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operational level, where instantaneous behaviorsichwh

Abstract—The social force model which belongs to theinvolve most activities resulting from the interiacs among

microscopic pedestrian studies has been considaréoe supremacy
by many researchers and due to the main featurepobducing the
self-organized phenomena resulted from pedestriarardic. The
Preferred Force which is a measurement of pede'stnmaotivation to
adapt his actual velocity to his desired velocitan essential term on
which the model was set up. This Force has gormutfir stages of
development: first of all, Helbing and Molnar (199%ave modeled
the original force for the normal situation. Secohiglbing and his
co-workers (2000) have incorporated the panic 8doainto this
force by incorporating the panic parameter to antdor the panic
situations. Third, Lakoba and Kaup (2005) have ped the
pedestrians some kind of intelligence by incorpgorpaspects of the
decision-making capability. In this paper, the aushanalyze the
most important incorporations into the model regegdhe preferred
force. They make comparisons between the diffeiastors of these
incorporations. Furthermore, to enhance the detisiaking ability
of the pedestrians, they introduce additional festusuch as the
familiarity factor to the preferred force to let #@ppear more
representative of what actually happens in reality.

pedestrians such as avoiding collision, deviatamteleration
and deceleration and other physical interactioesdascribed.
In general, researchers have considered the Séaaie
Model as the one which is superior among those lwbatong
to microscopic modelling [1].

This model considers that pedestrians as self4drive
particles. Apart from having the most impact arficieincy, it
has also been considered as the most realistic Inttoatecan
express the motivations inside pedestrians. Dufiedast few
years, researchers have conducted numerous expégime
studies to compare results of this model with fidaldata in
order to obtain more accurate values of the paemsetf the
model [3]-[5]. For that reason, the model has |brggone
through a lot of advances. A brief demonstrationtludse
advances has been introduced in the next sectiotiel third
section, we have given more details about the dpweént of
the preferred force. Subsequently, we have maaergarison
between the most important contributions to thefgored

Keywords—Pedestrian movement, social force model, preferrefbrce. Lastly, we have incorporated a new facttw this force

force, familiarity.

I.  INTRODUCTION

which is called the familiarity factor.

Il. THE SOCIAL FORCEMODEL

C\%N_GES'”ON_ is one of the environmental problems The Social Force Model which was originally propbdey
hich have increased due to the large increasenen tyelping and Moln'ar [6] is based on the conceptspaed

population growth rate. In some occasions, it lesulted in
fatalities such as crowd stampede and its relatetlems.
Solutions are urgently needed to prevent more tdisagrom
happening. In view of this light, pedestrian stsdieave
received much attention recently to provide sohsgito these
challenging problems [1]. Microscopic techniquesiclhare
basically a branch of pedestrian studies are maiohcerned
with the interactions among pedestrians and tHégces upon
each other [1]. According to [2], the pedestriabshavior,
theoretically, can be divided into three inter-tethlevel: 1-
strategic level, where the pedestrian’s activiies! its order
are determined; 2-tactical level, where decisions @made
while performing the activities (e.g., choosing thay to an
intermediate target based on the utility maximmayj and 3-
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from the social fields as described by Lewin [7]sirtg)
mathematical approach, they modelled the behavibr o
pedestrians as acting forces in the Newtonian emuaif
motion. These forces, which are called social feroeay lead

to physical reaction such as acceleration or deatid®. The
model was presented to consider all the behavitrthe
operational level and some of the tactical behavior

A. Modelling the Motivations

The system of the pedestrian’s environment consits-
pedestrians, 2- physical environment, 3- repulsiamad
attractive sources (pedestrians or objects suchvalls or
columns), 4- intermediate targets, and 5- destinatiSome of
these components play an unsteady role dependingharh
level they belong to. (Note: for brevity, the petes or the
individual is referred to as “he” rather than “he ahe” and
“him” rather than “him or her.”). Given the repivls sourcg,
it would have its effect on the motion of individua by
motivating the individuali to avoid the source. This psychic
motivation which is exerted oh byj is represented as a force
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f/(t) and is termed as the social repulsive force. It i$prdarw(t):: \7i°(t)—\7i(t)), (6)

formulated in [8] by:
where y:m ,Mand T represents the mass and the

Frory = A o Ri~G (D) B r

fj():=Ae ™ n; (@) relaxation time respectively.

where,A is a parameter representing the interaction strength,B. Modelling the Motion

