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Abstract:

Urban space provides a context for human interaction. Recently, urban
planning has largely placed the user at the street as the centre of infrastructural
design, with significant implications for the perceived attractiveness of user
environments. However, visual observation is often difficult for verifying
planning goals. The simulation of pedestrian behaviour is important for
physical planning, but such research is scarce. In this study, we adopt an
empirical approach for generating reactive path following. Further, we
implement scenarios as computer scripts with agent-based interfaces to
identify navigational patterns. Moreover, we built a hierarchy of individual
behavioral models and define a behavior production system to control the
agent. Key attributes of streets such as rest space, utilities, landmarks, and
buildings have space tags as identifiers to associate streets with related
activities.

1.

INTRODUCTION

As an important element of urban form, streets function as social spaces,
commercial spaces, cultural spaces, as channels of movement and as
symbolic representations of local tradition and culture. Since street spaces
are not only compromised of physical elements but also of people who are
moving and using them, informal street activities emerge as an integral part
of street life.
Urban designers faced with the task of designing such spaces, needs a
tool that will allow different designs to be compared in terms of their
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attractiveness and effectiveness. Therefore, this paper develops an agent
interface approach for creating a street simulator of user behaviours in urban
street environments. We implemented the agent interface as an individualbased simulation as part of a proposed project called “ SCALE” (A Street
Case Library for Environmental design). The project is demonstrated to
examine differences between the simulation and the real environment, and
illustrate the methodology, which includes observation, analysis, prototype
system and evaluation. We also present possible applications and discuss
social impacts of these applications.

2.

CULTURAL-BASED INFORMAL STREET
ACTIVITIES

Urban streets are one of the important physical elements of cities. The street
is a place where human activities are concentrated. It mainly functions as a
channel of movement that connects one place to the other. The multifunctions of a street have been recognized by various scholars including
Jacobs (1961), Rykwert (1986), Czaenowsky (1986), Moughtin (1992),
Rapoport (1987) and Jacobs (1993). The roles of streets in urban life can be
summarized as follows: a street is a channel of movement, a communication
space, a place of social and commercial encounter and exchange, a place to
do business, a political space and also a symbolic and ceremonial space in
the city.
Streets of Asian cities are significant in the context of urban public life.
Asian streets have culturally and traditionally served the city as a public
space, a place where people come together for commerce, to eat and to
socialize. Cultural-based informal street activities refer to street events, art
performances, traditional foods, culture-based goods such as crafts etc that
form the life of a street. According to Rapoport (1987), activity in any given
setting is primarily culturally based in that it is the result of unwritten rules,
customs, traditions, habits, and the prevailing lifestyle and definition of
activities appropriate to that setting. Rapoport (1987) further argued that
cultural variables are primary for any activity, including walking and others,
occurring in streets. It is culture that structures behavior and helps explain
the use or non-use of streets and other urban spaces – or of other settings.
Thus, the use of streets by pedestrians is primarily culturally based as a
physical environment. Given this culturally based predisposition towards
obeying unwritten rules of proper street use, people can also be influenced
by physical variables.
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SYSTEM DESCRIPTION

In virtual environments, the physicality is different. People would consider
navigating virtual spaces to be quite different from navigation in physical
spaces as there is no body to be moved. However, we treat them as
essentially similar activities. For example, we provide the user with a
steering agent interface without the full range of sensory inputs of a physical
body. In addition, “Guide Map” can be used to provide navigational
information and can be supplemented with additional detail about the tags in
the environment. In other words, “maps are social tags”, they are there to
give information and help people explore, understand and find spaces of
their interest. Even when we are not directly looking for information we use
a wide range of cues, both from features of the environment and from the
behaviors of other people to manage our activities.

3.1

Define the Scenarios, user Behaviors and Agent
Simulator

SCALE proposes that a digital city should provide a universal location
identifying system for Space-tags and other location-aware information.
SCALE is a platform to support digital data and is a media suitable for
advertising and city guide information. Space-tags are virtual objects that
can be accessed only within a limited area and limited time period. Locationrestricted digital objects are stored in a database on a server which is
required to manage Space-tags objects.
In addition, by using avatar agents, users can walk around and experience
the virtual environment on a “human scale”, and can see 3D scenes from the
viewpoint of a walking avatar. Thus, avatars can access Space-tags with
portable devices such as mobile phones. They walk around in a street and
find Space-tags that can be only found at that location, and also can put
Space-tags at the location where he or she is, which can be found by other
avatars nearby. This function also enables local communication applications.
In order to clarify the relations between the problem domains in this research,
we provide a conceptual framework in terms of five perspectives: Agent
interface, User behaviors and Date analysis mode, Simulation environment,
Street condition, and the real application of street design. The relations are
shown in Figure 1.
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The SCALE and the Agent-Interface

The virtual environment is defined by a plane(x, y) of a street space, limited
by a grid frame. In the area defined by this frame different Space-tags can be
created. These tags represent the following external stimuli, characterized
into six groups: (1) seats, (2) trees, greenery space, (3) signs, (4) shops, (5)
parking, (6) public services (toilets, etc). The avatar agent perceives these
stimuli and acts upon them, as shown in Figure 2.

