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B Microscopic and mesoscopic walker models
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B Macroscopic modelling approaches
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B Modelling challenges
Microb2al—2aVvE B DA 73I1THIT AR RREH
REDLZaL—2avIZESOTFEENKEL

MacroSalb—avIdfEENNSS, DT LHLIERESAR
HLONGWLVKRICBEVWTBRBULWRE T

7;:7°:“L,, HEOFHHZE IaL—Tavit\TER/TETY
(R

1%;)7"': L;T:BliChEE?%TéMacrO‘“/EJ L—a z4->TLY



E Generic multi-class pedestrian flow model
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t:time
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E Generic multi-class pedestrian flow model
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0 .
%‘i‘v'%:rd—sd
Gq : —RTHRENIVMIL
r, . source terms ( inflow at origin locations O, )
sq4 . sink terms ( outflow at destination areas D, )

ug =U(pq,---.Pp: VP1:-- -, VPp)

Ug ' Gq = Pa Vg = Pa* ¥Va Ug)

U : R E (o, &V o DEAER)
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E Generic multi-class pedestrian flow model
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n Generic multi-class pedestrian flow model

B EGRZERRNICETASITARET IV

BERE S, (¢, ) [FIBDOBE ) DEENLZERTIIAL, B
D22l —2 3> TIRIBERSENHELLTEZEHLE

LY
LA,
CORETIE, SAEENMEEEOTTISELSETIRRE
A TLVERL
Boundary conditions: a_p+ ApU(p)) ; B Total densities, t=40 (s)
p(t,0,x,)=p,(1,x,) ot ox, " lz
/] N |
£ |
v ::::::::::1/::' $ o o
Q ab : i : I-1

Fig. 1. Considered walking area Q. 19 ,O 10




E Generic multi-class pedestrian flow model
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II Local value function definition and application

B Generic local route choice using the local value function
Global value function®5E &

¢q(t,X) = r_ninE{/ L(s,X(s), v(s))ds + 04(T,X(T)) }

Vle.T)
Terminal Cost

Subject to dxX = vdt + &ed¢

Global value functionld FX TEHEZONB/N\SILFVAERIL IV FERZHCLETHS

9,
ez | ol H(LR Vg Adg) =

CDEE, NPT URRDESIZEZS
H(t,X,Vg, Adpy) = min {L(t,X, D) + Vi, - U+ Ay}
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V,; - admissible velocities (admissible speeds and directions)



II Local value function definition and application

B Generic local route choice using the local value function

These local cost can stem from local delays, or from the fact that costs are incurred when
pedestrians walk in a region where the level of service is low due to high densities.

Local value function®E &

Vo= 3B - s, —— B9 vp, = S8, (0)- 0
d J d f}U(ﬁ}z df} d d 3

o=1 o=1

U : perceived walking speed
p . local effective density

Overall value function® E &

g = Qg + Py




II Local value function definition and application

B [ ocal value function from microscopic principles

crowdedness z 186 Ds

Bs . weights that a pedestrian of group d attaches to densities of
his own (6 = d) and of other classes (6 # d)




II Local value function definition and application

B Specification of local value function based on local delays

local delays caused by reduced walking speeds due to high densities. To this end, consider a
pedestrian walking into a certain direction for a very short time interval [t,t + dt). The delay
this pedestrian incurs during the interval is equal to:
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1 : contribution of the density of group 0 to the effective density
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L_ocal value function definition and application

B Specification of local value function based on local delays

{R3E : the local value function ¢, for pedestrians of group d is the weighted sum of the two
terms proposed above

crowdedness delay

Pqg = Pg + Ud - Py

a4 - the weight that can be used to influence the relative importance of the two factors

crowdedness : the tendency to move to less dense areas (which may result in a small detour)
delay : the aim to choose a (local) route with the shortest travel time

Local direction choicel 2R3 95 DX (i {ERS D BED A
vqod — V. (Pgmwdedness + 0ty - V(Pgeiﬂy

Crowdedness component M E)fg

D
\V/ (Pgmwdedness _ Z ,85 .V P,

o=1



II Local value function definition and application

B Specification of local value function based on local delays

Delay component M4 &R
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II Local value function definition and application

B Specification of local value function based on local delays
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E Simulation experiments

B Introducing the base model and the scenarios
R
« U(p) =00 (1= p/Pjan) =134-(1—p/5.4)
= fB;=n,=1fordé=dand p; =, =4 otherwise

« oy =0 (Section 5.6 & TEA)
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Simulation experiments

B Impact of local route choice of flow dispersion
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H Simulation experiments

B Self-organisation characteristics(371)#2)
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Fig. 4. Density contour plot (left) and scaled outflow rate (right) for crossing flows.

Let us note that we also tested the model without the local route
choice. The simulation results do not reveal any type of self-
organised patterns, which provides experimental evidence that
the self-organisation is indeed caused by local route choice.




H Simulation experiments

B Self-organisation characteristics(371)#3)

Densities class 2 (<-), t=150 (s)
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Fig. 5. Density contour plot (left) and scaled outflow rate (right) for bi-directional flows.

The patterns are resemblant of the dynamic lanes that have been

shown to form in empirical bi-directional flows. Note that after
some time, the situation stabilizes. Without the local route choice,
the simulation results do not reveal any type of self-organization.



H Simulation experiments

B Self-organisation characteristics(371)#3)
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Fig. 5. Density contour plot (left) and scaled outflow rate (right) for bi-directional flows.

The patterns are resemblant of the dynamic lanes that have been

shown to form in empirical bi-directional flows. Note that after
some time, the situation stabilizes. Without the local route choice,
the simulation results do not reveal any type of self-organization.



Simulation experiments

B Influence of demand on self-organized pattern
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Fig. 6. Density contour plot with different inflow demands.

Fig. 7. Average outflow of the area for both walking directions as a function of the demand.



E Simulation experiments

B Influence of weight factors on model behavior
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E Simulation experiments

B Influence of delay factor on model behavior
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EI Conclusions
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