


Prerequisites & Equipment Required

or Laptop with LEGO® Mindst
software installed

* Computer login ID and password
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Import additional program blocks

» |f you are using the Home Version of
EV3 software, you will need to import
I the Gyro and Ultrasonic program blocks

My Block Builder 1. Download the blocks from LEGO®
rmere pdese MINDSTORMS® download website

Wireless Setup

Sound Editor

Block Import

Download as App 2. In Mindstorms® application, from the
Memory Browser Ctrl Tools drop down menu, select Block

Data Log File Manager Import, the Block Import and Export
Remowve Values from Dataset d .I a l o) g d .I S p l ays

Create Data Logging Program

Export Datasets

Import Brick Program



Import additional program blocks

3. Select the Browse button, and
navigate to where you
downloaded the blocks

4. Select Open
5. Select the block to import
6. Select the Import button

Block Import and Export

Import

|E| Load From: C:\Users\Jim\Desktop\Advanced Programming\EV.

. Browse |

|E| Select Blocks to Import

Ultrasomic.ev3b

Status: Idle

| Import || Close |



,,,,,

What is a Program?

 progr: 2quel ‘ 1N ord—lr) of Ins
‘hat tells the robot how r)w:rrorrr a task.

fdQ

> You, the programmer determines what &

f/J‘| DHHOIT.FJ .,J/ the > programm m)g
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Open LEGO® Mindstorms® EV3

Add Experiment
Cpen Project...

Close Document

Close Project

Save Project
Save Project As..
Print

Bt

Double click the LEGO® Mindstorms®
EV3 icon, application launches

Select File = New Project = Program
Select File =» Save Project as

Create a folder to save your work to
(Use FLL-[your first name] for folder
name) Example: FLL-Jim

 Name Project: [your first name]
 Select Save button



Mindstorms® EV3 Software Overview

T

Toolbar
Sensor .
Flow Control Data Operations Brick
Action Advanced - Information
\‘ ‘/ ~ My Blocks
e b ,,L
iy 2 i d = e @520 ot




Toolbar - Upper right

y Undo

a
Select Badc |
Program/Experience
List |
7




EV3 Action and Flow Control Blocks

Medium Large Move Move Display  Sound
Motor Motor  Steering Tank

Flow Control (orange) blocks

- -
[ T Sa

Start Wait Loop
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SENSOr (Yellow) blocks

,‘:..L' ‘?'r' . f“ il \\?.‘,

B,

Brick Color Infrared Motor Timer Touch
Buttons Sensor Sensor Rotation Sensor

Data Operations (red) blocks

BN  GNUNNS DN GRS S
of 7 }

Variable Constant Array Logic Math
Operations Operations




EV3 Advanced blocks

Advanced (dark blue) blocks

Raw
File Messaging Blue Tooth Keep Sensor
Access Connection  Awake Value

Unregulated Invert Stop
Motor Motor Program



EV3 Brick Information - Lower right




Name your robot

Brick Name Download 1. Coni -' t with USB cable to the

\ _ - Brick Name entry box

[© |luMEEV3 eyboard, enter the name of

o Firmware: V1.09E : //r robot
il , %lect the Download button
L 4 5. View name on the EV3 screen

15



Memory Browser Dialog




Port View

ays otors and sensor
urrent connected to the EV3
7.7

1C

Displays current reading for
otors and sensors



Available Bricks




Project Properties

Picture

Tabs

Program Type T
and’Name =, © e

| Show | Teacher Only |
V 1




Block settings i

- Port settings

Block

connector \ u \E O ’I ——— Block

y connector

Block _— = 50| 50 1
settings Off -
menu

P
..........




Moving forward a set distance

Io program the robot to move a set distance in inches
Cemtimeiem,

» YOU need to know circumference of the w
Dy the motors to move the robot.

