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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. Lack of 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  
This document presents verification and validation test data for the Pathfinder simulator.  The following 

definitions are used throughout this document: 

¶ Verification tests are synthetic test cases designed to ensure that the simulator is performing as 

specified by the Pathfinder Technical Reference.  Usually these tests attempt to isolate specific 

simulated quantities or behaviors and may include only a small number of occupants.  This type 

of test often has very specific pass/fail criteria.  Verification tests ensure that the software 

implements a model correctly ς they are not designed to measure how accurately that model 

reflects reality. 

¶ Validation tests are designed to measure how well Pathfinder's implementation of simulation 

models captures real behavior.  Usually these tests will explore the interaction between multiple 

simulation elements and may have less specific pass/fail criteria.  Validation tests are usually 

based on experimental data or experience (e.g. congestion should form at a location). 

Usage of the terms verification and validation in this document is designed to be consistent with the 

terminology presented in ASTM E1472 (ASTM 1998). 

1.1  Simulation Modes  

Most test cases in this chapter are executed using three different configurations (modes) based on the 

Behavior Mode option and the Limit Door Flow Rate option in Pathfinder's Simulation Parameters 

dialog. 

¶ A Steering simulation is run with a Behavior Mode selection of Steering. 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. 

¶ An SFPE simulation is run with a Behavior Mode selection of SFPE . In SFPE mode, occupants 

make no attempt to avoid one another and can interpenetrate, but doors impose a flow limit 

and velocity is controlled by density. 

¶ A Steering+SFPE simulation is run with a Behavior Mode selection of Steering and Limit Door 

Flow Rate active. The occupants 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 left at the default setting unless otherwise specified. For 

cases that examine speed-density behavior, only the Steering mode is applicable. 
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Figure 1: The simulation parameters dialog, showing settings for Steering+SFPE. 

1.2  Inertia  

The SFPE mode supported by Pathfinder allows occupants to instantly transition between speeds 

without accounting for acceleration.  However, when predicting the results for simulations run using the 

Steering mode, it is necessary to account for inertia.  Assuming an occupant must travel some distance 

d, this is generally done in the following way: 

1. Calculate Ὠ using the following equation of motion: d1 = 0.5 * (v1 ς v0) * t1 

where Ὠ is the distance traveled, ὺ is the initial velocity, ὺ is the final velocity, and ὸ is the 

time it takes to transition from ὺ to ὺ.  In Pathfinder, the default acceleration is calculated to 

allow occupants to transition from being motionless to traveling at maximum velocity in 1.1 

seconds. ὺ is generally zero and ὺ is the occupant's maximum velocity.  

2. Calculate Ὠ as the remaining distance that needs to be traveled: Ὠ Ὠ  Ὠ. 

3. Calculate the time ὸ needed to travel the remaining distance, Ὠ, using the equation: ὸ

 Ὠ ὺϳ  

4. The full time ὸ needed to accelerate from 0.0 m/s and walk distance Ὠ is then given by: ὸ ὸ

ὸ.  

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 can specify a Speed-Density Profile ς the fundamental diagram. Since occupants 

can have different individual walking speeds, the user defines a normalized profile. The speed-density 

profile for that ƻŎŎǳǇŀƴǘ ƛǎ ƻōǘŀƛƴŜŘ ōȅ ƳǳƭǘƛǇƭȅƛƴƎ ǘƘŀǘ ƻŎŎǳǇŀƴǘΩǎ maximum speed by the normalized 

speed-density profile (Figure 2). The default normalized speed-density profile corresponds to the SFPE 

specification (SFPE, 2003) with the modification that, at high densities, the speed goes to a factor of 0.15 

rather than zero. 

 

Figure 2: The default SFPE Speed-Density Profile 

2.1  Fundamental Diagram for Unidirectional Flow  

2.1.1  Background  

Jun Zhang and Armin Seyfried (2013) performed a series of experiments in which they measured the 

fundamental diagram by controlling density in a corridor by varying the entrance and exit widths (Figure 

3). The corridor width was 3 m. You can download the actual experimental videos and supporting 

documentation from the Jülich Supercomputing Centre (JSC). Look for Pedestrian Dynamics Research in 

the Division Civil Security and Traffic. 

