
 

 

 

 

 

© 2022 IEEE. Personal use of this material is permitted. Permission 
from IEEE must be obtained for all other uses, in any current or future 
media, including reprinting/republishing this material for advertising or 
promotional purposes, creating new collective works, for resale or 
redistribution to servers or lists, or reuse of any copyrighted 
component of this work in other works. 



A Pedestrian Movement Model for 3D Visualization

in a Driving Simulation Environment
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Abstract—In this paper a pedestrian model is introduced that
builds on the Social Force Model and enhances it with various
features. The main goal of this model is to produce more natural
looking pedestrian movements in 3D-visualizations. This model
aims to generate more realistic trajectories in situations where
pedestrians evade each other, for example on narrow sidewalks.
Unlike the Social Force Model, it takes the current velocity
and walking direction of surrounding pedestrians into account.
Additionally, this model lets pedestrians react on approaching
opponents sooner and reduces unnatural body rotations. Through
the above mentioned features, collisions of pedestrians are re-
duced, as well.

Index Terms—social force model, pedestrian simulation, bidi-
rectional flows, collision avoidance

I. INTRODUCTION

Among other operation areas, the Mercedes-Benz Driving

Simulator with its 360° projection screen and real-time ren-

dering of traffic scenes facilitates testing and verification of

driver-system interactions of autonomous driving functions.

It can efficiently support the intensive field tests with many

driving kilometers. In this context, the importance of inner

city scenarios is increasing continuously and thus the need for

a realistic representation of pedestrians.

First, pedestrians may simply move along streets on side-

walks to provide an impression of a typical busy inner city

to the experimentee. In this case no interaction between

pedestrians and vehicles is desired. The pedestrians should not

even draw the attention on themselves but only exist for a more

natural impression of the surroundings. Here it comes above all

to the movement and behaviour of pedestrians being as natural

as possible. If pedestrians acted in unexpected ways, they

would draw the attention of the experimentee on themselves

very quickly, which would have an unwanted impact on the test

results. Second, interaction between pedestrians and vehicles

may be provoked in order to analyse system’s or driver’s

decisions and reactions to the situation.

This work concentrates on the first topic to provide a

naturally looking environment for the experimentee.

A widely used approach for modeling pedestrian movements

in simulation is the Social Force Model (SFM) [4]. Originally,

the SFM is used in evacuation scenarios and similar investi-

gations, yet it is also applicable for traffic simulation to a

Fig. 1: A Mercedes-Benz Driving Simulator with its 360° projection screen.
(Photo: Mercedes-Benz Group AG)

certain extend. It reliably allows pedestrians to walk along

a predefined path while preventing collisions and remaining

within the boundaries of the sidewalks. Though, the actual

avoidance movement of two pedestrians walking past one

another appears unnatural in some cases.

In this paper, we present an enhanced pedestrian movement

model which bases on the SFM. Due to our additions, it

leads to much earlier, smoothly evading pedestrians and results

in more natural and thus less distracting motion of ambient

pedestrians.

The paper is structured as follows. A brief introduction

to the Social Force Model and related work are provided in

Section II. In Section III our new approach for anticipatory

collision avoidance that replaces the collision avoidance of the

underlying Social Force Model and a natural turning behavior

for pedestrians are introduced. After the evaluation in Section

IV, in which the new approach is compared with the standard

Social Force Model, a conclusion of our model is provided in

Section V.

II. BACKGROUND

The Social Force Model (SFM), developed by Helbing et

al. [4], is one of the most popular pedestrian models and is a

representative of continuous pedestrian models. In SFM, which

follows Newton’s laws of motion, pedestrians are considered

as inertial particles on which several forces act. Through

its physical background, the model can be described with

mathematical equations. ~f0

α, as the first of three forces, drives

pedestrian α in straight direction to his target. Further forces



are assigned to boundaries as static objects or sidewalk bor-

ders. This way pedestrians are guided around corners or other

obstacles in their way. The resulting force of environmental

boundaries that act on pedestrian α is described as ~fwall
α .

