Embedded Programming Education
with Lego Mindstorms
NXT using Java (leJOS), Eclipse
(XPairtise),
and Python (PyMite)
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Tutorial 4 Important Dates

e Advanced registration closes

Sunday, October 11, 2009, 14:00 to 18:30 Wednesday, September goth,
(coffee break from 16:00 to 16:30) 2209

e Conference begins

Inside the Open Source Lego Mindstorms NXT Sunday, October 11th, 2009
Speakers: Outline ::: :(rzns:oms
http:i/nxtgee.sf.net

® Rasmus Ulslev Pedersen (Department of Informatics at the C
Scho :::-I:I

€ Aim of Tutorial
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Abstract: The tutorial attendees will be presented with a technica Q Introduction L]
Mindstorms NXT. Alternative approaches to firmware and user-ley e

introduced while continuously relating to the underlying hardward @) Open Source Aim of Tutorial
afterwards be ableto ¢ tween alternative approaches when Introduction
future research, teaching, or community building with NXT. O Sensors Open Source
Sansors
Slidenolthe utorial © Inside NXT C 101 LT
Firmwara
Programming
@ Firmware Programming ARM?
NXT Softwara
0 ARM? Dabugging NXT

@ NXT Software

© Debugging NXT




L

Copenhagen

Business School

History + helicopter view

e Source code + GCC

* CBS: |
. ngh school EdmindsTorms
— 1 sem programming.
— 3 sem OOA&D (wind meter)

— Master thesis (Ultra Sensor w.
custom firmware)




Y

Copenhagen

I\/I Oti V a ti O n Business School

Embedded systems are expensive (for non-EE/
CS schools)

Sharing one means looking at the guy next to
you programming

Many schools already teach Java for
application

We have found a way to make embedded
systems programming with Java easier and

more affordable (CDIO?)
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Problem & Solution e

* The school have 10
workable (20) NXT
sets for a class of many
more students

 We have 40-80
students sharing them

* We decided to use NXT
because it is open
source
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Component 1: Eclipse plugin |

* We also use Eclipse which is an open source platform
composed of plugins

* One plugin is called ,and it is an Eclipse
plugin that allows for distributed team programming

 The students change roles and one programs at a time

s
ﬂD wWhiteboard 23\ g = m H IE B
2SR 49 Session Gallery | Package Explorer | JUnit = ||
Icon I State I MName I Session | A
9 offline Roland none e . H
*—-—-
9 online Patrick none

Invite User 3
w ® navigator Cristina 7 Test
1 User Information
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Component 2: Lejos & s

Lejos is probably one of the best firmware
replacements for LEGO MINDSTORMS NXT

It is a programming environment for Java
Students can get a quick start with Java

The embedded systems students can program
the ARMY7 processor directly



Lejos is used with Eclipse

@ Java - NXT program/src/org/lejos/sample/HelloWorld.java - Eclipse

Fle Edit Source Refactor Navigate Search Project Run [eJOSNXJ Window Help

GBripdeEEE 9

oEG o =

(Ll = E%"o'%' Li—}&f@' - M=
2 % Hierarchy| = 1 |([3) Heloworld java &3

[# Package

ER=S

= = NXT program
= src
=-f# org.lejos.sample
@-[J) Helloworld.java

package org.lejos.sample;
import lejos.nxt.LCD;

public class HelloWorld ({

#-® JRE System Library [JavaSE-1

== Referenced Libraries =| </ Undo Typing Ctr+z [] akrqg)
(&l
) d",3,4);
Open Declaration F3
Open Type Hierarchy F4
Open Call Hierarchy Ctrl+Alt+H
Show in Breadcrumb Alt+Shift+B
Quick Outline Ctrl+0
Quick Type Hierarchy Ctrl+T
Show In Alt+Shift+W 4
Copy Qualified Name
[gipy Paste Ctrl+Vv
BIOS  (yick Fix Ctri+1
piz Source Alt+Shift+S 4 ECEO et
P Refactor Alt+Shift+T » | PEOD
Local History 4
References 4
Declarations 4
[25 Add to Snippets...
Run As 4
Debug As 4
Validate
leJOs NXJ » 3 Convert to leJOS NXJ project

Team

» 2 Upload Program To The NXT Brick
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tudents can share the programm

