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1. Introduction

Pedestrians form an important component of a multi-modal transportation system. Planning and design of pedestrian
amenities (multimodal points, airports, shopping malls, theaters etc) demand efficient, comfortable and safe walking
operations for the pedestrians. Likewise, the movement of large numbers of people is important in many situations, such
as the evacuation of a building, stadium in an emergency". Studies relating to pedestrian behavior and modeling is thus
imperative. In contrast to vehicular movements, pedestrians interact continuously with other pedestrians and their
surrounding infrastructure/environment, changing their direction and speed frequently. To represent this complex
movement behavior of pedestrian, various models has been proposed; both microscopically and macroscopically” .
This paper is intended to review the emerging microscopic and macroscopic pedestrian model with emphasis to the
social force model (Microscopic) developed by Helbing et al."” and the NOMAD (microscopic), SimPed (Macroscopic)
model developed by Hoogendoorn and his team at Delft University of Technology, Holland® ¥ ¥ ©. Also this paper
mention about the future study outline of authors for improving the exiting models based on the review.

2. Microscopic Versus Macroscopic Model

Microscopic model treats each pedestrian in the model as an individual agent occupying a certain space in time. It
provides a valuable insight over a wide range of behavioral inputs. The microscopic model deals with the factors that
drive pedestrians towards the destination by considering the interaction between the pedestrians * 7. Such model gives
a more realistic performance of pedestrian movements. However the problems of analytical manipulability,
programming overhead and cost (cost is proportional to the level of details), unforeseen errors may have significant
effect on the model.

Macroscopic model is basically concerned with the aggregation of pedestrian movements into flow, density and speed.
It treats pedestrian movement like a continuous fluid and relies on the behavior of the fluid as a large scale interactive
system and thus has easy applicability” ®. However, by making the particle (pedestrian) as unthinking elements in the
model does not seem logical as the varied behavior of individual particle can significantly change the way in which the
fluid (crowd) as a whole behaves especially in panic situation. Using a macroscopic model we can roughly estimate the
level of comfort and occurring of congestion in the network. Subsequently microscopic model are used to analyze these
locations in more detail thereby determining the causes for congestion ”.

3. Social Force Model

The traditional approaches of pedestrian modelling predict the motion of crowds as if it were a continuous
homogeneous mass that behaves like a fluid flowing along corridors. This traditional approach assumes that the crowd
is made up of identical, unthinking elements. This is illogical in real world and especially considering the human
behavior in a panic situation. Helbing e al."” ® deal with this particular problem through social force model which
recognizes that the crowd is made up of individuals who possess the ability to think and react to events around them. In
this microscopic model, the dynamics of each particle/ pedestrian (¢r)is given by three kinds of forces viz. Driving

Forces (Fp), Social/Pedestrian Forces (Fp) and the Granular Forces (Fg) as given by the following expressions:
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where,s,5 =R, +R5 —D,p, Vgy =V —V,, M, is the particle mass, vy and v, are its desired and actual velocity
respectively, €, is the unit vector pointing to the desired target, 7 is the relaxation time, N, is the total number of

particles in the system, 4, and B, are the constants related with the strength and influence of the social interaction,

Egﬂ is the normalized vector pointing from particle f to particle a, ¢,; denotes the angle between the direction of
motion and the direction of the object exerting the repulsive force, parameter A, takes into account the fact that the
situation in front of a pedestrian has a larger impact than things happening behind, E;ﬁ indicates the corresponding
tangential direction, D ,; is the distance between the centre of mass of the particle with radius
R, andRy,k, andk, are the normal and tangential constant respectively, Vg, is the tangential velocity difference,
and the function 6(&,4)is: @=11if £,5 20 (i.e. in panic situation) or §=0 otherwise(i.e. in normal situation).

