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. . [\() ROBOTICS
= Robotics requirements FIRST COMPETITION
LEGO FIRST
= Software, hardware understanding LEAGUE

= Computer-aided design (CAD) software skill

= Task-management if in leading position

= Middle competition in series: FIRST Lego League (FLL), FIRST
Tech Challenge (FTC), FIRST Robotics Competition (FRC)

= Robot game changes yearly

= Right: robot from 2020-2021 Ultimate Goal season




Software

Use
Roadrunner
libraries

Progra

Hardware

Servos, senors,
motors, etc.

Follow build
system - goBilda,
REV, etc.




STEPS TO APPROACH ROBOTICS PROJECT



GENERAL STEP FC

e Discuss the season’s game and the appropriate types of mechanisms
o  E.g.Ultimate Goal season
m  Game: intake and shoot rings

D EFI N E T H E m  Mechanisms: grippy rollers, flywheel, ring carriage




GENERAL STEP FTC

e Each team member - sketch exact mechanism idea
e Hold meeting to decide upon initial mechanism versions

GENERATE
CONCEPTS




GENERAL STEP FTC

e CAD mechanism
o  Software: Autodesk Inventor, Autodesk Fusion360, Onshape,

DEVELOPTHE | =~
SOLUTION (INTO
A CAD DESIGN) | -

Autodesk Inventor Ul

CADded Robhot Chassis




GENERAL STEP FTC

e Build mechanism

BUILD THE
SOLUTION




GENERAL STEP FTC

e Determine all problems in-person and redesign CAD - then rebuild and keep
iterating

EVALUATE THE
SOLUTION




GENERAL STEP FTC

e Present the product in Engineering Portfolio

Chassis Design Process

Define the Problem

In the last season, we used a goBilda Strafer Chassis as the main body of our robot. However, &t had

many flaws- it was dunky, hard to control, and rarely fit our needs. As the essential component of our

robot, the chassis needed 1o be reliable, which at that point we were lacking. The question was then, did

these negatives require custom-making our own chassis?

As you can see, we decided 1o do 50- Improving our chassis was the first step 10 improving our robot
evertually

The chassis must be fast and strong enocugh to withstand collisions and remain easy to control
R must have space for positional sensors
R must have coplous amounts of mounting space 10 accommodate any type of challenge

FINAL SOLUTION ==

mertts of each design, and the ideas they

presented, which we would incorporate Into the
final design.

Develop Solution
After sietching out our ideas, we moved onto the
CAD greation. The idea was, fwe eate the
chassis virtually, we would essentially have 3
Instruction manual on how to bulld it In real ife,
and we would be able to make custom parts.
We held multipie onine meetings where we 3D
modeled the 3 major sections of the chassis: the
two wheel housings, and the central motor
housing.

The plan worked, with the CAD design
expediting the reai-life construction immensely.

Create and Test Prototype & Evaluate Solution
Axhough CAD greatly sped up the construction of the chassis, there were some
unsimulatable problems that we could not foresee in CAD- these were wheel
misalignment, Incorrect chain tensioning. and odometry troubles. However,
after holding several meetings, we were able 10 solve these problems.
- Fixing both whee! Jbgrment and chain tenon was sohved by the Uoe o Larger
- Our odormeters saw amost 15 3 preried terstons before they worked, 33 each
reprint had 3 new probiem. mainly due 1o rotatonal axe msues. Ve were able 1o
200w & by Cappng the axde wth Be 3d prnt @se whch Ay secured the
odometer wheel

Engineering Portfolio / Mechanical | Page 4




LET'S PRACTICE!



Problem:
One Problem that we have found a solution to is the cross-contamination of trash in
society. e

Solution:
We have built a mechanized TrashSorter and TrashSorter App to scan
and detect waste and sort it in compost, recycling, or landfill.



If you have an iPhone, you can go to the App Store and download the Instasort
app to see the solution in greater detail. We are also working to release this app on
the Play Store.



Think of a problem that is negatively affecting the world.