* There are several ways to determine rfjw-g/
> Calculate from what is printed on the

» Measure wheel diameter
» Use robot to determine circum
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Calculate wheel circumference with the
robot - Program

.‘\ \

»

T »
s
e B .51" g

Start block




Calculate the circumference using the robot
- Setup and test

8 67 88 89 90 9 g W
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TIP: Use centimeters for measuring units.
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Calculating wheel circumference




Calculate the circumference using the robot

Distance traveled + Motor rotations = Wheel circ






Add a Move Tank block (c fﬁC* noaﬂﬁ)

/. Wire output (=) 0 Rotati

BloCK
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Proje |
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Move forward a specified distance

J. lest Hrwmm (0 verify 1t wWorks

10. Adjust circumference value if distances are of?

What would happen if we put larger wheels on
a) It would move less than 100 cm '
h) It would move further than 100 r‘ff}é*“

C) No change, it would move JOJ Cim

Moving consistency is goal more so than exact distance.




Connecting with Bluetooth
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Connecting with Bluetooth

Naming your brick will help prevent others nearby
from selecting your brick and accidently deleting or

downloading programs to yours.

1. Enable Bluetooth on the computer. + %ol Ume
2. Power on the EV3 brick + S| egp

tings, || # Blustooth
o Wi F
+ Brick Info

N s el

(®] ([0 858

‘f

1 00%
fever




Connecting with Bluetooth

_ J "']J‘ vﬂ.-—a
L1 7 I 7 ) w1 T Tt -
Select the ‘arg& check mark at bottom L .
o _onnect i ans

@ Nisibility




Connecting with Bluetooth

'f.'

\ 92

@ ([0 68

On computer, pa}r the EV3 brick and
com F)LJE':*K

+ %ol ume 1 00ss
A S| zap never

+ Bl uetooth
A WiF
A~ Brick Info




Connecting with Bluetooth

[®] (] B88 [+

L NN T rrme
¥ Cconnect?
G AH-FGAD

« Ol | -k L1TIT U

—
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Connecting with Bluetooth 1 (4

¥ ) T 15 E: [

Lrﬁ | [ rep | Q00 | £
\—| E= PASSKEY =
[1234_ |

QWERTYUIOR@E| ]
@ﬂSDFGHJH 2
32chamm

Bluetooth must be off at FLL® tournaments.




Using Port View

T tors in Port

Vgram blocks.

You can observe a lot just by
watching - Yogi Berra

Port View H _ A
y i=:11




My Blocks

My Blocks allow programmers to group multiple
pr@yrarmmr g blocks in a specific order into a Jmﬂ"“

block for easy reuse.



How to make a My Block

t the blocks that will make up t e my block,
lighted with blue border. - - highlight the




Make a My Block - My Block Builder (11T

1. From dropdown menus select
Tools P My Block Builder e

2. My Block dialog opens Image Editor

My Block Builder
Firmware Update

Wireless Setup

Block Import

Download as App

Memory Browser

Data Log File Manager
Remove Values from Dataset
Create Data Logging Program
Export Datasets

Import Brick Program

39



Make a My Block - Name My Block

My Block Builder

3. Using the keyboard, enter
for the My Block Name

40



Make a My Block - Add Parameters

My Block Builder

4, Select the '@ twice to add
two Parameters

41



Make a My Block - First Parameter setup ‘7

My Block Builder ®((®/\

5. Select the first parameter
6. Select the Parameters Setup tab

/. Using the keyboard, enter a
parameter Name ( )

8. Leave the Parameter Type as Input
9. Leave the Data Type as Number
10. Enter Default Value (- ')

42



Make a My Block - Select icon

11.Select the Parameter Icons tab
12.Scroll down to the power icons
13.Select power icon &=

My Block Builder

43



Make a My Block - Second Parameter setup ﬁ

My Block Builder (((Q/\

14.Select the second parameter
15.Select the Parameters Setup tab

16. Using the keyboard, enter a
parameter Name ( )

17.Leave the Parameter Type as Input
18.Leave the Data Type as Number
19. Enter Default Value ( )

Default Value: | .