B, is a parameter called in [4], the fall-off lengtlirameter ~ The total motivations mentioned above are consit@®
which represents the range of the repulsive intemae (i.e. psychic tension that evokes a psychic conflict dasihe
the characteristic distance of repulsion among ge@d@s). It individuali . In turn, the individuali will select one of the
may have different values depending on the indafdu alternative behaviors based on utility maximizat{6h The
culture. R; = r; +r, is the summation of the radius of twodecision he made will cause physical movement tiegizian

individuals i andj; di(t) is the distance between the centerd - The equations of movement are modeled mathemaicall
of the two individuals at time t g, is the normalized vector the form:

pointing from individualj to individuali. An analogy to the (1)

repulsive force, the attractive source motivatetvidual i to =Vi(t) (7)

orient his direction towards the attractive sourcdt is v
formulated in [8] as mid_tI: fi+& = foeee +Z fi +Z f, + €, ®)
j [o]
. i =i (1)) By = - - ~
fi(t) = Aye! O Bagy @ fi()= 20+t ©)
fio(t)= f3(t)+ fis(t) (10)

whereAy; and By, are parameters which are different from the

parameters of the social repulsive forceshofind B, n; is

i . . . where 9% (1) s the temporary change of the |0Cati0g_\?L
the normalized vector pointing from pedestrjdn pedestrian dt dt

I . ) o ~is the acceleration created by the forces uporviiaal i who
A main feature of the attractive motivation is thecline in has massn,_ande, (t) is the fluctuation of individual
i i

its magnitude during the response time because hef t ) ] o o
By incorporating the panic situation into the modeinew

diminishing interests of individual towardj. An analogy ) .
: : : : . Social Force Model was developed as shown in [B]fér
with this, given the repulsive source as an obgath as a brevity, the model of [3], [4] is referred as theMAV as

wall, and given the attractive source as an olgech as shops . . ; ~ o
N 3 P practiced in [5]. The major feature of this incargtion is the

or the like, the modelling of both the repulsivedattractive physical interaction (contact) among pedestrianschutis

motlvatl_ons inside I against _ and_ with these .ObJeCts'caused mainly by the increase of the crowd denditye
respectively, has been done with slight changegaadgbles interaction results in the emergence of physicalces:

and reasons, as follows: fouming WOrks as a body force counteracting body
fo(t) = A" B (3) compression andf

{at = A @i7%)/Bapy 4y impeding relative tangential motion [4]. The eqaa$ of
'°( ) A Mo @) these forces are modelled by:

ricion WOTks as the sliding friction force
riction

In order to obtain a more realistic model, the vidlial
perception is considered as a weight function agested in mem = K’?(Rij - dij)Avjifij’

[6] that takes into account the angfe () formed between the (11)
. . . .. . Xy Ez=01y

pedestrian direction and the vector pointing froim o the nx) = { 0 5 sl

source j. Based on these accounts, the model ®ffdhiction

was developed in [3]: fpushing = k/7(Rij - dij )ﬁij , (12)

wherek is the elasticity constank, is a function of the relative
tangential velocity of the two pedestrians; = (nj,n?) is
o _ _ _ ~ the normalized unit vector pointing from pedestriarto
An individuall , while he is walking, prefers to walk with apedestriani]; t—”_ - (_n_z n!) is the tangential unit vector

certain velocity v°(t) which is different from his actual v

W(¢ii(t)): (Ai +(1- A )M] . (5)

. ) L orthogonal tof;; and represents the direction ; the
velocityV. (t) . In this case he has a motivation to adapt his g U P of

actual velocity to the preferred one. A force hasrbincluded physical forces appear in case of contact, |.e.nN|Rlea 2d;-
to express this motivation by the following model: These main contributions have resulted in a newnéte of
the total forces exerted upon

friction
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fij = socialrep+ fsociaJatt+ fpushing+ ffrictionr . (13)

Given that the object is a WaIIEio is obtained analogous to

—h

ij "

ﬁo = _’sociaJrep+ ]?socialatt"' Fpushing+ Ffriction, ’ (14)
Frociarep = A€ 4R W(g (1)), (15)
Foocia e = Au€'" " P13y W(g (1)) (16)
fpushing = kn(r = dijo i » (17)
Ffridion =k (R —dij )(v, o o - (18)

