Surface Detection and a Simple Behavior System

H he Scribbler is an exciting new robot from Parallax. This
- B small blue robot is fully programmable and packed with
sensors. As one of the developers of the Scribbler, | can assure
you that we tried to add as much capability as possible to the
robot while still keeping it affordable for the average person.
In this article, I'll give you a quick introduction to the Scribbler
and then explain a project | created using a simple behavior
system and a creative use for the line following sensor.

The Scribbler

The Scribbler is a very capable robot. Its features include
two infrared obstacle avoidance sensors, two line following
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sensors, three light sensors, a stall sensor, three user-con-
trolled LEDs, a speaker, and two drive motors with both con-
tinuous and timed commands. It also has a rich programming
environment so that you can use these sensors
and actuators in any possible combination.
There are two ways to program the Scribbler:
either graphically, using the Program Maker GUI;
or with text in the PBASIC lan-
guage, using the BASIC
Stamp Editor. The GUI makes
it easy to program

you have no prior



knowledge of programming or robotics. You simply construct
your program by assembling virtual blocks together in the work
area. Each programming block performs a function, such as
making the motors drive a certain speed or checking the obsta-
cle sensor to see if there is something in front of the Scribbler.
In no time, you can have a working program to download to
your robot. The GUI also provides branching, loops, logic, and
subroutines, so that even advanced programmers will find it a
useful tool for quickly building complex programs.

The second way to program the Scribbler is by using the
popular BASIC Stamp Editor. Since the Scribbler has a BASIC
Stamp 2 as its brain, you can use the same programming
tools used to program any Parallax Stamp processor. Writing
programs directly in PBASIC gives you full control over every
aspect of the Scribbler, and will also familiarize you with the
details of how all the sensors and actuators function. With it,
you can use the Scribbler to carry out your own robotics
experiments and ideas. For my project, | chose to use direct
PBASIC programming because | wanted to use my own
behavioral control system and to utilize the line sensor in a
novel way. You can download both programming tools,
along with detailed programming tutorials, for free from the
Scribbler Robot website (www.scribblerrobot.com).

Sensors and Motors

The Scribbler Robot has three light sensors that look out ‘
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from the front through three holes that resemble eyes (Figure
1). The light sensors detect the light levels in front of the
Scribbler and are roughly focused so that each sees a differ-
ent area. The short plastic ribs on top of the robot just above
the holes point in the direction to which each light sensor
looks. These sensors can be used to make the Scribbler drive
toward or away from any light source, or to align itself to a
light. Since the sensors each look in a different direction, they
can also be used as a crude three-pixel vision system. They
can also be used to simply detect overall light levels, which is
how | use them in my project.

In Figure 1, you can also see the Scribbler’s two infrared
(IR) emitters mounted in cylinders at its front corners. The two
emitters and a single IR detector are used to detect obstacles.
When you turn on the emitters, they shoot light out in front
of the Scribbler. If there is an object in front of the robot,
some of this IR light will reflect back to the detector. By turn-
ing the emitters on and off in turn, you can also tell if the
object is on the right or left side. This sensor uses a modulat-
ed light signal, meaning that when the emitters are turned on,
they are actually oscillating at a frequency of 38 KHz. If you
send out a slightly different frequency, it will reduce the
sensitivity of the detector. So, by sweeping through several
frequencies, you can detect objects at different distances.

On the bottom of the Scribbler is a pair of line sensors
(Figure 2). Like the obstacle detector, the line sensors detect
IR light, this time reflected off of the ground. By measuring
the amount of IR light that is reflected back, the robot can
tell if the sensor is over a white or black surface. You can use
this sensor to follow a black line printed or drawn on white
paper. In my project, I'll explain how to use this sensor to
detect other floor patterns, as well.

The Scribbler also has a stall sensor that detects when it
is stuck and its wheels have stopped turning. If the Scribbler
hits something when it is driving around, it can sense the
obstacle and free itself.




