Figure Al: Westlake Plaza

Figure A2: Social Life of Small
Urban Spaces
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| start my presentation at Westlake Plaza, downtown Seattle,
with lots of people moving around. My thesis is Mouse.class, the

experiments for exploring dynamic behavior in urban places.

Objective and Motivation

Architects and urban designers are sometimes faced with the
problems of inadequate ability to address the complexity in urban
context. The thesis proposes the concept demonstration model
where the emphasis is on the local movement of individuals to
explore the issues that are associated with how pedestrians

move and act in urban spaces.

The motivation of this project comes from 2 things. First is the
film and book, "The social life of small urban spaces" by William
H. Whyte and his colleagues (Figure A2). The aim was to study
people activities in relation to elements in small urban spaces.
I'm intrigued by the way they did the observation, using time-
lapse video and they particularly paid attention to each person

who move about and spend their times in space. Then they



Figure A3: Track the move

Figure A4: Mouse Palace

Figure A5: Parallel worlds
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evaluated the use of space by tracking those individual moves,

one by one.

The next motivation comes from the traditional toy "Mouse
Palace” (Figure A4). It is actually a toy for kids to play around
with the wooden blocks to create a place for a mouse. When
they put the mouse in, the kids can observe how the mouse
reacts with the space they create. The concept behind the fun is
to increase an ability to understand the relationship of behavior
and environment. In fact, this kind of ability is important for
architects and urban designers so they will be able to design a
better place for people. By combining these two concepts: 1) to
understand how individuals interact with all elements in spaces
and 2) playing is learning, I'm interested in designing a
simulation model as a toy or game that enables us to create a
parallel world in virtual environment to understand the real
environment. Therefore, in the system, | have an agent "mouse"
to carry a behavioral rule set of a pedestrian and objects created
in mouse environment imitate some characters of elements
we've normally found in a real urban environment. In other word,
a mouse here, through out this presentation, stands for a

pedestrian.
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Presentation Outline

This is the presentation outline. I'll, first, introduce you to the
range of behaviors that I'm interested to use as behavioral rules
for an individual mouse for exploring the dynamic movement in
built environments. There will be two types of behaviors:
individual behaviors and social behaviors. Then | will introduce
you an autonomous agent mouse, which is the main character of
this series of experiments. I'll go through the process of applying
those behavioral rules that | have selected from several theories
of pedestrian movement and some empirical observations, to
those mice. The last part will be 3 experiments. After we applied
behavior rules to the agents, they will be put together in the
environment we create. First model, we'll see how those mice
move through the space and react with the environment. For the
last two models, the rules selected from the range of social
behaviors will be added to those mice, so we can see and

understand how they reacted to one another.

Behaviors

There are 2 types of behaviors in the experiments. One is the

individual behavior and the other is the social behavior.

Figure A6: Types of behaviors

The individual behavior ranges from the most intelligent and
most complex to the less intelligent and complex. Conscious and

reasoned behaviors are on the top of this type and both
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represent high cognition level of behavior, which mean they have
the ability to recognize the layout of a space, just like those
people who are familiar with the environment. However, in this
context, we want to focus on local movements, meaning each
individual will make a local decision according to their
perceptions of space. Therefore, we will not involve these two
levels of behavior in our experiments. And perhaps this might be
one reason why we still call the agent "mouse" -- not yet

"human".

So, | will start from the less intelligent but, indeed, most
important level to make an individual move. Reflex behavior
does not require any internal input for executing the movement
action. This behavior could be "go forward", "turn left", "go fast".
Some theories call this layer of behavior, "motor"” or

"locomotion”.

The next layer overlaying on the reflex action is reactive
behavior. This level of behavior shows complete dependence of
external perception such as when we see the obstacle get in our
ways, we have to pick another way to avoid that obstruction.
Reactive behavior works as path and speed determination,

choosing "left" or "right", "go" or "stop", "fast" or "slow". Then it

signals the input to the first layer, reflex, to execute the action.

The third layer is motivated behavior, involving the process of
action selection and getting more complex. This behavior
depends on the internal signal or motivation and the external
stimuli that respond to the need inside. For example, when we
feel hungry we need food. In this case, the motivated behavior
selects the action, "search for food" and set a goal, "food". The
setting goal will be sent as an input to reactive level. The reactive
will decompose the goal into a series of simple sub-goals and
make decision on path determination. Then again sends the

signal to reflex to execute the action.



Figure A7: Individual behavior
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In short, in order to study how individual interacts with elements
in environments, at least, we need the behavioral rules in the
range of reflex, reactive, and motivated behaviors for applying to

each agent.

