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Volunteer Thank You

Thank you for taking the time to volunteer for a FIRST® Tech Challenge event. FIRST® and FIRST® Tech
Challenge rely heavily on Volunteers to ensure events run smoothly and are a fun experience for Teams and
their families, which could not happen without people like you. With over 4,600 Teams competing annually,
your dedication and commitment are paramount to the success of each event and the FIRST Tech Challenge
program. Thank you for your time and effort in supporting the mission of FIRST!

Sponsor Thank You

Thank you to our generous sponsors for your continued support of the FIRST Tech Challenge!

FIRST® Tech Challenge Official Program Sponsor
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Introduction

What is FIRST® Tech Challenge?

FIRST Tech Challenge is a student-centered activity that focuses on giving students a unique and stimulating
experience. Each year, Teams participate in a new Game that requires them to design, build, test, and
program autonomous and driver-operated robots that must perform a series of tasks.

The playing field for the Game consists of the FIRST Tech
Challenge game pieces set up on a foam-mat surface,
surrounded by a metal and polycarbonate Field frame. Each

Tournament features Alliances, which are comprised of two FIRST Tech Challenge is MORE
Teams, competing against one another on the playing field. THAN ROBOTSSMI While
Teams work to overcome obstacles and meet challenges, competing, students develop
while learning from, and interacting with their peers and adult personal and professional skills
Mentors. Students develop a greater appreciation of science they will be able to rely on
and technology and how they might use that knowledge to throughout their life.

impact the world around them in a positive manner. They also
cultivate life skills such as:

Planning, brainstorming, and creative problem-solving.

Research and technical skills.

Collaboration and teamwork.

Appreciation of differences and respect for the ideas and contributions of others.

To learn more about FIRST Tech Challenge and other FIRST Programs, visit www.firstinspires.org.

FIRST Tech Challenge Core Values

Volunteers are integral to the FIRST community. FIRST Tech Challenge relies on Volunteers to run the
program at many levels, from managing a region to Mentoring an individual Team. Our Affiliate Partners
coordinate the program in each region or state. These Affiliate Partners fundraise, run Tournaments, hold
workshops and demonstrations, market FIRST Tech Challenge locally, handle public relations, and recruit
Volunteers and Teams. They are a tremendous resource for Mentors and FIRST would not exist without
them.

FIRST asks everyone who participates in FIRST Tech Challenge to uphold the following values:

We display Gracious Professionalism® with everyone we engage with and in everything we do.
We act with integrity.

We have fun.

We are a welcoming community of students, Mentors, and Volunteers.
What we learn is more important than what we win.

We respect each other and celebrate our diversity.

Students and adults work together to find solutions to challenges.

We honor the spirit of friendly competition.

We behave with courtesy and compassion for others at all times.

We act as ambassadors for FIRST and FIRST Tech Challenge.

We inspire others to adopt these values.

Gracious Professionalism® -
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Gracious Professionalism®

FIRST uses this term to describe our programs’ intent. This is one of the most important concepts that can
be taught to a young person who is learning to get along in the work world. At FIRST, Team members help
other team members, but they also help other Teams.

Gracious Professionalism® is not clearly defined for a reason. It can and should mean different things to
everyone.

Some possible meanings of Gracious Professionalism® include:
e Gracious attitudes and behaviors are win-win. An example of Gracious
e Gracious folks respect others and let that respect show in Professionalism® is patiently
their actions. listening to a Team’s question
o Professionals possess special knowledge and are trusted and providing support despite
by society to use that knowledge responsibly. _havmg several pressing
e Gracious Professionals make a valued contribution in a things to do on the day of the
manner pleasing to others and to themselves. event.
In the context of FIRST, this means that all Teams and

participants should:

e Learn to be strong competitors, but also treat one another with respect and kindness in the process.
e Avoid leaving anyone feeling as if they are excluded or unappreciated.
o Knowledge, pride and empathy should be comfortably and genuinely blended.

In the end, Gracious Professionalism® is part of pursuing a meaningful life. When professionals use
knowledge in a gracious manner and individuals act with integrity and sensitivity, everyone wins, and
society benefits.

Watch Dr. Woodie Flowers explain Gracious Professionalism® in this short video.

“The FIRST spirit encourages doing high-quality, well-informed work in a manner that
leaves everyone feeling valued. Gracious Professionalism seems to be a good
descriptor for part of the ethos of FIRST. It is part of what makes FIRST different and
wonderful.”

- Dr. Woodie Flowers, National Advisor for FIRST

Gracious Professionalism® for Volunteers

It is a good idea to spend time going over this concept with Volunteers. Provide Volunteers with real-life
examples of Gracious Professionalism in practice before, during, and after the event and recognize great
Gracious Professionalism when you see it in action!
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Youth Protection Program

The purpose of the FIRST® Youth Protection Program (FIRST YPP) is to provide Coaches, Mentors,
Volunteers, employees, others working in FIRST programs, team members, parents, and guardians of team
members with information, guidelines, and procedures to create safe environments for everyone participating
in FIRST programs.

The FIRST YPP sets minimum standards recommended for all FIRST activities. Adults working in FIRST
programs must be knowledgeable of the standards set by the FIRST YPP, as well as those set by the school
or organization hosting their team.

Youth Protection Expectations and Guidelines

Coaches and Mentors are expected to read and follow elements in the FIRST Youth Protection Program guide
that are labeled as required are mandatory in the United States and Canada, and may not be waived without
the approval of the FIRST Youth Protection Department.

FIRST recommends that the standards set forth in the FIRST Youth Protection Program guide be applied
outside of the United States and Canada to the extent possible. At a minimum, local regulations regarding
youth protection must be complied with.

Forms are available here: http://www.firstinspires.org/sites/default/files/uploads/about/FORMS.zip

Information on the US Screening process is available here:
http://www.firstinspires.org/sites/default/files/uploads/about/us-screening-2016-2017.pdf

Information on the Canadian Screening process is available here:
http://vimeo.com/30137373

Everyone working with You can find FAQ and additional information about the FIRST Youth

FIRST Teams should be rF]’trtot.(/e/ctlon I?rotgram_ on the/FIRST Welbbsne ?t: " et |'
familiar with the FIRST p://www.firstinspires.org/resource-library/youth-protection-policy
YPP policies.

NOTICE OF NON-DISCRIMINATION

United States Foundation for Inspiration and Recognition of Science and Technology (FIRST®) does not
discriminate on the basis of race, color, national origin, sex, disability, or age in its programs and

activities. The following person has been designated to handle inquiries regarding the non-discrimination
policies: Lee Doucette, Youth Protection Program Manager, 200 Bedford Street, Manchester, NH 03101, 603-
666-3906, Ext. 250.

