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Introduction to Lego Mindstorms

The brain (Brick)

CPU: Pentium Il
RAM: 32 MB
Hard disk space: 115 MB
The sensors
Touch: Oorl
Ultrasonic: 0~ 170 (cm)
Light / Color: 0~100/RGB O~ 255
Sound: 0~ 100
Rotation: 0 ~ 360 (degrees)
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Introduction to Lego Mindstorms

NXT-G toolkit

LabVIEW: A data flow / visual programming language

(B LEGO MINDSTORMS NXT
File Edit Tools Help
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Java Setup

Firmware setup
Replaced NXT-G operating system with leJOS, a Java-based firmware.

Robot now carries limited versions of JRE and JVM.

Embedded programming environment
Configured Eclipse to compile and upload .nxt executable.

& Java - LegoHelloworld/src/HelloWorld.java - Eclipse |’._||’E|rg|
Flle Edit Source Refactor Mavigate Search Project Run  Window Help

Nmiy (S <R g > N T EE G @O ﬁfﬁDEbUQ|aJJava|
I = U TR ¥ 1 1T Link and Upload

- | World.java 53 %ZNXTConsole\ﬂewer = F[-
=

= 3

1=import lejos.n Run As o
2 import lejo=s.n External Tools Configurations. .. o=
Organize Favorites. ..

4 public class HeTTGWorld |

public static void main(final String[] args) {

I8
|3

LCD.drawString({"Hello, woxrld™, O, 0):
Button.waitForPress|():
H

[2 Problems | @ Javadoc | B console 32 %5 Debug | 47 Search ®x & EN 5@|EIE| = Ci- =8

<terminated > MXT Link and Upload [Program] C:\Program Files\eJOS MNx1'binYejosdl.bat
leJ05 NXJ> Linking...

1leJ05 NXJ»> Uploading...

BlueCove wversion 2.1.0 on winsock

1leJ05 NXJ> Connected to HXT

1leJ05 NXJ> Upload successful in 2109 milliseconds
BlueCove stack shutdown completed

0 Writable Smart Insert m:1
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Java Setup

Runtime diagnostics
Bluetooth or USB communication with PC.

Remote console provided with leJOS development kit.

View RConsole output from NXT E|@|E| & Java - LegoHelloworld/src/HelloWorld.java - Eclipse
File Edit Source Refactor Navigate Search Project Run  Window Help
® BlueTooth Name |NXT | adar [0018530C{| : . -
M BN MCAR X-W [ %5 Debug [’ 1ava |
Connect 9 A E iy G, 1NXT Link and Upload
Console ofpen Bp 2 fen| = O Co '
BE &7 ;
BT 1liExtraCredit 4 External Tools Configurations... Console;
Console open 1T CenterExplorer T Organize Favarites. ..
Hello, world T CSVParser {

poblic static void main(final String[] args) {
RConsole.openBlusetooth (10000) ;
RConsole.print("Hello, world™):
Button.waitForPress|();
RConsole.clos=():

T CSVProcessor

7 DataFindCenter
2T DataHermit

1 DataPingPongTest
7 Db2DistributedDB
2T DOLProcessor

g E:ﬁ:;;i:_r:;rs ) {2 Problems | @ Javadec | B Console £ . %% Debugw & Search\l

£ Helloworld <terminated > MXT Link and Upload [Program] C:\Prograr ® % | Bk BF |E|E| =7 B

1T javaCap 1eJ0S5 NXJ» Linking...

T JeinsQLProcessor 1eJ05 N¥J> Uploading...

£l 1= Legoteloworld BlueCove wersion 2.1.0 on winsock

T MysqDistributedDl | 12705 NXJ> Connected to NXT

1leJ0O5 NXJ> Upload successful in 5500 milliseconds
ElueCove =stack shutdown completed

2

Status: Connected to NXT
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Sensor Exploration