Think of a solution to that same problem that you
brainstormed. Keep in mind factors such as cost,
feasibility, and effectiveness.




SESSION ENDED

SEE YOU ON THURSDAY @ 5 PM!



ROBOTICS COURSE - GRADE
6,78



5th - 8th Grade Robotics (2021)

Class code ddzfggq [




CHASSIS DESCRIPTION



= A frame of some sort that
usually holds the body +
motor of a vehicle




Companies partnered with FIRST

= Gobilda

- Andymark
- REV Robotics

- And many more!

NEV

ROBOTICS
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Uses mecanum wheels that
allow for diagonal movement

= 17 x17.81in
= Requires goBilda Yellow .d b

17.8 in

Jacket motors that are fitted —
within the channels
111 gear ratio
e e
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Lightweight

Motors are conveniently
hidden and out of the way
Can easily move in all
directions

Space to build intake,
outtake, and other
mechanisms




= Using a 1:1 gear ratio can prevent . r
Increased speed

= Wheels are exposed on the sides

= Beam in the back may obstruct building
of certain mechanisms such as intake
and outtake




ANDYMARK TILE RUNNER CHASSIS




= Durable due to plating along
the sides

= Can build on top of the side
plates using the hole pattern

= Easy mounting on the bottom
due to base plate




Much heavier

Based on parts used, hole pattern may
require adapters

Less space overall due to placement of
beams and side plates






A

O

= Connects using a 1:1 chain and sprocket ratio
= Motors are tucked into the middle beams
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= Motors are out of the way allowing for more space
= Mechanisms can be mounted on top of the grid plates
= Lightweight, but durable chassis







= Can move In any direction no matter
the robot orientation




More difficult to do code because you need
to figure out orientation of robot and move
all wheels accordingly

More difficult to maintain since it is a more
complex system that is hard to
redesign/rebuild

Takes up more space overall

= Brings about the question of whether
space is more important than
maneuverability.




PREVIOUS SESSION REVIEW

EXAMPLE PROBLEM: ROBOT CHASSIS




GENERAL STEP FTC

Yearly challenge: design a robot to move circular and spherical
elements from one corner of a playing field to the other corner

DEFI NE THE e Inameeting, list all of the requirements of the challenge




GENERAL STEP FTC

e Each team member - sketch exact mechanism idea
e Hold meeting to decide upon initial mechanism versions

GENERATE
CONCEPTS




GENERAL STEP FTC

DEVELOP THE oo
e Sketch mechanism ideas with annotations

e When you get feedback in the EVALUATE THE SOLUTION step, come back to this

SOLUTION (INTD |~ =i
A CAD DESIGN]




\BKMERAL STEP FTC

\ e  Build mechanism

BUILD DESIGN




GENERAL STEP FTC

.

e Discuss the design with everyone in the main session, get feedback

EVALUATE THE
SOLUTION




GENERAL STEP FTC

PRESENT THE
FINAL SOLUTION




SESSION ENDED

SEE YOU ON TUESDAY @ 5 PM!



ROBOTICS COURSE - GRADE
6,78



The first two classes we talked about
FIRST and the Chassis.

We talked about the design process and
how it works

We talked about different types of
chassis’s

Week 1 Day 2 we did a activity involving
the design process and our knowledge
about the different types of chassis



- Circular wheels with teeth
that mesh with other gears

- Allows circular motion
transfer between axles

GEAR RATIO

- Two gears of different
sizes are meshed to
allow mechanical
advantage
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Types of Gears

Helical Gear
%
Miter Gear
MR
Wi

Worm Gear

Double Helical Gear
[Herringbone Gear)
\“ i "”.l
Aa§
AN
7

Straight Bevel Gear

H
4
2




Mechanical advantage - constant energy

high torque, low speed

T'orque ;,,  Teeth,,
Torque Teeth

- out

out

low torque, high speed

Gear ratio formula: 8 teeth, Input torque: 10 Nm

13 teeth, output force = ?

