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Abstract

Themodelingof pedestrianmovementhasreceivedgrowing interestover thelastdecades.
This is dueto thepotentialapplicationsin facility designandespeciallyevacuationsimula-
tion aswell asthefascinationof its fundamentalproperties.Empiricaldataplaysaparticu-
lar role with respectto bothaspects.Thekey challengein modelingandsimulatingcrowd
movementis to validatethe modelassumptionson the onehandandto verify the simu-
lation resultson theotherhand.In this paperwe presentempiricaldataon anevacuation
exercisein aprimaryschool.About two hundredpupils(andtheir teachers)tookpartin the
drill. Threedrills werecarriedout. The premisesaredivided into two separatebuildings,
the larger onecontaining6 classroomswith about120 pupils.The resultsof the exercise
arereported.Additionally, thetime measuredis comparedto thetime gainedfrom a simu-
lation. It took about85 s to evacuatethewholeschool.It hasto benotedthattheresultfor
theexerciseis not a statisticaloneandno standarddeviation canbegiven.Thesimulation
estimated160swith parametersettingsrepresentinganaveragepopulation.Thisdeviation
is mainly dueto thefact that thestudentsto not fit into this populationdemographics.We
thereforeadaptedtheparametersaccordinglyandgot a resultcloserto theempiricalone:
( �����	��
 ) s for the egresstime (500 simulationruns),e.g.,the empiricalresultsis about��
���������������
���� .
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1 Modeling and Simulating EvacuationProcesses

Pedestriandynamicsis avital andgrowing interdisciplinaryfield of research[2,4].
Especiallythe subjectof evacuationsimulationhasattractedincreasinginterest.
Overviewsoverthedifferentsimulationandoptimizationmethodsavailablecanbe
foundin [6–8]. They canberoughlyclassifiedinto:

(1) regressionmodels(hydraulic/hydrodynamic),
(2) queuingmodels,
(3) route-choicemodels(mesoscopic),
(4) macroscopicmodelsandgas-kineticmodels(differentialequations),and
(5) microscopicmodels(socialforcemodel)[9] andCellular-Automaton-Models

(CA-Models)[10–13].

Thepurposeof thisclassificationis thefollowing:Wewill alsocomparetheempiri-
caldatato simulationresultsin section5. It dependsto someextentonthemodeling
approachused,whichdatafits bestto validatethemodelandto verify theassump-
tions the simulationis basedon. For example,aggregateddata,like flow density
relationshipsor overall egresstimescanbe usedfor all five typesof approaches.
However, in orderto take into accountindividualbehavior anddifferencesbetween
persons,onehasto take a closerlook. Thenthe databasisbecomesscarce,since
obtainingdetaileddatais harderthanobtainingaggregateddata.

Thetotal evacuationtimecanbeobtainedby thefollowing equation[14]:
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�
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2 Aspectsinfluencing the evacuationexercise

Theinfluenceson anevacuationcanbecategorizedasfollows: configuration(e.g,
geometry),procedure,environment(e.g.,temperature)andbehavior. Theconcrete
influencesin thecasestudiedherearethefollowing:

(1) Environment:nohazards,no aggravatingcircumstances(cf. section4).
(2) Configuration:Escaperoutesigns, familiarity with thebuilding (seefig. 1 and

section3).
(3) Procedure:After thealarmsignalis triggered,staff (teachersguidingstudents)

andstudentsstartimmediatelyleaving thebuildingsvia thenearestexits.
(4) Behavior: Routechoiceis determined/known beforehand,walking speedis

ratherhigh (2–7m/s),pausingfor orientationis negligible.

It hasto be kept in mind that a singleexercisedoesnot provide statisticaldata.
Thereis no“true evacuationtime” but adistributionof times.Theresultspresented
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hereconstituteatmosttwomeasurements.It wouldusuallybedesirableto carryout
aseriesof measurementswhichis notpossibledueto practicalandtimeconstraints
(seetable1.3).