Gracious Professionalism® -
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What is the FIRST® Tech Challenge PushBot Build Guide?

In early 2014, a design challenge was set by FIRST for experienced FIRST Tech Challenge Teams to design a
basic Robot and manual for Rookie FIRST Tech Challenge Teams. The Robot and manual had to provide
Rookie Teams with simple, basic instructions and images for building a PushBot that can be successful in
competition for any Game Challenge. This manual is the result of the challenge and has been updated to
match this year’s technology and lessons learned from last year's competition.

PushBot 3 (PB3) needs to meet all FIRST Tech Challenge Competition guidelines using the current Game
Manual and Forum rules, but using ONLY the Competition Kit of Parts and materials.

As part of the task, the PushBot needs to have basic programming for autonomous mode; as well as a
program for manual mode. The code is to be developed in the Java programming language and deployed
using the Android Studio IDE.

Depending on Team size and student interests, some sections of this manual can be done in parallel. One
group can build the Robot, while another group is installing the software, and a third group can build the
electronics test bench. The efforts of these groups would come together during the wiring and testing portion.

FIRST Tech Challenge Team #2843 United States — PushBot Robot.
2016 — 2017 Robot Name: PB3 (PushBot 3)

Purpose: Assist new FIRST Tech Challenge competitors to develop a sense of how a FIRST Tech Challenge
Robot is constructed with the TETRIX Robotic Construction system and is programmed in Java.

Design: The PushBot has 3 DC motors and 2 servos. Its design is based around a rectangular frame. This
allows structural engineering principles to be explored by Teams. The Robot has an ‘arm’ powered by a single
DC motor, a ‘hand’ that is driven by two servos, and ‘feet’ powered by two DC motors. The ’arm’ is geared
down to allow the DC motor to lift heavier objects. PB2 has high clearance for driving over objects, but a lower
center of gravity than last year. Last year, it experienced many roll-overs down the mountain. PB2 can push
objects using its gripper or a front panel can be installed to ‘push’ objects. This Guide will assist rookie FIRST
Tech Challenge competitors in gaining an understanding of how a simple Robot built with the TETRIX
Construction System can be programmed in Java. It will also guide Teams through using the new electronics
available in the 2016-2017 season.

The Robot is constructed with the TETRIX Kit of Parts
and an electronics kit, which includes cell phones as the
communication devices and other USB devices that
provide communication with new USB modules.

A link to the TETRIX Kit of Parts description is available
on the FIRST Tech Challenge Team Management
page, under “Budget”.
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Preparing the Robot Controller and Driver Station cell phones

Removal of SIM Cards
To prevent the phones from attempting a connection with a mobile network, the SIM cards should be removed

from both the driver station phone and the Robot controller phone.

Step 1: Gather both phones and both cases. If the phones are on, then turn them off. The power button is on
the top right edge of the phone.

Step 2: Remove the back covers from the phones, leaving the phones face down. There is a gap between the
front and back covers located on the lower right hand corner of the device that can be used to remove the back
cover. Inserting a fingernail in the gap and then sliding the fingernail all around the case will cause the case to

pop apart.

Gracious Professionalism® - “Doing your best work while treating others with respect and kindess - It's what makes FIRST, first.”



Step 3: The batteries are on the left and the SIM cards (circled) on the right. Gently push the SIM card INTO
the phone.

Step 4: Let the spring gently push the SIM cards from the phones. Pushing the SIM cards activates the spring
mechanisms; releasing pressure allows the springs to push the SIM cards out of the phones.
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Step 5: Store the SIM card in a safe place. In the image below, the cards have been taped to the inside back
cover of the phones.

Step 6: Replace the back covers.

Gracious Professionalism® - “Doing your best work while treating others with respect and kindess - It's what makes FIRST, first.”



Step 7: Place the protective cases’ back covers onto the back of the phones.

Step 8: Turns phones face up.
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Step 9: Place the protective case front covers into the front of the phones.

Step 10: Turn phones on. The circle is where the power switch is located. The phones will begin booting. The
sequence of images shows the booting sequence.

ANDAOND
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Step 11: Choose ‘Next’ to accept the default talkback setting.

9 & - dllé943am This and all following steps
may only show one image, but
Talkback is a navigation feature
for the visually challenged and apply the Step to both phones.

impaired.

To activate this feature, double tap
the center of your screen.

To explore other accessibility
features tap Accessibility.

To continue activation press Next.

Accessibility Next

Step 12: Select ‘English’.

9 C il & 9:43 am

Please select your language
@ English
Japanese

Spanish

Next
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Step 13: Choose ‘Next’ to configure Wi-Fi.
LK il & 9:43 am

Why use Wi-Fi?

Connecting to Wi-Fi will improve your
overall experience by:

@ Extending your battery life.

Give you faster connections
during peak times.

Next

Step 14: Do not connect to Wi-Fi at this time. Select ‘Next'.

Gracious Professionalism® -



Step 15: When the UICC Error screen is shown, select ‘OK’.

UICC Error

Step 16: Select ‘Activate’ when the Hands Free Activation activity provides the option. When the activity first
starts, it provides the ability to make an emergency call, but then will provide an ‘Activate’ button.

o Hands Free Activation
Waiting for retry...

o Hands Free Activation

Retry 1 of 5

Activale | Ermergency cal
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Step 17: The activation should fail. Select ‘Done’.

T = S

ﬁT Sall Sn

Infarmation

Soimy = we experienced o sysiem problem
during your task. Please dial 611 from your
phone or call 1-B56-402-T366 from &
ditferent phone and we will be happy 1o
AL you

Step 18: Android will return to the home screen. Open the application activity (also known as the App Tray) by
selecting its icon (shown in the red circle).
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Step 19: Open the settings activity by selecting its icon (shown in the red circle)
the screen left or right.

ﬂﬂﬂﬂ‘)

Mobde 10

Messagie)

Muse

SR Y

Prone Hotos y Socks Py Games

N o~
i bl ¢

Play Moves & Play Mawc Play
Newnnzand

a0

o) Player  Voce Dialer  Vosts Seaxc

Py Store

. It might be necessary to swipe

Step 20: Put the phones into Airplane Mode by sliding the button from left to right until the icon comes into

view.

70U %
G Settings

WIRELESS & NETWORKS

B 11:36am

¥ Airplane mo..
Wi-Fi
Bluetooth
Mobile networks
Data Usage
Mobile Hots.. OFF
=% More...

DEVICE

B sound

£ Display
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=~ln| M 11:36 am
Q Settings

WIRELESS & NETWORKS

Airplane mo..

Wi-Fi

| Bluetooth

¢ Mobile networks
Data Usage
Mobile Hots.. = OFF

sss More...

