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Course Overview

e 2019-20 RoboFest BottleSumo Rule Highlights
* Vex IQ Robot Configuration
 RobotMesh Software introduction

* Using the Vex I1Q for BottleSumo
e Sense the table edge
* Finding the bottle/opponent
* Push bottle/opponent off

* Physics and Strategy

Copyright © 2020 Robofest
Lawrence Technological University
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Rules Overview

The Bottle will be
placed on this line

Objective: Intentionally push the bottle or opponent off AND
remain on the table for > 3 second after

How to start the robot — unveiled 30 min before impound

Starting location, orientation, and exact location of bottle zone
unveiled after impounding

Time trials — push 2 bottles off the table (3 bottle for Sr. teams)
Please remember to read the rules!

Lawrence Technological University



AjisJaAlun jeaibojouyds] aduaamey 15340904

2020 BottleSumo Robot Rules

 Teams must bring a fully-constructed robot to the competition with

labels clearly indicating their team ID number and the “front” of their
robot.

 Teams will need to bring laptop computers to modify their programs
to solve the unknown starting task as well as to adjust their programs
for the lighting conditions, floor color, and table color, etc. that are
unknown until the competition day

10/19/201
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2020 Robot Requirements (1/2)

e Robot must be fully-constructed upon arrival to the competition

* Robot must be fully autonomous. No human control, signal, or remote computer control (tele-op)

* One robot per team (same robot must be use entire tournament)

* Robots must have labels clearly indicating their team ID number and FRONT of robot (side with
sensors)

* Teams will need to bring laptop computers to modify their programs for unknown starting task and to
adjust for conditions that are unknown until the competition day

Junior Division Senior Classic Senior Unlimited
Maximum robot weight 0.9 Kg 1.5 Kg 3 Kg
Robot Brain LEGO NXT, LEGO EV3, Lego Spike Prime or Vex 1Q Any

Must fit in 20x20x20cm

Must fit in 30x30x30cm box. Robot d thei
Maximum robot width, length, box. Robots may NOT HSLHL I SUXSUXSTCM DOX. FRODOIS may expand their

dimensions, but the maximum dimensions allowable is

and height expand. their dimensions 35x35x350m.
during the game.

# of robot brains per robot One brain only Any

Traditional sensor types Any unless it can be harmful to humans.

Copyright © 2020 Robofest BottleSumo 2020 Rules 1/10/2020 6
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2020 Robot Requirements (2/2)

Junior Division Senior Classic Senior Unlimited
Examples of allowed vision sensors:
On-board vision sensor system e NXTcam:
y NOT allowed RATCAM:
° Pixicam:
e Others such as smart phone vision:

Number of sensors

At least one sensor that can detect dark/light contrast on the plane of the table AND at least one
sensor that can detect objects in front . These may be needed for unknown start

Maximum 4 sensors (Sensor Multiplexer NOT allowed)

Unlimited (Sensor Multiplexers

ALLOWED)
Number of motors Maximum 3 Unlimited
LEGO NXT(9842), LEGO EV3 (455202), LEGO Spike Prime
(45602,45603) or Vex 1Q (228-2560) only. Voltage altering over
Motor types default voltage is NOT allowed. Any

Other motors such as Lego Power Function and EV3 medium
motors NOT allowed

Wheels, tread, or legs (the
parts driven by motors which
touch the ground)

Must be standard Lego or Vex |1Q parts that are completely
unmodified. Vacuum or sticky material NOT allowed

Vacuum or sticky material
NOT allowed

Other Material

Any. You may use tape, glue, rubber bands, etc. to construct the robot

Programming language

Any

Copyright © 2020 Robofest
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http://www.mindsensors.com/ev3-and-nxt/14-vision-subsystem-camera-for-nxt-or-ev3-nxtcam-v4
http://charmedlabs.com/default/pixy-for-lego-mindstorms/
https://youtu.be/_Kqyf0h16gI
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What does your robot
need to do to win?