The social force model is quite similar in principle to Magnetic Force Model developed by Okazaki et al.” which is
based on the Coulomb’s magnetic force concept. However, the social force model uses the variables that have physical
meaning in contrast to magnetic model where arbitrary values are assigned to variables. With the social force model,
Helbing et al. model 'non-fluid' crowd properties such as the self-organizing phenomena (formation of lanes) occurring
in pedestrian crowds as well as the 'faster-is-slower' phenomenon in which people in a rush end up going slower.
Helbing found that at medium and high pedestrian densities the motion of pedestrian crowds shows some striking
analogies with the motion of gases and fluids. These include viscous fingering, propagation of shock waves in dense
pedestrian crowds. Apart from these phenomena, there are some analogies with granular flow. Also at bottlenecks (e.g.
corridors, staircases or doors) the passing direction of pedestrians oscillates which is analogous with the fluid-dynamic
“saline oscillator” and with the granular “ticking hour glass”.

Helbing et al. also investigate the best evacuation strategy for people in a smoke-filled room. They simulate the
tendency of people following the crowd, but also allowing for individuals to adopt personal strategies. They also show
that a widening in a corridor actually slows down the movement of pedestrians, rather than allowing them to move
faster, as one would assume. Helbing et al. demonstrate that, because of their increased speed and increased
nervousness (time-dependent parameter), panicking individuals will block up an exit (due to clogging; an arch-like
blockings) that they could pass through safely at normal walking speed. They found that velocities higher than 1.5 m/s
reduce the efficiency of leaving the room which is due to pushing and at desired velocities about 5Sm/s, people are
injured and become non-moving obstacles for others.

(1) Improvements to Social Force Model:

Teknomo® proposed a physical force based model similar to social force model where forward and repulsion forces
are treated as the main force driver for the pedestrian movement. The repulsive forces, which consist of two kinds of
forces, have been proposed for collision avoidance. One force is driving away the pedestrian actor while still quite far
from other closest pedestrian, the other force strongly repulses against all other pedestrians in the surrounding. The
proposed model has been calibrated and validated using real world data and the results seem promising.

Recently, D.R. Parisi and C.O. Dorso '” have used the social force model to explain the asymmetry found to granular
and social interactions at a certain threshold value of desired speed. By classifying into “social clogging” and “granular
clogging”, they have shown that at desired speed greater than 2m/s, granular clogging is dominant for clogging delay
due to the formation of “blocking cluster”. For quantifying the relationship between blocking cluster and clogging delay,
they define the “arch-clogging” correlation coefficient as follows:
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where N is the total number of clogging delays in each run, té"' is the time at which some arbitrary blocking cluster

Cac =

brakes down, tfd is the time at which the associated clogging delay starts, t§d is the time at which this clogging delay

finishes. The function f'is equal to 1 if #/’ 4 < té’c < t§d and is otherwise equal to 0. With the arch-clogging correlation
coefficient as defined in equation (4), they have plotted the correlation coefficient against desired speed. The



simulation result show that the correlation between the presence of a blocking cluster and a clogging delay is almost one
for delays longer or equal to 2.3 seconds and desired velocity greater than 2 m/s. That is to say, almost 100% of the
clogging delays (for the considered range) were produced by blocking clusters. For shorter clogging delays (0.1s to
2.3s), the competition between social clogging and blocking clusters is also evident from the simulation result.

4. NOMAD and SimPed

Delft University of Technology, Holland has developed two simulation models for pedestrian flows to describe
individual pedestrian behavior (NOMAD) and to describe pedestrian flows in transfer stations, including the interaction
with public transport vehicles (SimPed). NOMAD, a microscopic model, is activity based, implying that the actions of
the pedestrians are largely determined by the different activities pedestrians have planned to perform while being in the
walking facility 2 ¥ Tt describes the execution of human control tasks where pedestrians are assumed to minimize

the so called the running cost of walking. The running cost L) as given by Hoogendoorn 'V'? as [P =¥ X c,({p )L(kp )

where c,({p ) denotes the relative weight of cost component Lgf’ ) Three running cost factors has been considered viz. (a)

cost for drifting from the planned trajectory (b) cost of walking near the other pedestrians/obstacles (proximity cost)
and (c) cost of applying acceleration (acceleration cost). NOMAD inhibits a feedback mechanism that predicts the
effect of worsening conditions on flow behavior. Sometimes, a pedestrian may change his or her walking strategies
when the current strategy does not yield satisfactory results. Having conducted a number of simulations, Hoogendoorn
claims that the adaptive controller framework is very suitable to model changing behavior under safety-critical
conditions '". By considering the case of crossing pedestrians at an intersection, Hoogendoorn shows how crossing
homogeneous strips of approximately the same width are self-formed at the intersection '.