Finally, pedestrians themselves have forces that model social

distancing behavior and have an impact on other pedestrians

in their immediate vicinity. The force of pedestrian β that acts

on pedestrian α is described as ~fαβ . The resulting force that

acts on a pedestrian in a simulation time-step is the sum of

the above described forces.

d~Pα

dt
= ~f0

α + ~fwall
α +

∑

β

~fαβ (1)

SFM is mainly applied in simulations of evacuations in

emergency situations [7], [13], public transport scenarios [5]

or in the field of infrastructure design [11]. Since SFM is more

of a generalized approach for pedestrian dynamics, numerous

works extended SFM in diverse manners for specific situations

that are not covered by the original model.

The realistic and, above all, the inconspicuous movement of

pedestrians in the 3D-visualization throughout the simulation

receives high attention in our case. In SFM, the unrealistic

behavior of pedestrians walking towards each other or near

by produces an unintentional attention of human spectators.

Fig. 2 shows an exemplary situation of two pedestrians

walking towards each other in SFM. Pedestrians start very

late to evade one another, especially when they approach

each other directly. Instead of adjusting their path early on,

they abruptly execute a hard turn not before they are right

in front of one another. This is obviously not a natural

behavior, since humans have the ability to plan their route

while considering obstacles in their way [10]. At this point, the

used analogy that pedestrians act as particles collides with the

reality. Setting SFM parameters in such a way that pedestrians

start evading much earlier, e.g. by increasing their privacy

area, indeed leads to earlier evasion maneuvers. But through

the circular shape of the privacy area, the lateral distance of

bypassing pedestrians expands as well. Especially in narrow

areas where further forces like those of sidewalk borders act

on pedestrians additionally, the wide privacy areas with their

strong forces may have a negative impact on the pedestrian

simulation. When forces compete, they might overrule another

one. This could lead to pedestrians ignoring sidewalk borders

and leaving their tracks.

Several approaches were developed to model realistic eva-

sion behavior of pedestrians. Social force also may have

an unnatural impact on others in situations in which some

people are standing and others passing by. This may occur

i.e. at signalized crosswalks where some are standing on the

sidewalk waiting for the traffic signal to turn green. The

social forces of those may lead to unnatural movement of

others just passing by on the same sidewalk. This issue is

considered by [12]. In [7] a model extension for conflict

avoidance is presented, which tries to predict path intersections

of two pedestrians, based on their velocity vectors and reacts

Fig. 2: Two pedestrians walking exactly towards each other in SFM. Red
and blue lines represent the paths of both pedestrians and black arrows their
heading at specific positions on their paths.

by either accelerating or decelerating and by changing the

walking direction in particular situations. The unrealistic col-

lision avoidance behavior of the Social Force Model was also

observed in [10]. The authors suggest another model extension,

that searches for free spaces between surrounding pedestrians

and directs the pedestrian through them. Another approach

tries to avoid collisions by dynamically creating short-term

goals depending on the environment, redirecting pedestrians

heuristically around other-ones and static obstacles in their

way [8]. This promising approach also received a development

replacing the heuristic algorithms by decisions produced by a

neural network [9].

In the above presented solutions primarily the actual route of

a pedestrian or the decisions made in specific situations stand

in the foreground. In comparison to that, in our application

area, where several surrounding pedestrians are walking on

sidewalks and do not interact with the vehicular traffic, these

topics are of lower interest. Instead, the realistic movement

of pedestrians in the 3D visualization throughout the simula-

tion receives the most attention. Furthermore, in a real-time

traffic simulation environment it is required that all simulation

components are highly performant. SFM itself already is very

efficient. For this reason we wanted to extend it only with

effective and efficient adjustments.