Ill. STAGES OFDEVELOPING THEPREFERREDFORCE

A. The Original Model

The preferred force . . (t):= y[2(t)-v(1) is
influenced by the various aspects of the prefewelbcity.
Here we demonstrate that the most important aspédisis
velocity are dependent on the situation where nidévidual |

is surrounded by and his personal characterishigsting with
the normal situation where there is no panic orceation or

the like, an individual wants to reach his destination. For th

case that there is no restriction on the time meguifor
reaching the destination, the preferred velocitgxpected to
be the one which would give the most convenienceh®o
individual. The determination of the preferred Gty is
dependent on both the characteristics of the iddadi and the
characteristics of the walking path and the envitent. With
the assumption that individual is restricted to reach his
destination within a certain time, during his mowarn
(walking), it is natural that he will be also looky for
convenience, hence he is looking for a uniform nnoset. In
the case of rectilinear path toward his destinatilbn he

would like to move (walk) to reach this uniform eeity and
this represents his desired (preferred) velagitit) :

_s() o (19

: (20)

where&’(t) is the desired direction.
In other cases where the path to the destinatforhave the
shape of a polygon, the directiog®(t)will have to be

oriented towards the nearest edge (intermediatgetiarby
which the individuali intends to pass.

Jo-

LA

-0 —
()= —

(21)

(22)

2517-9934
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where %!is the next edge among’,x"*,.... %!, % (t)which
advanceg;(t).

Naturally, the individual will be exposed to margvéations
and delays, and consequently, this will affectvaiocity. As a
result, he will have to move with his actual vetgci
V,(t)=dx(t)/dt which will allow him to compensate his
delay or deviation from reaching the preferred witjo
According to (19), the preferred velocity in thiase will be
affected according to any unsystematic change lestvibe
numerator and the denominator. Furthermore, inatert
situations, the individuali will encounter circumstances
which force him to take a new decision that wilanlge the
subsequent intermediate target (the next edgek seweral
important factors have appeared that affected higing. The
behavior of the individual to respond to these dextis a
major aspect which belongs to the tactical levehe T
successive sections will give details about thas®fs and its
effect on the preferred velocity.

B. The Helbing, Molnar, Farkas and Vicsek (HMFV)
Contribution
An important feature which has been considered asia

contribution to the preferred forge, __,V-% in the
preffered T

?—|MFV model is the incorporation of a new factoretho-

called nervousness factor (panic parameter) intontibdel of
the preferred velocity. Thus, the preferred velpaan be

expressed by a linear combinationvd{0), the initial
preferred velocity,
Both of which are governed by the panic parameter:
V(1) = [1- p (DI (0)+ py (V™ ;

&°(t) = Norm[(1- p)§ + pi(&0()) 1,

and™, the maximum preferred velocity.

(23)
(24)

where p t)=1-v(t)/\°(©) reflects the nervousness (panic
parameter);V, (t) is the average speed in the desired direction

) of motion; <éj°(t)> is the average direction of the neighbors

jsof i. A great advantage of incorporating this factothis
ability for this model to take into account theivas features
for different dynamics in normal and panic situaioFig. 1
below shows how the panic parameter in the HMFV ehod
influences the magnitude of the preferred veloaithich in
turn, influences the resulting motion.
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The panic parameters
Pt =1-3()h2(0)
r—» Increase up
—PDecrease down >

The preferred velocity The preferred f‘{TCE

W(t)=[1-p( R0+ it
Increase up
Decrease down

7-7,

Torgrea =M

Increase up
Decrease down

Satisfies the least ambition
ofi The
effect of
other
forces

Dissatisfies the least
ambition of i

Fig. 1 The above diagram shows how the panic paerirethe
HMFV model influences the magnitude of the prefévelocity
which in turn, influences the resulting motion

C. The Lakoba, Kaup and Farkas (LKF) Contribution

The authors in [5] have claimed that the HMFV modell!

didn’t provide the individuals with any kind of eitigence or
decision-making capabilities. (Note: for brevity nétations,
the modified model in [5] is referred as “LKF model
Regarding the preferred force, the modificatiomt thas been
employed in LKF model, incorporated density and rognof
the locations of exits into the model. Thus, it gathe

individuali more independency in order to define his directiothe role of density is nonexistent.

and, in turn, determine the vector of his preferreldcity:

é = %(1_ 15|) + écollec'[ivemi (1_ M) + ﬁi,door'vl (25)
V)

Eoollective = 2\7] ;l ' (20)
i/i

V' =g+ EV°@-D)+(v,) D @

The direction of the preferred force is the resgltdirection
from the addition of two vectors: the actual velpoivhere
direction is a consequence of motion, and the mede
velocity where the direction is towards an interiateltarget
or a destination. Changing the direction of thefered

velocity towards another target point is it itselfactical level
behavior which is governed by the following factdrérstly,

in the HMFV model, when the individual
direction he will be independent on others as laaghere is
no panic. In this case, because neither densitynmemory
factor has an apparent role, the pedestrian wipki®llowing

his direction undisturbed. In other words, if thanf

parameter is low then the individualistic behawdl come

into being; if it is high then the herding behavieill be the

dominant behavior. However, the dependency fabtdras a
ain role in the LKF model; if the individual is mpletely

dependent then the pedestrian would be guided atebplby

the collective direction of the others who surrouhiin.

