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ABSTRACT:

It is important to understand how people act in urban areas in order to design any socid and economic sysems. In this
paper we focus on the patid phase of peoples act, in other word, how they move around. The need to comprehend the
way in which people move through urban aress leads to the desire to predict their movement, such as an assessment of
impacts of new policy or an identification of the optimum location for a new shop. This paper describes a structure of
agent-based behavior modd, which is intended as the rough framework of such predictive modes. The modd suggested
here is based on some andyss of survey data sats, including red trgectories, mentad process and viewing fields of
pededrians. It is because of the assumption that pedestrian movement should be influenced by many factors such as
corfiguration and the location of attractions, previous knowledge of the place, qudity and quantity of the information they
acquire and so on. So as the firgt step of making a multi-agent based model, some ideas of current human behaviord
modelsin other different fields such as socia psychology and cognitive sciences were reviewed and introduced to decide
what kind of factors should be included in the modd to cover most of the possible influence on pedestrian movement. In
addition to these, demographic profiles of the pededtrians, the dtributes or preferences of guests, are indluded in our
modd framework. We will develop a series of Mult-agent Smulation systems and their gpplications, some of which are
currently gtill under development but will be finalized in near future to examine these possible factors. The results from
these smulaions will show which factor(s) redlly have mgor influence on spatid movement and will help uswith setting
the best combination of factors and appropriate vaues of par ametersin our fina modd.

1 TRANSDISCIPLINARY REVIEW OF PEDESTRIAN BEHAVIOR MODELING

11 Outline of Previous Pedestrian Behavior Modds

There have been growing needs for certain pededtrian behavior models in order to predict how people move around in
urban aress. Since it is important to understand the way of spatid movement of pededtrian for any design processes of
fadilitiesin variousfields, not only urban planners or government officids but aso retalers and advertising agencies, have
gradudly been interested in how their customers behave in their shops and, broadly spesking, commercid didricts.

Although there have dready been severd spatia behavior modds, which intend to predict each persoris behavior, they
did not and have not been able to ded with each pedestrian movement in micro-scale environment such as ingde of
shopping mals or a railroad detions. Thisis just because most of those modds were based on the same assumption that



every spatid behavior hasrigid structure that consists of 3 parts setting destination or final aim of the behavior, collecting
dl necessary information for making a decision to meet requirements to reach the destination point or to achievetheaim,
choosing the best dternatives among many possible options by comparison of them. Apparently, these assumptionsarein
accordance with generd process of decison-making. In fact, some modds of this sort have been showed their
effectiveness to edimate a potentid dtraction of a new shop, or to predict he approximate number of vistors or
probability that a cartain place will be chosen as someone’s dedtination. Pedestrian movements in micro-scae, however,
dways accompany seemingly arbitrary behavior, which might be overlooked in such andysis. What brings this
unpredictability may be that each pedestrian are apt to change their origind destination or criterion by the information
he/she newly get whilst they are waking around. To explain this kind of changeshility of pedestrian movement, new
models should include human menta structure such as the mechanism of information processing, whole process of
cognition and leaning, from obtaining information through physica sensors, sorting necessary tips out from these
miscellaneous externd stimulation, to linking some tips according to an experience and background of each person.

Thus, it is ussful to examine various works of research in many sudy fields concerning human behavior; the field of

traffic management, urban design, town planning, architecture, cognitive science, environmenta psychology, geography,

economics, robotics, atificid intdligence and so on. In addition to previous models, empiricd knowledge from
observation or many dataset from survey using inquiries about the atributes or preferences of vigtors, which are areedy
avalablein marketing fidds, dso deserve to be studied dosdly. Because they show us some behaviord tendencies, which
must be a greet help for identification of common sources of contingencies to develop an overdl framework to andyze
behavior. The concept of agent-based modeling enables us to take account of many variables. These works and filds can
be classfied broadly into 3 categories according to main targets of each andyss and leve of scae a which it focuses on.

(Table 1) Details of mgor behavior modesin eech field are described in following session.

