MICROSCOPIC TRAFFIC SIMULATION
THE SIMULATION SYSTEM
MISSION

1 INTRODUCTION

The aim of this paper is to describe the quality and the efficiency of the simulation system
MISSION in modelling human driving behaviour. First, the basic concepts of this
microscopic simulation model are introduced. The main functions are explained including an
overview on those measurements and investigations forming the empirical background of the
model. The calibration and validation of the models is described in following sections, the
initial process first, the amendments, modifications, re-validations later.

In the actual model version traffic is modelled on unidirectional roads, which can be both,
interurban roads like highways or urban roads with physical separation between the lanes for
different directions. Oncoming traffic and overtaking on lanes of opposite direction actually
are not considered. The basic wehicle movements, the longitudinal and the lateral movement,
are modelled separately. Hence, the according models, the calibration and validation
processes will be described in separate sections.

i THE MODEL

Within the simulation model each driver related to his vehicle is modelled separately. In each
time step the behaviour of each driver-vehicle-unit is determined as a human reaction to the
human perception of surrounding traffic situation. The model represents human perception of
vehicles influencing the own movement, mainly the perception of distances as well as speed
differences. It models how human drivers react to a perceived situation by changing their
driving behaviour. This_imud.ﬂ is based on measurements and investigations of human
driving. ;

2.1 Car Following Model

Longitudinal vehicle movement is influenced by vehicles in front in that same lane, the
according models are therefore generally called car following models. A driver is mainly
influenced by the first front vehicle, since already the second vehicle will have about twice
the distance. As we will see later, speed difference to the second front vehicle then will have
to be four times higher for being perceived by the human driver in the same way as speed
difference to the first front vehicle. The model hence concentrates on influence of first front
vehicle, including an option to consider brake lights of other vehicles in front.

Influence on own movement is characterized by perception of relative movement of the front
vehicle, changements in distance and speed difference. Changemenis are only perceived if the
physical impulse exceeds a certain minimurm value, called threshold. In this case, the physical
impulse is the seen size of the front vehicle. Perception of a changement depends on how fast
the image of the front vehicle changes, which is a function of speed difference and distance.
Extensive measurements and investigations were undertaken by TODOSIEV (1963),
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MICHAELS (1965) and HOEFS (1972) aimed at finding the limits of human perception in
car following processes, the socalled thresholds. These investigations form the basis of the
car following model developed by WIEDEMANN (1974), which still is the kernel of
MISSION.

Human driving behaviour is naturally distributed: different drivers have different driving
abilities, different abilities of perception and estimation, different needs of safety, different
desired speeds and different maximum values of accepted acceleration/deceleration
characterizing drivers aggressiweness. The same holds for some parametres characterizing
vehicle capabilities like maximum speed and maximum acceleration/deceleration. This natural
phenomenon can be represented by normal distributions, as exact knowledge about the
distributions is not available. Hence, different random parametres are used within the model
for calculation of threshold values and for the driving functions.

Human perception and reaction is represented by a set of thresholds and desired distances.
These thresholds delimit different areas defining different situations of interaction between
the vehicle and the front vehicle: the vehicle is not influenced by any front vehicle, the
vehicle is consciously influenced because the driver perceived a slower front vehicle, the
vehicle is unconsciously influenced being in a following process or the vehicle is in an
emergency situation. Different driving procedures are associated to the different areas
representing human driving under the given conditions.

The thresholds, characteristic distances and associated driving procedures are shown in figure
2-1 for one vehicle-driver-unit I and one actual speed level. The horizontal axis represents the
speed difference with positive values characterizing a closing process (speed of front vehicle
I-1 lower than own speed), the vertical axis the distance to the front vehicle I-1. The
following thresholds are defined:

AX:  Desired distance for standing vehicles (front-to-front distance). It consists of the
length of the front vehicle L and the desired front-to-rear distance depending on
human driver of vehicle I. The desired front-to-rear distance is normally distributed
depending on the safety need of the driver. This is represented by a normally
distributed parameter RNDI(I) := N(0.5, 0.15), having values between 0 and 1, with
0.5 as mean and a stamdard deviation of 0.15. Hence, AX is defined as

AX := [ + A¥Xadd + RNDI(I) - AXmult

AXadd and AXmult are both ::alihrau"un parametres being additive respectively
multiplicative factors for range definition of desired minimum front-to-rear distance.