3 The evacuationexercise

Thebuilding consistsof two separatedparts.It housesaprimaryschoolwith about
200pupils.Thegeometricaldetailstogetherwith theinitial distributionof theper-
sonsareshown in fig. 1. Theinitial distribution is takenfrom thestatisticalrecords
of theheadmaster(classsizesandrooms,not takinginto accountabsences).

Theprocedurewasthefollowing:

(1) Thealarmsirenwastriggered.
(2) Thepersonsstartedevacuating.
(3) A personwasconsideredevacuatedwhenshereachedthe outside,e.g.,had

left thebuilding via its mainexit.

The cameraswhereplacedin 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 thestaircase.Thisdoorwasnotused.In building 2 theonecamera
wasplacedbeneaththestair leadingfrom thegroundto thefirst floor. Thecamera
filming the main exit of building 1 wasfixed on a tripod placedon a table, i.e.,
its positionabove groundwas2.20m. All the othercameraswherenot mounted
(handheld),sotheirpositionwasabout1.80m aboveground.

Thereforeall thevideotapesshow thedoorsfrom theinsidewhichhasthedisadvan-
tagethatcountingmight becomplicatedby obstruction(personswalking directly
behindeachother).On the otherhand,the queuesforming in front of the doors
canbeobserved.It would bedesirableto have bothviews (insideandoutsidethe
door).This wasnot possiblein this case,dueto therestrictednumberof cameras
available.

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

Thenumberof personswasreconstructedfrom thevideotapesin theway that the
sumfor eachbuilding is in accordancewith the total count.Thosenumbersare
lower thanthoseprovidedby theheadmasterof theschoolfor theclasssizes.The
numberof personsin eachroom (class)wasnot countedat the day of the exer-
cise.The participantswereall childrenof the age6 to 10 (first to fourth grade).
Demographicdatacanbe taken into accountin the simulation(cf. section5) by
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Fig. 1. Layoutof theschoolbuilding. It is separatedinto two independentparts(building
1 and 2), building 1 having three,building 2 two floors. The numbersshow the initial
numberof personsin therooms.Thestudentsgatherontheplaygroundjust in front of each
building.

theparametersettings.Oneaim of this endeavor wasto determine(or at leastget
a feelingfor) theappropriateparametersettingsfor sucha population(cf. thenext
section).

4 Restrictionsand Limitations

In additionto therestrictionsmentioned,somefurtherlimitationshaveto bepointed
out in orderto avoid any misunderstanding.Onecouldeasilydiscretetheprocedure
by arguingthatit is unrealistic.Thespecialconditionsarethefollowing:

1 The populationwasratherhomogeneous.However, this hasthe advantagethat
its characteristicsareknown in detail.1 Populationnaturallydividedinto groups(classes)leadby a teacher.1 Therewereno hazardspresent.1 Firebrigadepresent.1 Studentsknow scenario.1 Camerasvisible.1 Severalruns(seesection3).1 Wholeprocedurevideotaped.

4



Thereforetheresultsshouldbeseenasrepresentinganoptimalcase.Any deviation
from thoseoptimal conditionsmight changethe outcomedramatically. It is not
claimedthat this exerciseis realistic in the sensethat it is closeto what would
happenin arealemergency. It is ratherintendedasastartingpoint for investigating
thecrowd dynamicsunderwell definedcircumstancesandto provide information
aboutthepotentialcongestionareasandimprovements.This is thenatureof such
anevacuationdrill. And this is reflectedin thesimulation,too.

5 Results

Figure 2 shows the numberof personshaving left the building via the one exit
on thegroundfloor vs. time (evacuationor egresscurve) for building 1, fig. 3 for
building 2. By takingthederivativeof this curve,onecanobtaintheflow vs. time.
The evaluationwasdonefor building 1 and2 separately. The exercisewasdone
twicefor building 2 andthricefor building 1.Dueto thelimited numberof cameras
resultsfor all runsareavailableonly for building 1.