Main target Trajectory, Footpath, Combination and Information processing,
Leve of scale Trip data, Route of travels correlation of Menta mechanism
Urban planning DSM analysis
Macro Route choice survey
Traffic management
Architecture Environmental Cognitive science,
_ Disaster prevention psychology Al, Robotics
Micro Ergonomics Social psychology Economics, Marketing

Table 1. Current Research Fields Related to Pedestrian Moddling

1.2 Moddsin the Traffic Research & Urban Planning Fidd

Either of traffic management and urban planning is one of the Sudy aress in which various behavior modds have been
suggested. Among various current models, the Disaggregete Logit modd and Huff modd respectively has been most
widdy used and effective to predict approximeate tendency of human spatial behavior. They describe each person'sspatia
behavior as a series of making a choice. Possihility of acertain place being chosen as the next detination explains onetrip,
a movaments from point A to point B in the space. Sequentidly-organized st of these possibilities amounts to whole
route that each pedestrian go through during hisher journey. These modds are characterized by the concept of utility
optimization. The essertial point of his concept is that it regards each pedestrian as an actor who dways makes the best



choice. Only one option will be chaosen among al possible options after comparison between each other under a cartain
criteria. Every necessary information is supposed be collected and used for guessing the result which will be brought by
each option and its likdihood as well. Most models provide importance or desirability of each result asavaue of utility in
order to make saverd options standardized for comparison. The best choice can be interpreted as one that has the highest
vadue of utility. Therefore, it is gpparent that the way in which cdculaion and standardization of utility has strong
influence on the accuracy of prediction. Mot prevailing way is based on the dtractiveness of the destinaion, such asits
areq, wideness of its assortment of materids. At the same time, they indude negative attractiveness, in other word
condraint of the behavior, such as cost and time for trangportation and for journey itsdf. By introducing the idea thet this
cdculated utility can fluctuates in accordance with random varigbles, these model s try to incorporate common sources of
uncertainty of human behavior. It is, however, dill black-box, how people change their behavior. New schemes of
behavior should not leave this mechaniam as unpredictable measurement errors.

1.3 Moddsin the Fidd of Architecture

In the process of architectural design, observation and survey on uses of the space has been established as one of mgor
parts of design methodology. Behavior mapping and follow-up survey is as awhole widdy used techniquein order to get
detailed information on how people wak around in a space. These information or knowledge of the space and behaviord
patterns, however, has not been developed into sysematic behaviord models, not teking one step further from tips for
immediate design tasks. Therefore, huge accumulaion of know-how, empirica rules and idess of each designers, which
must suggest important factors with much influence on arbitrary phase of human movements, exist only in fragments thet
is herd to aostract. The way in which we utilize thisinformation is strongly needed.

The amulation of escape behavior is another maor theme in this fidd, making use of behaviord patterns. Modds in this
area have the same dructure as those in traffic management dudies. Didribution of utility value of each unit of the space
is caculated from degree of risk and checking location of some obstades, and indicated as potentid map of the space.
Evacuation of people can be described as an interaction of each evacuegs decision and movement, which is derived from
some parameters, such as hisher walking pace, sense of judgment, and susceptibility by others. This offers vduable
ingght for combination of utility optimization approach and of knowledge from observetion. Since the former is effective
only in the case with only one definite am or stable objective of journey and with high ability to collect every necessary
information and to make rationa decison without fall. If we cdl this case a Single-task Stuation, introducing the latter
gpproach will make it possible to develop a new mode, which can dso ded with a Multitask Stuation seemingly
providing changesbility to pedestrian movements. In addition to that, it must be useful to ook up some modes, which
focus on human internd mechanism, how each person interact environmert.