ABX: Desired minimum following distance at low speed differences. It consists of the
distance AX and of a speed depending term. Measuremenits showed, that distances
in real traffic were not proportional to the speed (TODOSIEV 1963, HOEFS 1972).
Drivers tend to underestimate safe distances at higher speeds, and drive more nsky
at higher speeds tham at low speeds. This should be represented by a parabolic
relation between BX and actual speed, see figure 2-2. Again, this minimum value is
normally distributed, depending on safety need of drivers represented by the
parametre RND1(I). This results in
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BXadd and BXmult again are calibration parametres defining the range of variation.
For closing processes the speed of front vehicle v(I-1) is considered, for opening
processes the own speed w(I).

Perception threshold of speed difference at long distances. This threshold marks the
point at which the driver consciously realizes that he is closing on a slower vehicle.
If change of lane is impossible, then the driver will react by reducing his own speed
to the speed of the front vehicle trying to keep a distance higher than ABX. This
approaching process at longer distances has been investigated by MICHAELS
(1965) and HOEFES (1972). The measurements showed that the faster the vehicle is
approaching, the greater the perception distance, being between 25 * SQRT {DV}
and 75 * SQRT (DV) for different drivers. The natural distribution again is
modelled by normally distributed parametres, RNDI{I) as mentioned above,
RND2(I) considering the drivers estimation ability. RND2 has the same range, mean
and standard deviation as RND1: N(0.5, 0.15). SDV is modelled by
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SpV := [DXC;XJ
CX 1= CXconst * (CXadd + cxmult - (RND1(I) + RND2(I)))

CXconst, CXadd and CXmult again define the range of the threshold. Following the
mentioned measurements CX should represent the range between 23 and 75.

Perception threshold of growing distance in following process. This threshold
describes that the driver is consciously recognizing he is leaving the following
process becoming too far behind. He will react by accelerating to attain ideal
headway. Measurements of TODOSIEV (1963) and HOEFS (1972) resulted in SDX
varying between 1.5 and 2.5 times the minimum following distance. The variation
does not only depend on the driver, but additionally the value SDX varies for one
driver. The second phemomenon is modelled by a driver independent random

parametre NRND := N(0.5, 0.15). SDX is calculated by

S :
o

AX + EX - BX
EXadd + EXmult - (NRND - RNDZ(I))

0o

For drivers having good estimation abilities, RND2(I) close to 1.0, the element EX
will have a smaller mean value and hence SDX will be small. The driver recognizes
early that he is leaving the following process. Small distance oszillations will be the
result.

Perceptual threshold for recognizing small speed differences at short, decreasing
distances. In following the front vehicle at small speed differences the driver
perceives he is approachiing, a closing process. He will have to decelerate to avoid
an accident. CLDV is similar in nature to SDV, but has a larger variation range.
Measurements of TODOSIEV (1963) and HOEFS (1972) resulted in CLDV being
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I) + NREND)

, RND4(T) := N(0.5, 0.15). NRND
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Un-influenced Driving

The driver is driving at his desired speed or tries to reach this desired speed. An oszillation
at desired speed is modelled using accelerations with positive or negative value BNULL.
An important value for un-influenced driving is the value of maximal acceleration. This value
depends on the vehicle capabilities and on drivers will to use the capabilities. The maximal
possible acceleration of a vehicle of given type is a function of actual speed and of maximal
speed. Drivers will to use the acceleration depends on his desired speed and the relation of
desired speed to actual speed. For heavy vehicles the maximal acceleration depends on the
power of the engine in relation to the load. In the model the maximal acceleration is
calculated