Figure 1. A conceptual architecture of the SCALE.

Figure 2. The main functions of the SCALE.
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The interface provides the following functions:
x List all the Space-Tags that can be accessed;
x Creation of new Space-Tags;
x Detect these Space-Tags.
A user is shown as an avatar (male, female or elder). Space-tags are shown
with icons around the user. The avatar agent instance proceeds as follows:
(1) Read the state information for the avatar including position, direction,
velocity, and viewpoint.
(2) If the state has changed, use the data of the previous step and go to
(4). Otherwise, calculate the conditions and locomotion parameters
for the next step and go to (3).
(3) Calculate one step and store the data in memory.
(4) Display the one-step.
(5) Go back to (1).

4.

METHODOLOGY

Data collection methods of pedestrian behaviour can be broadly classified
into two categories: “tracking”, and “fixed-point observation”. Tracking
involves following pedestrians who pass through any given place. Fixedpoint observation implies counting the number of pedestrians passing
through a specific place in a given time interval. Tracking is effective for
obtaining data of pedestrian route choice behaviour, while fixed-point
observation is effective in obtaining data for a particular place.

4.1

Observation Study

Past studies on the relationship between people’s activities and spatial
information given by the environment suggest that such studies can provide
general guidance for urban design. However, it is not at all easy to collect
enough data for such studies; observing people’s behavior in a physical
environment requires time and it is also difficult to identify the factors that
influence user behavior. By using agent technology, we investigated the
characteristics of activities in Taichung City, Taiwan. By limiting the subject
of the study to observing the relationship between visual stimuli and the
behavior of people in the study area, we started testing the applicability of
the developed system as a tool for observing people’s behavior in window
shopping and strolling activities.The procedure and findings of this study
will be described in the next sections.
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4.2

Data acquisition

The data of noticeable features in a street is classified into two major
categories i.e. the physical and non-physical features. Physical features refer
to all tangible features in the street, especially architectural features, which
can be classified into four major categories, landmarks, places, shops and
malls. Landmarks refer to all physical features in the street which have
monumental or symbolic meanings to people. Non-physical features refer to
all the intangible, non-permanent and mobile features in the street which can
be classified as general ambience and specific ambience. General ambience
represents the nuances of the street, scenery, and also people’s activities
which can be perceived during experiencing the street. The best way to
perceive ambience is by walking through the street and experiencing the
nuances of the street space. Specific ambience represents all features
mentioned by the perceiver, such as street vendors, foods, culture, etc. The
category of noticeable features in a street shows the diversity of elements in
the street as perceived by the respondents.
4.2.1

Participants: Twenty Pedestrians

Twenty individuals participated in the study, including ten males and ten
females. The age of the participants varied between 18 and 29, with the
average being 23. The occupational backgrounds of the participants varied.
Sixteen were students, four were housewife. None of the participants knew
each other. Seventeen of twenty participants had never visited the shopping
street before. Respondents were asked to exchange remarks on what they
saw and what they thought, just as they would if they were walking in the
street. In addition, remarks they made during the real walk were collected.
Figure 3 illustrates the sequence of images with position and location
detection during walking in a street.

Figure 3. Sequence of images with position and location detection during walking in a street.
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Attempted Evaluation of Simulate the Pedestrian
Patterns

Our previous studies (Lin and Chiu, 2003) found that a digital city is a social
information infrastructure for urban life, while users or participants within
the digital city are often foreign to the environment without navigational
aids. A scenario is defined as a script with roles, scenes, events, and time
sequence (Chen, Lin and Chiu, 2004). In other words, the scenarios of roleplay are designed according to the background and the requirement of
potential users, such as age, gender, occupation, and visiting situation
(individual or group). Therefore, users can define their roles in the play and
can select an established scenario, change the scenes or time sequence of the
established scenario to have a personal experience.
4.3.1

Experiment 1: Agent as Navigational Aids

Anders (1998) argues that “The memory palace could resurface as a model
for future collective memory allowing users to navigate stored information
in an intuitive spatial manner” and that “…cyberspace will evolve to be an
important extension of our mental processes” allowing us to”…create
interactive mnemonic structures to be shared and passed from one generation
to the next.”
In other words, the proposed “Memory Palaces” could serve as an everevolving repository of people’s knowledge that users can discuss, learn from,
contribute to, and collectively build upon. As shown in Figures 4 and 5, a
sample scenario simulates and describes what users experience in the street
environment.

Figure 4. A window snapshot of the scenario that user’s explore experience in the street environment and navigation with the agent-interface.
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Avatar
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White circle means
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Figure 5. The user has his own route and sequence to visit the scenes at the street environment.