44



Make a My Block - Select icons

My Block Builder

20. Select the Parameter lcons
tab

21.Select CM icon
22.Select Finish button

23. Programming screen displays
with an additional block

45
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Make a My Block - Connecting parameters

* Drag a wire from the distance parameter p# t
Math block




Make a My Block -

* Drag a wire from the power parameter #s to m | r input on
the Move Tank block -

L
:‘ \w

Jrag a secon d wire from the power r),lI‘JII et vf ot motor
put on the Move lank block.

f"'i: Cm
2 H

gol=




Make a My Block - Test

: f‘/\@ivr—*(” M M y b
Insert a Wait JEOf“:i set t

M;F ] i | JEEREEEE MoveCM
P s O = @ & D @B D &

100 100




Fundamentals of pivot turns

* Powering one wheel
'Jrea 1ng the other v
he ropbot around th

~

_r the breaked wt eeL,




Fundamentals of pinpoint turns

r
arour d the mid~p9‘]n't

pLALP O o
@ 50 (-50| 3




Fundamentals of arc turns
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L turns when driving wheels move
EggffdJ

ower wheel
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Challenge

Build and test a program that has your rokt

h
A
P
-
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ate in a 60 cm square ending on the
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Achieving Top Robot

Performance

ns that are cor sisten rl,/ LOp
)erformers are always balanced in
robot design, programming, and
strategy.

Teams will naturally be stronger in
one area, but to neglect the other

areas wi H resutt 1n inconstant

Fesults.

Programming

Robot Design, Robot Challenge and
Project are what we do, Core Values is
how we do them.



Strategy

ategy with good programming are essentia
tly gwd robot performanc
Tl C

/ Hmvrr-rrlm
:1er Wware

® o
2 ,JmﬂrrnrrJfrJ'Jru = incons
- Jf J”QJOF T 'JQ(_‘_}(_’J f’f,lf"”?/



Robot Game Strategy - Base
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Robot Game Strategy - Time

» Matches are 2:30 minutes or 150 seconds
» When the Robot is in base, it's not scoring
* Minimize time spent in base @
* [ravel on the field takes time
* Minimize time spent moving | // ace to place

J olw m J| }r);-»-i nissions in the same region on the




Robot Game Strategy - Reliability

o guide the




Robot game strategy - Humans

» The Robot does exactly what physics and prograr
el 1t to do
» Humans (drivers) make mistakes a

» Design the robot and strategy to avc
and reduce time 1n base

Republic of Pi's design mantra

* Whenever the robot or humans make J///ﬁ a 1 scoring, redesign the
robot/programming so that rrJiJFM{.ré‘ not happen again.



Tip: Start every mission from same spot

* Put solid edges/guides on robot so
that you can align robot with solid
edges, not by Jf;'f (-aiming

oL
~7
S



Strategy - Navigation

\ key to scoring is to consistent
ropot INto position to rlr"f”orrrﬂ the mission
» Wha grovrrurr mer) needs to kmg‘/\/ to nav

\ /L

/ "'/‘/mere e robot currently 1s
* How pr: [sely you know where it 1s
* Where the robot needs to go
* |s there anything in the way |
* What can help guide you there

The robot must navigate (move) consistently to score consistently.




Navigation & Odometry

What is Navigation? Examples:

What is odometry?
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Small angles lead to large offsets

Q: How far off will it be after 100 f‘fn?f
A: 1.74cm ,,

The FLL® field is 8 feet, or 243.84 cm, so at 8 feet you



Overcoming error strategy

» Use field elements for navigation such as lines, wal
and mission rfod:_, S

» |f your robot can find a line, wall, model, or s
/,' ) =L .-' { 8 / }JJ/J f
on the other 5de of the field, you acclirate
location.
> One rule of thumb is to never ma
without re-orienting the rwor,!
field.



Session £

Usir fi?enzorato,he43rnv‘

N

. Working with loops

S0
U

IN
——
-

U

Ul




,,,,,

Using sensors to improve navigation

* Gyro >ensor

* Can help the robot move in a straight line
> Can help control how far the robot rotate
turns)

» Color sensor
» Can detect colors on the
» Can detect and follow lin

,,,,,



Gyro sensor

* The axis for the LEGO® gyro is indicated by
(he point (dot) and arrows on the sensor.