Figure A8: Social behavior

Another type of behavior is social behavior. We also need to
have behavioral rules in range of the social action because in
this experiment, beside how individuals interact with
environment, we also want to understand how individuals react
with each other. This range of behavior happens among those
individuals sharing a moment in the same space. | select
imitation and induction of behaviors to be the examples for
explaining some dynamic movements in urban environment,

which can emerge from simple social actions.

Autonomous Agent Mouse

Before I'm going to make the rules for the agent mouse, | want to
briefly explain the system architecture of these experiments. It
has been written in Java language, the object based
programming therefore, the simulation will be displayed in an
applet. Inside the applet consists of several objects and
Mouse.class seems to be the significant object for these
experiments (Figure A9).
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Figure A9: System Architecture

The program uses multi-agent technology in which each
autonomous agent "mouse" employs individual behaviors and
rules --selected from many theories on pedestrian movement
and empirical observations-- to perform its role as a pedestrian.
A "mouse” moves through a virtual environment reacting to the
object and space as well as other mice. An agent mouse also
has ability to improvise their actions according to the situation
they find themselves in. All mice have an ability to see and this
visual perception will have an influence on their movement and
action. From many theories of how pedestrian move in urban
space, | converted them into a behavioral rule set for each

mouse.

Figure A10: Autonomous agent “Mouse” Figure A11: Mouse ability



Figure A12: Forward moving

Figure A13: Modeling forward moving
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1) Forward moving: The first rule is from the reflex level; it is

a default behavior for an individual to move about the
environment when they have no final goal. This rule will tell
each agent to move forward by picking a temporary goal and
proceed to that position. Each individual will prefer to pick a
goal within the range that makes their changes of direction
smooth while walking. This rule is adapted from the logic of
walking in urban plaza by Kovacs and Galle (Figure A12).
The rule will make a mouse move aimlessly while being in
the space and this is set to be a default behavior for a pink
mouse (Figure A13). In the other case, if those individuals
have their final goal and if the goal is perceived, they will go
straight to their targets. | set a blue mouse to represent this

kind of purposive walker.

2) Obstacle avoidance: This action is in range of reactive

behavior. It happens when an individual perceives an object
getting in their moving direction. He will choose the other
way to avoid that obstacle. While the pink mice always pick
their next positions from their vision field --only the area that
they can see, the blue mice will pick the intermediate goals



Figure Al4: Obstacle avoidance

Figure A15: Modeling obstacle
avoidance
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to get around those obstructions first, then proceed to their
final goals. This algorithm transferred from Christopher
Alexander's concept of paths and goals. From the
simulation, the orange line shows the link from a blue mouse
to his final goal --a gate-- and when an object gets in the
way, he will pick the secondary way, a gray line, to avoid the

obstacle until he can see his final target (Figure A15).
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3) Collision avoidance: This is another action in reactive level,
just like when walking on a sidewalk, people try to avoid and not
run into other people. Personal distance is by no mean universal,
according to Edward T Hall, it might be thought of as a small
protective sphere or bubble that an individual maintains between
itself and others, and the distance is adjustable depending on
situations. In the simulation, the influence sphere represents the
evasive distance-- from Pushkarev's Urban Space for
Pedestrians, pedestrians have found to take evasive action
anywhere from 2-17 ft. ahead of moving obstacles-- that each
walker starts to be aware of other walkers entering his sphere. If
someone is likely to cross his way, he will perform an evasive

action to avoid a collision (Figure A17).

Figure A16: Collision avoidance

Figure A17: Modeling collision
avoidance

These three behaviors are set to be the basic actions for each
agent mouse to move about a mouse environment. However, in
order to understand how individuals interact with attractions in a
space --when internal needs (motivation degree) and the
presence of external stimuli altering the movement--, it requires
more rules in range of motivated behavior overlaying on the

three basic rules. In this context, we demonstrate two examples
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of motivation: a degree of hunger and a degree of hurriedness
(Figure A18). Those mice who have high degree of hunger will
very likely go to cheese, or who have low degree of hurriedness
might go to rest on green space while rushing mice will likely go
directly to their goals, for instance. This behavior will directly

affect the direction and speed of those individuals.

Figure A18: Motivated
behavior

In the demonstration, all mice will be given 2 degrees of
motivated behaviors, hunger and relax-rush. The combination of
those 2 motivations will make mice move and react with
appropriate elements in an environment by sending their goals
as inputs to reactive level for path determinations and to reflex

level to execute those actions.