DEVICE

M sound

# Display

Step 21: Turn Wi-Fi on, if it's off, by sliding the button from left to right. The phones’ screens should appear as
the image on the right.

G Settings

WIRELESS & NETWORKS

¥ Airplane mo..
Wi-Fi
Bluetooth
). Mobile networks
il Data Usage
#9 Mobile Hots.. = OFF

ss= More...

DEVICE

M sound

¥ Display

Naming the Cell Phone

According to the Robot software rules in the Game Manual, the phones need to be named properly. The first
portion of the name will be the Team’s number. The Driver Station phone’s name will be postfixed with “-DS”.
The Robot Controller’s will be postfixed with “-RC”.

Step 1: (Continuing from the previous section — the settings page is displayed) Select Wi-Fi.

Settings

WIRELESS & NETWORKS

o Airplane mo
B Wi-Fi

B Bluetooth

% Mobile networks

i Data Usage

M Mobile Hots

DEVICE

B sound

© Display

Gracious Professionalism® -
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Step 2: Select the overflow settings (three dots on the bottom right).

Step 3: Select Wi-Fi Direct.

Scan

WPS Pin Entry

Wi-Fi Direct
Advanced

+
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Step 4: If “RENAME DEVICE” is not shown at the bottom of the screen, then select the overflow settings and
then select “Rename device”. In the image below, the phone had already been named. New phones will have a
generic name.

% A 8:50 pm

Wi-Fi Direct

2843a-rc

Connected
PEER DEVICES

REMEMBERED GROUPS

DIRECT-uN-2843a-rc

SEARCH FOR DEVICES

Step 5: Enter the new name according to the rules in Game Manual Part |.

QA % W 8:55pm

Wi-Fi Direct

2843a-rc

Connected
PEER DEVICES

REMEMBERED GROUPS

DIRECT-uN-2843a-rc

Rename device

Wi-Fi Direct received files

SEARCH FOR DEVICES
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Step 6: Select OK.

2843-A-RQ

Cancel

gwer rtyuiop
@ s & ==Y ) 7 ¥
a s

d g hg KT
© zxcvbnm%

¥ 7 + 7

EN

R?IZ;' _'QQJ

Step 7: From the page shown below, return to the settings activity by pressing the back button. It may take
several presses to return to the settings activity.

70 QA

Wi-Fi Direct .

> S If you have multiple phones,
2843-A-RC 111 TR T] 13 H

My Wi-Fi direct add _A_ ’ _B_ !etc' in
PEEDEVICES between the Team Number

and the -RS or -DS postfix.

2843-DS

Available

REMEMBERED GROUPS

DIRECT-uN-2843a-rc

SEARCHING... RENAME DEVICE
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Deploying the Robot Controller and Driver Station applications

For this section choose one phone to be the Driver Station and the other to be the Robot Controller.

e The Driver Station phone will be the one
o connected to the gamepads that allow the students to operate the robot
o hosting the Driver Station app
o having the postfix “-DS”
e The Robot Controller phone will be the one
o connected to the Power Distribution Module
o hosting the Robot Controller application
o having the postfix “-RS”

There are quite a few options for a Team to control the actions of the robot. This document doesn’t cover all of
them, but does provide two options. The two options described in this document are Downloading from
GitHub and Deploying using Android Studio. The first option requires only the contents of the kit of parts.
Android Studio and the other options require an on-line account, a personal cell phone, a computer and
possibly installed or Internet-available software. All options require the Kit of Parts.

e Downloading

o GitHub: The Robot Controller and Driver Station phones need access to the Internet via a
local network.
o Google Play: The Robot Controller and Driver Station phones need access to the Internet
via a local network and a Google Account.
e Sideloading
o Personal Cell Phone and Computer: A personal cell phone downloads the apps from
GitHub; a computer connects to the phone and sideloads the apps onto the RC and DS
phones.
o Personal Computer with Internet Access: A personal computer downloads the apps from
GitHub and sideloads them onto the RC and DS phones.
e Deploying
o Android Studio: A personal computer with access to the Internet downloads Java, Android
Studio and the FTC SDK to deploy the Robot Controller app onto the RC phone. One of the
other methods is used to install the Driver Station phone onto the DS phone.
o MIT App Inventor: A personal computer with access to the Internet downloads a virtual
machine player and the MIT App Inventory virtual machine, which is used to deploy the

Robot Controller app onto the RC phone. One of the other methods is used to install the
Driver Station phone onto the DS phone.

NOTE: Android Studio has required
computer properties. Check your
computer before downloading.

Gracious Professionalism® -



Option 1: Downloading the applications from GitHub

This option is a good choice when only the phone and an Internet connection is available, not a PC, personal
cell phone, or Google account. It does, however, require an Internet connection to which the Robot Controller

(RC) and Driver Station (DS) can connect.

Step 1: Connect the Robot Controller (RC) to the Internet using Wi-Fi.
Open the Settings App. Open the Wi-Fi app by selecting the text, not
the On/Off slider. The phone may display a pop-up that indicates the
access point is not secure. It is the Team’s responsibility to weigh
the risks of connecting to an unknown access point. lItis best to
use a known Wi-Fi access point. Also, the Chrome app may display an
activity that stores your bookmarks, history, etc. Use the settings to
control access to personal information.

G Settings

Y GN i E WIRELESS & NETWORKS

Hangouts Maps Messaging  Mobile ID

O L o=
’ X

Music paint Phone Photos

» Airplane mo..
= Wi-Fi
Bluetooth

Y Mobile networks

T

Play Books.  Play Games Play Movies & Play Music
TV

Data Usage

Mobile Hots.. OFF

' ; 23555
7

Play Play Store Settings  Video Player
Newsstand

= More..

DEVICE

B sound

Q

4 Display
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Step 2: Open Chrome. From left to right, the images show one possible method.

s://github.com/ftctechnh/ftc_app €

https://github.com/ftctechnh/ftc_app
https://github.com/ftctechnh/ftc_app

https://github.com/ftctechnh/ftc_app

divorcing/ftc_app

gwe o rtyuiop

asdf gh j k I

® zxcvbnm©

NNB . & Go
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AN

A [5}

Browser Calendar

Contacts

.

Email

Downloads:

FileManager - Gallery

© o

Google

Gmail

G+ LL)

Google
Settings:

A 1:26 pm

Camera

Hangouts

Welcome to Chrome

A

By using this application, you agree to
Chrome's Terms of Service and Privacy

Notice.

Help make Chrome better by

[:] sending usage statistics and crash
reports to Google.

ACCEPT & CONTINUE

AC ¢ M

B https:/github.com/ftc - [ %

] ftctechnh / ftc_app

FTC Android Studio project to create FTC Robot
Controller app.

