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Pathfinder Verification and Validation

Disclaimer

Thunderhead Engineering makes no warranty, expressed or implied, to users of
Pathfinder, and accepts no responsibility for its use. Users of Pathfinder assume sole
responsibility under Federal law for determining the appropriateness of its use in any
particular application; for any conclusions drawn from the results of its use; and for any
actions taken or not taken as a result of analyses performed using these tools.

Users are warned that Pathfinder is intended for use only by those competent in the
field of egress modeling. Pathfinder is intended only to supplement the informed
judgment of the qualified user. The software package is a computer model that may or
may not have predictive capability when applied to a specific set of factual
circumstances. LaaK accurate predictions by the model could lead to erroneous
conclusions. All results should be evaluated by an informed user.
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1 Introduction

Thisdocument presentserificationand validatiortest data for the Pathfinder simulatofThe following
definitions are used throughout this document:

1 \Verificationtests aresynthetictest cases designed &nsure that the simulator is performing as
specified by the &hfinder Technical Reference. Usually these tests attempt to isolate specific
simulated quantities or behaviors and may include only a small number of occufdrisstype
of test often has vey specific pass/fail criteria. Verificatitests ensure that the softwa
implementsa model correctly¢ they are not designed to measure how accurately that model
reflects reality.

1 Validationtests are designed to measure how well Pathfinder's impleiaigon of simulation
models captures real behavior. Usually these teslisexplore theinteraction between multiple
simulation elements and may have less specific pass/fail criteria. Validation tests are usually
based on experimental data or experien@eg. congestion should form at@cation).

Usage of the termserificationandvalidationin this document is designed to be consistent with the
terminology presented in ASTM E14ASTM 1998)

1.1 Simulation Modes

Mosttest casesin this chapter arexecuted using three different configurations (modes) based on the
Behavior Modeoption and theLimit Door Flow Rateption in Pathfinder'sSimulation Parameters
dialog.

1 ASteeringsimulation is run with 8ehavior Modeselection ofSteering This is the default
Pathfinder behavior and all occupants use a steering system to move and interact with others.
There are no specified flow rates.

1 AnSFPEimulation is run with 8ehavior Modeselection ofSFPE In SFPE mode, @agants
make no attempt to avoid one another agdninterpenetrate, but doors impose a flow limit
and velocity is controlled by density.

1 ASteering+SFP&mulation is run with 8ehavior Modeselection of3eering and Limit Door
Flow Rateactive The occpants use a steering system to move, but flow rates through doors
are limited to the SFPE values.

In each case, all other simulator options are &fthe default settingunless otherwise specifie@or
cases that examine speetbnsity behavior, only th8teeringmode is applicable.
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Simulation Parameters *
Time Output Paths Behavior FDSData Misc
Behavior Mode: |Steering

Steering update interval: 0.1s

Minimum flowrate factor: (0.1

Collision Handling

Boundary Layer: 15.0 cm

Specdific Flow: 1.32 pers/(z-m)

Cancel

Figurel: The simulation parareters dialog, showing settings fosteering+SFRE

1.2 Inertia

The SFPi@odesupported by Pathfinder alloswoccupants to instantly transition between speeds

without accounting for acceleration. However, when predicting the results for simulations run using the
Steeringmode, it is necessary to account for inertia. Assuming an occupant must travel somealistanc
d, this is generally done in the following way:

1. CalculatéQ using the following equation of motioml; = 0.5 * (v ¢ o) * t1
where'Q isthe distance traveled) is the initial velocityp is the final velocity, and is the
time it takes to tansition fromb to U . In Pathfinder, thelefaultacceleration is calculated to
allow occupants to transition from being motionless to traveling at maximum veliocityl
secondsU is generallyzeroandv is the occupant's maximum velocity.

2. CalculatéQ as the remaining distance that needs to be travel@d: 'Q Q.

3. Calculate the tim& needed to travel the remaining distand@,, using the equatiornd
Qjo

4. The full timedneeded to accelerate from 0.0 m/s and walk distaf@ethen given byd 0
0.

Inertia also impacts the effective flow rates through the doors for the Steering+SFPE mode, since each
occupant must accelerate when released to pass through the door.
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2 Fundamental Diagram Tests

In Pathfinder, the user caspecify a SpeeBensity Profile; the fundamental diagramSince occupants

can have different individual walking speeds, the user defimesriaalizedprofile. The speediensity

profile forthat2 OOdzLJr yi A& 20 0F Ay SR dnaximvrdzeadbyltlie dcknyaizedi K I {
speeddensity profile(Figure2). The defaulhormalized speediensity profilecorrespnds to the SFPE
specification (SFPE, 200@}h the modification thatat high densitiesthe speed goes to a factor of 0.15
rather than zero.

