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1 An introduction

We talk a bit general about what a robot is, and the major paradigms to make it work.
We then discuss brie
y about the robot kit that we are going touse in this unit, the Lego
Mindstorm NXT [1].

1.1 The nature of a robot

1.1.1 What is a robot?

An intelligent robot is a mechanical creature that can function autonomously
Being \intelligent" means that the robot does not do things in a mindless, repetitive,

way.
Being \mechanical" means that we use mechanical building blocks, rather than using

biological parts to put together a robot. It also means that arobot is not merely a computer,
since as a \creature", it can move around, change the environment, etc..

Being able to \function autonomously, means that it can operate, self-contained, under
all reasonable conditions without the involvement of a human operator.

It also means that it can adapt to changes in the environment (e.g., lights go o�), and
itself (e.g., a wheel falls o�) and continue to reach its goal.
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There are quite a few robot competition, ranging from football games [7] to the DARPA
Grand Challenge [2]. Last one, held in October, 2005, a competition for robotic vehicles to
complete an under-200 mile, o�-road course in the Mojave Desert. The Stanford Racing
Team completed the 212.4 km (132-mile) course in just under 7hours to win a USD 2M
prize.

The Defense Advanced Research Projects Agency (DARPA) has held its third Grand
Challenge competition on November 3, 2007, in Victorville,CA, with a theme of driving
in an urban area. Carnegie Mellon's Tartan Racing Team scored the �rst place prize of$2
million. Stanford University's Stanford Racing team came in second for $1 million, and
Virginia Tech's Victor Tango team won the third place prize of $500,000.

1.1.2 Robot paradigms

At the very bottom, there are three robotic primitives: SENSE, PLAN, and ACT. A sense
function collects information through sensor(s), which a plan function uses to generate a
plan. This plan will be carried out by some act functions. More speci�cally,

1. A function takes in information from its sensors, and produces an output useful for
other functions falls into the category of SENSE.

2. A function takes in information either from sensors or from its own knowledge base,
and produces one or more tasks for the robot to perform is a PLAN function.

3. Finally, a function produces output commands to motor actuators is an ACT function.

A paradigmis a way to look at things. Technically speaking, it is a set ofassumptions
and/or techniques that characterize an approach to a class of problems.

For example, to �nd a place to live, there are two approaches,one is to rent a house, the
other is to buy one.

Each of those two approaches comes with a whole set ofassumptions(how much money
do you have at present? what about the current market? how long do you stay there?...)
and techniques(how to pay for it? how to take care of the property? how to remove the
snow during the winter?...)

There are essential three ways to organize intelligence in robots: hierarchical, reactive,
and an hybrid one,which combines the �rst two.

They can be described in the following two ways, either through describing the rela-
tionship between the three commonly accepted primitives; or through describing the way in
which sensory data is processed and distributed in the robotic system.

� The hierarchical paradigmis the oldest one, widely used between 1967 and 1990. Under
this paradigm, as shown in Figure 1, a robot operates in a top-down style, based on a
world modeling and planning process.

This paradigm comes with the assumption that a robot checks out the world, then
plans the next action, �nally act out the plan. For example, \I see a door, but there
is a chair in between, let me come up with a plan to move around the chairs."
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Figure 1: Hierarchical paradigm

Thus, all the sensing data is gathered into one global model,and fed into a single
representation the planner can use, and then routed to actions.

Figure 2 shows another way to look at this paradigm, as a transitive 
ow of events. This

Figure 2: Hierarchical paradigm

approach has a strong appeal, because there exist planning strategies that, within a
�nite amount of time, can compute a sequence of motions thatguaranteesto accomplish
the goal or prove that the given task is impossible, as we discussed in the planning
part. Moreover, such a sequence can beoptimizedbefore it takes place. Essentially, it
looks for a shortest path among a bunch of them.

This is signi�cant to a mobile robot, since a carefully �gured out plan will guarantee
that it will not get into a trap of following a long path to a dead-end. Instead, it will
be led along a direct, perhaps, even the shortest, path.

On the other hand, this approach does have its problems, mainly ine�ciency, as we
also discussed for the planning task. Such a strategy sometimes leads to unacceptable
time and space complexities because of its complicated environment. It might not be
a huge concern for a manipulative-type robot, but it can be huge for a mobile robot,
since the latter has to carry everything on its back, just like a turtle.

Another issue is that it would have to assume theclosed world assumption,i.e., the
only information you can use are those you know. For example,when the robot reads
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the sentence that \A girl touches the boy with a bouquet of 
owers", and has to get
the 
ower. It might not be able to do it because it does not haveenough information.
Something which is not here is that it is usually the boy who has the 
ower....

Yet another ssue is that sensory information can be directlyfed into the action part,
without going through a planning stage. For example, the cognitive psychologists
suspect that human beings don't plan ahead, we simply followour gut feelings. This
leads to the next paradigm.

� The reactive paradigm,also referred to as thebehavior control approach,is intended to
overcome some of the shortcomings of the hierarchical paradigm, and had led to many
exciting advances during the 1988-1992 period.