* [he 8yro some tlimes shows moveme
aven when it is sti ll,, this is ullw—d/,
drift, and must be corrected k .)w—*v '
the gyro.

Port View




Reducing gyro drift program

The following L Se -
to stop arift:
1.

LL
=

UpEen new program.
j -;J/fOC:lLH

N
o

Add GYro 5 Sen

ansor block

W
L

Set

Gyro Senor block to R o oo
Measure P> Angle and Rate

I e




Reducing gyro drift program

, Add Wait block,

. Add a secon d Wait _)lof"

Oy Ul

Set Wait bloc

o
~

. >set Comp

N



Reducing gyro drift program

* Only ne d L0 r)v—lrwrm this once at
Deginning of program/robot run

J Requ']res 2-3 seconds to complete (EV3

¢ Recalibrate
gyro

Y Measure »

Compare »

* Gyro must be stationary while
calibratin g

Lan be ran prior to C—J;{J
during setup at the t L:e

3

L Trip: Gyro block, Reset optlon doesn t recalibrate the gyro!




Turning using the gyro to turn

Open New Program

2. Add Gyro block set to - -
3. Add a Wait block set to ° ' seconds
4, Add Large Motor block and set port to -, with input to , and power

5. Add a second Large Motor bloc :2;6"5' d set po ith i and
Brake to |1/ - -
b P o3
F .
3
. ®




Turning using the gyro to turn

Set the Direct
F—\\ i S
True

4 P
i
|

[0 _J/ro p Change »> . ’\;,E” "

Add a Large Motor bl vith i and Brake to
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Challenge

\
\

\ - Vall = - 1 )\ '\ T 1 'r—' - ““‘"- —~
> Make the gyro turn into a My Block.

JBchJachte:tatprograﬂwt.“”
a /3 cm JejLlr il
gyro turn My Bloc
fAC)ﬁAJffﬂlgff‘ﬁA/ b




Loops




Loops - Basic

Y 4 gy L \ J
A basic Loop block:

-

What does this |OC)I) Bloc @
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3. Add Gyro Block

4. Set Gyro block to Measure P Angl




A gyro-following loop - programming

5. Add Math block, set to Subtract and to

6. Drag thread from Gyro to -




A gyro-following loop - programming

/I
0.

7

2
I\
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Gyro-following loop test

QDFJI

* | the robot 1s turning slowly, you t
calibration [ Hrggrarm

» |f the robot ;rnm out of control, try s pping the motors cables
and check the ports to make sul re t are in B and C.



Gyro-following loop explanation ‘«f |

> The Gyro Sensor block reads current angle Jﬁd/ puts the value

> The Math block chang es the (+/-) sign of r'r.t;‘f yro angle value and
proviaes that to the B motor

U

”rf'ijJ'f)er;)E-*E fjjﬂll \II..“J:]')JJ
the other gets a negative power




Gyro-following loop explanation w

» What happens here when the gyro angle readi Zero?

Gyro reads 0 and outputs  Math block subtracts 0 _
0 to the Math block b from 0 and outputs 0
input and the C motor to the B motor input

input

Power set to 0
from the Math
block output




Gyro-following loop explanation

* What happens here when the gyro angle readir zero?

Gyro reads 2 and output 2 Math block subtracts 2
0 the Math block b input  from 0 and outputs -2 """~
and the C motor input to the B motor input

Power set to 2
from the Math
block output




A gyro-following loop is proportional control

> The power to the motors is proportional to how

gyro sensor is away from zero (the “error™),

).

