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Skills Inventory

Any programming experience?

FLL coaching experience?

NXT or RIS programming experience?
Have a robot with you?



NXT Programming 101

Objective

Develop a basic approach to, and understanding of,
programming the NXT.
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Class Agenda

Computer Basics

The Programming
Environment

Basic Programming Steps

Common Blocks
/ Practical Exercises

Sensors

Advanced Topics

Putting It A

| Together



Computer Basics
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The Computer

Memory Outputs

2

v

Processor

Processor executes commands.
Memory stores program and data.

Input devices transfer information from
outside world into computer.

Output devices are vice versa.



Computer Programs

= Can be used to model a process.
« KISS=Keep It Simple Silly
« Rarely perfect.



Writing a Computer Program

Specify the task
« |nputs to be supplied
« Qutputs to be produced

Devise a plan or strategy.

Express that strategy in a computer
language.

From: Introduction to Pascal, Welsh and Elder



3 Motor Outputs USB communications

(A, B, C) port
LCD display
On/Select button
Left button Right button

Go Back button

4 Sensor Inputs
(1, 2,3,4)

Processor. 32 bit ARM Atmel AT91SAM256 running at 50 Mhz
Memory: 64K Static RAM, 256K Flash
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NXT Firmware

Software

compiled
rte Files Firmware

CICIEEC

Your Programs

Firmware

ROM (read only memory)
Processor (ARM)
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Firmware Loaded?

Firmware must be downloaded to your NXT so
that the NXT can understand your programs.

Only required to be loaded

« To install a new firmware release,
« NXT lost it’'s firmware for some reason, or
« NXT starts behaving badly.

Tick .. Tick ...
No firmware Firmware loaded. |

e
L
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Mindstorms Languages

NXT

NXT-G Programming Lanquage

Comes with the NXT version of LEGO Mindstorms
Runs on PC or a MAC

Has MyBlocks like Robotics Invention System (RIS)
Based on LabVIEW like RobolLab

RobolLab 2.9

RCX

Robolab
Runs on MAC or PC.

RI

Only runs on a PC



Running a computer program on NXT
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Write program on
PC

(NXT-G)

Program conv. to

| Dytecodes (text (===pi tOthe
NXT

description)

SetPower(A,3)

Download

Move X to register 001 1000111...

NXT —
executes
commands

Bytecodes converted

to ARM (NXT)
machine code
commands




About the NXT...

e The NXT has memory to store multiple
programs.

 NXT automatically powers down.

e Bluetooth Communications

e The NXT supports Bluetooth communications
facilitating wireless program download.

e Bluetooth should be disabled during
competition.

15
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About the NXT...

Batteries
= 6 size ‘AA’.
« Can't lose firmware.

« NIMH rechargeable batteries work.
NiCads don't.

« Lithium rechargeables come with the
FLL Mindstorm Kits.

= Avoid stalling the motors, It drains batteries.
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The Programming Environment



Opening Workspace

(B LEGO MINDSTORMS NXT
' File Edit Tools Help

smplets
Open Pragrarn

= e e

1 —rJ .a_‘].

(4

- MIREASTRRMS

A
3
/ 2

Liser Profile: | Diafault

Getting Started

Start hiere with 2 quick introduction to the basics i ]

~

Software Overview

A quick overview of the LEGD MIMNDSTORMS MHET Sofvears

Select a
Program

< &

Start Mew Program

i . ﬁ [Untitled-BI

Name

C
1

Open Recent Program

=2
|_j [ LineFollower

Home =

Robo Center

Vehicles

* Quickstart

L ik \
Machines & 1

Animals

Humanoids
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Mo Help Available
There iz no help available for the seleded block(s),

\

Pre-built
Robots,
Programs,
and
Challenges

J/

Help and

Zoom Panel




NXT-G Work Space

(B LEGO MINDSTORMS NXT

=16
File Edit Tools Help
ODwO 8 Dha |k s User Profle: [ Defaul ) ) s
Gonmen B . : ' ®
Program