The reactive paradigm, as shown in Figure 3 simply deletes the planning stage. It
thus assumes that the input to an ACT function will always be the direct output of a
SENSE function. Sort of gut feeling.

Figure 3: Reactive paradigm

More speci�cally, a robot has multiple instances of SENSE-ACT couplings, which are
current processes, calledbehaviors.Each of them takes local sensing data and computes
the best action to take, independent of the other processes.

Sometimes, it can combine behaviors. For example, One behavior can direct the robot
to \move forward 5 feet" (ACT) to reach a goal (as picked up by its SENSE); while the
other can direct it to \turn 90 � " since it sensor fears a collision.

In this case, the robot will actually turn 45� to avoid the collision, although none of
the two behaviors directs it to do so.

It quickly became obvious that it is too extreme to completely delete the planing stage.
For example, if one ACT in a collection leads to \move forward5 feet", while the other
says \move back 3 feet", the robot should combine them to moveforward 2 feet; rather
than move back and forth.
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� The hybrid modelemerged in the 1990's and continues to be the current area of robotic
research. Under this paradigm, a robot �rstly plans how to best decompose a task into
subtasks, and then �nd out the best behaviors to get each of them done.

Thus, it can be characterized as PLAN, SENSE-ACT. The sensing data is sent to each
behavior that needs them, and is also available to the planner for the construction of
a task-oriented global model. It is really a mixture of both paradigms.

Figure 4 shows a pictorial presentation of this paradigm.

Figure 4: Hybrid paradigm

1.1.3 Behavior control

As mentioned earlier,behaviorsare simply layers of control systems that all run in parallel,
implemented as Java threads, whenever appropriate sensors�re. Fusion, which handles
con
icting sensor data, are dealt with at the output of behavior rather than at the output of
sensors. More speci�cally, aprioritized arbitration schemeis used to �nd out the dominant
behavior for a given scenario.

In practice, all behaviors run in parallel through a time sharing thread management,
similar to a time sharing mechanism,but higher-level behaviors have the power to tem-
porarily override lower-level behaviors. When those higher-level ones are no longer triggered
by a corresponding sensor condition, the lower-level behaviors will be liberated and resume
control.

Let's go through a few examples.

Example 1 Our robot has a pair of sonar sensors, a top-mounted infrareddetection system,
and a microprocessor with limited amount of memory. We wouldlike this robot to be able
to avoid bumping into things. We start with the following control diagram.

Sonar =) Avoid =) Motors

where, Sonar is a software driver that operates the sonar piece, that keeps on tracking
of the distance. Motor is a software driver that sends appropriate current to the motor in
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response to commands it receives, andAvoid, based on the sonar data, constantly computing
commands and send them toMotors.

The Avoid piece contains codes that implements a simplere
exive behavior. If the front-
pointing sonar reports too short a distance,Avoid stops the robot's forward motion, and
turns the robot until the rear sonar reports the shortest distance. When the latter happens,
the motors are commanded to move forward. Finally, if all sonar readings are larger than
some threshold,Avoid does nothing, while the robot moving forward.

Thus, Avoid is an example of atask-achievingbehavior. In this case, it provides the
minimum ability we want our robot to possess.

Let's look at a more complicated case.

Example 2 Assume we want to add a second behavior,Dock, that will drive the robot into
its charging station, when the batteries are low, just like the carpet cleaner,Robot-i, does.

Such a robot takes information from the sonar sensors, infrared detector, and the battery-
level indicator.

We further assume that the charger is identi�ed by a coded IR beacon placed on its top.
When active,Dockcomputes motor commands that will steer the robot towards the charger,
eventually docking with it, while avoiding obstacles otherthan the charger.

We now have two behaviors,Avoid and Dock, which will compete for the control of the
motor. Figure 5 shows a way to resolve this con
ict.

Figure 5: Hybrid paradigm

We have broken the wire connectingAvoid with Motors by adding in a suppressor node,
S. Such a node allows messages from the original wire to go through, unless it is blocked by
a message from the new connection, indicated with an arrow head.

Below shows a series of messages fromAvoid and Dock to Motors. In this example, the

signals from theAvoid go through, unless whenDock also sends signals. The signals from
the latter source take precedence.

As long as batteries are fully charged, the robot will avoid collisions with all obstacles,
including the charger, as it moves around.

However, when the battery level falls,Dock will become active. It will direct the robot
towards its charging station, responding to some sonar measurements and suppressAvoid's
behavior to turn away from the charger.
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Thus, Dock will subsume the function ofAvoid to produce a higher-level of competence.
This is the essence of behavior control.

Behavior control has a number of signi�cant implications for programming robots. The
tight coupling of sensing to actuation means that most behavior modules can be thought as
simple re
exes. Thus, the robot, without a model to represent, needs little memory, as most
of the computations are simple enough to be handled with simple processors.

With such a schema, the intelligence level of robots can be improved incrementally, when
new layers of controls can be added on gradually.