U master v

Latest commit by ftctechnh about

I View code Q Jump to file

(5 README.md

ftc_app
FTC Android Studio project to
create FTC Robot Controller app.

This is the FTC SDK that can be
used to create an FTC Robot

B https//github.com/ftc | [ 3

[ ftctechnh / ftc_app =

[earch by name to jump to a file

B .gitignore

[ FtcRobotController/FtcRobotController.iml
[E) FtcRobotController/LICENSE

E) FtcRobotController/build.gradle

E) FtcRobotController/gradle/wrapper/grad...
B FicRobotController/gradle/wrapper/grad|
B FtcRobotController/gradlew

E) FtcRobotController/gradlew bat



https://github.com/ftctechnh/ftc_app

Step 4: Enter the following into the text box: doc/apk. The list will update as text is typed. Short-click on the
ftcRobotController-release.apk entry. Select ‘Open binary file’. Select ‘OK’ and the file will be downloaded to

the phone.

3 nttps //github.com i}

[ ftctechnh / ftc_app =
E) doc/apk/FtcDriverStation-release.apk
E) doc/apk/FtcRobotController-release.apk
[E doc/javadoc/package-list

doc/apk Doc/arm

1 2 3 4 5 6 7 8 9 0

gwertyuiop

Doc/app Doc/:

@ 3 & ( )]

asdfgh kI

© zxcvbnonm%

Q Go

EN

Ja 7123

[a] Saving screenshot...

W 1:35pm

H 8:22 pm Al iy m<

) hitps //github.com @ I https //github.com | [ hitps //github.com [}

[ ftctechnh / ftc_app = [ ftctechnh / ftc_app = [ ftctechnh / ftc_app =

doc/apk [#) doc /apk / FicRobotController-release.apk i) [%) doc/apk / FicRobotController-release.apk (P

This file is binary and cannot be displayed

B) doc/apk/FtcDriverStation-release.apk

inlige. Open binary file inline. Open binary file
E) doc/apk/FtcRobotController-release.apk
B doc/javadoc/package-list
B doc/javadoe/com/qualcomm/ftccommo.
E) doc/javadoe/com/qualcomm/ftecommao. .
B ! This type of file can harm your X

device. Do you want to keep
FtcRobotController-release.apk

anyway?
CANCEL @

B doc/javadec/com/qualcomm/ftccommo.

B doc/javadoc/com/qualcomm/ftccommo.

B doc/javadee/com/qualcomm/robotcore/

Step 5: Select Open and the phone will install the Robot Controller app. Click Next to view all of the necessary
permissions. This completes the installation of the app. The phone is not needed again until a later section of

this document.

" Updating "Google Play Books"

) hitps://github.com m
[l ftctechnh / ftc_app =

[ doc/apk / FtcRobotController-release.apk  {p)

This file is binary and cannot be displayed
inline. Open binary file

FtcRobotController-release.apk
downloaded

8 Successfully updated "Google Play Books"

[ Saving screenshot..

BJ FTC Robot Controller BJ FTC Robot Controller FTC Robot Controller

Do you want to install this
application? It will get access to:

Do you want to install this

application? It will get access to: +/ App installed.

1Tau UIc LULILETILS Ul yUUl OU vaiu

PRIVACY

DEVICE ACCESS

v,P modify or delete the contents of
your SD card
read the contents of your SD card

—
O

change network connectivity
connect and disconnect from Wi-Fi

DEVICE ACCESS full network access

- : view network connections
change network connectivity

view Wi-Fi connection
connect and disconnect from Wi-Fi e CORRECons

full network access prevent phone from sleeping

view network connections

view Wi-Fi connections modify system settings

Cancel Next Cancel Install

Step 6: Perform the above steps using the Driver Station phone with the exception that the FtcDriverStation-
release.apk entry should be downloaded and installed.
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Option 2: Android Studio

Android Studio is one of the Integrated Development Environments approved for FIRST Tech Challenge Team
use by FIRST. It is a text-based IDE that can be used to build, deploy, and debug Java applications. The IDE is
available without cost for Windows, Mac OS X, and Linux and can be downloaded from the
https://developer.android.com website. Select “Develop”, then “Tools” and then the next selection will depend
onto which operating system Android Studio will be installed. This document will show all of the steps to
download the Windows 64-bit version of Android Studio and install it onto a Windows 10 computer. Windows
10 is the newest operating system released by Microsoft.

Android Studio is built around Java, so the Java Development Kit (JDK) must be installed before Android
Studio is installed. This year’s FTC SDK no longer requires version 7, so this document will show all of the
steps to download and install version 8 onto a Windows 10 computer.

The FTC SDK contains the Robot controller module which is the application that runs on the cell phone located
on the Robot. That cell phone controls the electronics on the Robot and communicates with another cell phone
that acts as the driver station. The driver station allows the Team to select Op modes, run the selected Op
modes and send gamepad inputs to the Robot controller.

The PushBot software package contains Op modes designed specifically for the PushBot. A simple manual
(i.e. TeleOp) Op mode is included in the package that allows a Team to control the Robot’s drive wheels using
one gamepad’s joysticks, control the Robot’'s arm using a second gamepad’s left joystick, and control the
Robot’s hands (i.e. servos) using two of the buttons on the second gamepad.

Installation will begin with the FTC SDK which contains the PushBot software. It will continue with the
installation of Android Studio and finish with deploying the Robot controller application to the cell phone.

NOTE: The sections in this portion build on actions made in the previous sections. It is recommended that
sections be completed in the order shown.

This document shows some steps that use the Windows Start key.
After pressing the Windows key (shown below), typing the name of the
application will cause a list of known applications to be shown. The
arrow keys can be used to select an item in the list. Once a list item is
selected, pressing enter will start the application.

NOTE: Before beginning,
charge the phones.

Gracious Professionalism® -
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Opening an Application under Windows 10

Some of the steps in this section use the new Microsoft browser known as Edge. This section shows how to
start an application using the Windows logo key. A similar procedure can be used to open other applications
(as shown in the next section — Opening File Explorer). The instructions for opening Edge are shown once

here and referenced in the sections that follow. Two options are shown below.

Option A: Press the Windows key and select the Microsoft Edge icon from the Windows start screen (shown in

the red circle).

po8 Life at a glance

Monday Get all your mail in one
Microsoft Outlook 2010 fl place

[ Microsoft Word 2010 > Mail ~]
@ Paint ‘
Bl Windows Media Player > e O

'A< Adobe Reader X \ MicrosoftEdge  Photos [l Cortana

) ] Paray ey @Buster_ESPN
Microsoft Visual Studio 2010 ThaMeteare

(oTg lj: on the verge of

finishing a de...
Washington,.. | Phone Compa..