III. MODEL

In our approach to produce a more natural looking 3D-

visualization of walking pedestrians on sidewalks, we did the

following three adjustments to SFM:

• Walk-on-one-side rule

• Foresighted collision avoidance

• Natural body rotation

By dynamically setting wall force parameters, we implement

the walk-on-one-side rule, through which pedestrians tend to

walk, depending on the settings, on their right-hand or left-

hand side of a sidewalk. In addition, we replaced the social

force calculation of SFM by a new one, which takes velocities

and headings of pedestrians into account. This leads to sooner

evading pedestrians and more realistic trajectories. Finally, we

enhanced the model by limiting the body rotation between one

simulation step and the next one, which precludes unrealistic

human behavior. All three extensions are presented in the

following.



Fig. 3: Walk-on-right-hand-side rule is realized by different border strengths
from left and right borders depending on pedestrians walking direction.

A. Walk-On-One-Side Rule

The first extension we did on SFM is commonly used in

SFM extensions as in [1] and simple, but very effective for

most situations of pedestrians walking towards each other on

a sidewalk and can be realized easily. As introduced above,

in SFM both static objects and boundaries of walking areas

have forces, which keep pedestrians on areas intended for

them. Likewise, the boundaries of sidewalks have forces. In

our approach, the forces of the sidewalks border on the left-

hand side is set stronger than the one on the right-hand side.

That leads to pedestrians tending to walk on the right-hand

side of the sidewalk. We chose this side due to the right-

hand traffic that culturally prevails amongst our experimentee

target group. Pedestrians walking on the same sidewalk in

opposite direction do the same, thus eliminating the worst-

case situation, where two pedestrian walk directly towards one

another, as depicted in Fig. 2. If the sidewalk is wide enough,

they even pass each other without the need of further collision

avoidance strategies, which can be comprehended with Fig. 3.

Nevertheless, on narrow sidewalks, although their paths might

not intersect, collisions may happen due to laterally colliding

bodies. For these situations, a better modeling of the pedestrian

forces ~fαβ in the SFM calculation proved necessary. The new

model introduced in the following meets two considerations:

pedestrians being non-punctual bodies and human’s walking

with long foresighted avoidance trajectories.

B. Foresighted Collision Avoidance

We will explain the cause of the unrealistic evading behavior

at first to retrace the motivation to our approach. In SFM a

circular privacy area around a pedestrian is modeled by the

pedestrian force [6]. The force’s direction always points from

a nearby pedestrian β to the observed pedestrian α, when α

is inside β’s privacy area. It follows, when two pedestrians

are walking towards each other and they are inside the others’

privacy area, the pedestrian forces point in opposite direction

of their walking direction, respectively. So the pedestrians are

forced to rotate and walk backwards until they left the others’

privacy area. Following, they turn around again and follow

their actual path while keeping a certain distance to the other

pedestrian.

behind aside in front of 

Fig. 4: New pedestrian’s privacy area depends on her velocity. Red arrows
represent social forces that act on α at various positions. The relative
alignment of α (to β’s orientation) influences the direction in which the social
force acts. In the area behind β the social force acts like defined in the standard
Social Force Model.

In this scenario there are two root causes that lead to the

unrealistic behavior. Firstly, pedestrians are pushed by forces

in their opposite walking directions, which leads to unrealistic

rotations and paths. Secondly, compared to human behavior

in such a standard situation, pedestrians in SFM start evading

when standing actually in front of each other, which is way too

late. These two circumstances are addressed by our approach.

Pedestrians shall react earlier and they shall not be pushed

backwards, but forces should act laterally.

To achieve this, we changed the shape of the privacy area

in such a way that it extends in the pedestrians walking

direction whereby pedestrians in the front-area move aside

earlier compared to SFM. Additionally, social forces act

perpendicularly to the walking direction instead of directly

between both pedestrians. With this modification, in standard

situations on sidewalks, where pedestrian paths lie more or

less parallel to each other, social forces act laterally on the

pedestrians.