Practice:




SPUR GEARS




HELICAL GEARS




RACK AND PINION




BEVEL GEARS




MITER GEARS




WORM GEARS







PLANETARY GEARBOX




Patents Pending

FTC Legal




Link:
https://geargenerator.com/#200,200,1
00,6,1,3,0,4,1.8,2,4,27,-90,0,0,0,0,0,0,
16,4,4,27,-60,0,0,0,0,1,1,12,1,12,20,-6
0,0,0,0,0,2,0,60,5,12,20,0,1,0,0,0,0,0,
3,-515




WHAT ARE LINEAR SLIDES?




LINEAR SLIDES IN FTC ROBOTICS




CASCADING VS CONTINUQUS LIFT

Forklift - Rigging




LINEAR ACTUATOR




SERVO OR MOTOR?




Motor would be the best choice
= For linear slides, you are going from collapsed to
extended so speed is necessary to get the fastest
extension time
= Motors tend to be faster than servos
= For the linear actuator, you would need speed
because the screw is reducing the speed so
much that if aservo was used, it would take a
long time to fully extend
= Servos are already slow enough as they are
so using one Iin this case would make it so
that the time to extend is not justified
However, For extremely light applications, servos are
helpful because they require much less voltage to run



DESIGN YOUR OWN MECHANISM




GENERAL STEP FTC

Yearly challenge: design a robot to move lego and spherical elements
from one corner of a playing field to the other corner

DEFI NE THE e Inameeting, list all of the requirements of the challenge




e Each team member - sketch exact mechanism idea
e Hold meeting to decide upon initial mechanism versions

GENERATE
CONCEPTS




o—EAE-mechanis

DEVELOP THE fne
e Sketch mechanism ideas with annotations

e  When you get feedback in the EVALUATE THE SOLUTION step, come back to this

SOLUTION (INTD |~ =5t
A CAD DESIGN]




"

\ e  Build mechanism

BUILD DESIGN \



e Discuss the design with everyone in the main session, get feedback

EVALUATE THE
SOLUTION




PRESENT THE
FINAL SOLUTION




SESSION ENDED

SEE YOU ON THURSDAY @ 5 PM!
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Week 2, Day 2




REVIEW OF LAST CLASS



WHAT ARE LINEAR SLIDES?







CASCADING VS CONTINUQUS LIFT

Forklift - Rigging




- Two ralls that are powered by a

screw that allows for great amount
of gear reduction and immense
torque

- Very low speed, very high torque

Most often used to lift the whole
robot off the floor

i\ 0 FIRST




SERVO OR MOTOR?




Motor would be the best choice
= For linear slides, you are going from collapsed to
extended so speed is necessary to get the fastest
extension time
= Motors tend to be faster than servos
= For the linear actuator, you would need speed
because the screw is reducing the speed so
much that if aservo was used, it would take a
long time to fully extend
= Servos are already slow enough as they are
so using one Iin this case would make it so
that the time to extend is not justified
However, For extremely light applications, servos are
helpful because they require much less voltage to run



Rotational Motion



Motion transfer that occurs
when one rotating body
causes another body to
rotate as well

Can you think of any
rotational motion transfer
In our daily life?




ROTATIONAL MOTION TRANSFER IMPORTANGE




TYPES OF ROTATIONAL MOTION TRANSFER




TYPES OF ROTATIONAL MOTION TRANSFER




Rotary Wheel

= Requires the direct contact between two or more
wheels

= Relies on friction to get other body spinning

= Isunable to handle much load because
friction forces are not that great in
magnitude

= Simpler but less effective than a gear

= Usually not used in robotics because it has very
little torque that it can exert but it is still an
important type of rotational motion transfer



TYPES OF ROTATIONAL MOTION TRANSFER




WHAT IS LOST WITH MORE ROTATIONAL MOTION TRANSFER?