The evaluationis basedon the videotapes.In order to checkthe validity of the
countingprocedure,theprocedurewasrepeatedtwice for building 2 (cf. fig. 3). It
canbeseenthattherearesmallbut tolerabledeviations.Theresultsaresummarized
in table1.
Table1
Timesobtainedfrom theevacuationexercise.

Building 1 Building 2

first run

1stout 10s 1stout 115s

lastfrom groundfloor 37s lastfrom 1stfloor 35 s

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

lastout 77s lastout 56 s

secondrun

first out 4s

lastfrom 1stfloor 39s

first from 2ndfloor 47s

lastout 81s

third run

first out 11s

lastout 67s
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Surprisingly, drill 2 proceededslightly slower than drill 1. The gap at 40–50s
(fig. 2) is betweenthe first andsecondclasson the first floor (due to the differ-
entbehavior of theteachers:onemoving in front of andtheotherbehindtheclass
(cf. fig. 1 for thefloorplanandtable1 for thetimes).Theshortertime for drill 3 is
mainlycausedby thefactthatthentheteacherof thesecondclasswasalsomoving
behindtheclass,resultingin lesscongestionatthestairentryonthefirst floor, since
theteachermovedslower thanherclass.

Fig. 2. Empiricalegresscurve (numberof personsout vs. time) for building 1 (cf. fig. 1).
Drill 1 to 3 are threedifferent runsof the samescenario,with the samepopulationand
initial conditions.For explanationof thedifferences,seetext.

Fig.3.Empiricalevacuationcurve:numberof personsoutvs.timefor Building2 (cf. fig. 1).
Count1 to 3 arebasedonthesamefilm. Thereforethedeviationsaredueto countingerrors
(seetext).

In additionto theevaluationbasedon theexperimentaldata,simulationswereper-
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Table2
Parametersetusedin thesimulation.All distributionsareGaussian,� is themeanvalue, �
thestandarddeviation.Sincethespaceis discrete(0.4m 2 0.4m quadraticcells),andthe
timestepis onesecond,speedsarealwaysmultiplesof 0.4m/s.

Name unit Min Max � � comment

AveragePopulation

MaximumSpeed m/s 1.2 2.0 1.2 0.4 3	4 � �6587 � � 
:9<;>=
Reactiontime s 0 10 10 10

Orientationfrequency % 0 25 10 10 probabilityfor stopping

Swaying % 1 6 4 1 prob. for directionaldev.

Patience s 100 100 100 50 hasno influence

AdaptedParameters(Students)

Speed m/s 1.6 4.8 2.4 0.8 3	4 7 � � 
:9<;>=
Reactiontime s 0 10 5 2

Orientationfrequency % 0 10 0 10 probabilityfor stopping

Swaying % 1 6 4 1 prob. for directionaldev.

Patience s 10 40 25 10 hasno influence

formed.Thesimulationmodelis describedin [10,15] (alsoavailablefor download
atwww.traffic.uni-duisburg.de/bypass/,categorypublications).Psy-
chologicalinfluencesareneglectedin the simulation.This is justified by the fact
that thepupilsarefamiliar with thesurroundingsandtheegressproceedsorderly.
In this case,thepsychologicalinfluencesarerepresentedby thetime for informa-
tion processing

�!(?)�+ $  
�
 [16–18]andthereactiontime
�!)� �%$#. in eq.(1),whichareboth

negligible here.

In contrastto theevacuationexercise,a simulationallows to do basicallyasmany
runsasonelikes.Then,thestatisticalpropertiesof thedistribution of egresstimes
can be investigated.The simulationresultsshown hereare carriedout basedon
themodeldescribedin [10]. Sincethe egresstime for theschoolwasdetermined
by building 1, the simulationwas restrictedto this building. Figure4 shows the
distribution of egresstimesfor building 1. Thepopulationparametersin the sim-
ulation werechosenasshown in table2. Using a parametersetderived from the
capabilitesfor an averagepopulationthe simulationresultsdeviatedfrom the ex-
ercise.Therefore,theparameterswereadaptedandanothersimulationcarriedout.
Theparametersettingswerebasedon theobservations.E.g., thevaluefor thepa-
rameterwalking speedwasderivedfrom the time thefirst personleft thebuilding
(seetable1 andfigure1).