Fig. 4 shows, that j describes the lateral and j + k the

longitudinal expansion in walking direction of the pedestrian’s

privacy area. Whereby j is constant and k depends on the

pedestrians velocity: the faster the pedestrian walks, the greater

is j and thus the pedestrians privacy area. j and k are defined

as

j := 1.5 ∗ wβ (2)

k := max
(

vβ , 4 ∗ v
2

β

)

(3)

where wβ is the width of β’s body shape and vβ is the current

velocity of β. First, it is examined whether the social force

from β may act on α at all. Therefore, the distance dα,β
between both pedestrians is conducted. Only if dα,β > j + k,

there is no chance β’s social force does act on α.

dα,β := d
(

~Qα, ~Qβ

)

(4)

For the actual calculation of the social force acting on α, a

few manipulations on α’s position vector ~Qα are executed.



Rhβ
=

[

cos (hβ) sin (hβ)
− sin (hβ) cos (hβ)

]

(5)

~Q′

α := Rhβ

(

~Qα − ~Qβ

)

(6)

x′

α := π1

(

~Q′

α

)

(7)

y′α := π2

(

~Q′

α

)

(8)

x′

α and y′α are the first and second values of ~Q′

α. x′

α describes

the longitudinal and y′α the lateral distance of α to β in relation

to β’s walking direction. The longitudinal range of values is

split into three sub-ranges:

(a) x′

α < − j
2

α is behind β

(b) − j
2
≤ x′

α ≤ j α is aside β

(c) j < x′

α α is in front of β

The function with which the social force is calculated

depends on where in these sub ranges x′

α is. In case (a) the

original function ~fαβ of SFM is used. If α is walking behind β,
~fαβ prevents α to collide with β even if α is walking faster

than β, because the social force is acting on α from her front.

For the other cases it may be relevant in which direction the

pedestrians are walking. We say pedestrians have the same

walking direction, if hd < π
2

or hd > π + π
2

, where applies:

h∗

α := ∠

(

~f0

α + ~fwall
α

)

(9)

hd := ‖hβ − h∗

α‖ (10)

If the pedestrians have the same walking direction and

case (b) applies, again ~fαβ is used to calculate the resulting

social force. In such a situation generally either α or β is

overtaking the other one and is coming from case (a), where
~fαβ was used, as well. If α is walking in front of β and both

have the same walking direction, the resulting force is ~0, since

the one walking ahead does not see pedestrians behind him or

her.

In case of both walking towards each other and (b) or (c)

applies, at first the lateral position sα at location x′

α, where α

shall be pushed to be outside β’s privacy area, is computed as

follows (compare with Fig. 4):

sα =







j if (b) and y′α ≥ 0
−j if (b) and y′α < 0

j − j
k
(x′

α − j) if (c)

(11)

Note that y′α ≥ 0 occurs, when α is located on β’s left-hand

side and on β’s right-hand side, when y′α < 0.

If |y′α| > |sα|, the social force of β has no impact on α and

the resulting force again is ~0.

Alternatively, the social force of β that acts on α is ~f ′

αβ ,

where ~Sα is the position on the left-hand side of β on the

outer edge of β’s privacy area. This forces α to pass β on

his left-hand side. The closer α is to ~Sα, the weaker is the

resulting force.

~Sα =

[

x′

α

sα

]

(12)

~f ′

αβ =
((

R−1

hβ
· ~Sα

)

+ ~Qβ

)

− ~Qα (13)

In summary, the changes on SFM we did so far solely

effected the social forces of the sidewalk boundaries ~f ′
wall

α

and of the interaction between pedestrians ~f ′

αβ :

d~Pα

dt
= ~f0

α + ~f ′
wall

α +
∑

β

~f ′

αβ (14)

C. Natural Body Rotation

A further modification to SFM we proceeded to was a

controlled rotation behaviour. SFM itself has no limitations

to heading changes from one simulation step to the next. This

sometimes leads to unnatural body rotations of pedestrians

and further produces unrealistic paths. To prevent such an

unnatural behavior our model implements a solution inspired

by the Headed-Social-Force-Model proposed by Farina et.

al presented in [2]. In the following a description of this

modification is provided.