The robot needs not get slower as it gets smarter, since all the behaviors are run in
parallel.

Let's look at a �nal example as shown in Figure 6, which shows arather \smart" behavior:

Example 3 What we want to implement is the following: When nothing happens, the robot
simply keeps on moving. All thatCruise does is to send messages toMotor to go forward.
The Follow behavior monitors a pair of forward-pointing photo cells. When it detects a
di�erence between the two photo cells, it will send out commands, suppressing those sent by
Cruise, to the motors to turn the robot to the brighter source. TheAvoid behaves exactly
as we described before. When it is in e�ect, it suppresses theFollow behavior, i.e., when the
robot goes for the light, if it detects an obstacle, it will turn.

On the other hand, in case that the infrared detectors, forAvoid, fail, we put in the
Escapebehavior, based on the bump skirt collision detectors. Whenit detects collision, it
will send commands to theMotor to back up and then turn.

The highest one, however, is theDetect-Sound-Patternbehavior, which is programmed
to detect some speci�c pattern of hand claps and pauses. Whenthis happens, it will direct
a buzzer to play a certain tune, while stopping the motor for awhile.

This behavior suppresses all the others, in the sense that whenever this happens, all the
other activities will stop. Technically, the output sent out by Detect-Sound-Patternbehavior
will override any other input sent to the Motor.
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Figure 6: A �nal example

Such a complicated behavior as shown in the last example can be handled by the lejos
packagesubsumption package [5].

1.1.4 Evaluation criteria

We can use the following criteria to evaluate the quality of arobot.

1. Support for modularity: does it show good software engineering principles? (What are
they?)

2. Support for targetability: does it do what we want it to?

3. Ease of portability to other domains: could we easily transform it to do something else
for us?

4. Robustness: where are the weak spots of the system? and howdoes it address them?

It is clear that targetability is often in con
ict with the po rtability requirement. Since we
often want to work out something generic, we actually emphasize portability.

1.2 Lego Mindstorm NXT robot

In this unit, we will use a newer generation of robot, the LegoMindstorm NXT, which was
rolled out in August 2006, as an upgrade of the previous RCX kit. Figure 7 shows one of its
possible con�gurations.

The brain of this kit is the NXT Intelligent Brick (\Brick"), the white box in the middle
of the previous con�guration. It has a 32 bit ARM processor running at 48MHz, and has
direct access to 64KB of RAM, and 256 KB of 
ash memory, thus 320 KB in total, ten times
as much as the RCX has. It also has a separate 8 bit AVR processor, running at 8 MHz,
to control the servo motors and rotation sensors to guarantee the accuracy of the motor
operations.
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Figure 7: A Mindstorm NXT robot con�guration

The Brick also has three motor ports, A, B, and C, and four sensor ports, S1, S2, S3, and
S4. As a \window" of its mind, it carris a 8 by 16 LCD screen, together with four buttons
to allow you to make various choice.

We can program the Brick with either the Lego NXT G, a GUI language, or some of the
more well-known langauges such as Ada, C, C++, Java and Lisp.We will use Java. Once
a program is done, we can download the program from a computerto the Brick using either
a USB cable, or do it with a Bluetooth.

Besides the Brick, our kid, the Lego Education Base kit also comes with 400+ lego pieces,
three servo motors, as shown in Figure 8. The kit includes several sensors. All of the sensors,

Figure 8: A NXT motor

except the ultrasonic sensor, look the same.

� Touch sensors: This is the most basic sensor with a simple switch, telling where it is
pressed.
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� Light sensor: This measures the intensity of light, visibleor not, that enters its tiny
\eye". It also comes with an LED which lights up in front of thesensor. Thus, it works
in either an active or inactive mode. Figure 9 shows a light sensor.

Figure 9: The NXT light sensor

� Ultrasonic sensor: It produces a sonar cone, about 30� ; to tell the distance between its
receiver and an object. It can measure up to 255 cm, and is accurate between 6 to 180
cm, a light sensor, and a sound sensor.

� Sound sensor: It just measures the loudness of sound in decibels. It can be used to
detect clapping.

Besides these sensors supplied with the NXT kit, you can also�nd some other sensors in
the Lego site [4], such as compass sensor, color sensor, acceleration Sensor, etc..

2 Software con�guration

The Mindstorm NXT can run in various environments, such as Ada, C, C++, Java and
Lisp. We now discuss how to set up the environment for the NXT to run in Java (lejos) and
C (Robot C).

We choose to run lejos Java programs with the help of theEclips IDE.
Once a program is successfully compiled and linked, it can bedownloaded to NXT either

via a USB cable or via a wireless connection.

2.1 Java JDK

We do need to install the Java JDK, which is available in

http://java.sun.com/javase/downloads/index.jsp
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2.2 The lejos dialect

leJOS is an open source project, i.e., free. It is based on a subset of java with extensions for
the NXT.

It comes with some advanced robotics features such as navigation, behavior control
through its subsumbtion architecture and image processing.