When there is a lot of rotational motion transfer,
much of the energy is lost to friction and turned
into heat

= Belts - energy is lost between the teeth of
the belt and the pulley

= Chain - energy is lost between the teeth of
the sprocket and the chain

= Gears - energy Is lost between the teeth of
the two different gears




SENSOR



COLOR SENSOR




TACTILE SWITCH SENSOR




DISTANGE SENSOR




(inteD) REALS

= Captures images, contains
distance sensor
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INERTIAL MEASUREMENT UNIT (IMU)

STABLE
MEMBER




HOW CAN WE TELL WHERE A ROBOT IS ON A FIELD?




1) Encoder

Assembly
Code Disk —" \&

Housing >
Assembly _<




ENCODER (DISJADVANTAGES

Disadvantages

As it is, encoders can only be used for
accurate motion; cannot be used to
determine position

Advantages

Comes built into common motors, such
as goBilda Yellow Jacket motors and VEX
Falcon 500 motors

Can be used in applications other than
driving; e.g., this year can be used in
outtake flywheel speed control
Acceleration control w/ PID tuning is
much more consistent than that of REV
Control Hub




I = odometry module

2) ODOMETER




ODOMETER [DIS]ADVANTAGES

Disadvantages

PID tuning is very time consuming (took
our team around 4 days)

Some delicate parts need to be handled
very carefully (especially the clear disk
with the ticks), otherwise you will get
inconsistent readings

Advantages

Returns exact location on the field -- very
useful in challenges like Ultimate Goal
Roadrunner (written by team Acme
Robotics) gives all robot motion functions
(strafe, spline, etc.) -- no need to write
code from scratch

Many teams have released odometry
modules for any team to use




3) DISTANCE SENSOR




DISTANCE SENSOR (DISJADVANTAGES

Disadvantages

Can only be used when other reference
objects (obstacles) are available -- not
self-sufficient

Advantages

Does not require any tuning time
Quite inexpensive

Adaptable; can be used to navigate
around unpredictable obstacles




Encoder: Allows precise speed, acceleration, and
distance control

Odometer: Allows position reading/control and
converts field into intuitive
coordinate grid

Distance Sensor: Returns distance to an objects, used
in conjunction with either
odometers or encoders

It is up to your team to decide the nature of the
challenge and which form of navigation is the most
applicable.



There are three objects in front of you
spaced 6 inches apart. Two of the objects
are white balls 3 inches in diameter and a
yellow cube that is 12 inches in height. If
you were to use a sensor to determine
which of the objects was the cube, what
would you use. Also design a mechanism
to intake the balls and launch themin a
12 inch hoop.



S

SKYSTONE CHALLENGE L

(2019 - 2020} -




Understand the challenge and the ways
to earn points.




Skystone Challenge




Overall Objective:

“To stack the stones (yellow
blocks) onto alliance specific

foundations™




Autonomous:

= Reposition foundation (10)

= Stone delivered to building zone (2)

= Skystone delivered (first or second)
(10)

= Parked over midfield tape (5)

= Stone in foundation (10)



Teleop: =
= Stone delivered through alliance o /(p
bridge (1) (C <
= Stone placed on foundation (1)
SSS .
1ro %



Endgame:

= Capstone on skyscraper (5 + 1 per
stone level)

= Move foundation out of building site
(15)

= Parked in building site (5 per robot)



Begin separating tasks into
mechanisms and brainstorming specific
designs for each one.




Most important tasks

= Score blocks by
placing on the
foundation

= Place capstone
on top

= Move foundation

= Recognize
skystone

Mechanisms

= Intake stones

= Quttake and stack
stones

= Quttake the
capstone

= Hook mechanism

= Sensors needed +
autonomous
stacking

1 ['e
Q\f‘/ ﬁ
g
)
A -~ )
0



Pick up the block and place in a position Which%'
It can be stacked with

= Consider the different ways to pick up a
block, including the different orientations
= Vertically, horizontally, using the two
prongs, scooping, etc.
= Consider using wheels or clamps
= How will the intake release the block?
=  Will the intake be fast enough?