This validation case will focus on the unidirectional flow results.  

A summary of the experimental results for unidirectional and bidirectional flows is shown in Figure 4. 

The corresponding SFPE specification curves are shown in Figure 5. Compared to the SFPE calculations, 

the Zhang and Seyfried experiments 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 densities greater the 2 pers/m2). 
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Figure 3: Setup and snapshot of unidirectional flow experiment. The gray area in the sketch shows the 
location of measurement area (Ref. Zhang and Seyfried, 2012). 

 

 

Figure 4: Comparison of the fundamental diagrams between uni- and bidirectional pedestrian flow 
(Ref. Zhang and Seyfried, 2012). 

 

Figure 5: SFPE fundamental diagrams. 
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2.1.2  Setup Notes  

The Pathfinder model is shown in Figure 6. The Zhang and Seyfried paper does not provide the exact 

values of entrance and exit widths to the 3 m corridor, so the Pathfinder calculation assumed six cases 

where the entrance width varied from 2 to 3 m with the exit width held constant at 3 m (these are low 

density cases) followed by 10 cases where the entrance width was held constant at 3 m and the exit 

width varied from 3 to 1 m (high density cases). The red rectangles indicate the regions used to measure 

the speed-density results. 

Lƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ άǳǇ ǘƻ пллέ ǇŜǊǎƻƴǎ ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎΦ Lƴ ǎƛƳǳƭŀǘƛƻƴ ǿŜ ƛƴŎǊŜŀǎŜŘ ǘƘƛǎ 

to 1000 people for each case, to ensure near steady-state 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 profile shown in Figure 7 (which 

represents the experimental speed-density data shown in Figure 4). 

(2) A constant speed of 1.19 m/s with the SFPE speed-density relationship (Figure 2). 

(3) A uniform speed distribution 1.19 ± 0.25 m/s, with the with the SFPE speed-density relationship 

(Figure 2). 

 

Figure 6: Pathfinder model for Zhang and Seyfried unidirectional experiments. 
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Figure 7: The input corresponding to the experimental Zhang and Seyfried Speed-Density Profile 

2.1.3  Results  

Speed-density and specific flow-density results are presented for each of the three cases. In these 

curves, the data is presented over time intervals ǿƘŜƴ άǎǘŜŀŘȅ-ǎǘŀǘŜέ ŎƻƴŘƛǘƛƻƴǎ ƘŀǾŜ ōŜŜƴ ǊŜŀŎƘŜŘΦ 

The gray points represent all the calculated speed-density pairs for all corridors. 

 

Figure 8: Speed-density results for Zhang and Seyfried experiment with measured speed-density input 
and uniform velocity distribution 1.55 ± 0.18 m/s. 
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Figure 9: Speed-density and specific flow results with SFPE speed-density input and constant velocity 
1.19 m/s. 

 

Figure 10: Speed-density and specific flow results with SFPE speed-density input and uniform velocity 
distribution 1.19 ± 0.25 m/s. 

2.1.4  Analysis  

The Pathfinder calculations replicate the input speed-density curve. The calculated points are slightly 

below the input curves, making the results slightly conservative. The specific flow calculations also 
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match the expected results. The 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 flow, Zhang, Klingsch, Schadschneider, and Seyfried (2012) describe 

experimental results for bidirectional flow. These results are summarized and compared to 

unidirectional results in Figure 4.  

The experimental setup is shown in Figure 11. For a Balanced Flow Ratio (BFR) the left and right 

entrance widths were identical. A limited number of tests used an Unbalanced Flow Ratio (UFR) with 

different entrance widths. The measured fundamental diagrams were the same for balanced 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 participants selected the exit direction, Stable Separated Lanes (SSL) formed, but 

when required to exit a given direction, lanes were unstable and varied in time and space (Figure 12) 

resulting in Dynamical Multi-Lanes (DML) flow.   

Table 1 and Table 2 show the parameters for the experiments. 

