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Queuing in the real world “‘:‘;7;.‘;

Most people encounter queues as part of everyday live. Queues are
social systems (Mann (1969)) influenced by

» physical constraints,
» social norms & rules,

» culture,

v

the goal,

v

type (self-organized or controlled),

w Different queuing patterns can be observed.
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The goal ‘x:;‘:;;;

The goal is to extend ideas from (Koster and Zénnchen (2014)):
» Use different navigational floor fields to induce both, standing
in line and competition for the best spot.
> Allow switching between floor fields to include queue jumping.

= Natural queuing patterns should emerge.
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State of the art ‘f‘:‘;‘?:‘:l

Floor fields guide pedestrians around obstacles towards their target
along

> the shortest path (Burstedde et al. (2001); Blue and Adler
(2001)), or

» the quickest path (Kirik et al. (2009); Kretz (2009); Kretz
et al. (2011); Hartmann et al. (2014)), or

» an occupied path which induces loose queueing (Késter and
Zoénnchen (2014)).
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State of the art “‘:‘47;:1

The floor field encodes T'(%),
> the traveling time to the target

» of a wave front propagating from the target area I'.

The wave front travels with traveling speed F'(Z). T is computed
by solving the eikonal equation

1
F@)

IVT(Z)]| = T(#)=0if # .

= Manipulate F' to get different floor fields.
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The model ‘x;‘:::::

We introduce two principles:

» We use multiple floor fields to model different pedestrian
strategies.

» We allow switching between strategies according to a simple
decision process.

Gerta Kaster & Benedikt Zénnchen TGF 2015



The model ‘
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What do we want to model?

Pedestrians walk to the yellow target on the right. Cooperative pedestrians get in line,
competitive pedestrians cut the line.
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The model ‘

UNIVERSITY

MUNICH

What do we want to model?
» Pedestrians use one of two strategies.

» (a) Competitive: walk directly to the target.
» (b) Cooperative: get in line.

Pedestrians walk to the yellow target on the right. Cooperative pedestrians get in line
competitive pedestrians cut the line.
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MUNICH

The model

What do we want to model?
» Pedestrians use one of two strategies.
» (a) Competitive: walk directly to the target.
» (b) Cooperative: get in line.
» Pedestrians change their strategy during the simulation.

Pedestrians walk to the yellow target on the right. Cooperative pedestrians get in line

competitive pedestrians cut the line.

Gerta Kaster & Benedikt Zénnchen TGF 2015

8/22



The model ‘RI‘L’??.‘?

Modeling of different pedestrian strategies.
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The model: strategies and floor fields ‘:‘;‘::‘;;

Pedestrians navigate according to the floor field that corresponds
to their current strategy.

Floor field for competitive pedestrians. Floor field for cooperative pedestrians.
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The model: strategies and floor fields ‘;;::;;;

Competitive strategy

Pedestrians walk directly to the target.

HUGIHE
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The model: strategies and floor fields ‘:‘;'::;‘;;

Cooperative strategy

Pedestrians get in line.
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The model ‘
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Modeling decision process.
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The model: decision process ‘x:;‘:;;;

A pedestrian’s decision on whether to start or stop queue jumping
is influenced by:

> the time t a pedestrian has been using a certain strategy,
(e.g. loosing patience, satisfied with new position)

> the absolute or relative queue position of a pedestrian,
(‘Should | risk my position?")

» the progress of the service point,
» social norms,
» the culture,

» shared social identity (e.g. football fans waiting together.)
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The model: decision process "‘:“::‘:L

We assume that the decision process is similar to a birth process
with a memory-less exponential distribution.

Let 7 be the time a pedestrian p changes strategy. Then

1—exp _u-l
P(T S t) — comp

J— —_— 1 .
1 €xXp Hcoop

-t) if p is competitive

if p is cooperative,

The parameters [icomp and ficoop are the expected time a pedestrian
sticks to the competitive and the cooperative strategy respectively.
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Underlying models “‘:‘;7;.‘;

Our algorithm is independent of the underlying locomotion model.

Here we use

» Optimal Steps Model: Seitz and Késter (2012); von Sivers
and Koster (2013),

» Gradient Navigation Model: Dietrich and Koster (2014).
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Simulation results: line cutting ‘
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Pedestrians spawn from the green areas and try to reach the yellow
target on the right. Some pedestrians cut the line.

Medium level of patience: ficomp — 00, fheoop = 300s

Low level of patience: ficomp — 00, ficoop = 100s
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Simulation results: queue jumping ‘;;‘::;‘;;

Pedestrians spawn from the green areas and try to reach the yellow
target on the right. Some pedestrians start queue jumping and get
back in line after a short time.

Short queue jumps: ficomp = 25, flcoop = 100s

Longer queue jumps: ficomp = 205, ticoop = 100s
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Conclusion and future work ‘x;::;;;

Conclusion

Floor fields in combination with a simple decision process can be
used to induce a variety of natural looking queues in pedestrian
motion models.

Future work

We have to find heuristics based on findings from psychology that
realistically model the decision process.
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Questions? “‘:‘;7;.‘;

VADERE soon to be open source!
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Add influencing properties (Example) ‘;;‘::;;;

Let T'(Z) the travelling time of the propagating wave starting at
the queue tail and stopping at the border of the queue. Let further

Tnar = maxT'(Z).
xX
Replace up by

. Tmax

where T is the current position of the pedestrian.
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(= IS

Decision process algorithm

AUNICH

Algorithm 1: Decision process algorithm.

Data: random generator random

for i+ 0 to n do

At <t —t;;

for all pedestrians p do

if p is cooperative and

random.next() < exp((—1/ficoop) - At) then
‘ change the strategy of p to competitive

else if p is competitive and

random.next() < exp((—1/tcomp) - At) then
‘ change the strategy of p to cooperative
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Tail detection algorithm ‘

Algorithm 2: Queue tail detection algorithm.

Data: » >0

Result: target polygon I' C Q with Vg eI': |[p—¢|| <r

1 calculate the pedestrian density ppeq(Z) VZ € §;

2 mark each position & with p,.q(Z) < € as unreachable (e > 0);

3 solve the eikonal equation by starting the propagating wave from
the target of interest, with F' =1;

sort the list L C §2 of reachable position according to descending
travelling time;

p < L.pop() (remove the point with the highest travelling time
form the sorted list);

6 P.add(p) (add the point to the set of points);

7 while L is not empty and ||p — L.peak()|| < r do

L P.add(L.pop())

return I', the convex hull of P;
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Travelling speed functions “‘:‘;7;.‘;

Each floor field corresponds to a specific travelling speed function
F:

! G

Floop(T) =
1 —min (cqueue -pged(f), 1-— e) + Cob * Pob(Z)

1
1 + Cob * pob(f)

Faggr(-f) = (2)

where (1 —€), Cqueue, Cob > 0, pop(Z) is the obstacle density (see
Koster and Zonnchen (2014)) and p) 27 (%) is the pedestrian

density of pedestrians using the cooperative strategy.
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Equations 9

Prea(2) = Sea Y oo (7,2)] (3)

rePed
3, 2) = o e (— - 2P @
ped T2 =5 e P Topa
m 1 1
_ — =112
pob<z>—i:1/oi e (—gmli-aP) | ©
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