initial
numberof personsn therooms.Thestudentgjatheronthe playgroundustin front of each
building.

the parametesettings.Oneaim of this endeaor wasto determing(or at leastget
afeelingfor) theappropriatgparametesettingsfor sucha population(cf. the next
section).

4 Restrictions and Limitations

In additionto therestrictionamentionedsomefurtherlimitationshaveto bepointed
outin orderto avoid any misunderstandingonecouldeasilydiscreteheprocedure
by arguingthatit is unrealistic.The specialconditionsarethe following:

e The populationwasratherhomogeneougiowever, this hasthe advantagethat
its characteristicareknown in detail.

Populatiomaturallydividedinto groups(classes)eadby ateacher
Therewereno hazardgpresent.

Fire brigadepresent.

Studentknow scenario.

Camerawisible.

Severalruns(seesection3).

Whole procedurevideotaped.



Thereforetheresultsshouldbe seemasrepresentingnoptimalcase Any deviation
from thoseoptimal conditionsmight changethe outcomedramatically It is not
claimedthat this exerciseis realisticin the sensethatit is closeto what would
happerin arealemegeng. It is ratherintendedasa startingpointfor investigating
the crowd dynamicsunderwell definedcircumstanceandto provide information
aboutthe potentialcongestiorareasandimprovementsThis is the natureof such
anevacuationdrill. And thisis reflectedn the simulation,too.

5 Results

Figure 2 shavs the numberof personshaving left the building via the one exit
on the groundfloor vs. time (evacuationor egresscurwve) for building 1, fig. 3 for
building 2. By takingthe derivative of this curve, onecanobtaintheflow vs. time.
The evaluationwas donefor building 1 and 2 separatelyThe exercisewasdone
twice for building 2 andthricefor building 1. Dueto thelimited numberof cameras
resultsfor all runsareavailableonly for building 1.

The evaluationis basedon the videotapesin orderto checkthe validity of the

countingprocedurethe proceduravasrepeatedwice for building 2 (cf. fig. 3). It

canbeseerthattherearesmallbuttolerabledeviations.Theresultsaresummarized
in tablel.

Tablel
Timesobtainedfrom the evacuationexercise.
Building 1 Building 2
firstrun
1stout 10s 1stout 115s

lastfrom groundfloor 37s lastfrom 1stfloor 35s

1stfrom third floor 48s 1stfrom 2ndfloor 35s

lastout 77s lastout 56s
secondun

first out 4s

lastfrom 1stfloor 39s

first from 2ndfloor 47s

lastout 81s
third run

first out 11s
lastout 67s




Surprisingly drill 2 proceededslightly slower thandrill 1. The gap at 40-50s
(fig. 2) is betweenthe first and secondclasson the first floor (dueto the differ-
entbehaior of theteachersonemoving in front of andthe otherbehindthe class
(cf. fig. 1 for thefloorplanandtablel for thetimes).The shortertime for drill 3is
mainly causedy thefactthatthentheteachemof thesecondlasswasalsomoving
behindtheclassresultingin lesscongestioratthestairentryonthefirstfloor, since
theteachemovedslowerthanherclass.
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Fig. 2. Empirical egresscurve (numberof personoutvs. time) for building 1 (cf. fig. 1).
Drill 1 to 3 arethreedifferentrunsof the samescenariowith the samepopulationand
initial conditions.For explanationof the differencesseetext.
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Fig. 3. Empiricalevacuatiorcurve: numberof person®utvs.timefor Building 2 (cf. fig. 1).
Countlto 3 arebasednthesamefilm. Thereforethedeviationsaredueto countingerrors
(seetext).

In additionto the evaluationbasedn the experimentaldata,simulationsvereper



Table2

Parametesetusedin thesimulation.All distributionsareGaussiany is themeanvalue,o
the standarddeviation. Sincethe spaceis discrete(0.4m x 0.4m quadraticcells),andthe
time stepis onesecondspeedarealwaysmultiplesof 0.4 m/s.

Name unit Min  Max pu o  comment

AveragePopulation

Maximum Speed mis 1.2 20 12 04 Avpayx=04m/s
Reactiortime S 0 10 10 10

Orientationfrequeny % O 25 10 10 probabilityfor stopping
Swaying % 1 6 4 1 proh for directionaldev.
Patience S 100 100 100 50 hasnoinfluence

AdaptedParametergStudents)
Speed m/s 16 48 24 08 Av=04m/s
Reactiontime S 0 10 5 2

Orientationfrequeny % O 10 O 10 probabilityfor stopping
Swaying % 1 6 4 1 proh for directionaldev.