Initially, we define ~fe
α which describes the forces of the

immediate surrounding acting on α, and ~fα, which is the

resulting sum of all forces as in Eq. 14:

~fe
α = ~f ′

wall

α +
∑

β

~f ′

αβ (15)

~fα = ~f0

α + ~fe
α (16)

In the following we limit α’s rotation to 90◦ per second to

left or right. With

hm =
π

2
· dt (17)

and hd, which is the difference between α’s current heading hα

and the angle of ~fα, clamped with [−hm, hm], we receive the

following angles hf and ho:

hf = ∠

(

~fα

)

+ hd (18)

ho = hf −
π

2
(19)

Next, we define ~uf
α, which is a projection of ~fα along α’s

walking direction and ~uo
α which projects ~fe

α perpendicularly

to α’s walking direction. Fig. 5 demonstrates the resulting

construction.

The projection ~uf
α is calculated as follows:

~vfα =

[

cos
(

hf
)

sin
(

hf
)

]

(20)

pf = π1

(

~fα

)

· π1

(

~vfα
)

+ π2

(

~fα

)

· π2

(

~vfα
)

(21)

~uf
α = pf · ~vfα (22)



Fig. 5: Natural body rotation model (inspired by [2]). At the current moment

the pedestrian is heading along the x-axis. The projections on ~u
f
α and ~uo

α

lead to minor body rotations and furthermore to a reduction of deceleration
in the pedestrians desired direction.

while the projection ~uo
α is calculated as:

~voα =

[

cos (ho)
sin (ho)

]

(23)

po = π1

(

~fe
α

)

· π1 (~v
o
α) + π2

(

~fe
α

)

· π2 (~v
o
α) (24)

~uo
α = po · ~voα (25)

Finally, we limit the lengths of both projections to α’s max-

imal longitudinal speed vfα and her maximal lateral speed voα
and receive:

d~Pα

dt
=

voα
‖~uo

α‖
· ~uo

α +
vfα

‖~uf
α‖

· ~uf
α (26)

Equation 26 includes all presented modifications we did on

SFM: the foresighted collision avoidance, the natural body

rotation and, indirectly through parameter settings, the walk-

on-right-side rule.

In this section we presented how we extended SFM in order

to achieve a pedestrian model that produces more realistic

evasive maneuvers. In the upcoming section we evaluate our

results and compare them to the standard SFM.

IV. EVALUATION

In this section, we highlight the most significant results

induced by our model presented above. For this purpose, we

use a simple exemplary scenario in which two pedestrians

walk towards each other. Their paths would be straight and

parallel, if they didn’t evade at all. However, they walk so

close to or even straight towards each other, that they need

to evade in order to avoid a collision halfway on their paths.

The scenario setup with its two variations, where the initial

lateral distance of the pedestrians is (i) 0 cm and (ii) 50 cm, is

visualized in Fig. 6. In both variations the initial longitudinal

distance of both is 20m. We ran each scenario with both the

standard Social-Force-Model (referred to as ’SFM’) and our

model (referred to as ’NEM’ for ’Natural Evasion Model’).

In all simulation runs using SFM the values of pedestri-

ans maximum velocity, desired velocity and acceleration are

constant and also do not differ between pedestrians in one

run. However, in NEM cases they differ not only between the

Scenario (i) – 0cm initial lateral distance

Scenario (ii) – 50cm initial lateral distance

Fig. 6: Scenario setup. In both scenarios the initial longitudinal distance is
20m.

pedestrians in a single run, but further they differ from run to

run, as well. Since pedestrian velocities do not have an effect

on social forces in SFM, the only difference in the SFM results

would be a different point of collision. Certainly, in NEM the

velocities do influence the social forces, which we want to

demonstrate in the following discussion about our results, as

well.