On the other hand, because of the limited memory space (256K for NXT), it is unavoid-
able that some of the Java features are missing, such as the automatic garbage collection
and some of the statement types, e.g., theswitch statement.

It is available for free at lejos.sourceforge.net . Make sure to get the (Alpha version
0.2.0), but not the 0.3.0 version, which we are not sure how toplay with it yet.

2.3 The Eclipe IDE

Eclipse is also an open source project, which is intended to focus on building an open
development platform comprised of extensible frameworks,tools and runtimes for building,
deploying and managing software across the life cycle. It has gained its population among
technology companies, universities, research institutions and interested individuals.

It is available for free athttp://www.eclipse.org/downloads/

2.4 USB connection

To enable some additional communication ability for Windows using the USB ports, we
need to install a USB libary, libusb-win32 . This is a part of the USB library libusb
(http://sf.net/projects/libusb/) to the Windows operati ng system (Win98SE, WinME, Win2k,
WinXP), which allows user space applications to access any USB device on Windows.

It is available for free at

http://sourceforge.net/project/platformdownload.php ?group_id=78138

2.5 Talk to the Brick

In order to talk to the NXT Brick via a USB port, we either need to have the Mindstorm
NXT software at a fee, or download and install theLEGO MINDSTORMS NXT Firmware
v1.05, which is free at

http://mindstorms.lego.com/Support/Updates/

2.6 Wireless connection

To enable a wireless communcation, we have to put onicommand, which allows us to control
NXT using Java and a Bluetooth connection. It uses the standard Lego NXT �rmware to
receive commands from Java code on your computer.

It is availabe for free at
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http://lejos.sourceforge.net/p_technologies/nxt/ico mmand/downloads.php

This icommand software also needs another piece,rxtx , to set up a serial port for the
communication purpose. For its availability, please read the README�le that comes with the
icommand software.

To have this wireless communication ability, however, we need to install the standard lego
NXT �rmware, which is available, for a price ($49) athttp://www.legoeducation.com/store/

2.7 Total requirements

To reiterate, to work with NXT using Java, and set up communication with USB cable as
we will do in this class, you have to collect the following pieces:

1. lejos NXT package (Alpha version 0.2.0)

2. Java SE Development kit (JDK) (jdk1.6.001)

3. Eclipse IED (Eclipse SDK 3.2.2.)

4. USB driver libary (libusb-win32-�lter-bin-0.1.10.1.exe)

5. LEGO MINDSTORMS NXT Firmware v1.05.

If you also want to set up a wireless communication between a computer and NXT, you
also need the following:

1. Lego Mindstore NXT software

2. icommand (icommand-0.5.zip)

3. rxtx (rxtx-2.1-7r2.zip)

Assume that we have created a folderLegoWorkunderC:, which will stay the same for the
rest of this notes, and we also put in a folderdownloadswithin LegoWork, then, Figure 10
shows the collection of all the aforementioned pieces as stored in download, whereBlueJ is
an alternative Java IDE.

2.8 Software installation

If we only want to communicate with the NXT with the USB port, we need to do the
following:

� Double click the libusb-win32 piece to install it.

� Extract both the Eclipse and thelejos pieces and put them under, e.g.,c:/LegoWork.

13



Figure 10: System requirement

If we also want to communicate with the NXT with a wireless connection via Bluetooth,
we also need to extractiCommand, rxtx under the same path and also double click the
Autorun icon inside theLego Mindstorms NXT CDfolder.

When everything is done, theLegoWorkshould look like the following Figure 11, which
also contains a few things we have not touched yet, such asBlueJ, Demo Programs,and
Resource.

3 Get it started

We will test out the software con�guration with the well known HelloWorld.java program.

3.1 Lejos

We will demonstrate the whole sequence of actions that starts with the section of aworkspace
and ends with displaying the message of \Hello, World! " in the LCD screen of the NXT.

3.2 Getting started

We have to specify aworkspacefor Eclipse to store all the stu� it needs to work with.
Figure 12 shows how to create a folder under the eclipse folder. But, for this course, we will
create a workspace in your turing account, e.g.,N:/LegoWork/workspace, assuming your
turing space is mapped toN:.
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Figure 11: System con�guration

Figure 12: Create a workspace
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Figure 13: Fill in the workspace

We then simply double click the eclipse icon within the eclipse folder, if a shortcut
is not created; and �ll in the workspaceas shown in Figure 13, which again shows the
case when your workspace is created under eclipse in theC: drive. You should enter
N:/LegoWork/workspace.

You can open up theWelcomescreen underHelp for lots of interesting and useful infor-
mation on this sophisticated product, including aTutorial.

3.3 Create a new project

Let's create a project,LegoTest.

1. Click New, Project, Java Project, and Next, then �lling the Project name with
LegoTest, as shown in Figure 14.

2. We now have to add in all the libraries this project needs torun. We click the next
button to get in the next screen as shown in Figure 15. Notice the JRE System
Library is already there. We can also replace it with thejdk.1.6, which is available
in C:/jdk1.6 .