= | %
File Explorer > Store Skype video
% Settings Play and explore
" Power

£= Allapps

Option B: Press the Windows key and type the name of the application — in this case the name is ‘Edge’.

Remember to press enter after typing the name.

=% O 0/ L
Best match

Microsoft Edge
Microsoft recommended browser

Store >

S8 My stuff
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The Edge application is shown below.

Data from Foreca | Last Updated 14 mins ago

B start X = — o
/[ O =
Where to next? ],
=
My news feed &
California, Maryland >
VY 9 °F  Mostly Sunny
g,O\“ 8 5 d 40%
Mon Tue Wed Thu Fri
K o | alalal :
A A \
Wl . Y 872 B84 B30 k8224 § 852
América’s 10 fastest-sélling used-cars-| 7 70° 68° 70° 750

Opening File Explorer (aka Windows Explorer)

Some of the steps in this section use File Explorer (FE). The
instructions for opening it are show once here and referenced in
the sections that follow. Two options are shown below.

Option A: Press the Windows key and select the File Explorer icon
from the Windows start screen (shown in the red circle).

Option B: Press the Windows key and type the name of the
application — in this case the name is ‘file explorer’. Remember to
press enter after typing the name.
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Microsoft Outlook 2010
m Microsoft Word 2010
d Paint

@" Windows Media Player

A~ Adobe Reader X

Microsoft Visual Studio 2010

File Explorer
Settings
Power

All apps

Life at a glance

Saturday

30

(5

Microsoft Edge

Mastly Sunny

) s

Washington,...

a

Store

Play and explore




Determining whether Android Studio can be installed

Android Studio publishes the qualities a computer must have to be able to run the IDE. Before installing the
Android Studio IDE, Java, or the FTC SDK, check whether the machine can run the IDE. If the machine can’t
support the Android Studio IDE’s minimum requirements, then there is no need to install Java or the FTC SDK,
so perform this check before installing anything. If the test fails, then a different machine will be needed.

Step 1: Open Edge and enter ‘https://developer.android.com/studio’ into the Address field.

B start X &8 o= O X
i — O =
Where to next? jo}
.
@developemndroid.com/sd@
My news feed &

California, Maryland

S °F Mostly Sunny
/CJ 40%

Mon Tue Wed Thu Fri

« BB B B B

iSave up to $500 on select PCs-and get a free
8-inch NuVision tablet 7i* [70° | 687|707 | 75

87° 84> 80° 82° 85°

Data from Foreca | Last Updated 3 mins ago
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Step 2: Scroll down until System Requirements are shown. The requirements for the Windows operating

system are shown in the red box.
Download Android Stuc X+ - O *

< - 0O

Find on page

| &

per.android.com/studio/i

kEnter text to search

FEATURES

dex.html

No results Options

< >

USER GUIDE

@ v | =

L Android Studio

< Back to Developers

DOWNLOAD

System Requirements

FEATURES

USER GUIDE

Windows

* Microsoft® Windows® 7/8/10 (32- or 64-bit)

* 2 GB RAM minimum, 8 GB RAM

recommended

2 GB of available disk space minimum,
4 GB Recommended (500 MB for IDE + 1.5
GB for Android SDK and emulator system

image)

+ 1280 x 800 minimum screen resolution

» Java Development Kit (JDK) 8

For accelerated emulator: 64-bit operating
system and Intel® processor with support
for Intel® VT-x, Intel® EMGAT (Intel® 64),

and Execute Disable (XD) Bit functionality

Mac

+ Mac® 0S X& 10.8.5 or higher, upto 10.11.4

(El Capitan)

2 GB RAM minimum, 8 GB RAM

recommended

+ 2 GB of available disk space minimum,

4 GB Recommended (500 MB for IDE + 1.5
GB for Android SDK and emulator system

image)

1280 x 800 minimum screen resolution

+ Java Development Kit (JDK) 6

This site uses cookies to store your preferences for site-specific language and display options.

Linux

GNOME or KDE desktop
Tested on Ubuntu® 12.04, Precise Pangolin
(64-bit distribution capable of running 32-bit

applications)

64-bit distribution capable of running 32-bit

applications
GNU C Library (glibe) 2.11 or later

2 GB RAM minimum, 8 GB RAM

recommended

2 GB of available disk space minimum,
4 GB Recommended (500 MB for IDE + 1.5
GB for Android SDK and emulator system

image)
1280 % 800 minimum screen resolution
Java Development Kit (JDK) 8

For accelerated emulator: Intel® processor
with support for Intel® VT-x, Intel® EM&4T
(Intel® 64), and Execute Disable (XD) Bit
functionality, or AMD processor with support
for AMD Virtualization™ (AMD-V™)
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Step 3: Press the Windows key and type ‘About Your PC’. Remember to press enter after typing this.

=Sl - @ 0O 0 8 O & P

Best match
fnt
About your PC
'@ System settings
-
-
(OB 15 My stuff 2 Web

Step 4: Match the information from the following window with the requirements shown in step 2 — the process
is shown below the following image. Note the System Type; it will be used later when installing the Java
Development Kit. For this document the system type is 64-bit.

& Settings - o X
€32 SYSTEM Find a setting
Display
Notifications & actions

XPS 8500

Apps & features
Multitasking PC name

Organization
Tablet mode

Edition Windows 10 Pro
Power & sleep Version 151

OS Build 10586.494
Storage

Product ID
Offline maps Processor Intel(R) Core(TM) i7-3770 CPU @ 3.40GHz 340

GHz

Default apps Installed RAM 120 GB

System type 64-bit operating system, x64-based processor
About

Penandtouch  No pen or touch input is available for this display

Change product key or upgrade your edition of Windows
Read the Privacy Statement for Windows and Microsoft services
Read the Microsoft Services Agreement that applies to our services

Read the Microsoft Software License Terms

Support

Manufacturer Dell

Website Online support

Related settings
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Requirement 1: Microsoft Windows 7/8/10 (32 or 64-bit). Since Windows 10 is shown, the requirement has
been met.

i,

PC name

Organization

Windows 10 Pro

Edition

Version 151

OS Build 10586.494
Product 1IN

Requirement 2: 2GB RAM minimum, 8GB RAM recommended. Since 8GB is greater than 4GB, the
requirement has been met.

[mOINN )] WVINUODWS U FTo

Version 1511

OS Build 10586.494

Product ID

Processor Intel(R) Core(TM) i7-3770 CPL
GHz

Installed RAM 12.0 GB

System type b4-bit operating system, xb4-

Pen and touch  MNo pen or touch input is avai
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Step 6: To compare the hard disk space, another Windows tool will be needed. Open File Explorer (known as
Windows Explorer on older systems). Right click “OS (C:)” and select Properties. If the computer has a touch
screen, hold a stylus or finger on “OS (C:)” until the context menu is shown.