Not fall off the table
Find objects: bottle or opponent
Push objects off of table

Lawrence Technological University
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Robot Brain

Vex |Q robot used

Touch LED Sensor

Left Motor: 1

/ LH Color Sensor
\ Sonar Sensor

Right Motor: 6

RH Color Sensor

Note: Workshop Robot does not meets
Jr Div Robot Size/Weight Requirements

'/
Copyright © 2020 Robofest Robot Mesh"Workshop
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Remember the connections!

e Left Motor connects to 1
* Right Motor connects to 6

" |f your motors are upside down forward will be backwards in your program

* LH Color sensor connects to port no. 7

* RH Color sensor connects to port no. 5

* Touch LED sensor connects to port no. 4
* Ultrasonic sensor connects to port no. 2
* Arm Motor connects to 10

Copyright © 2020 Robofest Robot Mesh Workshop
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What is Robot Mesh Studio?

* Programming software for VexlQ
» Uses a drag and drop interface (Blockly, same as Scratch)
* Based on Python programming language

Tha AM Sudls devel opmint ardrenmant loses B
T

ESH o
S TUD I =

Education Edition

Robﬁ’r

Copyright © 2020 Robofest Robot Mesh Workshop
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Getting Started

Launch
Robot Mesh
from the task
bar or
desktop

O ype here to seanch

Robot Mesh Workshop

12
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Create a New Program

* Click on “Create a new program”

* Make sure these are selected \ \

1. Target: “Vex 1Q” . Robot 'Q? ]
; “« Q ” B st uLgElﬁg % ) | .P
2. Language: “Blocky -

g Create a Mew Project —

* Name the program “Workshop” _»
Robgt |
sTupla
Local Projects sinl Examphas
f" l- 'I' k
Copyright © 2020 Robofest Robot Mesh Workshop
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0107

Connect to Robot

If there are problems
connecting, use “options” to
manually select port

* Click on “Connect”

VEX IQ Hedp Debugger

QM

1 motor_1 Off l l} o= K-
2 color_2 |
3 bumper_3| off ]
4 distance_4 »250,0 cm 1) Options
5 color 5 (GGG
Gmotor & off L[ HB pe )
7 Choose device type here: K]
8 Choose device [ype here: §.]
9 (hoose dewvice bype here: g Frogram Sl Sierd
10 Choose devios Typa hare: K-
11 Choosa device typa hare: -] | Forne Full Oownioad
12 Choase device typa here: B
drfvatradn Corfigure deivetrain here: [ o Copy Canfig b Cods
led value
sound value -
itn:zcheck off
bén:up off
btn:down Off
joystick Fse joystick here u
Copyright © 2020 Robofest Robot Mesh Workshop
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Motor and Sensor Setup

Copyright © 2020 Robofest

VEX IQ ‘ Help Debugger

1. Click Here

Disconnect Detect Sensors
2. Change to jeftDrive O a0
' s
names that =
have touch_led Off  OF  «
meaning

fightDrive Off || M 0°

motor_10 Off = _| W& 0°

LN - - - T - - - - -

Robot Mesh Workshop
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Motor and Sensor Setup

Copyright © 2020 Robofest

Change
Color
Sensors to
gray scale
mode

Vex 1Q Device Port 2

Bimper o T L
Giyres ] T An
k- A i i
. |

Choose Target

Robot Mesh Workshop

16
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0T0T

Blockly Programming

Copyright © 2020 Robofest

Writing Your Blockly Code

The Elockly programming area in the Robot Mesh Studio IDE looks like this:

Description * Bl

ockly Generated Code ™

* Undo

Robot Mesh
Vex 10 Sensors
Vex 10 Qutputs
Vex 1Q Motors
Vex 1Q Sound
Vex |G Drivetrain
Logic

Text
Lists
Variables
Functions

repeal [ tmes

countwin Bl mom E) o Ef) v ED

T of loop

Blockly Tool Box
Click a label toshow the corresponding block library.

es

& Prnint

®© | OIS begin running ([0S Power. 100
(T begin unning ([EITETCIEN Power {10
L

1
|

Blockly program, This is where you
dragyour program blocks to build s
prOgram.

™ Blockly programming blocks.
* | Select by clicking and dragging to the
right.

Orksnop
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Display Sensor Values on LCD

Use the LCD Display to Display the Value of a Sensor

1 Sensor Values |

repeat forever
lcd write in row KIED

lcd write in row . |

lcd write in row [EJED) | (&)

| create text with

2| create text with

create text with

sleep for seconds

| —

Copyright © 2020 Robofest

Robot Mesh Workshop

7 ”

gray level
73 Right 1.

gray level

"7 Object |.