SimPed ? %99 is a macroscopic modeling tool to estimate both mean and variability of walking times incurred by
transferring passengers and to visualize walking patterns inside transfer stations and other pedestrian areas. It uses the
macroscopic relations between density in the walking areas and pedestrian speeds instead of considering the interactions
between individuals (microscopically) for showing the influences of spatial environment. Discrete choice utility
maximizing models are derived and specified for all relevant choices with respect to activity scheduling, activity area
locations, routes, and walking trajectories. Other remaining processes like performing activities, boarding, and alighting
have been modeled as service queuing models. Besides, procedures have been developed to derive individual walking
speeds and aggregate densities in all types of walking infrastructures. Likewise, G. Keith Still'” developed the model
“Legion” that simulates the crowd as an emergent phenomenon using the concept of mobile cellular automata. The
model treats every entity as an individual and it can simulate how people read and react to their environment in a variety
of conditions, allowing the user to study a wide range of crowd dynamics in different geometries and highlights the
interactions of the crowd with its environment which can be used to assess the limits of crowd safety during normal and
emergency egress. The model has been tested for the case studies of crowd behavior at Wembley stadium, Balham
Station, UK and Hong Kong Jockey Club, Hong Kong.

(1) Controlled experiment for pedestrian flow research

Delft University of Technology has recently collected data by carrying out experimental pedestrian flow research » ©.
These experiments have been used to observe pedestrian walking behavior in different conditions. Free speed, walking
direction, density and bottlenecks were the experimental variables considered. Experiments have been performed for
station and shopping conditions, one, two and four directional traffic flows, and with narrow bottlenecks. The
experiments produced achievements with respect to free speed distributions, speed variances, fundamental diagrams,
self-organization, and capacity of bottlenecks both for one directional and multi directional flows. With respect to the
fundamental diagram, a slight difference from car traffic flow theory was observed as for the fundamental flow density
diagram, the congestion observations in front of the bottleneck do not appear to be concentrated around a single point in
the phase space as in car flow theory. Capacity estimates show that the relation between the width of a corridor and its
capacity is not linear, as is mostly assumed, but looks more like a step-wise capacity function, at least for bottlenecks of
moderate width (less than 3 m).

5. Discussion

With the review of the emerging microscopic and macroscopic models, the authors are currently focusing on the
further search and improvements on the reviewed models that may reveal better understanding on the behavior of
pedestrians. The improvements in the current simulation models that the authors are outlining for the future study are:

I. Formation of stripe in crossing pedestrian flows:
The formation of stripe in crossing pedestrian flows still needs to be investigated further for proposing the
improvements in the intersection. The authors are focusing on the diagonal pedestrian crossing at the
intersection. By comparing the results obtained from the simulation model with the real observed scenario,
more insight on stripe formation is expected.



II. The inclusion of different individualities in the particle systems as well as
group behaviors:
It is to be noticed that different people can react in different ways depending
on their individual characteristics and on group structure. Therefore there is
need of assigning attribute individually to each agent and then incorporating
the aspect of changing individual behavior as a function of group. This
improves the individualism and the homogeneity of particles considered in
the existing simulation models. Figure 1: Path followed by

I1I. Consideration of dynamic obstacles: agent without vision field (P1)
It is possible for some area to become really crowded causing a serious and with vision field (P2)
obstacle to pass and requires the avoidance of congestion. Therefore, an
additional model that not only considers the static obstacles but also the
dynamic obstacles needs to be considered in the simulation models. The
additional force strong enough to lead pedestrians around the crowded area needs to be considered.