Figure A19: Simulation scene
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Experiments

Experiment 01: A study of the behaviors in relation to

elements in the environment

This is the mouse environment, a parallel world to pedestrian-
scale urban environment. In this applet, we can create the space
configuration by adding some blocks as you may think of what
we usually find in the real urban space --buildings, outdoor sitting
spaces, light or heavy traffic streets, plant containers, and so on.
Each block has its own character, for instance, a black block
indicates an obstruction element since it doesn't allow seeing
through, passing through, or any resting activity while a green
block seems likely to stimulate some activities since it allows
seeing through, passing through, or even sitting on. Besides
arranging those blocks, we can also add some cheese, each of
which also has its own character, to indicate the attractions in
space. Different qualities of blocks and cheese will have different
effect on an individual's movement and activity. The experiment
also has time factors, morning indicates most mice are in a rush,
at noon most mice are hungry, and afternoon is the time most
mice need some relaxation.



Figure A20: Movement pattern
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After we add some blocks and cheese, put in a couple hundreds
of mice, indicate the time, then run the simulation (Figure A19).
After running the simulation for a while, we can stop the
simulation and we will see paths and patterns traced from each
mouse movement start to emerge. The brighter spots indicate
the frequently used paths or locations that the mice spend more
time in the space. We can explore some changes of patterns by
adjusting and playing around with the configuration of space, like
change black block to green block, replace a black block with a
cheese instead, add two more cheese, then we can compare

those changes on the global movement patterns (Figure A20).

In summary, the experiment shows that the change of
configuration of space and time and the presence of attraction in
space have effects on the local movement of an individual,
based on their motivation and perception, which consequently

impacts on the change of a whole movement pattern.

Experiment 02: A study of the social effects on the

interaction among individuals

In the following 2 experiments, we apply 2 more simple social-
behavioral rules --imitation and induction of behavior-- to an

individual agent mouse.



Figure A21: Imitation of behavior
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Experiment 0 2- 1: The imitation of behavior: Flow sensitive

Some findings recognize that people are sensitive to pedestrian
flows and they tend to follow the others (Schoggen, 1989;
Zacharias, 1997). The first social rule we add on the layers of
individual behaviors is an imitation of behavior. When any mouse
has two or more mice in his neighborhood field, he will imitate
the others' directions by adjusting his orientation to match the
average direction of the others. By applying this rule, if we put an
appropriate numbers of mice and layout of space, we will see the
mice start to form a crowd or a flow, just like pedestrian flows we

normally find on some urban plazas and sidewalks (Figure A21).

Experiment 02 - 2: The induction of behavior: The flow of

information

In order to understand what induction of behavior is in this

context, | will tell you the blue-cheese story.



Figure A22: Blue Cheese Story
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Scene 1: The blue gets into the space with the degree of hunger
as high as 3. The internal signal tells him to search for cheese.
Scene 2,3,4: He keeps looking for cheese and he finds one. He
gears towards the cheese and gets a big bite of it.

Scene 5: He carefully carries the cheese and about to find a nice
place to sit and enjoy the piece of cheese in his hand.

Scene 6: At that time, the pink, who has been wandering in the
space, sees the blue with cheese. Suddenly his hungry degree is
rising up from 1 to 3, indicating that he wants some cheese, too.
Scene 7: While the blue enjoys his cheese, the pink sets up his
goal and begins to search for cheese to fulfil his need.

Scene 8: After the blue has finished the cheese, his degree of
hunger turns back to 0 but his rush level increases to 3, meaning

he has to go.

From this story, the blue is an inductor and the motivation of the
pink is induced when he perceives the cheese in the blue's
hands. The induction of behavior has an effect on the pink's
direction of movement by altering his wandering action to

searching for cheese.

In this simulation, you will see the yellow mice. They represent
either blue or pink mice who carry the cheese; thus they are the
inductors. Meanwhile, the orange mice are those very hungry
mice, some of whom change his or her colors after they pass a
yellow, indicating the adaptive degree of hunger after being
induced (Figure A23).

| call this simulation the flow of information. In urban
environment, dynamic behaviors can emerge from the imitation
and induction of behaviors. It gives individuals the possibility to
socialize through some forms of communication. Without
communication, there is no society. Jane Jacobs said, sidewalks

are the primary conduits for the flow of information between city
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residence. "People learn from each other because they pass

each other. . . Sidewalks are junctions of urban life."

Figure A23: Induction of
behavior

Conclusion

| am going to make the conclusion in front of Westlake plaza,
people are still moving while the place keeps changing. What
I've just presented is the proof-of-concept experiments in hope
an audience would gain some understanding of how people use
urban spaces. Through the process of simulation, the study
shows that the complexity of what we perceive in the real
environment is actually the result of the local interactions of
individuals. This exploration is seeking to exercise a way
architects and urban designers think of space as a dynamic
process and recognize that elements in urban environment can
have radically differing effects, depending on the circumstance
and contexts in which they exist. Indeed, people are important

parts of it.