It's always important to be able to get feedback from
your programs while your robot is running around on the
ground. The Scribbler has three green LEDs that you can turn
on or off in any pattern and a speaker that you can use to
make beeps or play your own songs.

Along with its full suite of sensors, the Scribbler also has
a very capable drive system. You can send speed commands
to each wheel using a pulse width signal. Once you send a
command, the Scribbler will keep driving at that speed until
you send it a new command. You can also send an optional
second pulse to control the duration of the speed command.
For instance, you can tell the Scribbler to drive forward for
three seconds and then stop. This way, you can more precise-
ly control its movements.

Finally, if you look at the Scribbler from the top, you'll
notice a hole in the center that goes all the way through the
robot. You can place a marker in this hole and the Scribbler
will draw on a piece of paper as it moves. This, after all, is
where the Scribbler gets its name.

Project Overview

For my project, | decided to give the Scribbler the ability
to detect the color of the floor it was driving over and to
react differently to each type of floor. | used three different
colors of floor: black, white, and a black and white checker-
board pattern, which | call gray. To make it a little more
interesting, | wanted to enable it to detect if the light was on
in the room and behave differently if the light was off.

The desired behavior was for the Scribbler to drive only
on white surfaces when the room light was on, and to turn
if it saw black or gray surfaces. If it detected that the room
light was off, it would drive on gray and avoid white and
black surfaces.

The Arena

Next, | constructed an arena with black, white, and gray
surfaces to demonstrate and test the behavior. | made the
center of the arena part white and part gray, and surrounded
it all with a strip of black (Figure 3). The black strip would act
as a wall to keep the Scribbler in the arena. | constructed the
arena from a piece of poster board, with pieces of printed
paper taped on top to make the gray and black surfaces. |
created the gray surface pattern using a drawing program. It
is a checkerboard pattern with half-inch black and white
squares. | chose this size square because it is large enough for
the line detector to see distinct black and white areas, but
small enough that it would quickly pass over multiple squares.

The Detectors

When you are deciding which sensars to use for a robot
project, it is always good to ask, “What does the robot need
to know to carry out its task?” For my project, the Scribbler

needed to know two things: whether the room light was on
and the color of the floor surface under it. To determine
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values of the three light sensors in order to reduce the
variation of what each sensor detected. Next, | assumed that
the light would be on when the robot was reset, and so |
stored the initial light level at the beginning of the program.
From then on, if the sum of the light sensors became greater
than 2.5 times the initial value, | concluded that the room
light was off. If the sum was less, then the room light was on
(smaller light sensor values mean more light).
To determine the floor color, | needed to differentiate |

EXAMPLE SCRIBBLER BEHAVIORS

This PBASIC code shows the maln behavior loop used
in the project along with the complete code for the three
lowest priority behaviors, Each behavior checks sensor val-
ues fo decide if it wants control of the Scribbler, and then
compares its own priority constant (such as WhiteDriveP) to
the current value of the behavior arbifration variable.

whether the light was on, | decided to add together the ‘

LOOP

' Behavior subroutines

It on = 1) THEN
ehavior < WhiteDriveF) THEN
shavior = WhiteDriveP
motor_r = DriveVel
motor 1 = DriveVel
ENDIF
ENDIF
RETUEN
THEN
ior < WhiteTurnP) THEN

sehavior = WhiteTummP

motor r = TurmVelRev
motor 1 = TurnvVelFwd
ENDIF
ENDIF
RETURL

GrayDriveP) THEN

behavior = ayDriveP

motor r = DriveVe

motor_1 = DriveVel
ENDIF

RETURHN
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between white, black, and the gray checkerboard pattern. To
do this, on each update cycle, | sampled both of the line sen-
sors 50 times quickly. On each sample, and for each of the
two sensors, | added one to a sum if the sensor detected
black. So, at the end of the sampling, the sum was within the
range of 0 to 100. From testing, | found that if the floor was
white or black, both sensors always detected those colors.
Therefore, a sum of 0 meant white, a sum of 100 meant
black, and anything in between was considered gray. | found
that this made for a reliable surface color detector.