The simulationresultsobtainedusingtheseparametersareshown in table3 (for
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Table3
Simulatedevacuationtimes(500simulationruns).

StandardParameters(NormalPopulation) @%�BAC�D�FE ���HG s
AdaptedParameters(StudentPopulation) @%�����D��
 � � G s

Fig. 4. Simulatedegresstimes for building 1 (500 simulationruns).The parametersare
shown in table2 (adaptedparametersfor thestudentpopulation).

500simulationrunsin eachcase).

Normaldistributionswerefitted to thedistributionsof egresstimesobtainedby the
simulations.In orderto checkthe reliability of this approach,a IKJ -testwasdone
[19]. Theresultsareshown in table4. I J is definedasfollows:

I J &
LM
N*O-P

QSR N'TVUXW?YZN\[ J
U]W?YZN ^ (2)

where
R N is the frequency in the simulation, U is the numberof simulationruns,

and Y_N is theGaussianprobability for theoccurrence,e.g.,YZN &a` Qcb Nd[eT ` Qcb N�f�Pg[ ,
where ` Q#h [ is theprobabilitydensityand

b�i
is theclassboundaryfor classj .

Thesimulationrun thatcorrespondsto themedianof thesimulationtimes(fig. 4)
wasevaluatedin detail.Figure5 shows thesimulatedevacuationcurve (theempir-
ical oneis shown in fig. 2), whereasfig. 6 shows thedistributionof egresstimesin
a singleprocedure,e.g.the frequency for the individual egresstimes.This datais
only availablefor thesimulation,sincethestudentswerenotmarkedwith numbers
andcouldthereforenotbeidentifiedindividually.

8



Table4k J –Testfor thesimulationresultsfor building 1.

NormalParameters(StandardPopulation)

k 32 numberof classes

alpha 0,05 level of significance

1-alpha 0,95 level of certainty

k J 42.1 seeeq.2

k Jl J*m n*o n!p 46.2 quantile
q @�r J:s k J G 0.11 errorprobability

AdaptedParameters(StudentPopulation)

k 26 numberof classes

alpha 0,05 level of significance

1-alpha 0,95 level of certainty

k J 32.3 seeequ.2

k JJ!t*m n*o n!p 38.9 quantile
q @�r J s k J G 0.18 errorprobability

Fig. 5. Simulatedevacuationcurve for building 1 (500 simulationruns).The parameters
areshown in table2 (adaptedparametersfor thestudentpopulation).

6 Summary and conclusion

Wehave reportedresultson anevacuationexerciseperformedin aprimaryschool.
The studentswerevery familiar with the building, guidedby their teachers,and
highly motivated.The populationis naturallydivided into groups(classes).And
thepupilsarephysicallyfit, probablyevenmorethanadults,very familiarwith the
building, andusedto follow theadviceof their teachers.
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Fig. 6. Simulatedegresstimes for building 1 (one simulationrun). The parametersare
shown in table2 (adaptedparametersfor thestudentpopulation).

Underthesespecialcircumstances,theevacuationproceededvery orderlyandef-
ficiently, the awarenessandreactionwerenegligible, andthe walking speedwas
ratherhigh (up to 6 m/s).Thesefactorshave to betakeninto accountin anevacua-
tion simulationin orderto reproducetheobservedbehavior andevacuationtimes.
In other terms: Y 
�u �0vw& Y +!) �  0x .zy|{ (cf. table1), e.g. thereis no speedreduction
dueto orientationandnodirectionaldeviation(optimalroutechoicebehavior). If a
standardpopulationis usedin thesimulation,thetimesobtainedaretoo largeby a
factor1.6.

Another remarkableresult is the reductionof the evacuationtime for a repeated
drill, eventhoughthemotivationdecreased.However, this influencewasmorethan
compensatedby harmonizationof theflow. Additionally, in thefirst drill thepupils
wereover-motivatedandnervous.
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