Patience [ 10 40 25 10 hasnoinfluence

formed.The simulationmodelis describedn [10,15] (alsoavailablefor download
atwwv. traf fi c. uni - dui sbur g. de/ bypass/ ,cateorypublications)Psy-
chologicalinfluencesare ngglectedin the simulation.This is justified by the fact
thatthe pupils arefamiliar with the surroundingsandthe egressproceedsrderly.
In this case the psychologicainfluencesarerepresentetby the time for informa-
tion processing,ocess [16—18]andthereactiontime ¢,.,.; in €q.(1), whichareboth
negligible here.

In contrastto the evacuationexercise,a simulationallows to do basicallyasmary
runsasonelikes.Then,the statisticalpropertiesof the distribution of egresstimes
can be investigated.The simulationresultsshovn hereare carried out basedon
the modeldescribedn [10]. Sincethe egresstime for the schoolwasdetermined
by building 1, the simulationwas restrictedto this building. Figure 4 shaws the
distribution of egresstimesfor building 1. The populationparametersn the sim-
ulation were chosenasshavn in table 2. Using a parametesetderived from the
capabilitesfor an averagepopulationthe simulationresultsdeviated from the ex-
ercise.Therefore the parametersvereadaptecandanothersimulationcarriedout.
The parametesettingswerebasedon the obsenations.E.g., the valuefor the pa-
rameterwalking speedvasderivedfrom the time thefirst personleft the building
(seetablel andfigurel).

The simulationresultsobtainedusing theseparametersare shovn in table 3 (for



Table3
Simulatedevacuationtimes (500 simulationruns).

StandardParametergNormal Population) (160 + 5.8)s
AdaptedParametergStudentPopulation) (100 +4.0)s

MC-Simulation: Egress Times
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Fig. 4. Simulatedegresstimesfor building 1 (500 simulationruns). The parametersre
shawvn in table2 (adaptearameter$or the studentpopulation).

500simulationrunsin eachcase).

Normaldistributionswerefitted to the distributionsof egressimesobtainedoy the
simulations.In orderto checkthe reliability of this approacha y?-testwasdone
[19]. Theresultsareshavn in table4. x? is definedasfollows:

, (2)

whereh; is the frequeng in the simulation,n is the numberof simulationruns,
andp; is the Gaussiarprobability for the occurrencee.g.,p; = ®(¢;) — ®(c¢;-1),
where®(z) is the probabilitydensityandc; is the classboundaryfor classi.

The simulationrun that correspondso the medianof the simulationtimes(fig. 4)
wasevaluatedn detail. Figure5 shows the simulatedevacuationcurve (the empir
ical oneis shavn in fig. 2), whereadig. 6 shaws the distribution of egresstimesin
a singleprocedureg.g.the frequeng for theindividual egresstimes. This datais
only availablefor the simulation,sincethe studentsverenot markedwith numbers
andcouldthereforenot beidentifiedindividually.



Table4

x>—Testfor the simulationresultsfor building 1.

Normal ParametergStandardPopulation)

k 32  numberof classes
alpha 0,05 level of significance
l-alpha 0,95 level of certainty

X2 42.1 seeeq.2

X32,0.05 46.2 quantile

P(z? > x%) 0.11 errorprobability

AdaptedParametergStudentPopulation)

k 26  numberof classes
alpha 0,05 level of significance
l-alpha 0,95 level of certainty

X2 32.3 seeequ.2

X36,0.05 38.9 quantile

P(z? > x?%) 0.18 errorprobability
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Fig. 5. Simulatedevacuationcurve for building 1 (500 simulationruns). The parameters

areshowvn in table2 (adaptedarameter$or the studentpopulation).

6 Summary and conclusion

We have reportedresultson anevacuationexerciseperformedn a primary school.
The studentswere very familiar with the building, guidedby their teachersand
highly motivated.The populationis naturally divided into groups(classes)And
the pupilsarephysicallyfit, probablyevenmorethanadults,very familiar with the

building, andusedto follow the adviceof their teachers.




Simulation: Individual Egress Times
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Fig. 6. Simulatedegresstimes for building 1 (one simulationrun). The parametersare
shavn in table2 (adaptedgarametersor the studentpopulation).

Underthesespecialcircumstanceshe evacuationproceedediery orderly andef-
ficiently, the awarenesandreactionwere nggligible, andthe walking speedwas
ratherhigh (upto 6 m/s). Thesefactorshave to betakeninto accounin anevacua-
tion simulationin orderto reproducdhe obseredbehaior andevacuationtimes.
In otherterms:psway = Porient ~ 0 (Cf. table 1), e.g.thereis no speedreduction
dueto orientationandno directionaldeviation (optimalroutechoicebehaior). If a
standarcpopulationis usedin the simulationthetimesobtainedaretoo large by a
factorl.6.

Anotherremarkableresultis the reductionof the evacuationtime for a repeated
drill, eventhoughthe motivationdecreased-owever, thisinfluencewasmorethan

compensatetly harmonizatiorof theflow. Additionally, in thefirst drill the pupils

wereover-motivatedandnenous.
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