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Course Overview

e 2018 Robofest competition AtBC
 Autonomous tennis Ball Collector
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‘ e Vex|lQ robot introduction

* Using the Vex IQ robot to solve the AtBC
challenge



L; 2018 Robofest Competition

* \ideo overview

* Key tasks
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— Find the edge of the playing field
— Follow the playing field edge until corner

— Travel around the tennis court table
— Find bottles (and gather)

— Find the box fence edge

— Find the center of the box fence edge



2018 Robofest Competition

* Please note that the actual collection and
delivery of the tennis balls is beyond the scope
of this workshop
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Workshop Vex |Q Robot

Ultrasonic Touch

Sensor
Left [ Sensor
Color =g [ Right Color
Sensor > + Sensor

Motor Motor
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Robot Connections

e Left Motor connectsto 1
 Left Color Sensor connects to port no. 2
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-+ * Touch sensor connects to port no. 3
‘ e Ultrasonic sensor connects to port no. 4

* Right Color Sensor connects to port no. 5

e Right Motor connects to 6
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What is Robot Mesh Studio?

* Web-based programming software for VexlQ
e Uses a drag and drop interface
* Based on Python programming language
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0 Getting Started

Go to webpage: https://www.robotmesh.com/studio

Create an account

Create a new program

Configure browser/ Install plug-ins

{MlesH
sTUDIO

Robot Mesh Studio for VEX 1Q and VEX EDR (Cortex)

VA s A awmere Chmms Fn
Mt G5 20 150 and later, Drosrsers Chronses
ooyl i ormea

i F or T4 04 320 or GAbed | Browvears: Cheoma
Pl indneg e Ackod Wesh Conmecl Aop

Getting Started:
Yaur projccls will b saved unger your currenl uEcr an wwes robabmesh.oom
Ane sl o [erms of Seruioe

Hroweses Ihe AP docomendahon for YEX 10 or VEX EDE (Corlex)

Gheck out cwe DITQOUCON WICOS N Y94l TUbg *or creabng WEX |9 mimics

Curriculum for VEX 1Q

Use our new acthvity-based cumioskin 1o l2am programming far e WVEY B2
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My Projects:

of| Shaw my projects ool

2 robotCrobofesti?o.pdl =~ M MG 12274PG e M IME1Z26PG



https://www.robotmesh.com/studio
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J Create a New Program

e Make sure these are selected

1. Target: “Vex 1Q”
2. Language: “Blocky”

o “« ” RDb t .
Name the program “Workshop | HU’;'FI.;; _. ) (B )

f Create a New Project —
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Connect to Robot

* Click on “Connect”

* |f not connecting, try the following:
— Check connection at computer - m

Cyptions

— Check connection at robot

— Restart robot et
— Restart browser




_‘ a0

N
>3 Motor and Sensor Setup
m 1. Click
- Here
-l
m; VEX IQ Help Debug
D% Detect Sensors
H-IE 2. Change mnrive off | oo
ali to names 2 lightL |
. 3 (Touch Off
ﬂ% that have 4 distance_4 36.7 cm
= meaning 5 lightr. |
& RightDrive Off = 5
7
8
Q
10
11
12
drivetrain
lcd value
sound value
btn:check Off
jl btn:up Off
btn:down Off
joystick



Change
Color
Sensors to
gray scale
mode
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D Drivetrain functions

* Robot Mesh has “Drivetrain” programming
blocks

* Blocks enable shorter programs and faster
coding

right side Interface Panel
* Click on the gear symbol

) Wiy Frejocts
0 t;gi = Hazel Fark ‘ -
FESH
TUDIO Triond - g
CaescAption . Bloakly Gencrabed Code ™

Fobct Mesh
Wex 10 Sensars
W 10 Julpuls
Wi |0 RADOOTE
Wex 10 Souro
Wex 10 Drivelrar
Lege

| eops

Math
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Drivetrain Configuration