We then click the Add External JAR button to add in the following four .lib �les:

� classes.jar and jtools.jar under lejos_nxj\lib .

� bcel-5.1.jar and commons-cli-1.0.jar under lejos_nxj\3rdparty\lib .

We then click finish to complete the project creation.

If we click to expand theLegoTest project in the Package Explorerpanel on the left,
we should the situation as shown in Figure 16.
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Figure 14: Create a new project

Figure 15: To add in libraries
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Figure 16: The completedLegoTest project

Figure 17: Create theHelloWorld class

3.4 Create a new class

We now will create a class for theHellowWorld application. Click New, Class, then �ll in
HelloWorld in the Name�led, and click on the choice of creating amain method, as shown
in Figure 17.

We now clickFinish to complete the creation of this new class.
Let's add in a few lines so that theHelloWorld.java will look like the following:

import lejos.nxt.*;

public class HelloWorld
{

public static void main (String[] aArg)
throws Exception
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Figure 18: Create the compile button

{
LCD.clear();
LCD.drawString("Hello World",3,4);
LCD.refresh();

}
}

3.5 Compile, link and download

It is a bit more work to compile, link and run such a program as compared with other IDEs
such asJCreator. We in fact have to come up with three buttons to compile, link and
download for all the classes in a certain project.

1. To create aCompile button, we will select theExternal Tools under the Runitem,
then further selectExternal Tools... which brings up theExternal Tools screen,
as shown in Figure 18.

We then double click theProgrambutton, and �ll in the content as shown in Figure 18.

We also have to �ll in some of the environment variables by clicking the Environment
tab and �ll in both the LEJOS_HOMEand PATHas shown in Figure 19. Then, click the

19



Figure 19: Fill in the environment for the compile button

Apply button and the Runbutton. If everything goes through, it should display the
following message in theConsolepanel:

<terminated>NXT Compile[Program]C:\LegoWork\lejos_nx j\bin\lejosjc.bat

This completes the construction of the compile button.

2. The link button can be similarly constructed. Figures 20 shows the corresponding
content, and we only need one environment variable forLEJOS_HOMEwith its value
being the same as above. Once you click theRunbutton,if everything goes through, it
should say the following in theConsolepanel,

<terminated>NXT Compile[Program]C:\LegoWork\lejos_nx j\bin\lejosjc.bat

C:\LegoWork\eclipse\workspace\LegoTest>echo off

3. Finally, the download button can be similarly constructed. Figures 21 shows the
corresponding content, and we need bothLEJOS_HOME, whose value is the same as that
in the compile button; and PATHwhose value isC:\LegoWork\lejos_nxj\bin .

If you now click the Runbutton, the message in theConsolepanel should be the fol-
lowing:
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Figure 20: Create the link button

Figure 21: Create the download button
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<terminated>NXT Compile[Program]C:\LegoWork\lejos_nx j\bin\lejosjc.bat

found 5 busses
NXT not found. Is it properly plugged in via USB?

We are now ready to do the �nal kick.

3.6 The �nal kick

It is now time to take out the NXT Brick, i.e., the one with an LCD screen on it, from the
Lego Mindstorm NXT kit, and test it out, in the following steps:

1. Reset the Brick to its�rmware download modeso that it gets ready for running LeJOS
program. You have to push theReset Button,which can be found in the top left corner
of the Brick, just like the 5G iPod.

2. Connect the Brick with the computer using a USB cable. You should hear a sequence
of clicking sound.

3. Click the compile, the link and then the download button.

If everything goes through, you should see the following message in theConsolePanel:

}
<terminated>NXT Compile[Program]C:\LegoWork\lejos_nx j\bin\lejosjc.bat

found 5 busses
VM file size is 26832
Java binary size is 1068
NXT device in reset mode located and opened.
Starting C program now...

Then, the message \Hellow World" will show up in the middle ofthe LCD screen.
We are now in business.

4 Robot assembly

This is pretty easy. Just follow the instruction. It took me about two hours to put it together
the �rst time, and a bit more than one hour the second time.
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5 Basic programming

Let's check out how to program each and every of the basic pieces of the robot, such as the
LCD Screen, the four buttons, the motors and various sensors.

The programming languagelejos comes with a details API description for all the objects,
including the aforementioned LCD, buttons, motors and sensors. It can be found in the
docs\apidocs\index.html within the lejos folder.

5.1 The LCD screen

To use the screen, you have to import thelejos.nxt.LCD class, which provides such methods
as clear, refresh, drawInt and drawString. For details, check out [5]. Notice in, e.g.
drawInt(int i, int x, int y), the range ofx is between 0 and 7 and that o fy is between
0 and 15.

The HelloWorld program shows how to use this class.

import lejos.nxt.LCD;

public class HelloWorld
{

public static void main (String[] aArg)
throws Exception
{

LCD.clear();
LCD.drawString("Hello World",3,4);
LCD.refresh();

}
}

Labwork 5.1: Write a program that shows \Here you go, AlphaRex" in the screen.