Speed-Density Profile “
Density Fraction of Max... *E InsertRow Speed-Density Profile
1 0.55 pers/m? 1.0
Remove Row 10
2 3.27799 pers/m? 0.15 ) Previous Walues
= .
# Move Up New Values

% Move Down

[ Copy

@ Paste

¥ cut

Fraction of Max. Speed

oo an 1m 130 200 250 am 230 a0
Density (persim®)

Load SFPE profile...

OK Cancel

Figure2: The default SFPE SpeBensity Profile

2.1 Fundamental Diagram for Unidirectional Flow

2.1.1 Background

Jun Zhang and Armin Seyfri@d13 performed a series of experiments in which they measured the
fundamental diagram by controlling density in a corridor by varying the entrance and exit \(fifjlnse
3). The corridor width was 3 n¥.ou can download the actual experimental videos and supporting
documentationfrom the Julich Supeomputing Centre (JSCpok for Pedestrian DynamiBgsearclin
the Division Civil Security and Traffic

Thisvalidationcase will focus othe unidirectional flowresults

A summary of the experimental results for unidirectional and bidirectional flswhown irFigure4.

The corresponihg SFPEpecification curveare shown irFigure5. Compared to the SFPE calculations,

the Zhang and Seyfriegikperiments have a higher occupant speed (measured free velocity of 1.55 +
0.18 m/s) and a significantly higher measured specific flow (although the paper notes large specific flow
variations for small changes in the experimental setup for densitiesgréa 2 pers/m).

20
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Figure3: Setup and snapshot of unidirectional flow experiment. The gray area in the sketch shbes t
location of measurement aregRef. Zhang and Seyfried, 2012)
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Figure4: Compari®n of the fundamental diagrams between unand bidirectional pedestrian flow
(Ref. Zhang and Seyfried, 2012)
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Figure5: SFPE fundamental diagrams.
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2.1.2 Setup Notes

The Pathfinder model is shownkiigure6. TheZhang and Seyfrigoaper does not provide the exact
values of entrance and exit widtis the 3 m corridoy so the Pathfinder calculation assumsgcases
where the entrance width varied from 2 to 3 m with the exit width held constant at 3 m (theseare lo
density cases) followed by 10 cases whereghtrance width was heldonstant at 3 m and the exit

width varied from 3 to 1 m (high density casé®)e red rectangles indicate the regions used to measure
the speeddensity results.

Ly GKS SEL3SNAYRSY GLISNGELE yia LI NG AOALI GSR Ay GKS SELISNH
to 1000 people for each case, to ensure near stestdye results.

The sixteen cases where repeated for three walking speed assumptions:

(1) The Zhang and Seyfried values of 1.55 + 0.18 m/s with the speed wiodien inFigure7 (which
represents the experimental speatensity data shown ifigure4).

(2) Aconstant speed of 1.19 misith the SPPE speedlensity relationshipKigure2).

(3) Auniform speeddistribution 1.19 + 0.25 mjswith the with the SFPE speéénsity relationship
(Figure2).

Figure6: Pathfinder model for Zhang and Skeied unidirectional experiments.
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Speed-Density Profile x|
Density Fraction of Max... *E InsertRow Speed-Density Profile
1 0.25 pers/m? 1.0
pers/i - =1 Row 1007
2 3.15 persfm 0.1 Previous Walues
4% Mave Up New Values
amd —
4 Move Down -
i
&
[y Copy o=
[1:3
=
B Paste k]
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¥ cut 7
[
o
a0 + + + + + + 1
o 0 10 130 200 23 am am
Density (persim®)
Load SFPE profile...
==

Figure7: Theinput corresponding to the experimentalhang and Seyfrie@peedDensity Profile

2.1.3 Results

Speeddensity and specific flowlensity esults are presented fagach of the three casel these
curves, the data is presited overtime intervakg KSy c@-aiilSh 88 O2yRAGAZ2Yya KI @S
The gray points represent all the calculated spéedsity pairs for all corridors.

Fundamental Diagrams
Speed vs Density Spedific Flow vs Density

2 T T T T T T T 2 T T T
a Calculation Data
Input Curve

T T
Calculation Data
Experiment Unidirectional O
Experiment Unidirectional O Experiment Bidirectional

o Experiment Bidirectional

Speed (m/s)
Specific Flow (pers/m-s)

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Density (pers/m?) Density (pers/m?)