* Configuration dialogue window
* Configuration below should work
* Click “ok” when done

I .y 3
u Drivetrain Configuration |
| o : Make sure Left
| ™ Motor is
REVERSED and
- Right motor is
I | NOT reversed

3 B
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D Drivetrain blocks

e Found on left menu in “Vex 1Q Drivetrain”

* Enables you to program both drive motors
with one block
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g » Hazel Park & -
[JESH end -
S TUDIO Downlaadi__v_i Stop
Description * | Blockly | Generated Code *
X Cut ® Copy 0 Paste % Delete * Undo
Robot Mesh -
Vex 1Q Sensors Drive Power: uniil Distance (mm): | ([ER0)

Vex 1Q Outputs
Vex 1Q Motors
Vex 1Q Sound

Vex 1Q Drivetrain

Logic Begin dnving §RLTETES Power: 'Eﬂ
Loops ;

Tum [E88 Power: | 0} untl Angle (deg): | EI)

Math
Text
Lists

Begin driving Power: [ | Distance (mm): EI[1) BN

Variables S Begin tuming (08 Power:  EL0D |
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Task O

Find the edge of the table

17



Display Sensor Values on LCD

Use the LCD Display to Display the Value of a
Sensor

repeat forever
lcd write in row i distance
 led write in row KD | ¥ Lightl k2
' Icd write in row ! gray level

lcd write in row EXE | ¢¢ [EG[1EY »?
lcd write in row - (ECER gray level

sleep for | [ | seconds
| —




Drive Forward and Turn

* Add this code to our program
e Use a new start block

Drive (ETCCES Power:  [[]) until Distance (mm). E[[])

Tum [Z3EP Power: [ [EL[]) | until Angle (deg): [ EL)

* Both the new code and the display code can
be run at the same time

led writ i row FIEB <6 [N/ P
bedl wribe i pow EIE | (TN oray level

i write i row NG 6 LETITER
! b weite i row D 0 ELTCEED groy level

shoap for | [[F) | seconds
L -




Find the edge of the playing field

e Delete the “forward” and “turn” blocks and
replace with the code below

sleep for | (K} seconds
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2 TIP

e Put a small delay at the start of the program
* Allows for initialization of sensors
* Without delay, initial sensor readings may be
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‘ Incorrect

sleep for | (K} seconds
Begin driving (XTEICKN Power:  £[)
Sl ignt. T - 0

21
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Task 1

Follow the edge of the table

22



Follow The Edge Of The Table

Use the zig-zag method
to follow the edge of the
table

Edge following is also
referred to as line
following

Right Edge

We need to determine
when the robot is on or
off the table

Table

Left Edge



Follow The Edge Of The Field

Get color sensor values to determine when the robot is on or off
the playing field.

We will use the color sensor in Grayscale mode.
Color Sensor 1 Color Sensor 2

On field = On field =

Off field = Off field =
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£ Follow The Edge Of The Table
T

]
2
£

* Light sensor settings example
— Off table =5
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=¥ —Ontable=45

‘ — Median threshold = (5+45)/2 = 25

* Two cases
— Light sensor reading > 25. On table.
— Light sensor reading < 35. Off table.

25
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Simple Line Following Algorithm

sleep for | K seconds
repeat forever
| o

i begin running Power. [

EDTIRTTE begin running Power. (]
=

o begin running Power [0
(T3 begin running Power 1]
L —

26



How to improve our line following
algorithm

e Zig-zag method can cause a bumpy response

e To improve the response, you can use a
3-level line follower (concept shown below)

2-Level Line Follower J-Level Line Follower
Turn Turn

Turn Turn ‘

Fight Right
# g 50

Straight
Light Light

| | Sensor Sensor
| I Reading Reading
40 50 40 50

Tum Turn
; Left Left

27
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How to improve our line following

algorithm

sleep for | [[§) seconds

repeat forever
SN iohR - T < - IS
do | JETIEE begin running (M Power:  E11)