5.2 Delay

We often need to add in various delays so that the robot can take breaks to do other things.
For example,

� a robot is moving forward to a black line, and has to wait for the light sensor to detect
such a line;

� a robot is moving towards a wall, and has to wait so that the light sensor can detect
the wall;

� before moving out, a robot might want to wait until the sound sensor \hears" me
saying \Go!";
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� ....

We can do it in one of the following two ways.

public void aTest() throws Exception{
Thread.sleep(1000);

}

or

public void anotherTest(){
try{

Thread.sleep(1000);
} catch(Exception e){}

Labwork 5.2: Write a program that shows \Here you go, AlphaRex" for 2 seconds in the
screen, then print out \The End".

5.3 The buttons

To work with the four buttons, we have to import the lejos.nxt.Button class1, which
de�nes four buttons, LEFT, RIGHT, ENTERand ESCAPE.It also comes with a few methods,
including listeners. Two of the often used ones areisPressed() which returns \true" if the
button is pressed; andwaitForPressAndRelease(), which is essentially an in�nite loop.

Labwork 5.3:

1. Write a program to display the button being pressed on LCD.Its pseudo code could
be the following:

while(true){
Clear LCD
If ENTER is pressed

Display ``ENTER''
Else if ESCAPE is pressed

Display ``ESCAPE''
Else if LEFT is pressed

Display ``LEFT''
else if RIGHT is pressed

Display ``RIGHT''
}

2. After running the above program, what else should you add into the program?

1I often just import the lejos.nxt.* stu� to take care of everything.
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3. Write a program that waits for ENTER to be pressed before carrying out the rest of
the program. The pseudo code could be the following:

Clear LCD
Display "Press ENTER to continue"
Refresh LCD
Wait for the ESCAPE to be pressed and released
Display a message that the ESCAPE is indeed pressed and released

This segment is pretty useful: Later on, when you see this message, you can pull the
USB cable, then press the key to let the rest of the program continue.

5.4 The motors

5.4.1 Basic operations

As we said earlier, there are three motors. To work with them,we have to import the
lejos.nxt.Motor class, which comes with three �eldsA, B, C, for the three motor ports,
and a bunch of methods. For details, check out the API [5].

For example, you can set the speed of a motor hooked to port A using the following
statement

Motor.A.setSpeed(360);

This set the speed of that motor so that the motor will roll 360degrees per second.
If you want to let this motor go forward, you say

Motor.A.forward();

Labwork 5.4.1:

1. Create the following methods:

(a) setSpeed: set the speed of both motors to the same value,

(b) Forward: let both motors go forward,

(c) Backward: let both motors go backward,

(d) Left: stop the left motor, forward the right one, then a short delay,

(e) Right: the opposite of the Left,

(f) LeftTurn: backward the left motor, and forward the right one, with appropriate
delay,

(g) RightTurn: the opposite of LeftTurn,

(h) Stop: stop both motors

2. Group all the above in a class, then write program(s) to move your robot around so
that it can follow some patterns such as a square, a rectangle, a circle etc..

25



5.4.2 The Navigator API

The lejos Navigator interface provides a set of methods withwhich you can control precisely
the motion of a robot including the ones for moving to any location and controlling the
direction of the movement. The only requirement is that a robot must be able to change its
direction without changing its position.

This interface is implemented by theTachoNavigator class, which depends on the size
of the wheel and the length of the axle.

This implementation provides a basic operation ofgoTo(x, y), which travels in a 2-
dimensional plane. For example, the following program makes the robot, starting at (0, 0),
go to (100, 0), then, (50, 50), (50, -25), and �nally itshouldcome back to (0, 0).

import lejos.nxt.*;
import lejos.navigation.*;

public class BlighBot
{

public static void main (String[] aArg)
throws Exception
{

LCD.clear();
LCD.drawString("To Start", 1, 1);
LCD.drawString("press ESCAPE", 1, 2);
LCD.refresh();

Button.ESCAPE.waitForPressAndRelease();

LCD.clear();
LCD.drawString("BlighBot starts:",1,1);
LCD.refresh();

TachoNavigator robot= new TachoNavigator(5.6F, 16.0F, Mo tor.A, Motor.C, false);
robot.goTo(100,0);
robot.goTo(50,50);
robot.goTo(50,-25);
robot.goTo(0,0);

}
}

Another way to travel is to remember when it went. Below showsan example,Re-
turn.java, which goes out and comes back to where it starts, using a stackdata structure.
We only show the main method here and will make the whole classavailable in the project
page.
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import lejos.nxt.*;

public class Return {

public static final int NORTH = 0;
public static final int EAST = 1;
public static final int SOUTH = 2;
public static final int WEST = 3;

public static final int TOUR_LENGTH = 5;

//GridWalker extends TachoNavigator.
static GridWalker rot;
static IntStack stack;

public static void main (String [] args) throws Exception{
//This is often used to let the bot be off the cable

LCD.clear();
LCD.drawString("To Start", 1, 1);
LCD.drawString("press ESCAPE", 1, 2);
LCD.refresh();