Figure8: Speeddensity results forZhang and Seyfried experiment with measured spegehsity input
and uniform velocitydistribution 1.55 + 0.18 m/s.
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Speed vs Density

Fundamental Diagrams

Specific Flow vs Density

2 T T T T T 2 T T T T T
Calculation Data = Calculation Data =
SFPE SFPE
1.5 b 1.5 b
—
b
E
w w
@ 5 5
£ =S
2 1 b
E k=] *
2 v Xx
L = X%?
Ei X
[=%
w
X
0.5 - x b
X,
3
0 L L | L L
0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1.5 2 2.5 3 3.5 4

Density (pers/m?)

Density (pers/m?)

Figure9: Speeddensity and specific flow results witlBFPE speedensity input and constant viecity

1.19 m/s.
Fundamental Diagrams
Speed vs Density Specific Flow vs Density
2 T T T T T 2 T T T T T
Calculation Data Calculation Data
Input Curve SFPE
1.5 7 15+ 7
b= = %
— X%
@
é gé
— & ®
0) T X x
E RS
3 Eoir . : 4
a w e
0 g ®
0o X
w
x
0.5 - £ B
x X
®
X
X
£
a L L ! L . L
0 0.5 1 1.5 2 2.5 3 3.5 4 0.5 1.5 2 2.5 3 3.5

Density (pers/m?)

Density (pers/m?)

Figurel0: Speeddensity and specific flow results with SFPE spekshsity input and uniform velocity
distribution 1.19 + 0.25 m/s.

2.1.4 Analysis
The Pathfinder calculations replicate the input speohsity curve. The calculated pts are slightly
below the input curves, making the results slightly conservative. The specific flow calculations also

7
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match the expected result§he comparisons show that Pathfinder correctly uses the input speed
density curve in the calculations.

2.2 Funda mental Diagram for Bidirectional Flow

2.2.1 Background
In addition to unidirectional flowzZhang, Klingsch, Schadschneiderd Seyfried(2012)describe

experimentalresults for bidirectional flow. These results agmmaized and compared to
unidirectionalresults inFigure4.

The experimental setup is shownkigurell. For a Balanced Flow Ratio (BFR) the left and right
entrance widths were identical. A limited number of tests used an Unbalanced Flow RatiawthFR)
different entrance widths. Thmeasuredundamental diagrams were the samar fbalanced and
unbalanced flow.

In addition, participants were either allowed to select to exit to their left or right or were assigned a
direction. When the participantselecedthe exit directon, Stable Separated Lanes (S8tjed, but
whenrequired to exit a given directiofgnes were unstable and vari@dtime and spacéFigurel?)
resulting in Dynamical Multianes (DML) flow.

Tablel and Table2 show the parameters for the experiments.

L | 4.0m 8.0m 40m A
N
S 0
E SD _EI - =P o 5| -«--- < --- ~i SD g
i= S =y £ &
= § e 4y § B
Y y

Figurell: Setup andof bidirectional flow experiment.The widths of the corridor, left entrance, and
right entrance were varied in the xperiment (Ref. Zhangt al., 2012.
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yIm]
N SO =N W A o,
& T L2 T .2 L2 T

(a) BFR-SSL

— — — -~ 5
4
3
E 3T
> 1
0 L
R
-2 -
: -8 6 -4 2 0 2 4 6 8
o - ‘ x [m]
(b) BFR-DML

Figurel2: Bidirectional flowimagesfor the case withan equal number of left and right participants
(Balanced Flow Ratiq BFR) Stable Separated Lanes (Sfltin when participants can select the exit
direction, Dynamical MultiLanegDML)form when and each participant is assigned to exit either to
their left or right. For the DML casknes are unstable and vary in time and spadéote that the
images of peofe are for illustration and are more densely packed than the actual EFR360-090-
090 and BF®ML-360-075-075 experimental datgdRef. Zhanget al., 2012).
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Tablel: The experimental parameters used for the Balanced Flow Ratio (BRR)participant selected
exits Stable Separated Lanes (SSL) experiments (Ref. Zhang et al., 2012).

Index Mame bear [m] by [m] b, [m] N; N,
1 BFR-SSL-360-050-050  3.60 050 050 57 6l
2 BFR-55L-360-075-075 3.60 0.75 0.75 56 80
3 BFR-SSL-360-090-090  3.60 090 090 109 105
4 BFR-SSL-360-120-120 3.60 1.20 1.20 143 164
5 BFR-SS5L-360-160-160  3.60 1.60 1.60 143 166

Table2: The experimental parameters used for the Balanced Flow Ratio (BFR) and assigned exits
Dynamical MultiLane (DML) experimds (Ref. Zhang et al., 2012).

