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Objectives

Consider an integrated modeling approach that captures pedestrian walking

behavior in congested and uncongested conditions in transit stations

Combine concepts from previously existing pedestrian behavior models

Simulate scenarios that can be compared to real world data

Explore model results for a transit station application
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Materials Science:
multi-body potential i
molecular interactions

(Karamouzas, Skinner i
and Guy; 2014)
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Social Force Model:
attractive and repulsive
force structure

(Helbing, Buzna, Johansson
and Werner, 2005)

=\

Behavioral Heuristics:
- Incorporating cognitive and
physiological pedestrians
‘ characteristics

(Moussaid, Helbing and
Theraulaz; 2011)
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Social Force Model

Acceleration Pedestrian Repulsion Obstacle Repulsion

0 ‘0‘_1( —_—) — — —_— .
Fa (Vo) Vala) = - \Vala = Va fap(Tap) = ~VrggVaplb(Tap)] fapTap) = ~VrgUap(I7asl)
Vo (t) = actual velocity of pedestrian a . e . .
¢ fap = repulsive ef fect felt by pedestrain a due to pedestrian fup = repulsive ef fect felt by pedestrain a due to obstacle B
e, (t) = desired direction of pedestrian a @ = distance between pedestrians a and 8 @ = distance between pedestrian a and obstacle B
Vap[b(rap)] = replusive potential (monotonic decreasing function of b) Uss(lragll) = replusive potential (monotonic decreasing potential)

vi(t) = v e, = desired velocity of pedestrian a

T, = relaxation time of pedestrian a

Pedestrian Repulsive Potential ~ Obstacle Repulsive
Potential

Uas(l7apll) = Ugge

- . N — 1\ 2 2
b =0.5x J(”Ta{}” + ”TaB - vﬁAteB”) - (vﬁAt) U2y = constant parameter

R = constant parameter

chﬁ (b) = Vcroe_b/a
Fasl
R

V,;?g = constant parameter

o = constant parameter

vg = velocity of pedestrian f8

eg = direction of motion of pedestrian f§

At = time change used to determine step width of pedestrian
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Behavioral Heuristics

Walking Direction Field of View

E{(t) = d?gnax + r(e)z_deaxr(e)COS(eo - e)

e, (t) = desired direction of pedestrian a

dmax = sight distance of pedestrian a Pedestrian

. . . . | sightdistance
r(e) = distance to first collision :

R 1LIISDPDd +

ey = direction of destination

e = direction within field of view considered by pedestrian
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Materials Science

Molecular interactions can be modeled by taking into account directly
neighboring molecules.

Requires “social force” calculations between multiple bodies within the corresponding field of view.

Total Force Felt by Pedestrain «

3=1 ?c?(va: Va ea) + fa:,Bl (Ta,Bl) + faB (TaB )
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Numerical Analysis
Experimental Results (Courtesy, TU Delft) Simulation
e One directional flow  Alternative Crossing Scenario
e Two directional flow « Transit Application

e Crossing
 Wide Bottleneck

e Narrow bhottleneck
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Experimental Results: 1-D Flow (A vs. B)
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Experimental Results: 2-D Flow (C vs. D)
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Experimental Results: Wide and Narrow Bottlenecks
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Experimental Results: Wide Bottleneck
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Experimental Results: Narrow Bottleneck
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Transit Application
Transit Layout
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Conclusions

Feasible modeling approach: flexible and computationally efficient
Basic validity analysis (i.e. macro analysis)
Realistic trajectory patterns

Next steps:
o Flow-density analysis = traffic flow theory based study
o Additional trajectory data specific to transit related pedestrian dynamics
o0 Microscopic calibration capturing heterogeneity
o0 Real-time application: predictive tool
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