Blocks [ ‘

Add
Program
Blocks here

a. Common,
b. Complete, and
c. Custom tabs

| T
gDownload , A

There iz no help auvailable for the selacted block(s), g

Block S o

Settings

_/
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NXT-G Work Space

B LEGD MINDSTORMS NXT

(Bl Edt Tools Hel

Enmi‘n_nn

3 | Untitled-1

=
=

) 5

Comment

Pointer Tool

Grab Hand
to move the
display
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Communications

Communications

I

Memory

Marme

Connection Type

Stakus

onneck ] |

Fenmone

I

Scan

Your current HET is:

Battery: |' .1 I

Conneckion:

Frae Storage:

Firrnwware wersion:

usg|
374 KB

1.0

Close

Give your NXT a new name

Check Battery voltage

View available memory (in KiloBytes)
Check firmware version

Functions when connected by USB cable or Bluetooth:
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Memory
Communications T Memory — MXT Data

MET Mernory sage: Shows System Files Yaour cukvent MET is:
Marne Size = |
Mame:  |MXT_DIF
Linuzed MbPiwatETest C2ER Battery: |' 7.4 '
sRadarZont2 10.0 KB PR I®
Mest3 12.8 KB '
ZenzorDisplay3 2.1 KB Free Storage: 875 KR
Other
Firrnweare version: 1.0z
Program
| Delate All J | pload J | Download ] | Delate ] Close ]

Functions - Select, then delete Programs, Sounds, Graphics, and Unused files.
Up to 130Kb of free of storage is available the NXT.
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Basic Programming Steps



Generic Problem Solving Process

. Define the problem or task to be
completed.

Brainstorm solutions.

Discuss alternative solutions and choose

one.
. Try (implement) one.
Evaluate results and modify as necessary.

24
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About Computer Programs...

Computer programs are usually a series of very simple,
specific instructions executed in a sequence.

Break your solution down to individual steps.
» Go forward 18 inches.

» Stop for 1 second.

> Turn right 90 degrees.

» Go forward until the wall is reached.

a Stop.

» Raise the accessory arm 90 degrees.

From: http://whatis.techtarget.com/



A Program is like a Work Instruction

Imagine telling someone in words how to make a pean
butter and jelly sandwich.

Try it.
Now, how could you make your instructions clearer?
The same happens with computer programs......

They must be clear.

26
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Simple Ways to Express Programs

In the real programming world there are many
ways to do this.

In the FLL world, probably the 3 best ways:

- Simulate the action by manipulating the robot by
nand.

« Draw rough diagrams.

« Literally act it out.
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Basic Programming Steps

. Define the basic task to be completed.
2. Create a map of where the robot goes

and what i1t does.

. Describe, step-by-step, what the program

should do.

. Write the code.
. Test, and fix, little pieces at a time.



Example

Make robot go forward 5 rotations and then turn rig

1. Set direction and power of motors.
2. Turn on motors.

3. Stop motors, turn right.

«  Run left motor while holding right motor
stopped.

« Run left motor forward and right motor In
reverse.

4. Stop motors.

29

ht 90°



Conversion to a Program

» Forward: Motors A and C forward

a Spin: Motor A forward, C backward,
Power Level 50%
250 degrees
motors brake.

| 250 | [Degrees |3| |

Bieake Coast

30



Optimizing Code

a0 [, ¢

. Which is faster?  CEs#ilo opSalo
- )i @ @ |4 @ i
more reliable? S EEEeE s
? [EY Ve e Ve E

best: QJ ';‘L«.—rﬁ ff%ﬁ% O

O e g o]

Use the one that makes sense to you, the
programmer.
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Analysis Tips

Literally walk through It.
Ask lots of questions.
Do little pieces at a time.

Reuse pieces that work from the current
orogram or other programs.

~eel confident in your plan before starting
to program it.
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Common Situations

Not sure which solution Is better?
« Try all solutions out.
= Determine the benefits and drawbacks of each.

- Rank and select.

Can’t think of all the steps needed?
« Program and test the steps you understand.

