The chapter reports on a series of simulations — experiments — showing how behavior and
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Chapter 6

Experiments

environment influence each other, from local interactions between individuals and other elements

of the environment to the emergence of global movement patterns.

6.1 About the Simulation

The simulations are carried out in two-dimensional virtual environments, controlled and displayed

through a Java applet interface. The interface is designed so that users can create their own

environments and conduct these experiments. Therefore, before presenting the experiments, we

briefly introduce the applet interface.

Applet Interface

Two basic components appear in the applet; a blank area on the left and the button area located

on the right side (Figure 6.1).
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The blank area is a simulation scene where a scene composed of blocks, cheese and mice, and
simulation is displayed. The BLOCK, CHEESE, MICE, and TIME buttons are used to create and
set up parameters for the simulations. Each button pops up a dialog window for a user to specify
the character of each element. The parameters of each block are size, location, and character.
The parameters of cheese are location and character, of mice are numbers and a proportion of
two types (blues and pinks), and the parameters of time are a certain time of a day such morning,
noon, and afternoon.

Meanwhile, the EDIT, RUN, and PAUSE buttons control the simulation operation. EDIT is used to
remove the mice from the scene in order to make changes to any element, RUN to start the
simulation, and PAUSE to stop the simulation. Three additional operation buttons RESET, SAVE,
and HELP will perform the obvious functions, but they are not yet working in the current version.

The PATTERN button is provided for users to visualize the history of movement patterns tracked

by the system over time.

Creating Simulation Scene

Creating Blocks: Clicking on the BLOCK button and dragging the mouse over a blank area
draws a rectangle. When the mouse button is released, the rectangle turns into a black (default
color) block, and a block-character window pops up. The character assigned to each block is
expressed by different block colors, for example, black represents a solid obstacle (e.g., a
building), and green represents the resting and 'sittable’ area (e.g., a park). Black and green are
only two block types we use in these experiments. We can adjust a block's size and the location

anytime.

Adding Cheese: While one might think of creating blocks as establishing space, adding cheese
can be seen as adding qualities to a place. First clicking on the CHEESE button then, clicking
somewhere in the simulation scene locates the cheese. When we release the mouse button, the
cheese-character dialog window pops up for us to assign its character. We may choose one or
more the combination of these choices: look good, taste good, or fun to play with. Based on this
character, cheese colors indicate the differences in quality-applied to the environment. We cannot
resize or reshape the cheese, but changing its location is allowed. In these experiments, only
'taste good' cheese is used for demonstrating the idea of motivated stimuli that correspond to the
need of hunger.
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Setting Time: People behave differently at different times of day. This applet allows us to
associate a certain time of day in the simulation. The time parameter has an influence on the
internal states of mice. For example, most mice are likely to be rushing in the morning, just as
people are rush from home to work. Also the mice have a high level of hunger at noon and may
need to relax in the afternoon. By clicking on the TIME button, a pop-up dialog window appears

with three options of time: morning, noon, and afternoon.

Determining Number of Mice: This is the most important input for the simulation. A pop up
dialog window appears when we click on the MICE button. The dialog enables us to fill in a
number of mice in the simulation and the proportion of purposive (blue) mice and wandering
(pink) mice. We can put in a number of mice from 1 to 300 (more than 300 is possible but not
recommended), depending on the aim we want to study. Note that the total number of mice
means the mice in the vicinity of the simulation scene (Figure 6.2), and they may not necessarily

appear all together in the scene at the same time.

Vicinity

1

1

1

1

1

1

1

1

1

. . !
Simulation scene !
1

1

1

1

1

1

1

1

1

Figure 6.2: The vicinity of simulation
scene including the ideal space
surrounded the scene.

It is possible to go back and forth to change any parameter at any time. Once the number of mice

is set, the simulation is ready to run.

Simulation

After clicking RUN button, there is nothing much for us to do, just watch the mice playing the role
of pedestrians, some wandering, some rushing out of the space, some eating, while some are
sitting on the green space. They are interacting with other elements as well as other mice in
various ways. Each mouse is autonomous, that is, it moves and acts independently according to

its perception and internal states and thus generating life-like activity in the scene. On the
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simulation scene (at the top left corner), we notice the number counting the cycles of the
simulation. The number of mice (and other elements as well) affects the real time behavior of the
simulation. The number of cycles is, therefore, used to reference the simulation period instead.
The users can stop the simulation any time by clicking on PAUSE button or on EDIT button in

order to rearrange the space configuration or to change any parameters of the simulation.