In both scenarios we will examine these three metrics to

describe differences between both models:

1) Trajectories produced by the model

2) Occurrence of body collisions

3) Body rotations

Our model’s aim is to produce more realistic trajectories in

evasive maneuvers than SFM. We will test if the model holds

the expectations. Furthermore, we will study to what extend

body collisions actually are avoided by both models. We also

look at our third enhancement, the natural body rotation, and

examine its implications.

It should be noted, that the following plots of pedestrian

paths all have different scales. Their scale was individually

chosen to display as much relevant information in every single

plot as possible.

A. Scenario I

In scenario (i) both pedestrians walk towards each other with

an initial lateral distance of 0 cm. If they did not evade, they

would collide frontally in each other. Fig. 7 shows plotted

paths of scenario (i), in which Fig. 7a shows the SFM and

Fig. 7b the NEM variant.

Examining these two figures, a few apparent aspects state

the differences between both models. Fig. 7a reflects the

collision avoidance behavior of the Social-Force-Model de-

scribed in Section II: Pedestrians start very late to evade each

other. But when they do, their first reaction is to turn around

unrealistically fast, start walking almost in opposite direction

of their next way point, before they turn around again while

walking and pass each other laterally.

In contrast, having a look at Fig. 7b, it stands out that

with NEM, comparatively, pedestrians start evading each other

much earlier. They would collide at about x = 9.5. While

Pedestrian 1 starts to evade about 5m, Pedestrian 2 starts

about 4.5m before he reaches that point. During the following

progress, both have enough space and time to evade each other
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(a) SFM – Green (above) and magenta lines (below) show the paths of both
pedestrians.
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(b) NEM – Blue (above) and red lines (below) show the paths of both
pedestrians.

Fig. 7: Scenario (i). Rectangles are bounding boxes of pedestrian bodies
aligned to the current walking direction. Grey dotted lines connect the
positions both pedestrians in the same simulation step in critical areas.
Overlapping rectangles connected with grey dotted lines stand for colliding
bodies.
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(a) SFM – Green (above) and magenta lines (below) show the paths of both
pedestrians.
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(b) NEM – Blue (above) and red lines (below) show the paths of both
pedestrians.

Fig. 8: Scenario (i). Black arrows show the pedestrian’s heading at the specific
point of time.

steadily without the need of abrupt rotation with large angles

or even to walk straight away from their actual goal.

Continuing comparing the plots of Fig. 7, another evident

difference can be retraced: Even the bodies of both pedestrians,

represented as rectangles, do not collide in the NEM case. In

Fig. 7b we can see, that in these situations the distance of both

pedestrians is large enough that their bodies do not collide.

There is even at least about 50 cm space in between them. In

contrast, in the SFM case pedestrian bodies collide.

A further remarkable distinction between both results is

that in scenario (i) SFM leads to strong turns while NEM

is producing merely slight rotations. This can be retraced with

aid of Fig. 8, in which black arrows represent the heading of

a pedestrian at a specific position on their path. Comparing

Fig. 8a and Fig. 8b, it stands out that in NEM the heading is

always pointing approximately in direction to the pedestrians

target. This characteristic does not apply in the SFM case,

though. The remarkable difference of both models in this

point can be comprehended even more clearly by looking

upon Fig. 9. Here, the relative deviation of heading from the

pedestrians initial orientation is plotted over the simulation

time. While in the SFM case the heading of both pedestrians
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(a) SFM – A heading change of 77.53% corresponds an angle of 139.6°.
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(b) NEM – A heading change of 4.3% corresponds an angle of 7.74°,
1.99% corresponds 3.58°.

Fig. 9: Scenario (i). Heading changes of pedestrians over the simulation time
in relation to their initial orientation, which is straight to their goal. A heading
change of 100% corresponds to 180°. Gray dotted lines show the maximum
value of a pedestrian during the simulation.

is deviating about 77.53% of their initial orientation, with

NEM pedestrians deviate at most 4.30% and 1.99%.