T8 distance

18
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Drivetrain functions

* Robot Mesh has “Drivetrain” programming blocks
* Blocks enable shorter programs and faster coding
* You need to configure the drivetrain in the right side Interface Panel

* Click on the gear symbol

W Progcts

lct;g' > ezl Fark *

QFES H

runin - L

Description ¥ || Bloddy | Gencrabed Code AT [ PR 1 AT

7
i
:

|

:

i Uipe | 0 Mwde | ¥ Odels S Linla
Robot Mesh
e 10} Sensnrs
Wi |2 Julpuls
Wi | WN0TE
e 10 Bouno
Wm0 Divesiran
Logie

| naps

Math

Pzl

Lrsls

Warizbles

Copyright © 2020 Robofest Robot Mesh Workshop
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Drivetrain Configuration

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

r = [ X
8 Drivetrain Configuration
| o | Make sure Left
1 Motor is
LA REVERSED and
mont o Right motor is
I e RILIA I NOT reversed
[

Copyright © 2020 Robofest Robot Mesh Workshop 20
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Drivetrain blocks

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

* Enables you to program both drive motors with one block

R o b ' My Projects
» Hazel Park
A & =
S TUDI O Downk}adlv_l Stop

Description * | Blockly Generated Code *

® Cut & Copy 0 Paste ® Delete % Undo

Robot Mesh -
Vex 1Q Sensors Drive Power: | [§[ii)  until Distance (mm): | [E[I)
Vex 1Q Outputs
R Tumn &3 Power: | {0I) until Angle (deg): | ENR)
Vex 1Q Sound
Vex 1Q Drivetrain
Logic Begin driving Power: {0
Loops
Math
Text Begin driving Power: [} Distance (mm). 01} 200
Lists
Variables "8 Begin umning [ZiEd Power:  [E[1) |
Copyright © 2020 Robofest Robot Mesh Workshop
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Drive Forward and Turn

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

Drive [T Power:  [E[]} until Distance (mm): = (€[]}

Tum 358 Power: I"L BL[} | until Angle (deg) [ : (90 |

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

Dwive [EETIEEE Power: | 0T o Destance (mm).  EL])

- . R m— S
@) create textwith | ¢ [EH) Tunn [CIIEN Power: [ LD | unlil Angle (deg): [ B0
| i
il light L » KleVARTE

'[%) create textwith | ¢ G %

' (&) create text with | &6 »
[ distance 2 - [EEUES

Copyright © 2020 Robofest Robot Mesh Workshop
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0T0T

Find the edge of the playing field

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

sleep for | §B | seconds

Begin driving Power: |

waituntil | (T GEvievel| CED €5

_ drivetrain brake

Copyright © 2020 Robofest Robot Mesh Workshop
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0T0T
I

TIP

e Put a small delay at the start of the program
* Allows for initialization of sensors

* Without delay, initial sensor readings may be incorrect

start

sleep for [ ) seconds

Begin driving Power:

wait until | [ D

drivetrain brake

Copyright © 2020 Robofest Robot Mesh Workshop
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Detect The Edge Of The Table

* Light sensor settings example
= Off table=5
= On table =45
= Median threshold = (5+45)/2 = 25

* TWO cases

= Light sensor reading > 25. On table.
= Light sensor reading < 25. Off table.

Copyright © 2020 Robofest

25
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Edge Problems

* |f your robot stops too late or not at all:

*Check that the move block is “Begin” not “Until for
Seconds/degrees/rotations”

*Check color sensor is shining a light

*Check color sensor values on/off the table, the threshold average,
and the “less than” inequality

*Check light sensor port number (1 for left sensor)

* We only are looking at one light sensor — what if the other
one goes off the table first?

Copyright © 2020 Robofest
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Staying on the Table

Copyright © 2020 Robofest
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Back up if edge detected, else go forward

Copyright © 2020 Robofest

repeat forever

SR lefitdge - PRI < - 15 ]

do Drive Power: I]i_,_'i]- until Distance (mm):

Turmn [Ei% Power: ﬂi_,_'il- until Angle (deg): EEI'
L .
clseil | o FII ERS gray level
do Drive Power: [EE]- until Distance {mm):

Turmn [Ei&8 Power: [EE]- until Angle (deg): Eﬂ.
L .