(rightDrive + LEC LT forward « [ 6(
—
ek IS gray level (40

fio begin running Power [
LTSS begin running Power: £
=

else | g=IOIITI begin running (FTTTCRE Power: ()
rightDrive + LRI forward « Lo S 60

sleep for [~ i) | seconds
05

28
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Task 2

Travel around the tennis court table

29



Travel around the tennis court
table

* One method to travel around the tennis court table is
to follow the edge of the table with one color sensor
and detect the corners with a second color sensor
— Sensor 1 used to follow the edge of the table
— Sensor 2 used to locate the end of the table

Color sensor 2

o«

y
/Color sensor 1
|




= o Travel around the tennis court

phofestnet

 J table

* Couple comments regarding moving around the table

— It is possible to travel around the edge of the tennis court
table only one color sensor, but it more difficult and
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potentially less reliable
— Remember that there are no markers to identify the four

corners of the tennis court table
* Need to count the corners has your robot reaches them

31



= +« Travel around the tennis court

pholestnet

 J table

* Recall our line following program LineFollowZZ

— Let’s modify the program to stop when the robot
reaches the end of an edge of the table

H
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H"
L
Bl );
w—y:
sleep for seconds
repeat forever Using this program, the robot will

| i sl - | . .
CILNR gray level €33 | line follow continuously. How
o | EILTTNN begin mnning (ZATECIEN Power: €1 can we make the robot stop

me" running EE5TEC I Power: 1) when it reaches a corner?

else | (TR begin running (ELTE I Power: (10
(NS begin mnning (E5TE RS Power: €10 |
h

32



Follow the playing field edge until corner

sleep for = JiEl seconds

repeat (I  \fFTIEN gray level 25

do | (o] # | gray level
ga begin running (XYEIEIES Power:  E11) |
GFINTES begin running Power ) |
L

else | (=TI begin running (ZT I Power (1) |
rightDrive + L0 NI forward + NS 40
| S

drivetrain brake




.c_,

I_',ED

H
L
.
-
L
AL
3y
i

Spin 90 Degrees

e Let’s have the robot spin 90 degrees CCW

Starting Position Final Position

34
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o Spin 90 Degrees

* To spin 90 degrees CCW, we use the turn block fr(‘)?/
the “Drivetrain” menu

Tum [Z3E8 Power: | | ELL] | until Angle (deg):

e Set “Turn” to “left” and “Angle” to “90”. This causes
— Right wheel to rotate forward
— Left wheel to rotate reward
— Equal and opposite rotations

* Now, we need to determine the correct number of
degrees




Spin 90 Degrees

* You can determine the proper number of rotations
mathematically; however, the result typically needs
some adjustment due to lash in the motors

* For today’s class, we will use trail and error to find
the number of degrees that cause the robot to turn
90 degrees

36



Spin 90 Degrees

* We can use one block to spin the robot

Turn ([Z1E0) Power: [ | until Angle (deg):
' N

* For our sample robot, it takes 130 degrees to
spin the robot 90 degrees

Spin90

37
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E\J Travel around the tennis court table
!

* Now we can combine line following to the edge and the 90
degree spin to travel around the table

* We added some delays at each corner to help the robot
stabilize after the turns and stops
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0.1 5
2 I
e i ; ; :
l=fiDrme = N runmni 0 7
L -
T in bral
5 i =
Turn [[F3E0 Fower: | §I03  untl Angle (deg):  [EETD TravelTable
.5|EEpf€I' seconds
38




Task 3

Find bottles

39
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joen Find Object
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* Try using the Ultrasonic Sensor or Touch
Sensor
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Find bottles

* We can use the ultrasonic sensor to determine if an object near the robot
is a tennis ball or a water bottle

* Asthe robot gathers objects, the ultrasonic sensor can be positioned to
help differentiate water bottles and tennis balls