*



7

Receive the block and stack it upward. ":;Q

= Similar to the intake, consider the -
different ways to pick up a block. f— 7

= How can you make sure the stack will not 2
tip over? = X

- How will the outtake be raised up to the 1o %
height needed? wwl 0 J

= What type of power is required to life the

outtake to that height? o



Determine the shape of the capstone and hove

7

*Q

the outtake should be built to outtake this
capstone.

= Will the two outtakes be combined?

= What capstone shape would allow this
to occur?
How tall can the capstone be placed?

o

N
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Must move the foundation completely out of =g’

the build zone. Must be stable/without shaking
the foundation

= Where must the hook be placed in order to
stably move the foundation?

= How can the hook move stably?

= How will the hook be deployed and
released?

= **Consider the 18 inch size restriction™*

*
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. . >
Must recognize a skystone during autonomou=e

and move it without moving the other blocks. 5

= What is the difference between a skystone
and regular stone?

= What sensor can determine this
difference?

= Can any other mechanism be reused to
move the block?



Analyze the advantages and
disadvantages of Ink and Metal’s
designs for this challenge.




VIDEO DEMONSTRATION

118



34"

.23"




Advantages
= Quick intake if everything worked
Disadvantages

= Unreliable due to tension issues
= Didn’t always intake immediately due to the angle
= Didn’t always place it well into the transfer
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Advantages

= More control in order to stack
= Mounted on linear slides to raise up to necessary heights

Disadvantages

= Block may slip due to lack of traction
= Required driver to align perfectly in order to stack



HOOK MECHANISM
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THANK YOU

Any questions?
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CONTROLLING THE Ol e
ROBOT =




REVIEW

- Rotational motion.
- We discussed different types of motions
- Sensors
- Talked about the numerous sensors involved in robotics
- Color Sensor
- Intel RealSense Camera
- Distance Sensor
- Switch Sensor
- Activity
- Designed how to locate a robot in the field and get exa




AGENDA

- Control Award: What is it?

- Control award Submission Example
- Controlling the robot

- REV, Expansion, and Control Hubs: What they are used for
- Remote Control

- Quick Activity: Skystone/Ultimate Goal design practice




Learn how the robot is controlled
through control award submissions.




NORCAL REGIONAL CHAMPIONSHIP
INK AND METAL 5773




= The control award requires that a
team demonstrates autonomous
operation, intelligent control with
mechanical systems, and
Implementation of software,
sensors, and mechanical control

= Inourvideo, we highlight our
autonomous programs, PID control,
odometer usage, and more



ANY QUESTIONS?

If you have any questions about the
control award and its elements or
about certain parts of the video, ask
now!




Understand how the robot is controlled
and programmed through REV Hubs and
Driver Stations.




= Many for ports cables (e.g. USB)

= In-built robot controller (no need for
driver station phone)

= Includes 4 DC motor + encoder
ports, 6 servo motor ports, power, 4
analog, 8 digital, and 4 I2C ports for

sensors, an in-built IMU for heading,
2 RS485 ports to connect to another
expansion hub



= Comes with 4 DC motor + encoder ports, 6
servo motor ports, power, 4 analog, 8 digital,
and 4 I2C ports for sensors, an in-built IMU
for heading, 2 RS485 ports to connect with

other expansion/control hubs
= Must connect to a phone (as driver station) if
not used with control hub
= If used with control hub, used to expand

motor and sensor ports



Expansion HuUb

LSl EXPANSION
NUE

on <

REV Robotics Wiring Reference Sheet

SLIM ROBOT BATTERY

Expansion Hub

REV
Pwitch REV-31-1153

Color-Distance Sensor
REV-31-1154

Slim Battery
REV-31-1302

Core Hex Motor

REV-41-1300
Potentiometer

REV-31-1155

) Smart Robot Servo
HD Hex Motor REV-41-1097

REV-41-1301 - ; A =
‘The REV Robotics Expansion Hub is compatable with many other
sensors and actuators. Visit our website for more informaiton!