€lSe | Begin driving Power: D) |
L |
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Detecting Objects

Copyright © 2020 Robofest
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0T0T

Finding the Bottle/Opponent

e Point Turn (Spin) robot

e Stop when object found

Copyright © 2020 Robofest
Lawrence Technological University

30
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0T0T

Finding Objects by Scanning

* Program the Robot to Scan (turn) until it detects an object

cm
Begin turning [[EiRd Power:

repeat (MRS | /G Ed distance’ £33 ED)

drnvetrain brake

Copyright © 2020 Robofest
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0101
I

Limit the Scan

* Program the Robot to Scan (turn) until it detects an object or reaches a
limit

Time

Begin turning [[Eikd Power: |
timer: reset

timer: startresume

repeat

timer: elapsed time (sec) = [‘- _and - distance (EX2 EEI-

timer: stop/pause
dnivetrain brake

Copyright © 2020 Robofest
32
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0101
I

Limit the Scan

* Program the Robot to Scan (turn) until it detects an object or reaches a
limit

Rotation

Begin turning [Eik8 Power: |
[ EDIYRa reset position

=z while - ' 1] ' 1|
peat CER | | T posiion) €3 €W | ECB (S dsance) €0 €D

drivetrain brake

Copyright © 2020 Robofest
33
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0T0T

Putting It T

Copyright © 2020 Robofest

ogether

start
repeat forever
4 scan |
.m reset position
Begin turning (18 Power: .

.re =14 while ~ | ' : 1] . 1]
= rightDrive - | (o 1000 QA2 I Cbject - 1t oy o 30]

do

[ drivelrain brake
#

:m reset position
repeat (D | o/ DTS posiion) €53 EII) |
do | (] if . ._gray — ' 'B
do Dri;.rEPower: .' until Distance (mm): [EI].
| Tumn [Zi%8 Power: ' until Angle (deg) | [E)
- . I
slseil | W EFI= R oray level €53 €5
do Dri;-.rEPower: .' until Distance (mm): 'EB.

Turn [Ei%3 Power: ' until Angle (deg): | [E)
_ _ _

else | Begin driving (ZECES Power  E1)
B |

L -

L
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Unknown Starts

* The way to start the robot moving is an Unknown

Task that is unveiled 30 minutes prior to impounding
robots.

* Example- a robot must wait 5 seconds after the game
is started during which a judge will place a bottle on
the table approximately equidistant from each robot.

sleep for ' e Unknown Start

The rest of the
program

Copyright © 2020 Robofest
Copy Right 2010 Chung 35
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Building Functions
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Functions

* 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

e VVariables can be used to make the function more flexible

Copyright © 2020 Robofest



AjisJaAlun jeaibojouyds] aduaamey 15340904

0T0T
I

Functions

* For example, let’s assume you have a section code that
may look like this

Begin turning [Z%&8 Power:
rightDrive ~ Lo 1
repeat

& rightDrive - Joo - Wl < - I 500 JML=00 A Object - [~ > - [N 30

drivetrain brake

* Functions will allow us to convert this to a single block

Copyright © 2020 Robofest



Create a Function

s gy | mmseenap et

Go to Functions Menu

Robot Mesh
Vex 1 Sensors Creales a funciion wi

* Get a “do something”  wcouu 3 to €T
lock S —

* Name it “scan” :L..i.;s =

* Drag the blocks into :m
the function block

Timer

Begin tuming [ETEJ Power:

re| nﬂm - d I J
= i rightDrive ~ J.LE0 1000 | and - | ELTER) distance En

AjisJaAlun jeaibojouyds] aduaamey 15340904
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Use the Function in te Proaram

sleep for | [E) seconds

Robot Mesh A do something.
repeat forewer
VEX 1Q Sensors
VEX 1Q Qutputs
VEX 1Q Motors reset position
VEX 1Q Sound
YER 1 Vision PR L EE7T8 oy level 18]
Drivetrain
Logic 90 Drive X% Fower | g5 untl Distance (mm): | EEE)
Loops Tum [Ei%§ Power: | [} | until Angle (deg): | |EX)
Math — -
Text sise i (rightEdge - FLTS [15]
e
Lists 90 Drive EIUIESE) Power [ 5] untid Distance fmm): | [§[5)
Variables Tum [Eil@ Power: | [} | until Angle (deg): | |EI)