Ultrasonic sensor -

- ‘Water bottle
‘Tennls
. Ball
Ultrasonic sensor ~ o Water bottle

field of vision

A1
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Find bottles

* Place the ultrasonic sensor to aim over the tennis balls is an enabler to
differentiating water balls from tennis balls

* Due to the conical shape of the ultrasonic field of vison, it is best to
determine the object when it is close

- -
Water bottle Robot ‘ Tennis
~ =3all
2 |
Ultrasonic sensor will read low Ultrasonic sensor readings will
values with water bottle in the not be effected by tennis ball

field of vision

Yilp)



Find bottles

* Now, we travel along the edge of the table
and stop if we find a trash object

sleepfor [K§ Seconds

We chose a low
threshold. We can
determine the
appropriate value
by testing the

repeat [[UICKD IR distance ;Ll
do | (v if (TR gray level (25
do | PNTITNE begin running (ECE RN Power  £1)
rightDrive + LSV OETTL forward « LR0T A A0 |
.

sensor readings
with a water bottle
near the front of
the robot.

else | LTI begin unning [TETIN Power: 1)

(I begin running (ZTETRM Power: (1)
L -

drivetran brake

43
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Task 4

Find the box fence edge

44



Find the box fence edge

* One method to find the box fence edge:
— Start on the tennis ball table facing the ball box

— Travel forward until two “black lines” are detected

* First “black line” is the transition from the tennis ball
table to the ball box table

* Second “black line” is the actual box fence edge

— Goals
* Cross the first black line
* Stop when the second black line is detected

Please note that based on the competition table layout, the robot may
need to start near the northern or southern edge of the tennis ball table.




D Find the center of the box fence edge

Robot positioned near southern edge
by \ e R

| \
o=

& J

First black Iine/ /

Second black line

-

The robot must travel forward until both black lines are detected.
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D‘ Find the center of the box fence edge

* Steps
— Go forward until the edge of the table is detected
— Drive the complete robot over the table transition

-t
-
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‘ — Go forward until the box fence edge is detected

Drive (G0 Power. | )  untl Distance (mm): | I3
Begin driving §XTTIC KN Power: 1)
repeat 1IN I'm'r 5 oaylevel EX3 ¢4

47
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Task 5

Find the center of the box fence edge

48
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Find the center of the box fence edge

e General idea

— Let’s assume we located the robot at the corner of
the box fence edge

— How can we begin to position our robot at the
center of the box fence edge

49



D Find the center of the box fence edge

* Example starting position

Ball Box

XK —

The goal is to have the robot travel the distance x (cm) -
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Find the center of the box fence edge

* One solution

— Follow the edge of the box fence edge until we
reach the center of the fence edge
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— Let’s modify LineFollowZZStop to stop at the
center of the box fence

 Tools needed
— Line following
— Measure distance traveled



J Measure Distances
* How do we measure distance traveled?

* Let’s determine how far the robot travels moving
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‘ forward for 2 seconds

Compute distance traveled

by measuring the number «
of rotations of the wheel

\

Distance
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Find the center of the box fence edge

e How to find “x”
— Known values

* Table length =L =182 cm

e d6=55cm
ey=72cm
_Y
2
72cm
2

=|36 cm

-

1

~

d6

Ball Box |

d6

53



Measure Distances

e Use the wheel geometry

Pl=3.14

Radius

How can use this
information?

54
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D Measure Distances

* For each rotation of the wheel, the robot will

=0

Das

=z

mL travel (Wheel Diameter) x (PI)

Eﬂ_| * Distance = (Wheel Diameter) x (Pl) x (# Rotations)
‘ * Distance = (63 mm) x (PI) x (# Rotations)

e Distance = (20cm) x (# Rotations)

{570 reset position
Begin driving (ITEIEN Power: 111}

sleep for | = seconds

drivelrain brake

hdﬁit&hmw[- S0l < - [N ———r————
" (ERIIEE position 360
repeat CITED  not BCTE M0 s pressed?