« Reverse Process Engineer.... I.e. Start at the
end and work backwards, step by step,
capturing each action and decision.
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Common Blocks
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Common Blocks

Blocks have many functions:
« Move
« Walit for input
« Display value
With many modifiers
« Direction, steering, distance, motors used .
= Walit for light sensor, light threshold, sensor port,

LE Pon O oA B M ) Power: B el ———— ) .
v Diectior: @4 O O& 4 Durstions | 250 | | Dagrees (=]
@} Stesring: @ A e Mert Action: Brake

4 U—=x

Move Block Settings
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O
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m
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-
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Adding a Block to a Program

Click a - !
Block ] !Og )

[Drag it here

(@)
Release when\)

/
the white
position preview
\marks appear.

Change the
settings
k F'l.'.ll‘t_: D & E B -E| o
:; Direction: (=) -‘!‘r 0 ‘!'tl " g
= —r=3
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WalitFor Blocks

Click on the hourglass.
Click on a Wait For Block.
Select:

« Time
Touch
Light
Sound

| Distance (Ultrasonic
@l @O = sensor)

-f \ R g 2 "% Ab)

WaitFor Blocks




Motors

he Lego 9 volt geared motor

« Making the motors turn is the
most important output of your
program.

It makes your creation a robot!

«  Without load, motor shaft turns at
about 150 rpm.
« Servo sensitive to 1 degree.

« A typical robot runs 3-4 hours on
a single set of batteries.

FLL allows up to 3 motors.

39
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Motor Detalls

Motor can be set to different power settings
« Power levels 1-100
« Power Is adjusted by Pulse Width Modulation

Turning the power setting up higher
essentially makes the shaft turn faster.



Using the Move Block

Ports A, B,
and/or C

Forward,
Backward or

[Power 0-100%
Ti

Ime,
Rotatio

Duration

Degrees,
ns, Forever

Stationary r—
OA Be B¢ F'-:-wer __;_'l- (
o Direction: G O 8, O@ % Duration: | 1 | | Ratations (=] [
£ Stearing: 1 e Mext Ation: (51 | Brake O bk Coast ."
- & 9, B /

Steering
Spin, Pivot,
Arc, Straight

41

EBrake or Coast
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Workshop Task #1 — Rotation Sensor Navigation

/‘

7
base

MISSION:

*Navigate robot from base to pizza plate and stop.
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Workshop Task #1 - An Answer

[Switch here to show actual code on
screen]



44

Workshop Task #2 — rotation sensor navigation

7

Y 4
base

MISSION:

* Navigate robot from base to pizza plate and stop.
« Rotate robot 180 degrees.

» Return to base and stop.
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Workshop Task #2 - An Answer

[Switch here to show actual code on
screen]
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Sensors

Allow your robot to detect the real world.
= Touch
« Light
« Sound (Microphone)
- Distance (Ultrasonic)
« Rotation
« Time



a7

Touch Sensor

= Detects touching or bumping into
something.

= Good for detecting walls and immovable or
large objects.



Pressed, Released, Bumped

Ir' 1 i . | i ) i i i | | . |
'___r.l I:'l:ll'tu = 1 - 2 - 3 - '.'.l'
JJ Ackion: 0 _,J Prassad
_ Bumped: pressed and
4=l Released released in any order.

Al Burmnped

48



Touch Sensor WalitFor Block

Robot waits
until sensor
responds
R IANE & 1
sli( ] A |
—ij.« Pressed,

released, or
bumped

@5 Cantral: i'_Sensu:ur |Ejj 5.‘ Pott:
— i
_‘fJ Sensor: g oy [Tu:-u::h Sensor B | J_,j Action! -1-1'};j Pressed

jJ

_'- -,e_j Eeleased

& ﬁ-zd Burmped

49



Workshop Task #3 — Touch Sensor Navigation

?F

O

base

MISSION:

» Navigate to block and stop when touch sensor is dep ressed.
Block may be a variable distance from base.

50
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Workshop Task #3 - An Answer

[Switch here to show actual code on
screen]
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Rotation Sensor

« Measures how far a rotating axle has turned.

As the axle turns, a counter in the NXT Is
Incremented or decremented.

