Appendix E

Pedestrian low model NOMAD

At this point, it would be interesting to note that the optimal control model paradigm has also
been applied to the microscopic modeling of pedestrian flows (see [28]). In this model overview,
it was show that the walker model describes the individual walking behavior of pedestrians, given
the decisions made at the destination choice and route choice level. In the following sections,
we will discuss the workings of the latter model. For now, it is sufficient to note that for each
pedestrian p the optimal velocity v*(¢,x) (i.e. speed and direction) has been determined.

Hoogendoorn and Bovy [28] present the conceptual model, where pedestrians are described
in terms of a closed feedback control system. This model leads to an optimal control formula-
tion, where pedestrians are assumed to minimize the predicted costs of walking. These costs are
determined by among other things the extent to which pedestrians can walk at their desired ve-
locity, the proximity of other pedes-trians, walking near to obstacles, and the need to accelerate
or decelerate, Furthermore, it is hypothesized that the costs are discounted over time, implying
that events in the near future are deemed more important than events that are expected to
happen much later. Application of Pontryagin’s Maximum Principle establishes the mathemat-
ical model describing walking behavior. Besides a control model, predicted the optimal walking
behavior of a pedestrian, a physical model describes the effects of physical contact between
pedestrians and obstacles.

The walker model ) is governed by the following ordinary differential equation, describing
the behavior of pedestrian p

rp=v, and Vv, =a, (E.1)
with .
a, = <u - VL> (E.2)
Tp

where L denotes the proximity cost incurred by pedestrian p walking close to other pedestrians

q, e.g.
—r
L= Apexp { Tp—Te_ ] (E.3)
Z Ry [rp — g

where Ag > 0 and Ry > 0 pedestrlan—type specific parameters. This specification shows that
the cost L increase when pedestrians walk closer to each other. The walker model used in
the actual simulation model NOMAD is more complex, and features pedestrian anisotropy,
grouping behavior, and impatience. The user can set the parameters of these processes. A
similar expression is used to describe the way pedestrians walk around obstacles.

NOMAD predicts the effects of special infrastructure on the walking speeds of pedestrians.
In case of stairs or grades, the desired speed of the pedestrians is reduced in accordance with
the grade of the walking surface or the stairs.. The behavior on an escalator is described easily
by assuming that the pedestrian will move at the same speed as the escalator.
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Index

acceleration fan, 153

arrival process, 55
application, 58
Binomial, 56
Negative binomial, 56
parameter estimation, 58
Poisson, 55

capacity, 83, 107
definition, 107
estimation, 120
Product-Limit method, 121
ramps, 111
stochastic nature of, 119
weaving section, 114
capacity density, see critical density
capacity drop, 120
capacity speed, see critical speed
car-following model, see stimulus-response
model
cellular automata, 203
congestion probability, 132
conservation of vehicles, 139
critical density, 83
critical speed, 83
cumulative vehicle count, see cumulative ve-
hicle plot
cumulative vehicle plot, 32
conservation of vehicle equation, 39
delay, 34
travel time, 34

density, 23

definition, 24

generalized definition, 39
distance headway distribution, 74
driving task, 175

equilibrium, 99

free speed, 83
fundamental diagram, 81
causality, 82
factors influencing, 84
special points, 83

277

fundamental relation, 27
fundemantal diagram
capacity estimation, 96
discontinuous, 88
field location, 94
model, 85
roadway lane, 90
weather conditions, 97
fuzzy logic model, 202

gap, 206

critical, 206

distribution of critical, 211
gap acceptance, 205
gap acceptance function, 206
Godunov, 170

headway, 21
definition, 22
distance, 23
definition, 23
gross
definition, 22
nett
definition, 22
headway distribution, 59
capacity estimation, 72
composite model, 69
Erlang, 66
exponential, 60
exponential tail model, 68
log normal, 67
shifted exponential, 66
higher-order model, 170
numerical solution, 174
Payne model, 171
properties of, 173
waves, 173
homogeneous flow, 26
hysteresis, 99

instability, 102

intensity, 23
definition, 23
generalized definition, 39
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jam density, 83

kinematic equations, 20

kinematic wave, 139

kinematic wave model, 151
method of characteristics, 152
numerical solution, 164

level of service, 83, 107
definition, 108

measuring method, 43
density, 45
distance headway, 45
double induction loop, 45
headway, 43
individual speed, 45
induction loop, 44
infrared detector, 44
instantaneous speed, 45
instrumented vehicle, 44
intensity, 43
licence plate identification, 45
local mean speed, 45
passage time, 43
pneumatic tube, 44
probe vehicle, 46
radar, 45
remote sensing, 46
metastability, 102
moving bottleneck, 145
moving observer, 47
speed distribution observed by, 51

observation method, see measurement method

occupancy, 47

occupancy rate, see occupancy
optimal control model, 199
overtaking frequency, 75

psycho-spacing model, 197

queuing model, 127
deterministic, 127
QUAST, 132
stochastic, 132
queuing theory, see queuing model

rest gap, 62

safe-distance model, 188

service volume, 108

shock wave, 141
classification, 147

INDEX

formation of, 153
speed
distribution, 75
generalized mean definition, 39
individual, 75
instantaneous mean
definition, 25
local mean
definition, 25
mean, 23
relation between local and instanta-
neous, 28, 31
speed distribution
relation between instantaneous and lo-
cal, 27
stability, 102
stationary flow, 26
stimulus-response model, 189
stability, 190
survival function, 59

time headway, see headway

traffic simulation
calibration, 235
definition, 217
FOSIM, 231
macroscopic, 241
METANET, 241
microscopic, 227
validation, 235

traffic simulation model
definition, 217

traffic state
free flow, 102
moving jam, 103
synchronized flow, 103

trajectory, 16
definition, 16

transient state, 99

travel time function, 83
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