for more reference guides visit www.revrobotics.com/resources




REV HUBS

FIRST. Smoe lock Manage

42
o D + & 43~ public class HelloWorld extends LinearOpMode {
a4

Project Files
- W oig firstinspires fic teamcode. GOverride
» mbackup public void runOpMode() {
> mies
B HelloWorld java telemetry.addData("Status”, "Initialized");
telemetry.update();
// Wait for the game to start (driver presses PLAY)
waitForStart();

// run until the end of the match (driver presses STOP)
while (opModelsactive()) (
telemetry.addData("Status”, "dello from "
telemetry.update();

Please start a build to see build output.




INIIX & MIET AL
FTC CRASH COURSE

H11

REV CONTROL HUB

VS.

REV EXPANSION HUB




= Downloadable IDE (code editor) to write Java programs to
control robot
= Download project template with FTC library in it
= Can download version with Roadrunner software as well
= Upload code to REV Control Hub or Driver Station Phone




= Ifyou are using REV Control Hub
= Use only 1 android phone to run
code remotely
= Ifyou are using REV Expansion Hub
and Driver Station
= Use 1 android phone for Driver
Station
= Use 1 android phone to run code
remotely




= Use remote controllers plugged into android phone which
runs code remotely

= Used to control robot during teleop with code

= Images show our functions for our controllers

Push/Pull
Transfer
Arm

Start Control ller




- https://www.youtube.com/watch?v=D2-CRBoGpJQ
- Above Is the video for the SkyStone Season
- Design a robot that picks up and stacks large bricks.
Additionally, design a mechanism to move the
foundation to the correct position.
- Design a robot that you feel will score the most points in
a match. Consider efficiency and speed.




- https://www.youtube.com/watch?v=zYS0--eeUCM
- Above Is the video for the Ultimate Goal Season

- Design a robot that takes in rings that are 5 inches in
diameter and shoots them to a certain goal. Additionally,
It should pick up the wobble goal and deposit in the
correct zones.

- Design a robot that you feel will score the most points in
a match. Consider efficiency and speed.




ANY QUESTIONS?

Please don’t hesitate to ask, we'd be
more willing to covering some parts of
the presentation again!




SENSORS & ROADRUNNER



= Control Award
= We talked about the FIRST Control Award and what it entails, and showed an
example submission for it
= REV Hubs
= \We showed the strengths and weaknesses of the different REV Hubs and how
they can be used
= Also talked about Android Studio and controller inputs
= Activity
= Designed a robot based on the guidelines of the FTC Skystone challenge; that
could stack blocks, move a foundation, and fit in an 18” cube.



Sensors (Since we didn’t finish this last week)
o Distance

= Color
= Potentiometer
= Touch
= Limit Switches
Introduction to Roadrunner (Odometry software)

If time permits, setup OnShape accounts for CAD (Computer Aided Design) that we
will use next week



SENSORS IN FTC

Learn how sensors



DISTANGE SENSOR

150



COLOR SENSOR

191



POTENTIOMETER

152



TOUCH SENSOR
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LIMIT SWITCH
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REV “BLINKIN™ LED DRIVER

195



MOVEMENT SENSORS IN FTC

Learn about sensors which



ENCODERS

Housing > N
Assembly

197



IMUS (INERTIAL MEASUREMENT UNIT)

158



= Has an encoder, casing, and omni wheel

= Encoders capture movement and readings determine
displacement from starting position and current location

= Creates a coordinate plane

= Using 3 allows for finding horizontal location, vertical
location, and heading.

Applications:

= Useful for robot navigation

= More accurate than encoders, use to make robot move and rotate to certain coordinate
position on the field

= Can measure distance like encoders

= Can also measure heading



= SLAM - simultaneous localization and mapping

= Process of creating a virtual map that robot uses to
navigate an environment

= Has V-SLAM technology (Visual Inertial Odometry SLAM
algorithms), fisheye camera lenses, an IMU, and USB ports

Applications:
= Mainly used in autonomous navigation

= E.g. automated car piloting, automatic robot navigation on a field

= FTC teams used SLAM to autonomously pick up objects, e.g. rings that fell on the floor by
generating pathing to pick them up.