Pattern

After allowing the applet to run for a while, we can pause the simulation and click on the
PATTERN button. The new window opens that displays the traced movement patterns of each
mouse over the simulation period. The red-tone color represents the frequent uses of the path.
The longer the simulation run, the greater the intensity of colors displaying the distribution of the

activity and movement pattern.

Using this simulation applet, we next develop two series of experiments to explore: 1) dynamic
individual behavior and 2) complex social interactions, and present them in the following
discussion.

6.2 Exploring Dynamic Individual Behavior

This series of experiments incorporate individual behavior models — reflex, reactive, and
motivated behaviors — into the main simulation in order to explore dynamic adjustment of
individuals’ behavior affected by their external perception and internal state. There are two
experiments in this series. Experiment 1 focuses on the change in an individual behavior that
displays on the deviation of its movement pattern. Experiment 2 focuses on the change of
movement pattern in many environmental conditions. We create many simulation scenes by
arranging blocks and cheese and giving each of those elements a characteristic. Then we define
different time and various numbers of mice. When each mouse enters in the simulation scene, it
obtains a default behavior — either wandering or purposive — expressed in its color, a set of
behaviors (see Table 5.1), the two internal states of motivation, — hunger and hurriedness —

and the external perception — an ability to perceive the environment in 360°.
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6.2.1 Experiment 1: Changes of Behavior

We develop several scenarios, from a context-free environment that contains no elements other
than the mice, to an environment composed of various elements, to demonstrate the change —
adaptation — of individual behavior. In this experiment, there are 2 types of mice (Figure 6.3):
blues, with default behavior ‘pass through' and pinks, with default behavior ‘wander'. Throughout
Experiment 1, in order to explore the individual behavior, we put a small number (2-10) of mice in

each simulation run.

Figure 6.3: Two typical Types of Mice

Scenario 1: Context-Free Environment: The purpose of starting with this scenario is to present
the basic movement behavior of both types of mice at the level of reflex behavior. Then we can
later understand the adaptation of behavior when it involves the higher reactive and motivated
levels. In this condition, when there is no external signal from the perception system sent to the
behavior production system (see Chapter 5.1.3) (although an individual may have internal signal
such as hunger) the individual's default movement is selected and performed. Therefore, pink
mice move aimlessly and continually change their directions towards their temporary goals as
they do not perceive any object in their range of movement (Figure 6.4). Meanwhile, each blue
mouse moves in a straight line from the entry to the exit point that is its final goal (Figure 6.4).
Note that the movement paths seen in these figures actually are traced in a pattern window
separately from the simulation scene. We superimpose the pattern layers on the images of the

simulation scenes to help visualize how an individual mouse moves about the environment.



77

BLOCK

CHEESE

MICE

TIME

EDIT

RUN

PAUSE

PATTERN

RESET

Figure 6.4: Experiment 1, Scenario 1: i

Pinks moving in context-free
environment

HELP

BLOCK

CHEESE

MICE

TIME

EDIT

RUN

PAUSE

PATTERN

RESET

Figure 6.5: Experiment 1, Scenario 1:
Blues moving in context-free
environment

SAVE

HELP

Scenario 2: Obstructive Environment: This scenario is developed for watching mice perform their

reactive behaviors, reacting to an element seen by the visual — external — perception system.

When the object is perceived, an external signal is sent to the behavior production system, and
the signal indicates the object is a reactive stimulus, not a motivated stimulus (see Chapter
5.1.3). In this condition, the behavior production system passes the signal to the reactive behavior
to perform the obstacle avoidance action if the obstacle is too close to an individual (in the case
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of pinks), or the object is found to obstruct their movement (in the case of blues). From Figure
6.6, we see how the individual pinks make local interactions with the obstacle. They act differently
according to their external perceptions: none of them hits the blocks. In Figure 6.7, some blues
movements are driven by the reflex behavior, expressed in the one straight line, from one gate to
another, because there is no object obstructing its first determined path, therefore, no reaction.
However, some blue mice make the secondary path to ‘avoid obstacle’ but they still keep the
same final goal. As soon as each of them sees its goal, it change its behavior to ‘approach goal’,
making the deflection towards that goal (Figure 6.7).