1.4 Moddsin the Cognitive Science & Environmental Psychology

Much research has been made on the theme of influence of human cognitive process on movements. Severd works about
Way Finding such as Abu-Obeid, N (1998) showed that degree of perception of ones environmert, in other word
Cognitive map, strongly determine each pedestrian’s random wak and the number of times of getting logt. It dso
suggested that abdract information such as diagrammatic illudtrations would enhance the Cognitive map, compared to
pictures, which include much detailed information. Appleyard, D(1970) verified that the degree of perception of a certain
placeisin proportion to the number of times of vist. Itsnotablethet Lee, T.R. (1970) identified thet people tend to choose
the fadility, which is located in centrd area of acity as a degtination. It occurs even when there is ancther fadility, on the
fringe of acity, of which equipment istotaly same asthet in core city and when it is gpparent that the latter iscloser. It is
likely that people are gpt to overestimate or underestimate utility according to some images they have for the place. The
word “center” or “ edge’ must evoke respectively a certain image. Another study showed similar tendency that route in



which pedestrians have to make many turns brings the image of “long” or “far”. Introducing cognition as weight in
cdculation of utility will help anew mode with explain changeability of pedestrian behavior.

15 Moddsin the Fidd of Fidd of Economics & Marketing

In Economic fidd, mogt of previous and current modes are based on the basic idea of Economic man. While this means
that dl people aways follow rationd process of decisonmaking like calculation, some models suggest thet the result and
its desirability should have some influence on the way of the caculation itsdlf. Since it is underslandable that an action
taken by each pededrian is usudly accompanied by some reaction from others or environment as a certain feedback,
hisher cognition or knowledge of externd world may well updated by the next time to make a choice. Thus the criteria
and edimated utility of each option may be changed. This dynamism is cdled learning and adaptation. There have been
severd modds, such as Howard-Sheth model and Engel-kollat-Blackwell model, which explain the process of how
people form cognition or an image of brands and shops through experiences, by the learning and adaptation mechanism.
Whether each customer chooses the same shop as destination again depends on whether the result from the behavior
meets with hig' her expectation enough to give good impresson. These models condgst of 5 parts; options of behavior,
eech of which is independent and mutudly excdlusive, possibility of each option being chosen, ligt of possible result from
each option, likeihood of each result being brought, combination of options and result. If there is an option that brought
the actor much benfit, the possihility tha the same option will be chosen next time should increase. The increesing rete
(decreasing rate in case the option just provided negetive reward) is described as |earning-rate-coefficient, which varied
from 0 to 1 and can be changed according to one's values and situdtion.

16 ModdsintheFidd of Robotics& Artificial Intdligence

There has been increasing interests to make robot behave as human beings do. The most difficult problem to solve is
complicity of rules to contral robat, as it must includes a great ded of factors such as task and externd simuli and
interactions between them. Arkin,R.C(1990) suggested the concept of autonomous robot architecture, which made use of
combination of stimulation-response mechanism and knowledge based behaviord schema. Bach, T(1997) developed this
architecture and represented coordinetion of behavior of severd robots, which proved to be derived from each robot's
learning process. . It is suggested that when andlyzing any human behavior with arbitrary movemerts, the following 3
sources of contingencies need to be taken into condderation. 1. Physcd contingencies that influence human
behavior .2:interaction and mutud effect between contingencies. 3: impact on other people of discrimingtive simuli. Bath
Multi-agent-besed-modding and Genetic Algorism are important meesures to integrate information processng and

learning and adaptation process. The former technique makes it possible to handle variation of attributes, to control values
of parameters and behaviord rules independently and to represent interactions between agents, subjects of behavior as
well. The latter dgorism autonomoudy develops a certain schema by taking dl the contralling variables and dl the

possible extraneous influences into account, in order to find desirable options and to let them change their possibility to
occur by themsedves When atempting modeing of pedestrian movements we need to utilize these ways of
representation of interaction and feedback structure between pedestrians and environment..

2. AFRAMEWORK FOR NEW BEHAVIOR MODELS

2.1 Required Conditions for a New Modd

In section 1, we sorted out previous modds and specified the required condition for new behavior mode of pedestrian. A
framework to guide future analyses on behavior modding should meet following conditions:
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Micro-scde arbitrary movements should be explained

2. Mentd or cognitive process should be introduced to represent interaction between each pedestrian and
environment.

The dructure of the new framework must be flexible in order to represent dynamics of behavior.