environment
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OO0 XPairtise - pcsamples/TachoCount/TachoCount.java - Eclipse Platform - /Users/jacobnorbjerg/Documents/workspace =)
J rl' J ﬁv Ov Qv JB .;nv J » @ J il v N v "{;1 (;ﬁv - Ej 3xpainise gzjjava
'd . e
£ pac 2 Ju JUn) = B[ B TachoCount.java (drv) 3% = [ E: Outline (D XP Whit &3 = [
= \,:;/| v ||%@ import lejos.nxt.¥; g rag i X
=2 Hello_test L
¥4 HelloXPairtise [XP_sh: * Sample to spin motors and output Tachometer counts.
’g_% pcsamples [XP_shares * @author BB
(## AccelDemo :
- */
[_5BTSend public class TachoCount {
(8 RCNavigationCor
(2 SensorTest S public static void main(String [] args) throws Exception {
(## SocketServer ¥l System.out.println("Tachometer A: " + Motor.A.getTachoCount()); -
(# TachoCount 8 System.out.println("Tachometer C: " + Motor.C.getTachoCount()); =
8 (default " 8 Motor.A.rotate(5000,true); o
S, pas 8 .C.rotate(-5000, true); o
[J] TachoCi a = new LightSensor(SensorPort.S1); =]
C'?,Tac System.out.println("Light sensor " + lightsensor.readValue());
Y g
& Thread. sleep(10000);
(# USBSend 8 Sound.playTone(1000, 1000); -
. 8 System.out.println("Tachometer A: " + Motor.A.getTachoCount()); L
?.,JRESystelebrar 8 System.out.println("Tachometer C: " + Motor.C.getTachoCount()); —
(= build }
(= nbproject }
&) build.xml
A
v
( ) Jal» O Yal»
= - of -
O XPChat (Glob 52 \_{D XP Chat (Sessi} =8 ﬁ XP User Gallery( 4 XP Session Gallery 23 = B|[E cons 2 B2 Probl] v Tasks] n Book} = [m
[ [ i | Proj | ||[|No consoles to display at this time. 2 By =
e PTe———— ] gn; w;ﬂembers To;:.c g Pro;ects| o play = R i R
1508 rasped Ready? o MyFirstSession pcsamples, HelloXPairtise
15:08 Jacob [I've set “return now” =
true O
15:18 rasped StortVireadvalue A
15:19 rasped Light sensor 100 v
(" send )
J &% | Connected J o @ Q J:“’ J i
W
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Team Setup
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Team: Functionality

* The setup is somewhat
complex/fragile

* |t requires someone
with good
understanding of
hands-on programming

 Not limited to Java....
(Python...)(...)

Participant 2

XPair protocol
TCP/IP

Bluetooth radio/
USB

< Serial >
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Xpairtise server

XPair protocol
TCP/IP

Participant 1

____________________________________________________

Mindstorms
NXT
Bluetooth radio/
USB

Embedded



PYMITE: A PYTHON
ON-A-CHIP PROJECT

 Some students are
better than others,
and perform so-called
firmware
replacements

We demonstrate the
relative easiness (1
day) of starting up a
new embedded
operating system on
NXT
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dozilla Firefox

File Edit View History Bookmarks Tools Help

& -c

- | {IG}= »

(gl ( -‘. http:/code.google.com/p/python-c

-" python-on-a-chip - Google Code @
| My favorites v | Profile | Sign out
python- _
: Search projects
onh-a-chip ~
Python on a Chip
Project Home Downloads Issues Source

Summary | Updates | People

Welcome to the Python-
on-a-Chip Project!

Star this project

This project's goal is to Code license: GNU General Public License v2

develop the PyMite virtual

machine, device drivers, Labels: python, ‘_f.:ﬂ.ﬁEl’_MJ.t._E. I_flt_e_fftl_r_el_lle_[.
high-level libraries and other ”:'“OCU" roller, microcontrollers,
tools to run a significant aimeda, arm

subset of the Python

language on Feeds: Project feeds

microcontrollers without an

OS3. Please join the python- Groups: Python-on-a-chip and PyMite

on-a-chip google group to discussion




Method: HW->GCC->Target OS
ot
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Discussion: Teaching Advantage

Em. Sys. team programming:
just a teacher dream?

Students have a system where
they can use an easy language
(Java or whatever) or create a
new operating system

Focus on HPL-HAL-HIL
interdependencies

They can create new sensors
(PCBs)

NXT mixes well on an
educational continium :

CS

& Pydey - C:\pymite-08\src\platform\at91sam7s-ekimain. py - Eclipse SDK
ile Edit Source Refactoring Mavi j

File Run ‘Window Hell
i E& -0 Qi e
[P] main.py 2

reen TVE

#ir le "

(NATIVE G ()
RAIS T3
turn
e
[l Problems &2
0 errors, 159 warnings, hers (f hed 100 of )
Description
# & warnings (100 of )
E[jwmm ]

Writable
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Conclusion

http://nxtgcc.sourceforge.com

* We have shown a method to
include team programming
which is good for many

| ] NXTGCC

page

4
(€ NXTGCC

St u d e ntS 5 \G€:9 The First Open Source LEGO® MINDSTO
oep Tescae st ooe | This project uses the GCC & toslchain to program
* The NXT can also be used for ... o
more advanced programming . e —
with C and assembler | 1| |+ vgescogcmaair

vl . 1Board - C:\Documents and Settings\ru... [= |[B]X]

Fie Ecdit  Drew Vew BEESS Lbrary Optors  Widow

programming: Pymite S SNwsEe= R A&

. 5LF & f?'U““: l
* From here: Working on a = e
minimalistic introductionary

EECS "mechanics book” with ifi w
ARM/gcc/bootloader/ 2 o

assembler/C... ar P
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