A well-designed environment with good tags and well-designed
navigational aids such as a guide agent will be conducive to good
navigation. When navigating a street, people tend to ask other people for
advice rather than study maps, and information from people is usually
personalized and adapted to suit the individual’s needs. Meanwhile, people
explore streets by talking to or following the trails of others, or walk into a
sunny street to see something. These experiences all have an impact on
navigation.
4.3.2

Experiment 2: Simulation Scene

The experiment presents a series of simple simulation runs to convey the
idea that a change of street environment can have different effects on
movement patterns and the use of space. We create five simulation scenarios,

Scale

145

differentiated by the Space-tags and varying the character of the composed
elements. In this series we mix three types of pedestrians together in one
scene. Each scene has the same number of pedestrians and the same
proportion. In addition, in each simulation the run period is ten minutes. The
resulting movement patterns of scenes are presented in Figures 6 -10.

Figure 6. Scenario-1 : Three types of space-tags infill, male=10, female=10, Random walking=0,
detect distance=10, run time=10minutes.

Figure 7. Scenario-2: Four types of space-tags infill, male=10, female=10, Random walking=10,
detect distance=10, run time=10minutes.
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Figure 8. Scenario-3: Four types of space-tags infill, male=10, female=10, Random walking=0,
detect distance=10, run time=10minutes.

Figure 9. Scenario-4: Four types of space-tags infill, elder=10, Random walking=0, detect
distance=10, run time=10minutes.

Figure 10. Scenario-5: Four types of space-tags infill, elder=10, Random walking=10, detect
distance=10, run time=10minutes.
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Study Results

Comparing these five patterns, we clearly find that differences in space
configuration and the location of the attractions affect the distribution of
spatial movement patterns. We also learn that movement patterns are
influenced by time of day, different numbers and proportion of wandering
and purposive behaviors. All the differing effects are based on the
interaction between each avatar and the elements of the environment. The
patterns generated from this experiment do not give much information for
space analysis and evaluation, but the trace of movement pattern is a useful
technique for graphically recording the dynamic quality of behavior and
environment relationships. Thus, the urban designer can test the effects of
any design changes through the SCALE simulators on pedestrian behaviours
before their implementation, allowing to explore how the layout of urban
street space affects human behaviours within it, and what kinds of factors
induce a more enjoyable walking experience.

5.

DISCUSSION

The above observation suggests that quality of visual information has an
important influence on guiding people. A visual indication that shops were
located further, such as a continuous street surface design, integrated design
of street signs or street furniture, was an important factor for guiding
pedestrians.

5.1

Street and Human Activity

Through studies in the street we found that:
(1) Even during walking, pedestrians’ conversation related mostly to
topics prompted by visual stimuli.
(2) Pedestrians tended to walk within the sections of streets featuring
large shops, an arcade, and integrated street surface designs.
(3) Pedestrians carefully looked at the changes found along the streets as
well as shops or other spatial objects related to the subjects of their
interest, but they often chatted while moving and paid little attention
to the street scene.
(4) Pedestrians mainly changed course at an intersection at which they
could easily identify their location, in order to avoid becoming lost.
In other words, they would seldom enter streets that they could not
see down or that seemed to contain nothing of interest.
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5.2

The Cognition Map and Human Memory

The preliminary results of the study indicate that people tend to think in
activities, events and needs. Which general routes do users take? What are
the most interested places? How do people move and place themselves in an
urban street? Are there well-traveled routes that may indicate a particular
problem solving strategy? Which places are multi-way branching places;
pass through places or destination areas? In our study, the Space-Tags and
avatar agent provides navigation support for pedestrians of a virtual street
environment and helps designers with the organization and the layout of
street environment content and the tuning of interaction possibilities.
However, first-time visitors acquire information about the virtual
environment that is then augmented and modified on return visits. The
memory of places we have visited may guide us back to those locales. The
classic model of spatial learning proposes that individuals first acquire route
knowledge, then begin to remember the existence of landmarks, trees and
signs, although not their location. In addition, SCALE can serve as a tool to
research people’s social activities in streets. With Space-Tags, we can
implement attractions and entertainment scenes at events or activities, like
festivals. If a city offers many attractions by Space-Tags, many people will
visit there, explore only those they need, like sightseeing information, and
enjoy them.

5.3

Navigational Patterns

It is important for street designers to know the created places where people
want to stay. The analysis of navigational patterns includes the directional
targets and moving paths in streets. The key aspects of two different but
related factors: (1) object identification represented by space tags which is
concerned with understanding and classifying the activities in the virtual
environment; (2) intentions of exploration which is concerned with finding
out about a local environment and how that environment relates to other
environments.
In other words, object identification is concerned with finding interesting
configurations and information of objects, and exploration focuses on
understanding what exists in an environment and how the tags are related.
Space Tags in the virtual environment have different meanings for different
people.
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CONCLUSION

The system described in this chapter is based on a set of space tags
associated with street attributes such as utilities, landmarks, and buildings.
These tags are associated with attributes, which allows representing user
patterns that can be triggered by the avatar agent.
An important research issue concerns the degree of changeability that is
desirable or acceptable for users. As indicated, as agents may become more
“adaptive”, the virtual environment itself tends to become more complex (e.g.
more colors, maps, icons), and consequently multiple agents as needed may
be present at the same time. The question is how users will respond to the
abundance of stimuli that is present when several additions are combined.
A further step in this research project will be the integration of multiagents in the virtual environment, which means that agents will have to be
able to communicate and cooperate with one another while assisting users.
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