Functions o

€52 | Begin driving ZNTT RS Power 53]
| —

Copyright © 2020 Robofest
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Improving Your Robot

* “Lock on” to an object- push until edge detected

* Align to an edge for a more complete push

* Turn different directions depending on which sensor detects the edge
* Vary the amount of turn (randomize)

* Look for objects in additional places in the program

* Go forward first, then scan for objects

Copyright © 2020 Robofest BottleSumo RobotC Text Workshop
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Aligning the robot to an edge

* In some situations we desire align with robot to an
edge of the table as shown below

* Assuming the starting position below, how can we
program the robot to reach the final position that is
aligned with the edge of the table?

Starting Position Final Position

Copyright © 2020 Robofest
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0101
I

Aligning the robot to an edge

* Travel until color sensor #2 reaches the edge, swing robot until it is
aligned with the edge

'3 Find edge with right sensor
Begin driving [0 08 Power:

wait until gray level 30}

drivetrain brake

2 Move left side to align with edge
begin running Power.  [E5)

wait until (=R oray level EX3  ED)

drivetrain brake

Copyright © 2020 Robofest https://youtu.be/1xpdl4JoV-Q
43
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Physic of Sumo

Your robot will be more effective at pushing
other robots off the table if you consider

* Mass
* Velocity
* Force

* Power

Copyright © 2020 Robofest
Lawrence Technological University
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Copyright © 2020 Robofest

Mass

Quantity of matter [kilograms]

m=mass, v=velocity, p=(linear) momentum
p=m*v
F=force, a=acceleration
F=m™*a
*With a larger the mass, more Force is required
for same acceleration

\Where to add mass? Consider the center of
gravity (should be low and inside wheel base)

Lawrence Technological University 45
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Velocity

* Velocity = Speed and Direction [meter/second]

* m=mass, v=velocity, p=(linear) momentum

p=m¥*v

* |f we increase the velocity, we increase the

Copyright © 2020 Robofest

momentum

*The larger the momentum, the greater the impact
force will be applied to the opponent

*How do we increase the velocity of the robot?
Higher motor speed setting, larger wheels, gear-up

Lawrence Technological University 46
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Copyright © 2020 Robofest

Force

Pushing (Pulling) or Twisting

Linear Force [Newton] or Torque [N-m]
T=torque, r=wheel radius
Force=Torque/radius

How do we increase the Force applied by the
wheels?

* Increase the torque (lower gear ratio)

* Decrease the radius (smaller wheels)

Lawrence Technological University
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Copyright © 2020 Robofest

Power

Power is Force *Distance / time [W=N*m/s]
P=Power, F =Force, T=Torque, v=velocity,
w=angular velocity

P=F*v

P=T"w
How do we increase the Force and/or velocity?

*Increase the power (Motor power)
*Make sure batteries are fully charged!

Lawrence Technological University 48
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Build a better Robot (later)

e Sturdy construction

* At least 2 attachment points for each part so robot
stays together

* Compact design
* Triple pegs on multiple beams

e Wheel base

 Wide base for slow turns
 Narrow base for fast turns
* Which is best for stability of robot?

Copyright © 2020 Robofest
Lawrence Technological University 49
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e Wheels

Robot Design cont.

* How many tires? 2 or more?

* Tires- rubber or Omni? (for traction?)

e Size —large or small?

 Placement of wheels

Copyright © 2020 Robofest

Lawrence Technological University
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Robot Design cont

e Sensors

* Placement of light sensors (height above table? How far in
front or to side of wheels?)

* Placement of sonar sensor (low or high?)
e Use additional sensor(s)?

*Touch sensor(s) to detect if an opponent is
pushing your robot?

*Touch sensor(s) to detect if you are pushing an opponent or the
bottle?

Copyright © 2020 Robofest
Lawrence Technological University 51
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Strategy (for the future)

* Try to lift an opponent off the table?
* Try to hide from an opponent (cloaking)?
* Bounce off an opponent if attacked?

 Add a motor to power a mechanical device to attack your
opponent (try to flip your opponent over)?

* Better search for opponent? Find again if opponent moves before
you get to him.

Copyright © 2020 Robofest
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