 

Figure 11: Setup and of bidirectional flow experiment. The widths of the corridor, left entrance, and 
right entrance were varied in the experiment (Ref. Zhang et al., 2012). 
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Figure 12: Bidirectional flow images for the case with an equal number of left and right participants 
(Balanced Flow Ratio ς BFR). Stable Separated Lanes (SSL) form when participants can select the exit 
direction, Dynamical Multi-Lanes (DML) form when and each participant is assigned to exit either to 
their left or right. For the DML case lanes are unstable and vary in time and space. Note that the 
images of people are for illustration and are more densely packed than the actual BFR-SSL-360-090-
090 and BFR-DML-360-075-075 experimental data (Ref. Zhang et al., 2012). 
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Table 1: The experimental parameters used for the Balanced Flow Ratio (BFR) and participant selected 
exits Stable Separated Lanes (SSL) experiments (Ref. Zhang et al., 2012). 

 

Table 2: The experimental parameters used for the Balanced Flow Ratio (BFR) and assigned exits 
Dynamical Multi-Lane (DML) experiments (Ref. Zhang et al., 2012). 

 

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

http://www.fz -juelich.de/ias/jsc/EN/Research/ModellingSimulation/CivilSecurityTraffic/PedestrianDyna

mics/Activities/database/databaseNode.html 

This validation case will focus on bidirectional flow results. 

2.2.2  Setup Notes  

Pathfinder models were used to simulate the experimental cases with a 3.6 wide corridor. The model 

with balanced flows (BFR) and occupants with defined exit directions (DML) is shown in Figure 13. This 

model corresponds to the cases with Index numbers 6-12 of Table 2. The widths of the two entry doors 

are always identical to each other, but the door widths change to control the density. The red rectangles 

indicate the regions used to measure the speed-density results. The model for the BFR-SSL cases was 

identical, except only used the five widths given in Table 1. 

http://www.fzjuelich.de/ias/jsc/EN/Research/ModellingSimulation/CivilSecurityTraffic/PedestrianDynamics/Activities/database/databaseNode.html
http://www.fzjuelich.de/ias/jsc/EN/Research/ModellingSimulation/CivilSecurityTraffic/PedestrianDynamics/Activities/database/databaseNode.html
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For all cases, the measured walking speed of 1.55 ± 0.18 m/s was used with a speed profile that 

corresponds to the unidirectional speed-density data shown in Figure 7. This last point is important, we 

did not consider it appropriate to modify the speed-density profile in order to obtain a better match 

with experimental data, instead we used the unidirectional data for all cases. 

 

Figure 13: Pathfinder model for bidirectional balanced flows and occupants with defined exit 
directions (BFR-DML). This corresponds to cases indexed 6-13 above.  

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

exits Stable Separated Lanes (SSL)  

Speed-density and specific flow-density results are presented in Figure 14. In these curves, the data is 

ǇǊŜǎŜƴǘŜŘ ƻǾŜǊ ǘƛƳŜ ƛƴǘŜǊǾŀƭǎ ǿƘŜƴ άǎǘŜŀŘȅ-ǎǘŀǘŜέ ŎƻƴŘƛǘƛƻƴǎ ƘŀǾŜ ōŜŜƴ ǊŜŀŎƘŜŘΦ ¢ƘŜ gray points 

represent all the calculated speed-density pairs for all corridors. 
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Figure 14: Speed-density results for Zhang and Seyfried experiment geometry, free choice of 
destination, with unidirectional speed-density input and uniform velocity distribution 1.55 ± 0.18 m/s.  

 
 

a. Experimental image b. Pathfinder showing occupant paths 
Figure 15: BFR-SSL-360-160-160, comparison of experimental and Pathfinder results at 50 seconds, 1.6 
m entry width, free choice of destination. 

2.2.4  Results for Balanced Flow Ratio (BFR) and assigned exits 

Dynamical Multi -Lane (DML)  

Speed-density and specific flow-density results are presented for each of the three walking speed cases. 

In these curves, the data is presented over ǘƛƳŜ ƛƴǘŜǊǾŀƭǎ ǿƘŜƴ άǎǘŜŀŘȅ-ǎǘŀǘŜέ ŎƻƴŘƛǘƛƻƴǎ ƘŀǾŜ ōŜŜƴ 

reached. The gray points represent all the calculated speed-density pairs for all corridors, while the black 

points are the averaged values for each corridor. 