ANY QUESTIONS?

161



ROADRUNNER ODOMETRY SYSTEM

Learn how Roadru




Most robots use 3 odometers to find the horizontal and vertical location on the field and the robot’s
heading

= The Control Hub determines the coordinate of the current location

Odometers convert the field into a coordinate grid, which they then use to return the current location
of the robot on the field.

Road Runner is a motion planning library primarily used for the FTC robotics competition, which
allows for automatic movement path generation for robots.

Road Runner works by using odometers

= After setting up the Road Runner library with the FTC SDK, you can use your odometers to
create these autogen paths to specified locations



ysical Robot Virtual Robot



Localization is the ability for your robot to know where it is at any point in time
= This is generally done using odometry
= However, other methods like VSLAM (T265 camera) can be used

Odometry is used to feed information into respective kinematic equations which creates an
approximate (x, y, heading) location of the robot on the field.

There are two types of locations
= AVector2d is a simple (x, y) coordinate
= Vector2d myVector = new Vector2d(10, -5);
= APose2d includes (x, y) and a heading
= Pose2d myPose = new Pose2d(10, -5, Math.toRadians(90));



Open Loop - estimates voltage needed to power a motor

= This is not too accurate and does not adjust for real world problems that reduce motor speed
(physical tolerances)

Closed Loop - uses feedback from the motor to adjust the voltage
= Ifthe motor is given some voltage but it is too slow, more voltage will be given

= This is done through a PID (proportional integral derivative) controller and the use of a motor
encoder

So, ideally you should use Closed Loop Control, but Open Loop is easier to set up.



ROADRUNNER VIRTUAL ROBOT

Understanding and



ABOUT THE VIRTUAL ROBOT

counterclockwise = positive \ / clockwise = negative angle

angle

168



First, install Intellij (A free IDE to use)
Next, download the RRPath Visualizer project from GitHub
Then, open the project with Intelli]

You may have to set the project SDK

There are several types of trajectories you can use, for example: lineTo(),
lineToLinearHeading(), splineToConstantHeading)(), etc.

Each trajectory is unique and has different parameters that you must provide it (e.g. Pose2d
or Vector2d)



To make trajectory, you must use the following steps
1. Create Trajectory List
= val list = ArrayList<Trajectory>()
2. Create the Builder
= val builderl = TrajectoryBuilder(startPose, startPose.heading, combinedConstraints)
3. Reset the Builder with the Last Position
= builderl = TrajectoryBuilder(Pose2d(10, 15, (90.0).toRadians), (90.0).toRadians, combinedConstraints)
4.  Make the Trajectory
= builderl.lineToConstantHeading(Vector2d(30, 40))
5. Addthe Trajectory to the List
s list.add(builderl.build())
6.  Returnthe List

s return list



ANY QUESTIONS?

17



Access This link: https://www.onshape.com/en/education/#form-container

172



THANKS FOR COMING!
ANY QUESTIONS?
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MOTORS!










SERVOS
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Differences

- Torque

- RPM

- Size

- Cost

- Power Expenditure




Situation #1

Small space, just moving arm that is lightweight
Situation #2

Very heavy load, and large space

Situation #3 (Tricky one)

Motor used in chassis



REAL SITUATION: OUR ROBOT

Wobble goal rotator— why were servos used?

Key things to note:

- Medium Load (High torque needed)
- Small amount of space
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THANKS FOR COMING?

ANY QUESTIONS?



ROBOTICS
REVIEW
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ROBOTICS FUNDAMENTALS




While there are many kinds of robots,most are
made using the design process.
The design process is a series of steps that a

person can take to turn their ideas into real items.

By using the design process, engineers and
builders across the world can develop things like
robots.