55
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EH Find the center of the box fence edge

* Proposed method:

— Compute the distance to travel along the box
fence edge

o
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— Compute the number of rotations required to
travel that distance

— Position the robot at the corner of the box fence
— Reset motor rotation sensor
— Line follow the box fence edge

— Stop the robot when the desired number of
rotations is reached

56



Find the center of the box fence edge

 Example

— Box fence dimensions
e X=36Ccm
— Number of rotations

* Distance = (Wheel Diameter) x (PI) x (# Rotations)

e Solve for (# Rotations)
4 )

. Distance
(# Rotations) = :
(Wheel Diameter) x (PI)

(

\

\

. 36 cm _
(# Rotations) = = 2.08 rotations
(5.5 cm) x (PI1)

\_ J




Find the center of the box fence edge

e Line follow a desired distance

=24 rotations - R0 ﬁ:ﬂﬁ.

sleep for | [} seconds
reset position
repeat ; position
do | (&) if m gray level (25 |

do begin running Fower: [ED)

RIS begin running Fower: [El)
L =

She begin running Bower i}
LIS begin running Power: [T}
=

drivetrain brake

58



Functions

Solving the Robofest Game challenge will typically
require a fairly large program (around 100 blocks is

not unreasonable)

Very large programs can be difficult to understand,
navigate and use

To alleviate this issue, the Robot Mesh Studio
software has “Functions” to create custom blocks
that can replace sections of your program
Variables can be used to make the function more
flexible



‘. LLIII
o lr

f.\d Functions

* For example, let’s assume you have a section code
that completes the following:

— Move forward until the edge of the table is found with color
Left Color Sensor, then stop
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‘ — After stopping, rotate the robot 90 degrees

* The code may look like this

* My blocks will allow us to convert this to a single block

start
sleepfor  [§J seconds

edgeandiurm
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Dﬁ Create a Edge Following Function
-t

et i

Go to Functions Menu —
Get a “do something” oo é“‘“

Vex 10 Molors

Logic

-

ul

-

H"

i

=i  Dblock e
Name it “edgeFollow” L
Drag the edge E‘;m
following blocks into

the function block

else | GETIRNTINN begin nnning RS Power: (1
(LR begin running [EITETHN Power: [
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"y Use the Function in the Program

sieepfor [} seconds
90 | GIFTTREITEN begin nunning (RN Power: ()

3

mij

-

ml

mll

--'5 il ! e q

‘ do | followEdge LR begin unning [ZTCCEN Power: €6

drivetrain brake

40 | (ESIEITN begin running RN Power: (G

GEBITORS begin unning £ Power: €1
-

else | (;TATTRE begn nmning (TEERN Power: (1)
(LefiDrive + 1R TN forward + Lo e
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EH Putting It All Together

o
=)
= In this course we learned how to
m — Find the edge of the playing field
- — Follow the playing field edge until corner
— Travel around the tennis court table
— Find bottles (and gather)
— Find the box fence edge
— Find the center of the box fence edge
— Functions

63
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Little Robots, Big Missions

e

robofest.net
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robofest@L TU.edu
LTU Computer Science

64


mailto:robofest@LTU.edu

‘ . 40 .J.r.l'

0 Additional Information

Web page
https://www.robotmesh.com/studio

Tutorial videos.
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‘ https://www.youtube.com/watch?v=L7iaKvTbEvO

https://www.youtube.com/watch?v=rSq LijBb6Q&t=8

Curriculum Guide
https://www.robotmesh.com/docs/curriculum/Default.htm
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https://www.youtube.com/watch?v=L7iaKvTbEv0
https://www.youtube.com/watch?v=rSq_LijBb6Q&t=8
https://www.robotmesh.com/docs/curriculum/Default.htm
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