Figure 6.6: Experiment 1, Scenario 2:
Pinks Avoiding Obstacles

Figure 6.7: Experiment 1, Scenario 2:
Blues Avoiding Obstacles
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Scenario 3: Green Space: These two scenes are developed to compare reactive behavior
(Figure 6.8) to motivated behavior (Figure 6.9), in order to see how purposive mice interact with
the elements, according to their external perception and motivations or internal states. We use
the same arrangement of blocks, but in the second scene we assign a new character for the
middle block to be a relaxing and sittable space in the environment. When a mouse perceives the
green block, its external perception system sends a signal to the behavior production system,
indicating the object is a motivated stimulus. The behavior system passes the signal to the
internal state to determine which internal need should be satisfied. If any individual needs to relax
(lower its hurriedness value), it triggers a signal to the behavior production system, indicating its

need. Then the system selects the appropriate actions, which are 'approach green' and 'sit'.

Figure 6.8: Experiment 1, Scenario 3:
No Green Space

Figure 6.9: Experiment 1, Scenario 3:
A Green Space
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After it spends some time sitting on the green space, its need to relax is completely fulfilled, and
does not need more rest. When there is no other signal, either internal or external, it sets up a
final goal and goes directly toward it if it can perceive that goal. Some rushed or hungry blues

perceive the green space as an obstacle, so they avoid walking on it.

Scenario 4: Attractive Environment: This scene is developed to see the dynamic adjustment of
individual behavior that is affected by the internal states and the presence of stimuli that
correspond to the internal signals. In this scenario we explore how pink mice whose movement is
based solely on local interaction — they have no final goal and make every decision about their
path locally — interact with the attractive elements that provide motivated stimuli. In the first scene,
the arrow points at the long straight line (Figure 6.10), which is not pink's default reflex and
reactive behavior. This clearly shows that this mouse performs the action 'approach goal' —
steering directly towards a goal — which is at the level of motivated behavior. This change of
behavior is, in fact, the result of the agreement between its external perception, "see cheese",
and the internal state, "hunger" at that moment. Once the decision about the motivated goal is
made, the controlling behavior shifts from a default behavior up to the level of motivated behavior.
Figure 6.10 also shows that the first time this mouse passed a cheese (the cheese at the top of
the figure) it did not approach it, that is because there was no agreement signal from internal
system to drive the motivated behavior. In other words, although the mouse is hungry, it is not
necessary to eat at that time but it is still hungry because that need has not yet been fulfilled. The
agreement is made when the second cheese is perceived. From the scene, might appear that this
mouse ‘prefers’ the second cheese to the first, but we have not yet dealt with preferences at this

stage.

Figure 6.10: Experiment 1, Scenario 4:
Changing Behavior Simulation 1
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The second scene (Figure 6.11) shows the mouse’s change of behavior caused by decreasing
'hunger’ after the need for cheese is fulfilled. The first behavior of this mouse is '‘approach
cheese' followed by 'eat’, stopping at a cheese for a while until its hunger is decreased to a
comfortable level. Immediately, the next internal signal triggers, indicating that the need for place
to sit (relax) should also be satisfied. Therefore, the mouse’s second move is the action of
'approach green’', driven from the second motivation, relax. After stopping at the green space
(the action 'sit"), and the hurriedness value returns to a neutral state and there is no other signal
from the internal states. Thus, the mouse switches back its action to the default mode ‘wander’,
marked on the ‘dizzy’ line (see arrow).

Figure 6.11: Experiment 1, Scenario 4:
Changing Behavior simulation2

The previous four scenarios of Experiment 1 are developed to illustrate the change of an
individual movement that is influenced by the continual change of the external perceptual scene
and the dynamic adjustment of the individual's internal states of motivation. Every mouse has
different effect on its move according to the situation it finds itself in. If we trace and record each
individual local movement overtime, the pattern of space usage begins revealed. As seen in
Figure 6.12 (next page), a series of images shows the distribution of movement patterns traced
every 2000 cycles of simulation run. The brighter color (red tone) indicates the frequently used
paths.



Figure 6.12: The trace of movement pattern of the above scene showing the distribution of
movement through time.
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6.2.2 Experiment 2: Changes of Environment

Experiment 2 presents a series of simple simulation runs to convey the idea that the change of
space can have different effects on movement patterns and the use of space. We create three
simulation scenarios, differentiated by the space configuration and varying the character of the
composed elements. In this series we mix two types of mice together in one scene. Each scene
has a same number of mice (150) and the same proportion (blue 80%, pink 20%). In addition, in
each simulation the time of day is set to be afternoon and the run period is 8000 cycles. The first
scene is created by composing black (solid) blocks in space, without motivated stimuli (Figure

6.13). The movement pattern traced from first simulation scene is displayed in Figure 6.14.