* For example:

» |f the gyro detects it is at 2 degrees
motors at 27 power.

 |f the gyro detects it is at 15 de
motors at 15%

L This is cool, but how does it help my robot in FLL®?




oth Math blocks
block power input

Tank block power




A gyro-following loop - continued




A gyro-following loop - Summary

» When gyro angle 1s zero: both motors have a sf
and the robot moves straight ahead at 3[)4

> v/rwm gyro angle is not zero: one rruror
nan 30 and otner moves slower than 30 ar
moves forward but turns toward zero




Add distance control to gyro-following loop @

Set port to one of

the drive motors

= 1 17,5
»

Add Motor
Rotation

block set

Aad Math
plock set to
Divide with B \-
Set to your J:;E;zi?' ‘ Set Loop to Motor Rotations P Move Steering
wheel Compare P> Rotations and to set to: Off
circumference Greater than or Equal To (3) 89

[0 Reset
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My Block has two
parameters: Power
and Distance (cm)

/ —

> J :
i i




Understanding LEGO® color sensors

* Color sensors have several “modes”

red, wmz:a, prown
» Ambient Light - =ispleClp)e eji biedpl v
* Reflected llght - Same as ¢  LED is turned on
an affect readings
Shieldi elps ext | e readings

(™
S ]
(U
U




Reflected light mode

- J
'Ne sensor returns a value

* 0 = fofor Sensor receiving very little light
* 100 = Color sensor receiving a lot of light

=)
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Line / edge following

sor to follow Ur
| e

[actually edve;’) on the field

,,,,,



Reflected light mode

What sorts of values would

| ( 5 = turn right a lot
Ne color sensor see at _
each red c rf”lv—-J position?

o | turn right a little
What should the robot do

. V¢ .
ite? 35 = go straight

50 = turn left a little

70 = turn left a lot



Proportional edge following

. sensor must be ir mr t of the _IrJvaJ
for line eage follmmmv 0 WOrK

a robot can very precise

-/

th a little tuning
aggling)

::.“:t:‘(:ﬂ\?b

=

(P (T
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Proportional edge following

‘ | E L‘/ D i * X + a X < a : + a n :
following g Loop r)rcu_r m oY =l

Change the gyro sensor to [ D
reflected light sensor



Proportional edge following

Color sensor:
Measure P Reflective
Light Intensity

Value at “edgle}*i':’



Proportional edge following w/gain

Add Math block set to:

Multiply and b input at 0.5 J.ld]l‘ :}ﬁ \fFr

\ g "‘#’:2:/
g o +
X X X
1 0.5 30




Proportional edge following w/gain

S sharper turns

I gain = robot makes shallower turns




Sequencing Program

equence program” co mb"mef; bl
C ecit .

“master s
[0 a single program in

missions 1nto

order.

* | Nis {—:J_,ce; ([iIme spent 1n ba
.echnicians to navigate to, an:
program to run

Most FLL® teams create separate programs
for missions (or trips) out of Base




Master sequence programs

* | here are r |
programs. v‘/:ﬂ are reviewing two, a basic, an
iIntermediate level.

* Master sequence programs typically
program saved as a separate My bl
sequence program calling each m‘
desired order.



Master sequence program components

ALLIES L RA 1bTe SISTENE programming to solve a
ngle or a series of missions made into a

t”P is a series of mission M/ ng,g\; ed from leaves
untit the robot returns to Base -

- *r 1~ master sequence program ;.| // rlps from a
ingle program in order, and aut nat ally advances from
one trip to the next. More ac //,é/sequence programs
allows the technic J«m r,) navi ,// ack and forth
between trips allowir nician to change the

order on the fl
102
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Basic master sequence diagram




Wait block - Brink Button

1) Set the Wait block to Brick Buttons
» Compare P Brick Buttons

T ol T l

;
d!u-*
om I
. — :
-
[:] —
. ..............

LYro Senso
P ! Senst
y
I' 1 I

@ MotorR
EF- Tem pera




Wait block - Button push

3) Set State to 2 4) Wait block
Pressed and Released final

— | — l buttor the EV3 Brick is
Yo @ il & g8 JOR-Md-- Pressed and released.

= = | 4..:3*

o = em = 2

/I S
|




Export My Blocks from program

e

N O U DN W N

. Open the Project with the My

Block to export

. Select Project Properties
. Select the My Block tab

Select the My Block to export
Select the Export button
Name and save the My Block

Repeat for each My Block you
want to export

106



Import My Blocks into program

. Open the Project where you want

to import the My Blocks

. Select Project Properties
. Select the My Block tab
. Navigate to where the My

Blocks was saved (exported)

. Select the My Blocks to import
. Select the Import button

107



Edit Tools Help
MNew Project

Add Program

Add Expenment
Open Project...
Close Document
Close Project

Save Project

Save Project As..