« 360 counts per rotation.
= Each motor has an embedded rotation sensor.
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Rotation: Move and Motor Blocks

Right Turm

:_"'%_L Power:
|_|I'||II'|'|I|IEII|
fr_;':i: Cruration | SO0 | e
H-:-tatmnz
| : Seconds
S Mext Action: Birake

A sensor is built
Into each

Measure by
rotations or

motor.

degrees. /
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Calculating Distance

= The rotation sensor also brings in the
possibility of doing some real math!

DlameterI @ 1 Revolution @
- -

Circumference

Circumference = Tl x Diameter

« \We'll leave that as an exercise for the reader!
= Of course, trial and error also works.

« Sources of error Iin calculation - dirt on surface,
using a skid rather than a wheel, gear

slippage.



More on Rotation Sensor

» Rotation sensor counts forward (positive) and
backwards (negative).

g2 i

Select the
Rotation Sensor

(_"_“-u.

e

&
e — Run
s — | sk
s a ks
1_;;[;__ }‘{‘JE

v B jE — rA’
2 ys j- J
Live i
1o, updates j

|

|2

o\
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Debugging and Analysis

Common problems

« Programming: reset the sensor to zero
nefore use.

« Design: inadequate sensor resolution (trying to
measure something very accurately, when the
sensor is not that accurate).

« Control: starting, stopping, turning too fast.

« Variations In the initial conditions: not putting
everything in the same place before pushing
the run button.




Workshop Task #4 — touch sensor navigation

MISSION:
» Navigate to block and stop when touch sensor is dep ressed.

e Return to base and stop

57
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Workshop Task #4 - An Answer

[Switch here to show actual code on
screen]
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Light Sensor

Operates In "percent" mode
« 0to 100

« Higher number = more light.
A lighter surface reflects
more light.

Light can be turned off.
Shines a red light.
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Relative Sensitivity

Light Sensor Spectrum

100

=]
o

=7
o

b
o

20

0
400 600 1000 1200 (nm) Wavelength

» Most sensitive to red/IR light.
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Light Sensor Readings

_owest likely reading 5%
Highest likely reading 100% (pointing at a light)
Readings also depend on the color of the surface

Sensitive to the distance between the sensor and
the reflecting surface. Variations can make the
readings unusable. Keep the sensor close to the
surface, but not too close.

Shield the sensor from other light sources.




Light Sensor Readings

= The light sensor averages its readings over
roughly a circular area.

= Cross a line too fast and you may miss the
line.

» Test and recalibrate on competition day.

62



Light Sensor WaitFor Block

)
Use WaitFor
Forward Right Turn Blocks when
= watching only
\_ one sensor.
[2]]C) 1
lr.
S Control; lSens-:-r |E|| i,:; Part; & pl L2 O BE
Sidl Sensor: .,:}_u f [Ught Sensor | ":.]i' Liritil _.-%?.- _.[:I— .'ﬁ:-:' )
= —_
“7 Light: <) [ ]
;-"' Function; (] 'H;} Senerate light

Ll'urn light on/offJ/

63



Workshop Task #5 — light sensor navigation

base-

MISSION:

« Navigate to line and stop.

64
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Workshop Task #5 - An Answer

[Switch here to show actual code on
screen]



Loops

s

"

Loops are a control structure ! J

= |n other programming languages:

For ... Next Do loop n times
Do ... Until Do it. Unless some test, do it again.

There are loops for:

= Forever
= Every sensor (including time)

= Logic

= Count
If your algorithm says something like: “Until the sensor

reads X, keep doing this”, use a loop.

66
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» Convert this

Simple Loop

* to something simpler ¢ _I E m ﬁ
- _jrw Olp® Olp® @2
7

using a loop
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Workshop Task #6 — light sensor navigation

A7

baset~ <

MISSION:

« Navigate around loop using light sensor and return

to base.
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Workshop Task #6 - An Answer

[Switch here to show actual code on
screen]



Workshop Task #7 — manipulating objects

base

MISSION:
* Object will be positioned 6” from base.

* Robot go forward and pick-up object.