Collapse

Browse with Corel PaintShop Pro X4
&) Tum on BitLocker
Scan with Windows Defender...

- O *
Open in new window
Pin to Quick access .
« w Share with > hOs(C) o
Restore previous versions o A
v O This P
Pin to Start
5 [ Deskt
) Format...
> Docu
> ‘ Downr Copy
3 J} Musi Rename
» [&] Pictu New >
B Vlde‘i Properties > 3
v m 05(C Frograrn Files
> SRecycle.Bin Program Files (x26) v
> SWindows.~WS v < >
18 items =

Requirement 3: 2 GB hard disk space. Since 500 GB is greater than 2 GB (1GB=1000MB), the requirement
has been met.

2. 0S(C:) Properties X
Security Previous Versions Quota
General Toals Hardware Sharing

1]

DS
i o)
Type: Local Disk

File system:  NTFS

Free space: 537,602,654 208 bytes 500 GB

Capacity: 957,202,910, es 1.80TB
Drive C: Disk Cleanup

[ Compress this drive to save disk space

Allow files on this drive to have contents indexed in addition to
file properties

Concel | [ oy

Requirement 4: At least 1.5 GB for Android SDK and emulator system images. Android Studio uses the
Android SDK and thus requires hard disk space for the SDK. Since 500 GB (refer to the image above) is
greater than 1GB, the requirement has been met.

MF'RST FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY Revision 1.1: 08.15.2016



Step 7: To compare the screen resolution, return to the PC Settings page (see steps 3 and 4) and select
Display. It might be necessary to enlarge the window by using the maximize button.

< Settings
53 SYSTEM
Notifications & actions
Apps & features
Multitasking PC name
Organization
Tablet mode
Edition W
Power & sleep Version 15
05 Build 10
Storage
Product ID
Offline maps Processor In
al
Default apps Installed RAM 12
System type 6
About
Pen and touch N

Step 8: Select Advanced display settings.

& s - o x
£33 SYSTEM [ Find a setting A
Display

Customize your display

Notifications & actions

Apps & features

Multitasking 1
Tablet mode

Power & sleep
Identify  Detect

Storage B
Change the size of text, apps, and other items: 100%
(Recommended)
Offline maps 2
L J
Default apps Orientation
| Landscape v |
About
Apply Cancel

Advanced display settings
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Step 9: Click on any portion of the Resolution drop box and a list of available resolutions will be displayed.

<« Settings = a x

5% ADVANCED DISPLAY SETTINGS

Customize your display

1920 x 1200 (Recommended)

Related settings

Color calibration

Requirement 5: If the 1280 x 800 minimum screen resolution is shown then the requirement has been met.
On the example system, a resolution of 1920 X 1200 is supported. Since the supported width (1920) is greater
than (or equal to) the minimum required width (1280) and the supported height (1200) is greater than (or equal
to) the minimum required height (800), the requirement has been met.

Reqguirement 6: Java Development Kit (JDK) 8. Since this document describes the process to install JDK 8,
this requirement will be met.

Optional Requirement 7: Since the last requirement (accelerated emulator) is optional, this document will not
determine whether this requirement has been met.

Installing the FTC SDK

QualComm developed the FTC SDK (Software Development Kit) to allow a cell phone to communicate with
other electronic components such as the DC motor controller, the servo controller, and the legacy module. This
SDK allows Teams to write Java classes known as op-modes, which allow Teams to customize the
functionality of the Robot. These Op modes are compiled using the SDK and deployed to the cell phone using
Android Studio. The FTC SDK must be installed onto the same machine that will host the Java SDK and the
Android Studio IDE. The FTC SDK is located at https://github.com/ftctechnh/ftc_app.
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Step 1: Open Edge and enter ‘https://github.com/ftctechnh/ftc_app’ into the Address field.

8 Mew tab I — O P4

— — O “0)  https://github.com/ftctechnh/ftc_app| — 7 ,( nee

Top sites

f . &
Facebook RCI - the largest t... Outlook Availability Result...

Get the app

Step 2: After entering the URL from the above step, the following page is shown. Select the “Clone or
download” button. Another dialog will display (the right image).

© i - neteenonme: X

- @
& O | @ st incus girwbcom % = 4 O -

O Personal Open source Business  Explore Pricing Blog Support  Th Signin -.J

x

ftctachnh / fte app Qwach 8 ks 31 Yk T4
<> Code il h
TC Android Studi t te FICH
s 2 w 123 convibyipa
. m(-«_o)
£2 fictechnh T T
FieRobotContr

Find file Clone or download v

Clone with HTTPS ®
Use Git or checkout with SVN using the web URL.

B8 READMEmd

ftc_app
https://github.com/ftctechnh/ftc_app.git [f;‘.

FTC Android Studio project ta create FTC Robot Controller app.

This is the FTC SDK that can be used 1o create an FTC Robat Controller app, with custom op modes. The FTC Robot Controller
app is designed to work in conjunction with the FTC Driver Station app. The FTC Driver Station app is available through

Google Play.

o use , downloa e entire project to your local computer. Use Android Studio to import the folder (“Import .

rjec lpsa ADT,Grs. Open in Desktop Download ZIP
Documentation for the FTC SDK are included with this repesitery. There is a subfolder called “doc” which contains several

subfolders:

il oonihe ",
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Step 3: After selecting the Download ZIP button, the browser displays a banner that indicates the file is

downloading.

) Gitkuib - Fctechnhyfics % 4 =
&« (9] i GeHub, Inc [US] githubcom (n]e-¢

@Waich B drSiar 291 WRek TH4

I“
N
D o

15 2 branches 17 refeases 123 contribustor

e

Clone with HTTPS &

Use Git or checkout with SVN using the web URL

https: srgithub, com/ ftctechnn/fee_app-git | B

Open in Dasktop Downlaad ZIP

b create FIC Robot Controller app.

be used to create an FTC Robot Controller app, tom op modes, The FTC Robot Controller
Mnjunction with the FTC Driver Station app. The § &1 Station app is available through

Jane the entire project to your local computer, Usthgfdroid Studio to import the folder (import
F 26% of fic_app-masterzip downlcaded from
codeload.github.com Pause cancel x

12 sec remaining

Step 4: After the file has finished downloading, select Open.

g | = | ftc_app-master.zip Compressed Folder Tools

Hame Share View Extract

T ; « Dow.. » ftc_app-.. v O Search ftc_app-master.zip 2

& M
) ame
s Cuick access

ftc_app-master
i Onelrive -°PP

EH This PC
I Desktop
Documents
& Downloads

Titern  State: a Shared

Fat
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Step 5: After performing the previous step, File Explorer should open. The FTC SDK is a compressed file with
a “.zip’ extension. The full name of the file is ftc_app-master.zip or ftc_app.zip; the name will vary depending on
how the zip file is obtained. If Windows is configured to hide file extensions (as shown below) only the first
portion of the file name will be shown, the “.zip” extension will be hidden. Notice that Compressed Folder Tools
is displayed in the Title Bar. Select ‘Extract’ and then ‘Extract all’.

e B = | ftc_app-master.zip Compressed Folder Tools - (Il ot
Home Share View - o

Documents =] Pictures [l Desktop §

- _ L]

Downloads | Documents =8

o Extract
| FICTUres E deds all

Extract To
E This PC

B Desktop

| Documents

‘r Downloads o >
1 item State:ﬂ Shared 1= =

Step 6: Select ‘Browse’.