IV. Inclusion of visual field as a modeling element:
The existing simulation models are seen to lack the vision field for the agent. That is to say, they use the same
model for collision with other pedestrians and obstacle avoidance. As shown in figure 1, this may lead to
unrealistic walking behavior (P1) with tendency to go around the obstacles following its boundaries as
compared to more realistic walking behavior (P2). Also suitable path finding algorithm needs to be developed
in order to route the pedestrians around the environment for analyzing complex pedestrian scenarios as the
driving force are not always sufficient to move the pedestrians.

Further search of microscopic and macroscopic pedestrian characteristics might help for the more in-depth analysis of
pedestrian behavior. The additional models for obstructions and wall avoidance of the microscopic pedestrian may
reveal improved capacity analysis. To decide whether a particular model is a precise depiction of real life scenario, or to
determine which model is the 'best' for the situation under consideration, requires real data to compare with each
model's predictions. The aforementioned model that we reviewed is yet to be tested fully with real life data though such
data are scarce as well as difficult to collect. However, the simulation models can provide valuable information to guide
the planning process and to deal with emergencies giving wider range of possible solutions to crowd problems if one is
aware when it is appropriate to use the model. Although, ideal safety might be unachievable, but improved models of
pedestrian dynamics can assist to enhance the safety in crowded situation.

References

1) Helbing, D. et al.: Simulation of pedestrian crowds in normal and evacuation situations, In M. Schreckenberg and S.
D. Sharma (eds.) Pedestrian and Evacuation Dynamics, Springer Berlin, pp. 21-58, 2002

2) Daamen, W.: Modelling passenger flows in public transport facilities, PhD thesis, Delft University Press, 2004

3) Teknomo, K.: Microscopic pedestrian flow characteristics: Development of an Image Processing Data Collection
and Simulation Model, PhD Dissertation, Tohoku University, Japan, 2002

4) Daamen, W, & Hoogendoorn, SP: Research on pedestrian traffic flows in the Netherlands, In Proceedings Walk 21
Conference, Portland, Oregon, United States, Walk 21 IV, pp. 101-117, 2003

5) Daamen, W.: SimPed: a pedestrian simulation tool for large pedestrian areas, In Proceedings of the European
Simulation Interoperability Workshop, London, 2002

6) Daamen, W, & Hoogendoorn, SP: Experimental research on pedestrian walking behavior, Transportation Research
Board Annual Meeting , Washington DC : National Academy Press, pp. 1-16, 2003

7) Daamen, W, Bovy, PHL, & Hoogendoorn, SP: Modelling pedestrians in transfer stations, In M Schreckenberg &
SD Sharma (Eds.), Pedestrian and Evacuation Dynamics, Duisburg, Germany: Springer Verlag, pp. 59-74, 2001

8) Helbing, D. ef al.: Self-organizing pedestrian movement, Environment and Planning B: Planning and Design 2001,
Volume 28, pp. 361-383, 2001

9) Okazaki, S, & Matsushita, S: A study of simulation model for pedestrian movement with evacuation and queuing,
In Proceedings of the International Conference on Engineering for Crowd Safety, pp. 271-280, 1993

10) Parisi, D.R. & Dorso, C.O.: Microscopic dynamics of pedestrian evacuation, Physica A: Statistical mechanics and
its application, Volume 354, pp. 606-618, 2005 (In press)

11) Hoogendoorn, SP: Pedestrian flow modeling by adaptive control, Transportation Research Board Annual Meeting,
Washington DC, 2004

12) Hoogendoorn, SP, & Bovy, PHL: Simulation of pedestrian flows by optimal control and differential Games,
Optimal control applications & methods 24(3), pp. 153-172, 2003

13) Keith Still, G.: Crowd Dynamics, PhD thesis, University of Warwick, UK, 2000




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