70
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Workshop Task #7 - An Answer

[Switch here to show actual code on
screen]



Other Sensors

__J P o @
E«-—w' Sound (microphone)

« |s the FLL competition too loud?

Ultrasonic (distance)
= Interference with other NXTs?

NXT Buttons

« One touch running of the next
program.

Recelved Messages

72
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Advanced Topics



EEEEEE

Subroutines

« Wrap a complicated process into a neat
and tidy package.

« Once wrapped, just worry about the
package.

» In NXT-G, subroutines are MyBlocks -
Select from the Custom Tab.
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Subroutines: When to Use

To do the same thing In different places.
« Reuse: put the common code in one place.

To divide a task into meaningful pieces or
modules.

To hide complex details.

Real world example: ‘Get ready for bed.’



Modular Advantages

Dump Barrels Subroutine Main Program

Start motors Changes made to Start motors

subroutines are updated
' to all other programs v

where they are used. Dump Barrels

Subroutine

Go straight 10”

\ 4

A

Turn Left 90° Return to base

A v
' Dump Barrels

A\ 4

\4

Turn Left 90° Turn Left 85°

\4

\4

Lower arm Dump Barrels

Subroutine

76
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MyBlock Names

Assign useful and informative names.
« ClearSoccerField not Csf amy 3a

« 12 characters visible on a MyBlock
15 characters visible on the NXT

Suggest using “action + ‘to’ + target”.
« Fwd2Wall or ForwardToWall or Forward To_ Wall
« FwdDist
« TurnRight

Name the task accomplished, not how It was
done.
« FollowLine not FollowLinelLightSensor
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MyBlock Creation

MbCalibratel...



MyBlock Creation 1

» Start with " e T
working umj " “ LJmJ 0 _

code.
Place on black. WhaitFar ‘W aitFor

Place on white WaitFor ca
a e eC area = Bukbon Click. area < Bukton Clic 0 0
= ;I" E-; = - - - — l'-'. ~- - —— E;::- -.:-:- — — — - — - - =1 '; - - —y= — - - - —
blocks to BRTASNEN B[ NS B 2 [
- . | ) = | ) gl ! qE | 5
L] = | & | = = = = ] = = = = = i~ = ] i~ | = |
Include - - -
u

* Click the " Creme
Crea‘te My |Ei|e Edit Tools Help Block buttgnj

Block button. |2&8 8 B - [k 0 @[S
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MyBlock Creation 2

[B My Block Builder |
* Name the ,
M BI k {15} Black Marne: | MbC alibrateLight |
y OC ) -.:fi Black Drescription: Light Sensor an Port 3 calibration with LCD instructions, _;I

« Give it a
description.

fE} Selected Blocks:

- o O - e I I T I - = o e ™= 2
\@| My Block Builder |

My Block /' Icon Builder:

T,‘J Icons:

MJMAJ@CJJJﬁﬁ‘

o A o W@ 3 .-1_.'11' bl | L 110 "y Al
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MyBlock Creation 3

= MyBlock
replaces the
selected

Blocks!

» To add the new
MyBlock to a
program, select
It from the
Custom Tab.

81

Place on white W aitFaor
area = Bukton Click

MbCalibratel.. |

|l LEGD MINDSTORMS NXT
File Edit Tools Help

MbZalibratelight



Parallel Sequences

Hold cursor here T e
i : LI
until it changes into a : J
. MbGoHomme

wiring tool.

Click and drag a
sequence beam,

release here.

= Make two tasks that run independently.
(Can you walk and chew gum?)

s One task lifts the arm.
The other task heads for home.

82
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Comments

« Comments explain the program to other
programmers.

= [n a team process like FLL, comments may
be important as more than one person will
be working on the program.

|:Enter comments with
the balloon text tool
File Edit Tools Help \
\'4
|DﬁD B B0 4 |Ez-: i Q?P|E-"‘|




Comment Use

Doug Fevert 3118106
SensorDisplay Continuous Display of Light Sensar, UlktraSonic (Distance) Sensor and a count of the times throught the loop,

Display a count of the times through the loop, Light Sensor Conwvert ko Text  Add % sign Display

« Add things like who made changes, when,
how to use, assumptions, expected results,
etc.