5 Extract Comnpressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder
C:\Users\Lydean.SPANGLER\Downloads\ftc_app-master| ( Browse...

Show extracted files when complete

Cancel
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Step 7: Select a directory on your machine’s hard drive for the location of the copied file. For this document the
“‘Windows (C:)” folder will eventually be chosen. It will take several steps to find it. If the “This PC’ tree is
collapsed then use the small arrow next to it to expand it. Scroll up or down until OS (C:) comes into view.
Select it. The OS (C:) folder has been chosen for this document, because all members of our team can access
this location from any account. The location your team will choose depends on many factors: the security at

your location, whether your team will use a source control tool, etc.

| Select a destination
&~ « 4 I » ThisPC » Desktop

Organize - Mew folder

P
3 Quick access Mame

& OneDrive Mo iterns match your search,

w [ This PC
> [ Desktop

[= Documents
-‘ Downloads
J‘! Music

=/ Pictures

B Videos

i 0500

~ o Libraries
L 4

A8

Search Desktop

Date modified Type

Folder; | Desktop

Select Folder
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Step 8: Select OSelect Folder and the dialog will close and the Extract Compressed (Zipped) Folders dialog

will become active (shown in the next step).

i Select a destination

“ v g » ThisPC » O5(C) »
Organize « Mew folder
v [ This PC Mame
> [ Desktop apps
> Documents dell
> * Downloads Drivers
inetpub
> Music
J.] Intel
» &= Pictures Logs
> m Videos Perflogs

> & 05(C) Program Files
. . . Prograr Files (x26)
% g Libraries p

v

=

w | 0 Search 0% ()

Date modified

5/23/2012 2:04 AM
8/5/2012 2:39 PM
5/23/2012 3:08 AM
5/2/2016 10:20 PM
5/23/2012 1:46 AM
2/13/2016 8:18 AM
10/30/2015 3:24 AM
7/13/2016 8:48 PM
7/13/2016 8:48 PM

Type o

File fol
File fol
File fol
File fol
File fol
File fol
File fol
File fol
File fol .,
>

Folder: | 05 (C:)

e
Cors= D
e —

Cancel
Step 10: Select ‘Extract’. While it is extracting, another window may be shown.
X

g Extract Comnpressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder

|C:\

. Browse.. |

Show extracted files when complete

Cancel
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Step 11: The ‘ftc_app-master’ folder should then exist under the ‘Window (C:)’ folder.

apps
> dell

» gz Documents and Settings

1 item selected

19 items

i | = | 0S(C)
Home Share Wiew
€« * 1 e * ThisPC » O5(C) v @ | Search OS(C:)
> B Videos M Mame
v i 05(C) apps
SRecycle.Bin dell
» SWindows.~W5 Drivers

ftc_app-master
inetpub

Intel

Logs

PerfLogs

Program Files
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Installing the Java Development Kit (JDK)

The Java Development Kit must be installed before Android Studio. It
provides all of the classes that are used by the FTC driver station
and Robot controller applications. This section will describe how to
install it.

Step 1: Go to this URL:
http://www.oracle.com/technetwork/java/javase/downloads/jdk8-
downloads-2133151.html. Accept the License Agreement.

Note: The Java
Development Kit must be

installed before Android
Stiudin

Java SE Development Kit 8u101

Product / File Des

Linux x86

Linux =86

Linux x64

Linux x64

Mac 035 X

Solaris SPARC 64-bit
Solaris SPARC 64-bit
Solaris x64

Solaris x64

Windows x85
Windows x64

O Accept License Agreement

Linux ARM 32 Hard Float ABI
Linux ARM 64 Hard Float ABI

You must accept the Oracle Binary Code Linse Agreement for Java SE to download this

re.

# Decline License Agreement

? olze Download
7777 MB

Jdk-3u101-linux-arm32-vip-hilt tar.gz
7472 MB  jdk-8u101-linwe-arm&d-vip-hilt tar.gz
160.28 MB  jdk-8u101-linu=-i586.rpm
17496 MB  jdk-8u101-linux-i586 tar gz
158.27 MB  jdk-2u101-linux-x64.rpm
17295 MB  jdk-Bu101-linux-x64 tar.qgz
22T 36 MB  jdk-8ul101-macosx-xG4.dmag
13966 MB  jdk-8u101-solaris-sparcvd. tar.s
98.96 MEB  jdk-3u101-solaris-sparcvd.tar.gz
14033 MB  jdk-Bu101-solaris-x64 tar.Z
96.78 MB  jdk-8u101-solaris-x64 tar.gz
188.32 MB  jdk-Bu101-windows-i586.exe
19368 MB  jdk-Bul01-windows-x64_exe

Step 2: Select the download that matches your computer. Refer to section (Determining whether Android
Studio can be installed, step 4 to determine the system type. For this example, it is jdk-8u101-windows-

X64.exe.

Java SE Development Kit 8u101

¥ou must accept the Oracle Binary Code License Agreement for Java SE to download this

() Accept

Product / File Description

Linux ARM 32 Hard Float ABI
Linux ARM 64 Hard Float ABI
Linux x84

Linux =86

Linuy x64

Linux =64

Mac 05 X

Solaris SPARC G4-hit

Solaris SPARC G4-hit

Solaris x64

Solaris x64

Windows x86

Windows x64

Gracious Professionalism®

software.