Behavior Systems

There are a variety of ways to control a mobile robot. I've
found that one of the most effective ways is to use a simple
version of behavioral control. With this approach, you write a
collection of individual pieces of code called behaviors, each
of which performs a simple task. Then, you link all of these
behaviors together by assigning them all priorities and
connecting them through an arbiter. The arbiter gives control
of the robot to the highest priority behavior that requests
control. For this project, | used a simple arbiter that employs
strict behavior priorities. This means that the priority numbers
of the behaviors don't change and that no two behaviors
have the same priority. A higher priority behavior can always
take control from a lower priority behavior.

The behavior system is run in an infinite loop. Each time
through the loop, each behavior decides whether it wants
control of the robot by looking at the current state of the
sensors. The behavior with the highest priority that wants
control is selected and its desired commands are sent to the
motors for that cycle. Each behavior cycle, a new behavior
can be selected, but most behaviors end up controlling the
robot for several cycles at a time. For instance, let's say we
have a system with four behaviors with priorities one through
four. In a specific cycle, let's say behaviors one, two, and four
all want control. Behavior four is granted control because it
has the highest priority. When it has completed its task
several cycles later, it no longer wants control, so control then
passes to behavior two.

This simple type of behavioral control can give a robot
very complex overall behavior while using very little RAM
memory. The separate behaviors also make it easy to design,
as you often only need to think about one behavior at
a time,

Behavior System Details

Now, let's get into the details of the behavior system |
used for my project. The behavior system is run in an infinite
loop that has three parts: sensors, behaviors, and arbiter.

In the first section, the sensors are read and the current
sensor values are stored in variables. The behaviors all look at
these stored sensor values so that they all have the same
information each cycle. For this project, the sensor section




checks whether the room light is on and samples the floor
color. In the second section of the loop, all of the behaviors
are run and they each decide whether they want control and,
if they do, what motor commands they want to send. In
the third section, the arbiter takes the winning behavior's
commands and calls the motorSet subroutine to actually set
the wheel speeds. In my code, each of the behaviors, as well
as the sensor update and arbiter, is a separate subroutine.
So, the main loop is a series of subroutine calls: first the
sensors, then the behaviors, followed by the arbiter.

| use a variable named behavior_p to control the arbitra-
tion. There are a total of six behaviors in the system, with
priorities one through six. At the beginning of each cycle, the
behavior_p variable is set to zero. As each behavior is run, if
it wants control, it checks to see if its priority is greater than
the current value of behavior_p. If it is, it sets behavior_p to
its priority and also sets the variables motor_r and motor_|
with its desired wheel speeds. If its priority is lower than
the value of behavior_p, it does nothing. In this way, once all
of the behaviors have been run, the one with the highest
priority that wants control will have its priority written in the
behavior_p variable and its desired motor commands in the
motor speed variables. Thus, all the arbiter needs to do at the
end is to call motorSet to actually set the wheel speeds. The
arbiter in my system also displays the priority of the behavior
that is currently in control in binary using the three green

user LEDs. That way, it's easy to watch the robot and see
how the behavior system is acting as the Scribbler drives
around the arena.

Project Behaviors

Now that we have the general framework, what specific
behaviors are needed to implement the project? I've built
them up from the bottom, with the lowest priority behavior
first.

With the lights off, we want the robot to drive straight
on gray surfaces and turn when it reaches white or black sur-
faces. For our lowest priority behavior, we'll make a behavior
called grayDrive that always drives straight. So, if no other
behaviors want control, the robot will just drive straight. This
is the right behavior if it is driving on a gray surface, but if it
drives over a white surface, it should turn, so we need to add
another higher priority behavior named whiteTurn to do that.
If the robot sees a white surface, the behavior whiteTurn will
take control and turn the robot. If it doesn't see a white sur-
face, grayDrive will take control and it will drive straight. This
is a good start, but we also want the Scribbler to turn if it
sees a black surface. Therefore, we'll add an even higher pri-
ority behavior that turns when it sees black called blackTurn.
Now, with these three behaviors, the robot acts the way it
should with the lights off. It drives straight on gray and turns
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if it is on white or black. To recap, our behavior system has
three behaviors:

blackTurn — highest priority
whiteTurn
grayDrive — lowest priority

That behavior is correct when the lights are off, but
when the lights are turned on, we want the robot to drive
straight on white and turn on gray or black, so we'll need to
add some more behaviors. First, we want the robot to drive
straight on white when the lights are on. So, we'll add a
behavior called whiteDrive which checks that the lights are
on and drives straight if they are. We'll need to give this
behavior higher priority than whiteTurn in order to override
the turning behavior on white when the lights are off. We
also need a behavior that will turn the robot when the lights
are on and it sees a gray surface. This behavior, in turn, needs
to be higher priority than whiteTurn. Whether the light is on
or off, we want the robot to always turn when it sees black.
Since we already have a behavior that does this, we don't
need to add another behavior, but we need to leave the
blackTurn behavior as the highest priority behavior so that,
no matter what, the robot will always turn when it sees a
black surface. Now, our system has five behaviors:

blackTurn — highest priority
grayTurn

whiteDrive

whiteTurn

grayDrive — lowest priority

The system works as planned, except there is still one prob-
lem. Imagine that the lights are off and the robot is driving
straight on a gray surface with the grayDrive behavior. Now, if
you turn on the lights, the grayTurn behavior will take over and
the robot will start turning. But because it is in the middle of a
gray surface, it will just keep turning in place, stranded on the
gray surface. This isn't what we want. We want the robot to
drive over to a white surface before the lights-on behaviors take
control. Therefore, we need one last behavior to help with the
transition between the lights being on and off.

We'll name this behavior switch and make it higher
priority than all of the gray and white behaviors. If the lights
change, this behavior will take control and drive the robot
straight until it finds the right floor color. If the lights are
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turned off, it drives until it sees a gray surface. If the lights
are turned on, it drives until it sees a white surface. This way
the robot will never get stuck turning in place. This behavior
is still lower priority than the blackTurn behavior, though, so
that the robot doesn’t drive off the end of the arena. So, our
final behavior system has six behaviors:

blackTurn — priority 6
switch — priority 5
grayTurn — priority 4
whiteDrive — priority 3
whiteTurn — priority 2
grayDrive — priority 1

Testing

With all of the behaviors in place, it was time to test the
system to make sure it worked as planned. When | was test-
ing, | noticed that there was a problem with the switching
behavior. The problem stemmed from the surface color
detector, which sometimes gave the wrong answer. When
the robot drove from a white surface to a black surface, it
would temporarily think that the surface was gray. This
would sometimes turn the switch behavior off prematurely
and strand the Scribbler in the wrong place. The switch
behavior was turning off too easily.

To solve this, | added a variable called off_cnt and every
time the Scribbler saw the right floor surface, it incremented
the variable. Only when the switch behavior has seen the right
floor surface eight cycles in a row does it turn off and let the
lower priority behaviors take control. | also added a beeping
sound when the robot was switching so that it was easy to tell
what was going on when the robot was transitioning.

Future Expansion

There are many ways to expand on this project. Instead
of just detecting black, white, and a 50% checkerboard, you
could expand the sensor to detect other values between
black and white, such as surfaces that are 75% black or 75%
white. You could also try checkered patterns with smaller
squares to speed up the detection time or use non-square
patterns such as a field of dots.

Floor color detection could also enable all kinds of robot
sports or other competitions with the Scribbler. For instance,
if you made a robot soccer field with different patterns on
different parts of the field, the Scribbler could detect when
to play offense or when to play defense. In other competi-
tions, the Scribbler could detect when it was on its own
territory or its competitor’s territory. It could also use surface
patterns to identify special areas, such as its home base.

In this project, | tried to push the Scribbler into some
new territory with a behavior system and a surface detector.
With all of the possibilities out there, I'm excited to watch
what other people create with their own Scribblers.