Define the Problem

3

Do Background
Research

L

Spedcify
Requirements

{

Brainstorm, Evaluate, ¢
and Choose Solution

* Based on
results and
Develop and ] e data, make
Prototype Solution design changes,
prototype,
* test again, and
review new
Test Solution € data.
+
Solution Meets Solution Meets
2 Reguirements  ....:
Requirements Partially or Not at All

Communicate
Results



THE FIRST ROBOTICS INITIATIVE




IS
WHAT IS FIRST?

First is a robotics organization that hosts competitions and events in order to draw
attention to the robotics as a whole.
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CHASSIS




A frame of some sort that
usually holds the body +
motor of a vehicle




Companies partnered with D

FIRST BN DREAM - MAKE - REPEAT

= Gobilda
= Andymark
= REV Robotics

=  And many more! REV
W AndyMark,

ROBOTICS

Using these company’s
build systems, you can
construct your robot.




GoBilda Strafer
Chassis

8in




Advantages

Lightweight

Motors are conveniently hidden
and out of the way

Can easily move in all directions
Space to build intake, outtake,
and other mechanisms

Disadvantages

Using a 1:1 gear ratio can
prevent increased speed
Wheels are exposed on the
sides

Beam in the back may
obstruct building of certain
mechanisms such as intake
and outtake






AndyMark Tile Runner
Chassis




Advantages

Durable due to plating along the
sides

Can build on top of the side
plates using the hole pattern
Easy mounting on the bottom
due to base plate

Disadvantages

Much heavier

Based on parts used, hole
pattern may require adapters
Less space overall due to
placement of beams and side
plates









Ink and Metal
Custom
Chassis




CONTROL AWARD




Award Criteria

The control award
requires that a team
demonstrates
autonomous
operation, intelligent
control with
mechanical systems,
and implementation
of software, sensors,

Video Example

In the video we will
show, we highlight our
autonomous
programs, PID
control, odometer
usage, and more.



NORCAL REGIONAL CHAMPIONSHIP
INK AND METAL 5773



CONTROLLING THE ROBOT
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REV EXPANSION HUB
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REV EXPANSION HUB WIRING EXAMPLE

XT Extension Cobve

Expansion Hub |

HEanan

Communcotion Cable

REV Robotics Wiring Reference Sheet

Expansion Hub
REV-31-1153

Color-Distance Sensor
N REV-31-1154
Slim Battery
REV-31-1302

Core Hex Motor
REV-41-1300

Potentiometer
REV-31-1155

Smart Roboft Servo
HD Hex Motor REV-41-1097
REV-41-1301

s compatable with many other
ebsite for more informaiton!

for more reference guides visit www.revrobotics.com/resources



SENSORS

Learn how sensor



DISTANGE SENSOR
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COLOR SENSOR
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POTENTIOMETER
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TOUCH SENSOR

(-
A
R2 (W= é 9 % HAA

Touch Sensor ~[EDlct

v2.8
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LIMIT SWITCH
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REV “BLINKIN™ LED DRIVER
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ENCODERS

Housing > N
Assembly

213



IMUS (INERTIAL MEASUREMENT UNIT)

214



= Has anlsncoder, casing, and omniwheel

= Encoders capture movement and readings determine
displacement from starting position and current location

= Creates a coordinate plane

= Using 3 allows for finding horizontal location, vertical
location, and heading.

Applications:

= Useful for robot navigation

= More accurate than encoders, use to make robot move and rotate to certain coordinate
position on the field

= Can measure distance like encoders

= Can also measure heading



= SLAM - simultaneous localization and mapping

= Process of creating a virtual map that robot uses to
navigate an environment

= Has V-SLAM technology (Visual Inertial Odometry SLAM
algorithms), fisheye camera lenses, an IMU, and USB ports

Applications:
= Mainly used in autonomous navigation

= E.g. automated car piloting, automatic robot navigation on a field

= FTC teams used SLAM to autonomously pick up objects, e.g. rings that fell on the floor by
generating pathing to pick them up.