84



85

Suggestions

Make sure your code works before
making it into a MyBlock.

Use subroutines to:
Hide complexity.
Modularize programs.
Remove duplication.

Use comments liberally.
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What's a Variable?

A value that you can change during your
program.

= This value Is “variable”, hence the name.

For example, your program may store a
light sensor reading in a variable called
LightBright. Use that value later.

Use a meaningful name.
Useful to pass values to MyBlocks



Variables

[E LEGO MINDSTORMS NXT

e = Creating a variable
0y Undo Ctrl+z E ] g ]
Com Untitled-1 - <Ed|t><D€f|ne

Tools  Help

( o v _ Variables>

" = ange variables: | = Create

—e— o —11/| < Name the variable
| il Wit T - Select a datatype

T - Number

Text
Logic

87



Using a Variable

Yariable

Use the
Write action

88

!

Marme Type :J s:!;i- Action: l’_,"l:ﬁ Read l’:'lL—E‘.".l-Write
Lagic 1 Lagic
Murnber 1 Murnber 45| Walue: | 32| |%
Text 1 Text
™
| Set the
Pick a L value
variable
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Using a Variable

Wire variable value t

motor duration

-

J List:

Text 1

_H.ame T}rpe
Logic 1 Logic
Murnber 1 Mumnber

Text

!

i.l IFF

_/

L

1 i L) Akl
= e Action:

8l ' alue

Pick a Use the
variable \Read actio

0 L_jﬁ Read

) I;..:E“j.t Ihlrite

3
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Arithmetic
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Tricks and Tips

Never walt for a sensor to be an exact value,
always greater than or less than.

« You could miss the event due to sampling rate.

« For example, wait until rotation greater than 64
not equal to 64.
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Debugging Tools

Music / Sounds

« Use sounds to identify sections of
code.

LCD

« Write text, even graphics, to the NXT
LCD panel.



Workshop Task #8 — manipulating objects

| —
1@

base

MISSION:

 Manuever from base to wall using touch sensor.
* Turn 90 degrees and go forward to object.

* Pick-up object.

93® Turn and return to base.
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Workshop Task #8 - An Answer

[Switch here to show actual code on
screen]
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Putting it All Together



FLL Ace Programmer in 10 Steps

1. Create a sketch of where the robot goes
and what it does.

= These are your Requirements.

2. Use the Requirements to further examine

the problem:
« What tasks can go in the same program?

Any actions we do in multiple places? (good
candidates for subroutines)

Will using variables help?

3. Write out your plan.

96
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FLL Ace Programmer in 10 Steps

4. How It could fail? How can you recover?
« For example, the robot hits a wall it shouldn’t have.
What can you do to allow it to recover?

5. How are you going to test and debug it?
« Perhaps use a series of beeps In the program to
tell you where the program is.

6. Have a system for versions.
« Put comments at the beginning of the program

- Always save a working version in a file with a
name that makes sense (like date, etc.).
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FLL Ace Programmer in 10 Steps

/. Write the code using above information.
« Code little parts and test them.

« Name subroutines and files with descriptive
names. Right_turn is better than Rturn.

= Think about how readable the code is. Make it less
confusing.

= Use a lot of comments.
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FLL Ace Programmer in 10 Steps

8. Fix bugs In a stepwise manner
« Fix the bug, test it, then test other things related to
It to make sure they weren’t broken by your fix.

9. Don'’t be afraid to scrap everything and
start over If things get too complex or
fragile.

10. If coding/testing/bug fixing Is driving you
Insane, take a break.



Dynamic Blocks

» Download dynamic block update from
» From same site also download mini blocks

= Mini motor and mini move blocks reduce size of
programs

» Download "Display Number" block for
debugging from

100



Creating your own blocks with Labview

» Download software from

» Manual is available on same site
» Ultimate way to customize Lego Programming

» Introduces children to a tool that is commonly used In
engineering testing and development
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