Button.ESCAPE.waitForPressAndRelease();

//Use ports A and B for the motors
rot = new GridWalker(9, 9, 20, 20, 30,

5.6f, 12.0f, Motor.A, Motor.B);

//InStack defines the stack structure, and
//TOUR_LENGTH sets its size.

stack = new IntStack(TOUR_LENGTH);

//goes out
travelOut();
//Play some music as an indicator
Sound.playTone(330, 500);
Sound.playTone(440, 300);
Sound.playTone(550, 300);
//comes back
travelBack();

}
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public static void travelOut() {
try {

for (int i = 0; i < TOUR_LENGTH; i++) {
//randomly picks up a direction
int direction = (int)(Math.random() * 4);
if (direction == NORTH)
//if the direction chosen is north,
//goes out to the north

rot.north();
else if (direction == EAST)

rot.east();
else if (direction == SOUTH)

rot.south();
else if (direction == WEST)

rot.west();
stack.push(direction);

}
} catch (OutOfBoundsException e) {

Sound.playTone(440, 1000);
} catch (StackException e) {

Sound.playTone(220, 1000);
}

}

public static void travelBack() {
try {

//goes back reversely with
//the help of the stack
while (!stack.isEmpty()){

int direction = stack.pop();
if (direction == NORTH)

rot.south();
else if (direction == EAST)

rot.west();
else if (direction == SOUTH)

rot.north();
else if (direction == WEST)

rot.east();
}

} catch (OutOfBoundsException e) {
Sound.playTone(440, 1000);
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} catch (StackException e) {
Sound.playTone(220, 1000);

}
}

}

Labwork 5.4.2: Modify the Return.java so that it will not take the same direction twice.

5.5 Sensors

The Brick comes with four sensor ports with which we can hook on various sensors, S1, S2,
S3, and S4, as governed by the classSensorPort. Let's have a look at the usage of all the
sensors, which all send back a signal, indicating a change ina range:

5.5.1 Touch sensor

To work with the touch sensor,we have to import thelejos.nxt.TouchSensor. This class
comes with one method,isPressed(), which sends back a true value if it is pressed.

Labwork 5.5.1:

1. Check out the related API [5].

2. Write a program that is to count the number of times the bumper is pressed. Notice
this counts the number your press and let it go, but not holding it down, maybe
unintentionally. The pseudo code could be the following:

Use ENTER to continue
while true

if the bumper is pressed
while the bumper is pressed

Do nothing
Increment the counter
Clear the LCD
Display the counter
Refresh the LCD

3. Put the touch sensor to the front of Alpha Rex, and write a program so that your
robot can move around obstacles. The pseudo code could be thefollowing:

while true
Move forward
if (touch sensor is pressed)

move backward
appropriate delay
turn right
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5.5.2 Light sensor

We can use the light sensor to detect the strength of light. You have to import lejos.nxt.LightSensor.
The essential method isreadValue(), which returns a percentage of di�erence between the
low and high calibration values. Another methodreadNormalizedValue() reads the current
sensor normalized value between 0 and 1023. For the LEGO light sensor, values typically
range from 145 (dark) to 890 (sunlight).

For more details, check out the related APILightSensor in [5].
A sample code could be the following:

LightSensor light=new LightSensor(SensorPort.S3);
if(light.readNormalizedValue()>200)

Display "It is not dark"

Labwork 5.5.2: Write a program that outputs the value of the light sensor on the LCD.

5.5.3 Sound sensor

The related API, lejos.nxt.SoundSensor can be found in [5], with the essential method
being readValue(), which reads the current value of a percentage.

A sample code could be the following:

SoundSensor sound=new SoundSensor(SensorPort.S2);
if(sound.readValue()>50)

Display "Too loud for me"

Labwork 5.5.3:

1. Write a program that outputs the value returned by the sound sensor on the LCD.

2. Write a program that, when a robot moves forward, if you clap once, it will take a
left turn, then go forward; and if you clap twice, it will take a right turn, then move
forward. In either case, if it bumps something, it will move backward, then take a left
turn, and move forward.

You have to do some experiments to decide the intensity of your clapping sound, the
background noise, and the gap the robot has to wait for the possible second clapping.

5.5.4 Ultrasonic sensor

This sensor is often used to avoid obstacles, navigate between positions, and even build
maps. Its sole method isgetDistance(), which returns the distance between the sensor
and an object in terms of centimeters. For details, check outthe UltrasonicSensor API in [5].

Its working range is between 0 and 255, and is pretty accuratebetween 6 and 180 cen-
timeters, about 2.5 inches and 6 feet.

A sample code could be the following:
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import lejos.nxt.*;

public class SonarTest {
public static void main(String[] args) throws Exception {

UltrasonicSensor us = new UltrasonicSensor(SensorPort.S 1);

while(!Button.ESCAPE.isPressed()) {
LCD.clear();
LCD.drawInt(us.getDistance(), 0, 0);
LCD.refresh();
Thread.sleep(200);

}//while
}//main

}//class

Notes:

� The sensor port S4 does not work with either the ultrasonic sensor, or the compass
sensor.