Index Name b [m] by [m] b.[m] N; N,
1 BFR-DML-300-050-050  3.00 050 050 34 71
2 BFR-DML-300-065-065  3.00 065 065 64 83
3 BFR-DML-300-075-075  3.00 075 075 61 86
4 BFR-DML-300-085-085  3.00 0.85 085 119 97
5 BFR-DML-300-100-100  3.00 1.00 1.00 125 105
6 BFR-DML-360-050-050  3.60 050 0350 56 74
7 BFR-DML-360-075-075  3.60 075 075 62 65
8 BFR-DML-360-090-090  3.60 090 090 110 102
9 BFR-DML-360-120-120  3.60 1.20  1.20 115 106
10  BFR-DML-360-160-160  3.60 1.60 1.60 140 166
11 BFR-DML-360-200-200  3.60 2.00 2.00 143 166
12 BFR-DML-360-250-250  3.60 250 250 141 163

You can download the actual experimental videos and supporting documentation at this link:

http://www.fz -juelich.de/ias/jsc/EN/Research/ModellingSimulation/CivilSecurity Traffic/PedestrianDyna
mics/Activities/database/databaseNode.html

This validation case will focus on bidirectional flow results.

2.2.2 Setup Notes

Pathfinder nodels were used to simulate the experimental casath a 3.6 wide corridor. The model
with balanced flowgBFRand occupants with defined exit directio(@ML)is shown irFigurel3. This
model corresponds to the cases with Indexmbers 612 of Table2. Thewidths of the two entry doors
are alwaysidenticalto each other, but theloor widths change to controthe density.The red rectangles
indicate the regions used to measure the spekuhsity resultsThe nodel for the BFFSSL cases was
identical, except only used the five widths giveTablel.

10
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For all caseshe measured walking speed @f55 + 0.18 m/svas usedvith a speed profile that
corresponds to thainidirectionalspeeddensty data shown irFigure?7. This last point is important, we
did not consider it appropriate to modify the spedeénsity profile in order to obtain a better match
with experimental data, instead we used the unidirectional data focadks.

Figurel3: Pathfinder model forbidirectional balanced flows and occupants with defined exit
directions (BFFDML) This corresponds to cases indexedl8 above.

2.2.3 Results for  Balanced Flow Ratio (BFR) and participant s  elected

exits Stable Separated Lanes (SSL)
Speeddensity and specific flowlensity results are presentdd Figurel4. In these curves, the data is
LINSASYGSR 20SN) GAYEUAVSESENDRYRAGAKEY a giylp@isRe SSy NEB I
represent all the calculated speeténsity pairs for all corridors.

11
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BFR-SSL-360 Simulation

Speed vs Density

2 T T

Speed (m/s)

T T T
360 cm Calculation Data

Input Curve
Experiment BFR-DML-360 (Balanced Flow-Dynamic Lanes)

o Experiment BFR-S5L-360 (Balanced Flow-Separated Lanes) O

x

0 0.5 1 1.5 2 2.5 3 3.5

Density (pers/m?)

Specific Flow (pers/m-s)

2

Specific Flow vs Density

T T T T
360 cm Calculation Data
Experiment BFR-DML-360 (Balanced Flow-Dynamic Lanes)

x

Experiment BFR-S5L-360 (Balanced Flow-Separated Lanes) O

1 1.5 2 2.5 3 3.5
Density (pers/m?)

Figurel4: Speeddensity results for Zhang and Seyfried experimeygometry, free choice of

destination, with unidirectional speeddensity input anduniform velocity distribution 1.55 + 0.18 m/s.

a. Experimental image
m entry width, free choice of destination

2.2.4 Results for
Dynamical Multi

b. Pathfindershowing occupanpaths
Figurel5: BFRSSE360-160-160, comparison of experimental and Pathfinder resulis 50 secondsl.6

Balanced Flow Ratio (BFR) and assigned exits

-Lane (DML)
Speeddensity and specific flowlensity results are presented for each of the three walking speed cases.
In these curves, the data is presented oliek YS A y i S NI I-& (&l BKeES yO ByaRIASH RBY a
reached. The gray points represent all the calculated sgbatity pairs for all corridors, while the black
points are the averaged values for each corridor.
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