Figure 6.13: Experiment 2:
Simulation Scene 1

Figure 6.14: Scene 1: Traced Pattern
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The second scene (Figure 6.15) uses the same configuration as that of Scene 1 but we assign
new character — allow passing through, seeing through, and sitting on — to the bottom-right block.
This new condition causes the block to be displayed in green. The green block provides a
motivated stimulus that corresponds to the need for relaxation. The third scene (Figure 6.17) is
developed further from the second scene by replacing the middle black block with cheese that
tastes good. Cheese then becomes another attractive element along with green space and it
represents the stimulus that can balance the individual's internal state of hunger. The resulting

movement patterns of scenes 2 and 3 are presented in Figure 6.16 and Figure 6.18, respectively.

Figure 6.15: Experiment 2:
Simulation Scene 2

Figure 6.16: Scene 2: Traced pattern



Figure 6.17: Experiment 2:
Simulation Scene 3

Figure 6.18: Scene 3: Traced Pattern

Comparing these three patterns, we see clearly that the differences of space configuration and
the location of the attractions in space affect the distribution of spatial movement patterns. We
also learn that the movement patterns are influenced by the use during different times of day,
different numbers and proportion of wandering and purposive mice. All the differing effects are
based on the interaction between each individual and the elements it perceives.

The patterns generated from this experiment, although they do not give much information for
space analysis and evaluation, do suggests a potential for the future uses of the system in
architecture and urban design. The trace of movement pattern is a useful technique for

graphically recording the dynamic quality of behavior and environment relationships.
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6.3 Exploring Complex Social Interaction

This section presents two simulations, both of which emphasize the interaction of one individual
to another. Although in the model of individual behavior, we see an individual reacting to another
in order to avoid a collision (see Chapter 5.3.2), that is because it perceives the other individual
as a moving obstacle, not as another individual of the same type. From this point of view, we
cannot say that this kind of interaction is a social interaction. Therefore, we extend the experiment
and develop the model based on the idea of social phenomena in urban environment, such
pedestrian flows and the flow of information, that can emerge from only a set of simple social
rules. And this is the way, we believe, people interact with other people through some form of

communication when they are sharing the same space.

6.3.1 Experiment 3: Pedestrian Flow Sensitive

In this experiment we test our theory of pedestrian flows,
as we usually find on sidewalks or urban plazas, that
pedestrian flows are formed by the imitation of behavior;
an individual tends to imitate other individuals' direction
of movement. We use the same model of individual
behavior but add one simple rule to each mouse to
adjust its orientation to be coherent with the other mice
found in its neighborhood field (Chapter 5.4.1). If we put
in enough mice, as the simulation runs, mice entering
the scene, as soon as they get close to other mice we
can see how each mouse little by little adjusts its
direction according to the others. Soon enough, crowds
and flows start to form, some getting bigger in time,
some disappearing (Figure 6.20). We learn from the
simulation that purposive mice, goal-directed walkers, do
not follow other mice; they just keep proceeding toward
their goals. The flow is an emergent property, a global
coherence created by local simple rules. The interaction
of both levels, local and global, is only possible through

the flexibility and plasticity of the form. Figure 6.19:Pedestrian flow



Figure 6.20: Flow sensitive model running through 547 cycles
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6.3.2 Experiment 4: Flow of Information

This experiment demonstrates 'information flow', using a concept of the induction of behavior.
Based on the blue-cheese story (see Chapter 5.4.2.), we introduce two new conditions of mice to
the simulation (Figure 6.21). A yellow mouse represents a mouse carrying cheese — an inducing
mouse —, while an orange mouse represents a hungry — induced mouse — whose internal state of
hunger is induced when it perceives a yellow mouse. Both pinks and blues can turn yellow after
they leave the cheese, assuming that they take a piece of cheese with them. When yellows walk
past any kind of mouse, the second mouse may experience a change in color from blue or pink to
orange. The color change indicates that the second mouse’s feeling of hunger is induced to the
point that the need must be satisfied. In this way, we as observers can see and understand how
information spreads through the environment, revealing that this process gives individuals the
possibility to socialize through some form of information. In this experiment, the induction of

behavior affects the internal state of motivation and the process of learning begins to emerge.

Figure 6.21: Mouse conditions: Yellow
mouse carries cheese; Orange mouse is
hungry.

Figure 6.22: Flow of Information Simulation

From these two models of social interaction, we say that social environment emerges in the
scene because we can see social behaviors expressed in forms of organization, crowd, and

nonverbal communication.