� Notice in the above code, the program will not �nish until theESCAPE key is pressed.

Labwork 5.5.4: Write a program that allows your robot to wander around in an area,
avoiding collisions with walls using the sonar sensor.

It should start when you press the ENTER key, and stop to pressthe ESCAPE key, and
constantly show o� the distance in its LCD.

5.5.5 Rotation sensors

There is also arotation sensor built in each motor, which can detect the number of degrees,
or rotations, and send back a signal (True or 
aso) as if the preset condition has materialized.

It seems that there is no an applicable API for the rotation sensor in lejos.

5.5.6 Other sensors

Besides the four standard sensors that come with the NXT kit,there are other sensors that
we may put on, that we can get from other companies, such asTechno-Stu�. One thing I
have got is a compass sensor, which tells the robot the direction it is in.

Unfortunately, there is not yet another corresponding implementation of theNavigator
interface, although people has already named it asCompassPilot. Below shows such an
example, which only makes a trivial use of the compass sensor.

import lejos.nxt.*;

public class CompassDriving {
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static CompassSensor compass;

public static void main(String[] args) throws Exception{
//compass is connected to prot S2
compass = new CompassSensor(SensorPort.S2);

//motors are connected to port A and C
Motor.A.setSpeed(150);
Motor.C.setSpeed(150);

LCD.clear();
LCD.drawString("Compass Driving:", 1, 0);
LCD.drawString("To Start", 1, 2);
LCD.drawString("press ESCAPE", 1, 3);
LCD.refresh();

//Wait to press the ESCAPE to start the program
Button.ESCAPE.waitForPressAndRelease();

This is the only place we make use of the compass
int direction = (int) compass.getDegrees();

displayDegree();

//drive to form a square
for (int i = 0; i < 4; i++){
moveForward(5000);
//add 90 degrees to the previous degree
direction += 90;
turnTo(direction);
displayDegree();

}
}

//just that
public static void displayDegree(){

LCD.clear();
LCD.drawString("Current reading:", 1, 4);
LCD.drawInt((int) compass.getDegrees(), 1, 5);
LCD.refresh();

}
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public static void moveForward(int movementTime) throws E xception{
Motor.A.forward();
Motor.C.forward();
//let it be stable
Thread.sleep (movementTime);
Motor.A.stop();
Motor.C.stop();

}

public static void turnTo (int targetDegree){
targetDegree = targetDegree % 360;
//this is where the compass is used
int currentDegree = (int) compass.getDegrees();

if (currentDegree < targetDegree){
Motor.C.forward();
Motor.A.backward();
while ((int) compass.getDegrees() < targetDegree);

} else if (currentDegree > targetDegree){
Motor.A.forward();

Motor.C.backward();
while ((int) compass.getDegrees() > targetDegree);

}
Motor.A.stop();
Motor.C.stop();

}
}

Techno-Stu� also supplies aTilt sensor, which tells if the robot is about to fall. We can
use such a sensor to build something like a Sejway, which is tomain its dynamic balance.

5.5.7 Sound player

You can also program the robot to play some music, using theSoundclass, which has one
method playTone(freq, duration.

For example, the following plays A4 for a second.

Sound.playTone(440, 1000);

Below shows another program, which plays an ascending series of notes.

import lejos.nxt.*;
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public class soundTest
{

public static void main (String[] aArg)
throws Exception
{

LCD.clear();
LCD.drawString("Sound Test",1,1);
LCD.refresh();

for(int i=3; i<20; i++){
Sound.playTone(i*100, 1000);
Thread.sleep(1000);
}

LCD.clear();
LCD.drawString("It now ends",3,5);
LCD.refresh();

}
}

Labwork 5.5.7: Write a program that plays \Mary had a little lamb", with the f ollowing
notes

B4 A4 G4 A4 B4 B4 B4
A4 A4 A4 B4 D5 D5
B4 A4 G4 A4 B4 B4 B4
B4 A4 A4 B4 A4 G4

5.6 Current programming

Lejos also allows us to do thread programming. Below shows a sample that while playing
some really bad music, prints out a sequence of numbers on theLCD screen.

import lejos.nxt.*;

class BadMusic extends Thread {

public static void main(String[] args) {
// TODO Auto-generated method stub

new BadMusic().start();
new Counting().start();

}
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public void run(){
while(true){

int freq = (int)(Math.random()*1000);
int delay = (int)(Math.random()*1000);
Sound.playTone(freq, delay);

}
}

}

class Counting extends Thread {
public void run(){

for (int i=0; i<1000; ++i){
LCD.drawInt(i, 0, 2);
LCD.refresh();
try{

Thread.sleep(1000);
} catch(Exception e){}

}
}

}

Labwork 5.6: Write a program that will allow the wall avoiding robot, as done in
Labwork 5.5.4, wander around, while playing \Mary had a little lamb".
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