B3 view RConsole output from NXT |Z E|FZ|
.
Ultrasonic sensor test ©usB_® mueToom Name [Unknown | adar [001652005288 |
Connect
Measures continuously for 1 second Soorlosigiacd
. auerade: @l 2. 5354
max:EElz. 9921259
mimtE@El > 5984751
Console open
. . [samples: 4363]
Reports min, max, average distances overage.  125984251963504)
p ’ ) g * [max: 12.992125984252]
[min: 12.5984251968504]
[samples: 4454]
- [average: 12.5984251968504)
Executes until Escape button pressed.  |m:  Ezizmes
] [min: 12.5954251968504]
[samples: 4449]
[average: 12.5984251968504]
[max 12.9921259842532]
[min: 12.5984251968504]
[samples: 44149]
[average: 3.54330708661417]
[max 13.3858267716535]
[min: 2.75590551181102]
[samples: 4481]
[average: 2.36220472440945]
[max 2.75590551181102]
[min: 2.36220472440945]
[samples: 4503)
[average: 2.36220472440945]
[max: 2.75590551181102]
[min: 2.362204724400945]
[samples: 4482]
[average: 2.36220472440945]
[max 2.75590551181102]
[min: 2.36220472440945]
[samples: 4453]
[average: 3.54330708661417]
[max 13.3858267716535]
[min: 2.36220472440945]
[samples: 4472)
[average: 12.5984251968504]
[max: 12.992125984252]
[min: 12.5984251968504]
[samples: 4471]
- v X S [average: 12.5984251968504]
Ultrasonic Sensor Test I 12.0921250924252]
[min: 12.5984251968504]
[samples: 4484]
[average: 12.5984251968504]
[max 12.992125954252]
[min: 12.5954251968504]
[samples: 4431]
[average: 12.5984251968504]
[max: 12.992125984252]
[min: 12.5984251968504]
Console closed
Status: Connected to Unknown
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Sensor Exploration

Touch sensor test

Waits for button press.
Waits for button release.

Reports duration.

Executes until Escape button pressed.
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B

) USB @ BlueTooth Name|Unkn0wn |Addr|uu1553005399 |

View RConsole output from NXT

Connect

done Fushing

Console open

[please push me..]
[pushed]

[done pushing]
Touch sensor was pushed for 2 seconds.

[please push me..]
[pushed]

[done pushing]
Touch sensor was pushed for 6 seconds.

Console closed

Status: Connected to Unknown




Sensor Exploration

Light and Color sensor test

Preliminary tests failed using sensor.

Validated hardware using third-party executable.
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Bluetooth Communication

Latency test

One-byte ping-pong test.
Approximately 50 — 70 ms round trip.

& Java - Eclipse |._||E|r>__<|
Fle Edit Source Refactor Mavigate Search Project Run Window Help

i ¥ 0 Q- i C [ %5 Debug | & Java |

El console 12 X % | G o8| &|E 2 iz T
<terminated > PicardPingPongTest [Java Application] C:\Program Files\Javaljre6\bin'javaw. exe (Apr &, 20
@ BlueCowve wersion 2.1.0 on winsock o=
E Connected and ready for commands.

0. guit program

h

1. one byte test

2. max byte test

9. shutdown data (Lego)
> 1

% e

-—-— one byte ping pong test started (6 times) —-——
& times: the average time is, 54 miliseconds

-—-— one byte ping pong test started (12 times) —--—-—
12 times: the average time is, 62 miliseconds

[ m

-—-— one byte ping pong test started (24 times) —-——
24 times: the average time is, 59 miliseconds

-—-— one byte ping pong test started (48 times) —-——
48 times: the average time is, 67 miliseconds

> 2
Bve
BlueCove stack shutdown completed
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Bluetooth Communication

Bandwidth test

Experimenta”y discove red & Debug - Eclipse |Z”E|rg|

File Edit Source Refactor Mavigate Search Project Run  Window Help

3 i = %0 Q- | %5 Debug |8} Java
: ; F Y-RARE WY
maximum buffer size for e e doo T
N (B console 5 Tasks =8
CO m m u n I Ca t I O n . & <terminated = PiﬁfrdPingPﬂTe_st [Java Applimtioj] C:\Program Files\Javaljred'binj _E
W lm % % G bEE & i “

BlueCove wversion 2.1.0 on winsock
Connected and ready for commands.
0. guit program

1. one byte test

2. max byte test s
9. shutdown data (Legao)

Approximately 16,000-byte

—-—— max bytes ping pong test started —-—— o=
T EX bp=
Iimit. 1000 1000 5347
2000 2000 8000
3000 3000 7672
4000 4000 8000
5000 5000 7621
6000 &000 7528
7000 7000 8233
8000 8000 8830
. 9000 9000 8585
Approximately 8,000 bytes
11000 11000 8000
12000 12000 8727
Test completed.

per second. .
ye
BlueCove =stack shutdown completed
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First Objective

Goal

Drive away from obstacles. In other words, look for center of room.

Algorithm

Continuously read from sensor, evaluate data, and decide new direction.
Repeat this procedure until center is found within margin.

Implementation

Simple state machine with command-response PC-robot protocol.
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Second Objective

Goal

Simultaneous movement, measurements, and communication.

Algorithm

Vector superposition of robot distances to sample points in scalar field.

Implementation

Thread 1: Message pump.

Thread 2: Sensor recording, motor management, and decision making.
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Possible Projects

Map exploring

Currently under development.

Projectile targeting

Building machine arm with two degrees of freedom.
Challenged by targeting consistency and verification methods.

Preliminary success using webcam as additional sensory input.
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