Fig. 9 also shows that pedestrians with NEM reach their goal

earlier than in the SFM case. Since the velocities and paths

of both pedestrians are identical in the latter case, they reach

their goal simultaneously after 11.9 s (compare Fig. 9a). It is

different with NEM as shown in Fig. 9b, where Pedestrian 1

needs 11.3 s and Pedestrian 2 needs 10.4 s. These differences

have two reasons: (1) Traveled paths differ as well between

both models as with NEM between pedestrians. Longer paths

take more time to walk. In SFM pedestrians rotate about 140°

to evade each other and walk in the opposite direction for a

while. NEM produces shorter paths that are relatively straight

with a comparatively flat curve. (2) Since all pedestrians in our

SFM simulations have the same velocity attributes, they reach

their goal in the same time. However, in NEM simulations

pedestrians have different velocity values. Some are generally

walking faster, other slower.

Spectating the different evading behavior of pedestrians

in a 3D simulation visualization, it seems that with NEM

pedestrians evade much more realistic, compared to SFM. The

abrupt and unrealistic large heading changes of pedestrians

shortly before an oncoming one are eliminated by NEM.

Furthermore, the earlier start of the evasive maneuver together

with only slight heading changes represents a more human

behavior.

Indeed, situations in which two pedestrians walk straight

towards each other can occur in our simulations, but this

happens rather rarely. Potential collisions are mainly prevented

due to the walk-on-right-hand-side rule, resulting in a large

lateral space in most situations. However, those are not the



situations that are relevant for the evaluation of our model. For

this reason we conduct the above introduced scenario (ii) in

the following, where pedestrians have an initial lateral distance

of 50 cm. As we will see, even with this space pedestrians

collide using SFM. Starting with a lateral distance of 60 cm
or more, pedestrians do not collide using SFM, but still they

start relatively late to evade each other.

B. Scenario II

Fig. 10a represents the paths of two pedestrians using

SFM together with their bounding boxes at equidistant points

of time. We can see, that pedestrian bodies slightly collide

even with an initial lateral space of 50 cm and although they

evade each other. That is different with NEM in the same

scenario as shown in Fig. 10b, where no collision occur at

any time. Furthermore, the distances between both pedestrians’

bounding boxes is spacious with about 50 cm at relevant

locations.

If we now compare the paths of both pedestrians with

aid of Fig. 11a and Fig. 11b, we see again that with NEM

pedestrians start evading not only noticeably earlier than

with SFM, but furthermore more consistent. This has three

consequences: Firstly, due to pedestrians diverging earlier

and with more consequence, they have more time to reach

smoothly a desirable lateral distance to their opponent in the

critical area. Secondly, the later a pedestrian starts evading,

the stronger he needs to turn away from his actual goal. And

finally, this behavior imitates more the usual movement of

human being in comparable situations, which leads to a more

natural impression to the spectator.

The unavoidable large angle of rotation that is required in

SFM, when evading lately, is visible in Fig. 12a, as well.

Compared to scenario (i), where pedestrians diverge with

77.53% of their initial orientation, they diverge about 8 times

less when there is an initial lateral distance of 50 cm. But
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(a) SFM – Green (above) and magenta lines (below) show the paths of both
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Fig. 10: Scenario (ii). Rectangles are bounding boxes of pedestrian bodies
aligned to the current walking direction.
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Fig. 11: Scenario (ii). Black arrows show the pedestrian’s heading at the
specific point of time.

0 2 4 6 8 10 12
time in s

0
10
20
30
40
50
60
70
80
90

100

%
 (1

00
%

 
 

)

9.45 %

Pedestrian 1

0 2 4 6 8 10 12
time in s

0
10
20
30
40
50
60
70
80
90

100

9.45 %

Pedestrian 2 (+50 cm)

(a) SFM – A heading change of 9.45% corresponds an angle of 17.01°.
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(b) NEM – A heading change of 2.45% corresponds an angle of 4.41°,
3.84% corresponds 6.91°.