Moving Mission My Blocks

|E| LEGD MIMDSTORMS Education EV3 Teacher

Ctrl+5Shift+5

» Exporting/Importing mission My Blocks will
duplicate each My Block used in the mission
separately.

Example: If you used three “PivotTurn” My
Blocks in the mission, when you
export/import it, you will have PivotTurn1,
PivotTurn2, and PivotTurn3 My Blocks each
with the unique values set in it.

 Suggest using the option, and
then deleting the programs not wanted in the

new project.

108
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Sequencer challenge setup

2. MissnB: ves forward 75 cm,

£ U15901¢0 Moves forward 10 cm, mg)n'

Open new Project, and build three programs:

1.

MissnA: ;) OVES forward 100 cm, turns 180° and
and -rn,/ﬁ,, ‘one” sound |

turns !‘JJJ'JF ‘)O
cm, turns ‘JJD moves ror\;/gwd 25 r‘m, Lurns
forward /5 cm, and spins 2 rotat

oves 120 cm,
urns 180° moves 120 cm, and spins 3 1 and plays “three”
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.....

MissnB A MissnC

MissnA
My Block My Block

My Block

Back in Base
wait for button

,,,,,,,,,



Basic sequence program

Mission Mission
My Block My Blocks

[zl =2
Gyro Calibration \

My Block Wait block set to:

Brick button » Com ‘
Inputs: [2] and 2 __



Improving the master sequence program? T

Jsing our Jlfﬂjﬂ master sequence program,
you rerun a program it heeded?

For example, if Mission C failed, and you ruJ ]
agam how would y you? ~

Master Sequence Program

MissnA _‘l MissnB
My Block . My Block

Back in Base . Back in Base
wait for _ : wait for
button ,:;;; button

MissnC
My Block




Ways to improve the sequence program?

» |[dentity wini

Driver).
* Make i1t easy to select, repe

U

needed.

A
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Master sequence program with mission trip
dlsplayed on EV3 screen

To tell the driver what mission will be
‘un next create a “MissionWwait™ My

Q)

eW program, add a Display

1. In rln N
plock set to Text » Gria _ =

Image

Reset Screen

,,,,,
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Master sequence program with mission trip
displayed on EV3 screen

........

Display block set to: ear screen

Text P Grid selection

A,



Master sequence program with mission trip

Text entry box and set to \

N
(D

(O

o=



Master sequence program with mission trip m
. p

displayed on EV3 screen

. From the drop down menu, select

Tools > My Block Builder

. Enter My Block Name

(MissionWait)

. Select My Block icon
. Click + to add parameter



Master sequence program with mission trip il
displayed on EV3 screen w

10.Select the Parameter Setup
11.Enter parameter name (Text)
12.Change the Data Type to Text
13.Select the Parameter Icons tab
14.Select the icon for the parameter

118



Master sequence program with mission trip
displayed on EV3 screen




,,'..,.j:... .“l — b s L 4 . 4 E /
v . A oop block set to Count (right
op block)

- _ _
= / Loop block add a Switch block

.........................................

_______________________________________

Misss

............................. o LR 1 20

e



Master sequence program with mission trip @

Tip: Selecting the icon on the Switch block color
bar toggles between Switch views




Adding comments to program

J Hrof_ﬁ-—*ﬂ/ commenting your programs n
Inderstand what \ O_J did, but you to I
'zo locate sections of the program q,j

l | Motor ports B+C e ]

[/\ 4% Gyro port 2

| s ]

Reset gyro to zero
and wait for it to

Comment process
block g

Comment
boxes

Wait for gyro to
change 20
degrees. Adjust if
over/under
rotating

8 Power motor
I C at 25%

Break motor B

Brake motor C and
reset gyro to zero



Basic My Blocks list for FLL®







