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Abstract: The supremacy of microscopic models in pedestrian studies has been evaluated on their ability to
reproduce the self-organization phenomenon of pedestrian flow. The social force model which 1s characterized
by considering the pedestrians as self-driven particles has preceded many others in presenting these
phenomena. Over the last few years, aspects of decision making capability have been incorporated gradually
mnto the model in both normal and evacuation situations. However, the decision making aspects in social force
model 15 still n mfant stage. In this study, the social force model 15 extended by incorporating the mnvestigation
ability for the mdependent pedestrians as an aspect of decision making capability. Afterwards, by performing
simulations, we examine cualitatively the effect of activating the investigation ability for the independent
pedestrians on their motion in a unidirectional walloway compared with the original model.
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Over the last few decades, researchers have devoted

much attention to pedestrian studies to provide solutions V\[here: . .

£ : . d%, (1) = The rate of change m the location of

or some pressing problems such as congestion & destrian i

(Teknomo, 2002). Microscopic studies which are _ pedestnatil - )
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concerned with the interactions among pedestrians and " .
their effects upon each other (Teknomo, 2002). One of the from the suim of th1.3 to.ta.l forcc.as upon him
most mmportant models in the microscopic level of Sj(t) = The ﬂuctugtlon of individual i

pedestrian studies is the social force model. The most £ The function p.refe.n"ed force model.ed to
unportant feature m this model 1s the representation of a CXPIESS the motivation of the pedestrian to
pedestrian’s  motivations exerted by other objects . adapt his actual velomty. )
(pedestrians and obstacles) surrounding lum as social K = To reach another velocity %@ at Whlch he
forces. The sum of these forces i1s implemented in a prefers to walk called the preferred velocity

Newtoman equation. The main equations of the model are: Represent .the mass of the. pedestrian 1 and
the relaxation time, respectively

& 1 g = The Preferred direction of the preferred
=9, () velocity

v = The imtial preferred velocity of pedestrian 1
e . . . E, = The individual’s excitement factor which has
m—=1f+g :ff”f +me + Z £, sject T 2) a value greater than zero if the actual velocity
dt ! abject of pedestrian 1 1s less than his preferred
velocity and has been modeled in

(‘7? -7, (t)) 3) (Helbing et al., 2000) in different approa(.:h
T D, = The mdependence factor that characterizes
the independence of pedestrian 1 from the
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Epref (t) =

. . . . s In addition, the function f, (t) is the sum of all
£, (O=£7 (O+£7 (O + £ O+ £ (1) (5) " forces exerted by pedestrian j upon pedestrian 1 which are
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of two types. The first type are the social forces, the
repulsion force £(t) and the attraction force £"(t) that
represent the model of the repulsive and attractive
motivations mside pedestrian 1 against and towards j,
respectively (Helbing and Molnar, 1995). The second type
are the physical forces (1) and ™= (1) which were
modeled as linear functions in (Helbing ez al., 2000) in
analogy with the granular forces; £, .. (t} is analogous to £(t)
but with regards to walls.

DECISION MAKING ASPECTS IN SOCIAL
FORCE MODEL

Incorporating decision-making aspects into the
model has been imtialized (Lakoba et al, 2003) by
granting the pedestrians the independence factor D which
helps in granting the pedestrians with some kind of
mtelligence when making decisions. For evacuation
situations, the researchers (Zamuddin and Shuaib, 2009,
2010) have pursued the last research by incorporating
more aspects of mtelligence such as the familiarity factor
to let the independent pedestrians recognize the exits that
actually lead to safety from the available alternative exits
by granting him the ability in performing an assessment
process. Moreover, they mcorporated the leader factor
(Zamuddin and Shuaib, 2010) as an aspect for dependent
pedestrians: adhering to others and following their leaders
locations. Examples of those are the children and the
elders who totally depend on their close relatives
such as parents with whom they are wallking.
However, wlile performing simulations for the
motion in normal situation, a countermtuitive behavior
has emerged that the simulated pedestrians are too

short-sighted to avoid some anticipated blocked
situations especially because of unevenly crowded areas
(Fig. 1). The pedestrians have no ability to avoid such
anticipated blocked situations before joining these
situations. Indeed, the pedestrian m social force model
has limited perception imposed by the repulsive distance
parameter B** used in the repulsive social force modeled

(Helbing and Molnar, 1995) by:

£ (0= A0 @

Where:

A™and B® = Constant parameters that denote the
strength and the characteristic distance
of the corresponding force, respectively

i, = The normalized vector which points from
the object j to the pedestrian 1

R;andd; = The sum of the radius of i and j and the

distance between the centers of 1 and j,
respectively

As shown in Fig. 2, the perception area of a
pedestrian 1s the circular area centered at his location
where any entity inside exerts a social force which affect
his motion. Any entity beyond this area has a very small
magnitude of force that would not affect the relevant
pedestrian’s motion. The last renders the pedestrian a
short-sighted walker. In reality, as these anticipated
blocked situations lies within his sight, the pedestrian has
further ability to make a decision to avoid such situations.
The model of the mvestigation capability 1s based on
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Fig. 1. The simulation of a unidirectional walloway for pedestrians walking from the right side to their destination which

15 on the left side. The big triangles represent mdependent pedestrians with a higher desired velocity than those
who are represented by the small triangles. The arrows in (a) represent the expected direction for i and | because

the natural behavior is to avoid the crowds by walking in less dense areas especially if they are uncomfortable
(walking less than their desired velocity). In (b) they do not have the ability to make a decision, so their

behaviour governed by the forces exerted by the surrounding pedestrians
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Direction of motion

<«

Fig. 2. The perception of a pedestrian is represented as a circle centered at the location of the pedestrian himself. Tt is

an estimated area that the repulsive forces exerted by the other pedestrians have significant values. The reason
of this is the exponential function of the repulsive social force as modeled by Helbing and Molnar (1995)

the fact that the independent pedestrian has the ability to
mvestigate the situation outside the limited perception
given by the social force model.

THE INVESTIGATION CAPABILITY MODEL

With the investigation capability, the pedestrian can
make a decision to avoid some expected difficult
situations. In other words, the pedestrian directs his
motion toward a less dense area as an intermediate area to
his destination (Fig. 3). The main components of the
mvestigation capability are the investigation area (the
area of his sight), the investigation process and the
decision making.

Modelling the investigation area: In reality, the
mndependent pedestrian has an ability to mvestigate the
macroscopic behaviors of other pedestrians who are
located within his sight (the investigation area) such as
the pedestrian density. The investigation area can be
modeled in many forms to represent the pedestrian’s
sight. Here, it is preliminary represented by a rectangle
shape and divided into three parts: the left part, the
forward part and the right part as shown m Fig. 4. They
are mdexed by part 1-3, respectively. It 13 also assumed
that the walloway is wide enough and the destination is far
away enough to neglect the geometrical computational
dynamics of the investigation area. Many examples of
such physical environments are present in the Al-haj
area in Makkah (Fig. 3) and has received significant
attention from researchers (Helbing et al., 2007). The
pedestrian will choose one of these parts to determine his
next route. Accordingly, the three potential routes which

390

are introduced as representatives for the relevant parts are
assumed to constitute the pedestrian’s alternative routes
as shown m Fig. 4. Basically, the forward route (route 2)
at time t is defined by the straight link that connects the
pedestrian directly to his destination, according to the
directness principle (Helbing, 1997). Accordingly, the
investigation area 1s dynamic corresponding to the
dynamic changes n the pedestrian’s location.

Modeling the investigation process and the decision: The
model for the investigation process is developed by
taking into account the repulsive characteristics of each
part (such as the average density inside) and its effect on
the repulsion of the relevant routes. The decision making
model is developed by adopting the minimally repulsive
route. The ability to start the investigation process is
granted to the independent pedestrian by the factor Inv;

Inv, =1 if E 20 (8)

where, F; is the excitement factor. The model for the
repulsion of the alternative routes for pedestrian 1 who
becomes engaged with this process (1.e., Inv = 1) 1s:

18P s ()= G e, (1) ©)

where, rep..,, is the repulsive effect of route j included in
partj. The index of the route with the mimimum repulsion
is determined by comparison between the computed
repulsions of the altemative routes and selecting the
minimum repulsive route:
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Fig. 3: Aspects of Muslims rituals done in the Al-hajj area in Malklah where the dominant situation is a unidirectional
pedestrian flow
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Route ._.eﬁ\ A y A Route.,
Left [Forward Right
part (1) part (2) part (3)

¢~ The investigation arca
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Fig. 4 The perception area represented by a circle and the investigation area represented by three rectangular parts,
each part includes a representative route

new,i:index{minj (repmmgij(t))‘je{lazﬁ}} (10) provic.les a utility to the pedestrian with worthwlule
’ magnitude g where:

.Finally, the pedestrian mal.<es a deci.sion to direct his 1 rep_ —rep, . >gand Inv,=L, "
motion toward a new area which contains the route that DC= i . (1)
. . . 0 otherwise
has the minimum repulsion rep,. ; if the new route
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Where g differs from one pedestrian to another
according to psychological aspects. The desired direction
of the pedestrian in Eq. 4 1s replaced by &, and Eq. 4

becomes:

V=8, 1+E)V'D +(¥,) 1-D,) (12)
& DC =1

Suiy=f ™ a3)
’ &... DC=0

The pedestrian continues investigating the situation
except in the case when he is directly walking toward his
destination when the excitement factor is equals to zero.

SIMULATION

The purpose of this section 1s to perform a simulation
to trace the behavior of pedestrians who are independent
and have the investigation feature. The physical

(@

environment shown in Fig. 5 is set up according to the
assumptions that have been given above: a wide
unidirectional walkway that does not include attractive or
repulsive sources (such attractive and repulsive sources
are planned to be incorporated in future refinement of the
model).

The area of origin of the pedestrians 1s on the right
side of the walkway and the destination 1s on the other
side and is far away enough that the preferred direction
seemmns to be horizontal.

The situation is normal and the pedestrians differ in
their velocities. Five pedestrians have higher desired
of the

pedestrians are represented in the diagram by larger

velocities than the welocities surrounding
triangles than the others and are generated in the upper
part of the generator area.

The criterion to validate the above research 1s the
appearance of lane-chenging behavior that is the last
pedestrians who are walking in inconvenient lanes will

(b)

(c)

(d)
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Fig. 5 Four consecutive snapshots of the walkway. The pedestrians who have normal velocity are represented by small
triangles and the high-velocity independent pedestrians are represented by larger triangles. When tracing the
pedestrians with ligh velocities (the upper part of the walkway), they were changing their lane as the result of
their investigation process of the forward area in which they were looking for a less dense area. Pedestrian j did
not change his lane because the utilities of the areas under his investigation did not make it worthwhile
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Table 1: The pedestrians parameters, the social force model parameters and the extended model parameters

Camparison Description
The pedestrians parameters
m =[77-83] kg The pedestrians mass: Uniformty distributed within the range 77-83 kg

r=[0.25-0.30] m

The parameters of the social force model
AP =2000N

B =0.15

k= 1.4x105 kg sec™

k=1

T=0.55ec

ee[ VT, 0.05%0/t]

The extended model parameters
Uth=0.2* repey,

Eth=0.2

Sth=1

z=03

h(zo¢,s0c,)=0

The pedestrians radius: uniformly distributed within the range 0.25-0.30m

The strength of the repulsive social force

The characteristic repulsive distance of the repulsive force

The strength of the contact (pushing) force

The coetflicient of the friction force

The pedestrian reaction tirme

The fluctuation source of the pedestrian’s acceleration is randomly
assigned to each individual

The threshold of utility to make a decision
The threshold of excitement

The threshold of density pressure
Constant parameter

The social attribute function

change lanes to more appropriate ones. In view of this
criterion, the pedestrians we are tracing are those who
have a high velocity compared with suwrounding
pedestrians and who change their direction toward a
lower density area to conserve their velocity and walk
comfortably. As we are tracing a qualitative aspect, the
value of the parameters plays no important role in
determining this aspect. However, the parameters used in
our model are shown in Table 1. Because of the shortage
of psychological studies, xth, Uth and z are chosen to be
identical for all pedestrians and their values are estimated
by performing the simulation many times and obtaining
the best behavior (qualitative behavior) based on the
observations mn Fig. 3 and the intuition.

CONCLUSION

In this study, a new aspect of decision-making has
been incorporated into the social force model of
pedestrian behavior. The pedestrians explore the area
under their sights to avoid some predicted situations such
as crowded areas or to look for more comfortable lanes to
walk m. However, the research of this study can be easily
extended to involve many aspects of pedestrian flow by
considering multi-directional flow and incorporating some
aspects such as a semi-blocked situation or physical
characteristics such as obstacles and walls. Density and
the height of pedestrians have major roles in modeling the
dimension of the investigational lattice and it is
recommended to incorporate these factors by conducting
relevant empirical studies.
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