Fig. 12: Scenario (ii). Heading changes of pedestrians over the simulation
time in relation to their initial orientation, which is straight to their goal.

it is still 2.4 times more than pedestrians simulated with

NEM at least in this simulation run. With NEM these values

depend on the velocity of the opponents. In contrast, with

SFM the pedestrians behavior keeps unchanged with different

velocities.

The early start of evading is not the only factor that keeps

the divergence of the pedestrians initial orientation lower in

NEM. The implemented concept of natural body rotation, as

described in section III-C, contributes to the resulting values.

This concept always aligns the body a little more in direction

of the pedestrians next goal. In contrast, with SFM pedestrians

are always aligned exactly in their walking direction.

C. Summary

To summarize the evaluation of our model, a few important

aspects should be named. NEM lets pedestrians evade each

other significantly earlier than with the standard Social Force



Model. At the same time it reduces significantly the body rota-

tion of pedestrians during evasive maneuvers. In addition they

lose less velocity in their actual walking direction. All these

changes lead to a more natural impression when spectating

a 3D visualization of simulated pedestrians compared to the

standard Social Force Model.

V. CONCLUSION & OUTLOOK

In this paper, we presented a new pedestrian model de-

veloped for the application in driving simulators, with the

aim of a natural looking 3D-visualization of a pedestrian

simulation. The model enhances the Mercedes-Benz driving

simulator with a realistic and non-distracting representation

of pedestrians walking aside the roads on sidewalks without

interacting with traffic.

We gave an insight into related work and introduced our

model in detail, subsequently. The Social Force Model [4]

serves as a basis of our model and is enhanced with various

modifications. The original calculation of pedestrian forces

was replaced with a new one which takes the current walking

direction and velocity of pedestrians into account. Further-

more, we implemented a modification of the Headed-Social-

Force-Model [2] to eliminate abrupt and heavy body rotations.

By dynamically setting different strengths to borders, which

affect pedestrians through wall forces, our model leads to more

order in pedestrian traffic additionally.

As stated in the ensuing evaluation, our model produces

more realistic pedestrian trajectories during evasive maneu-

vers. Compared to the Social Force Model, pedestrians ap-

proaching directly one another start considerably earlier to

evade each other, whereby higher velocities cause earlier reac-

tions of oncoming pedestrians. All our modifications together

produce more realistic trajectories during evasive maneuvers

between pedestrians, where they register and react to each

other sooner. Moreover, the resulting trajectories provide more

space between two pedestrians in tight situations, thus re-

ducing the occurrence of colliding bodies as well. A further

improvement that can be registered is a strong reduction of

partly unnatural body rotations, which pedestrians perform

under the standard Social Force Model, mainly situations in

which pedestrians get close.

Facing 2D- or 3D-visualizations of simulations of the same

scenarios executed with both, the standard Social Force Model

and ours, the latter leaves the impression of producing more

realistic pedestrian movements. Our aim to create a calmer

pedestrian simulation that does not distract experimentees,

who should concentrate on road traffic, was achieved.

However, there are a few more aspects that should be

resolved in future work. The implemented concept of natural

body rotation has its strengths for sure, it can cause undesired

behavior, though. In a situation where multiple strengths act

on a pedestrian, he could be pushed to the edge, for example

due to stronger social than wall forces. Subsequently, the next

calculated position is invalid, because it is outside the map,

for instance. Depending on the simulation environment, the

pedestrian is trapped in that situation, even if surrounding

Fig. 13: Screenshot of a resulting pedestrian simulation with the Mercedes-
Benz Driving Simulation Software VDCOR and VIRES VTD [3].

pedestrians leave that place. Another aspect that could be

examined is that in crowded environments, it would lead to a

more realistic simulation if pedestrians reduced their desired

velocities.

The conducted scenarios in the work are kept very simple

to receive the best impression of the models functionality.

However, NEM also performs in more complex situations with

a few malfunctions in special situations as stated above.
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