The concgpt of Learning and adaptation need to be induded.

It is necessary to include knowledge from observation and experience as a quantitative data

All behaviord patterns or rules should be converted into mathemeatica modd.

The new modd neads to be based on the concept of Multi-agent.

N o g b~ w

22 A Framework of New Pedestrian Modds

In this part, we propase a new framework of pedestrian modeling. As mentioned in section 2.1, it is hecessary that this
framework should explain changesbility of pedestrian moverment not by the concept of errors but by dynamic shift of
multiple tasks. It is indigpensable to secify these tasks which are rdevant to spatid behavior as many and detaled as
possble. A prdiminary observation study of pedestrian movements, especialy on shopping around behavior in huge
malls, was undertaken to get both quantitative and qualitative evidence of plurd tasks risng toward consciousness
during a trip for shopping. Identification of the route of shopping aound, fidd of vison which is taken be
eyemotion-tracking camera and inquiry on persond demographic data and preferences suggested thet there can be
found some patterns in seemingly arbitrary movements of shoppers. A tentative theory can be set on the basis of these
patterns, it includes trangtion of tasks and aims of journey and Information processing and feedback-1oop for cognitive
process as shown in Figure. 1.
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Figure 1. A Framework of Pedestrian Behavior Moddl

Each pededtrian has one or more tasks or motivations, some of which he/she is dready aware and others remain
unconscious. Simuli from environment, perceived by physica sensors can be a trigger for some of these tasks to be
redlized. It meansthat there are 4 levels of tasksin proportion to the degree of consciousness; not existing, potentid tasks



(needs), overt tasks and concrete tasks. Although each pededtrian try to solve dl of the concrete tasks, there should be
some condraints, such as cost and time required for achievement of the task. A sort of resource dlocation process will

provide a tentetive schedule, which loosdly defines behavior in future. Not only importance and priority of the task, but

aso cognition and knowledge of the place have and influence on this scheduling. Since this schedule istentative, it canbe
dynamicdly dtered as the changes of tasks and as occason may demand. Stimuli from environment are stored in a

database, which is cdled experience, asinformation or cognitive schema of the environment. Thisinformation or schema
controls resource dlocation process by providing necessary information for meking decision. It can dso provide a new

idea, which evoke new tasks. Leaning and adaptation mechanism is used to represent dynamic relationship between

behavior, experience and environmert. At the step of each movement, choice-making mode based on utility optimization
theory can be applied. Once a certain task get dear priorities among severd tasks, pededtrians try to collect necessary

information to achieve it. If information provided by empirical database is not enough to meet requirement, they will dart
to fill the gap by information collecting behavior. The best option is to be chosen among dl possible dternatives to be
caried out as a certain paia behavior. Didribution of the utility vaue is defined by cogt and attractiveness of each
space (shops), gpproximated by assortment of materids, impression, and uncertainty. This utiity ditribution map itsdf is
to be revised at the timing that pedestrian make another step of behavior.

3. FUTURE WORKS

This paper proposed a preliminary framework of modeling movements of pedestrian. Although it includes what we have
found useful for anayzing the different complexities of human behavior, there might be other influentid factors and a
wider range of passible varigbles for experimentaly controlling human behavior. This framework should be improved by
much detail of the movement of each pededtrian. We have dready developed the measurement system in order to obtain

the deta of finescale movement of pededtrian. It consigts of 3 parts, a gyro sensor, radio frequency identification (RFID)

tag systems, and a process of map matching proposed by Kitazawa (2000). This measurement system will give us

continuoudly detected position of each pedestrian, which will help finding another behaviord patterns together with

eaborate andysis of profiles and preferences of pededirians. Some experiments using this measurement and surveys are

to be carried out in order to identify effectiveness of any possiblefactors.
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