Likewise, if he is independent, then the decisiorchoose a
direction will be subjected to the two factors a@ndity and
memory factor. In this case the stronger the menhenhas,
the more stable is his direction towards the raleexit, and
On the comtréaick of

memory means the density would have the main dartan

to determine the direction of preferred velocityigh density
will lead to a greater consideration of the colletdirection

of others, whereas a low one will give the indiats

direction more significance.

There is almost total agreement between HMFV andf LK

on the effect of the source of panic upon the ntagdei of the
preferred velocity, however, there are substamtitierences
on other issues, such as, the components of thaitndg of
the preferred velocity in HMFV are weighted by thaenic
parameter (nervousness). Hence, an increase inatfne of
the panic parameter leads to amplification in tregnitude of

whereM is the memory parameter which has the followinghe preferred velocity and vice versa. On the othand,

rate of change?M__ -M _ M (1) =5 (t) indicates the non-
dt T, T,
dimensional product of the crowd density around izemny

pedestrian and the pedestrian arégg., is the unit vector

pointing from individuali to the door;g is the average

collective

direction of the surrounding pedestriaD; is a factor that

measures how the individual is dependent on othErs the

individual’'s excitement factor which has rate ofanbe

proportional with the difference between the effect

maximum excitement parameter _ and the
P et Aﬂ)

excitement parameter itself,, is the maximum magnitude

of E and lastlyV s the initial preferred force.

IV. A COMPARISON BETWEEN THEHMFV MODEL AND THE
LKF MODEL REGARDING THE PREFERREDFORCE
A comparison between the effects of each factooihiced
by the last two modifications will be discussedhis section.

although the excitement factor, in the LKF modehigh has
been formed in a similar way to the formula of th&nic

parameter but with different modelling approachg hasimilar
effect on either increasing or decreasing the madai it will

not, however, perform in the case of a dependafivinfual.

Thus, if the individual is dependent, then the nitagle of the
preferred velocity of the individual will be thersa as the
collective speed of the individual’s neighbors.

V. INCORPORATING ANEW FACTOR INTO THEPREFERRED
FORCE

The shortage of representing the reality with rdgato
modelling the preferred velocity can be deducednfrihe
preceding discussion. Firstly, in the HMFV, theiindual has
no intelligence while he is in panic situation, tthig, the
individual has no option, other than following athewhereas,
in the LKF model, the aspects of independence Hzeen
assigned to the individuals. However, this indepeme in
LKF the model is limited by two factors: those wiaoe
independent will use their memory first to find that and in
the case of absence of memory, they will opt tdofelthe

chooses his
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majority or keep in their directions. Although liiKF model
more options are available, the individuals in itgadre more
intelligent and have more choices to escape frospuace of
panic as in case of evacuation. One common aspeoigd
evacuation is the varieties of the individuals'editions (which
are more than what appear in the simulations of |&s
models), and these normally emerge because ofatiety of
the options which are available to them. The litiota of the
factors of independence arises because of the eaimpl
environment of the simulations. In this sectioriaetor called
the familiarity factor has been incorporated irfte tmodel of
the preferred velocity in the LKF model to incredise options
of the pedestrians to determine the direction. flimetion of
this factor is to measure the familiarity of thedpstrian with
regards to the structure of the buildings whichtum, will
influence his choices for the best route, conseiyewill
help him to assess which route is the safest. Hetiee
direction of pedestrianis given by

é - [;I (1_ 15|) + écollecliv‘75i J(l_ f)+ fi,routef (1_ M) + I71,door|\/|

(28)

where f denotes the familiarity factor anb; route is the the
unit vector pointing from individual to the destination which
is based on his assessment that it may lead texiheand the
other denotations are the same as denoted fort(2%27)
above. The familiarity factor is assigned to eawctividual
initially and is estimated subject to the charastes of the
environment and the different characteristics ofe th
individual’'s awareness.
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