License Agreement ® pecline License Agreement

File Size Download
FI7TMB  jdk-B8u101-linwc-am32-vip-hflt.tar.gz
7472 MB  jdk-8u101-linuwx-armaé4-vip-hfit tar.gz

16028 MB  jdk-3u101-linux-i586.rpm

17496 MB  jdk-8u101-linux-i586.tar. gz

15827 MB  jdk-8u101-linuwe-x64_rpm

17295 MB  jdk-3u101-linw-x64 tar.gz

22736 ME  jdk-B8u101-macosx-xG4.dmag

138966 MB  jdk-8u101-solaris-sparcv tar.d
93.96 MB  jdk-Bu101-solaris-sparcvd.tar.gz

14033 ME  jdk-Bu101-so0laris-<64 tar.”

96.78 MB  jdk-Bui101-solaris-x64.tar.gz

188.32 MB _peim¥™E1] G
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Step 3: Edge will download the file. After the download is complete, select Run. If a window is displayed that
asks “Do you want to allow the following program to make changes to this computer?”, select Yes..

Jdk-8u101-windows-xb4.exe finished downloading. Open folder View downloads X

Step 4: The installation of Java will begin by displaying the following window. Select Next.

ﬁ Java SE Development Kit & Update 101 (84-bit) - Setup *

Welcome to the Installation Wizard for Java SE Development Kit 8 Update 101

This wizard will guide you through the installation process for the Java SE Development
Kit 8 Update 101,

The Java Mission Control profiing and diagnostics toals suite is now available as part of
the JDK.

etz 1) Cancel

Step 5: The following dialog can be used to select which parts are installed and where the files will be located.
Choose Next to accept the default installation.

ﬁ Java SE Development Kit & Update 101 (84-bit) - Custom Setup *

Select optional features to install from the list below. You can change your choice of features after
installation by using the Add/Remove Programs utility in the Control Panel

Feature Description

. - N Java SE Development Kit 8
" tT°°| Undate 101 (64-bit), induding

) the JavaFX 5DK, a private JRE,
- =3~ | Public JRE and the Java Mission Control
tools suite. This will require
180MB on your hard drive.

Install to:
C:Program Files\Java\jdk1.8.0_101} Change. ..
e —
<gack | Next> [J  Cancel
T —
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Step 6: The installation continues by selecting where the files will be located. Choose Next to accept the
default installation.

Java Setup - Destination Folder — >

Destination Folder

Click "Change" to install Java to a different folder.

Ch\Program Files\Java\jre1.8.0_101

Status: Installing Java

3 Billion

Devices Run Java

«
=’]ava’ #1 Development Platform m
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Step 7: After the installation is complete, choose Close to exit the installer.

ﬁ Java SE Development Kit & Update 101 (84-bit) - Complete *

Java 5E Development Kit 8 Update 101 {54-bit) Successfully Installed

Click Mext Steps to access tutorials, API documentation, developer guides, release notes
and more to help you get started with the JDK,

Mext Steps

IS

Step 8: To determine whether the installation was a success, use the command prompt. Press the Windows
key and type ‘cmd’. Remember to press enter after typing the name.

= N & More v/
Best match

Command Prompt
Desktop app

Apps >

B8 Visual Studio x64 Cross Tools Command
Prompt (2010)

@ V52012 x86 Native Tools Command Prompt
@ V52012 ARM Cross Tools Command Prompt
Wweb ?

£ cmd

cmd‘
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The following window will be displayed.

BN Command Prompt — O >

Step 9: Type “java —version” and press return/enter

BE Command Prompt — O ot

Gracious Professionalism® -



Step 10: Verify that the version is “1.7.XXX". The close button () can be used to close the window.

EX Command Prompt - O *

Step 11: Select Close.

j&? Java 5E Development Kit 8 Update 101 (64-bit) - Complete =

Java 5E Development Kit & Update 101 {64-bit) Successfully Installed

Click Mext Steps to access tutorials, API documentation, developer guides, release notes
and more to help you get started with the JDK.

Mext Steps

=D
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Installing the Android Studio Integrated Development Environment (IDE)
The FTC SDK and Java Development kit have previously been installed. The next task is to install the Android
Studio IDE.

Step 1: The IDE is available for Windows, Mac OS X and Linux. It can be downloaded from
https://developer.android.com. Select Develop.

Android Developers x  + =

& > O ‘ 8 developerandroid.com/index.html * ‘

i
iN
& O

s
I'I Developers DESIGN DEVELOP  DISTRIBUTE

Android N
Developer Preview

Android N final SDK is now available! Get ready
for the next version of Android! Test your apps on
Nexus and other devices. Support new system
behaviors to save power and memory. Extend
your apps with multi-window Ul, direct reply
notifications and more.

> Learn more

Step 2: Select Tools on the submenu.

Develop Apps | Android X+ = (m] X
& > O ‘ E] developer.android.com/develop/index.htm| * ‘ == :/_ g
- B
|'| Developers DESIGN DEVELOP DISTRIBUTE Q, search

Android Studio 2.1,
now available!

Android Studio provides the fastest tools for building apps en
every type of Android device.

The latest version, Android Studio 2.1, adds support for N
Preview development on top of the faster Android Emulator
and Instant Run feature from 2.0.

> Get Android Studio > See the release notes
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Step 3: Select the green “Download Android Studio for Windows” button.

Download Android Stuc X = - o X
“ @) B developer.android.com/studio/inde pxd = 7 O
N; Android Studio  FEATURES  USER GUIDE Q, search

Android Studio
The Official IDE for Android

Android Studio provides the fastest tools for building apps on
every type of Android device.

World-class code editing, debugging, performance tooling, a
flexible build system, and an instant build/deploy system all
allow you to focus on building unique and high quality apps.

> Read the docs > See the release notes
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Step 4: Accept the terms and conditions from the next page to begin the download.

Download Android Studio

Before downloading, you must agree to the following terms and conditions.

Terms and Conditions

This is the Android Software Development Kit License Agreement

1. Introduction

1.1 The Android Software Development Kit (referred to in the License Agreement as the "SDK" and specifically
including the Android system files, packaged APls, and Google APls add-ons) is licensed 1o you subject to the terms
of the License Agreement. The License Agreement forms a legally binding contract between you and Google in

relation to your use of the SDK

1.2 "Android" means the Android software stack for devices, as made available under the Android Open Source

Project, which is located at the following URL: http://source.android.com/, as updated frem time to time,

@ad and agree with the above terms and conditions >

Step 5: After checking the terms and conditions, the download button will be selectable. Select the Download
Android Studio for Windows button. Edge should display a downloading banner. Select Save. This might take
some time to fully download

Download Android Studio

Before downloading, you must agree to the following terms and conditions

Terms and Conditions

This is the Android Software Development Kit License Agreement

1. Introduction

1.1 The Android Software Development Kit (referred to in the License Agreement as the "SDK" and specifically
including the Android system files, packaged APls, and Google APls add-ons) is licensed to you subject to the terms
of the License Agreement. The License Agreement forms a legally binding contract between you and Google in

relation to your use of the SDK

1.2 "Android" means the Android software stack for devices, as made available under the Android Open Source

Project, which is located at the following URL: http://source.android.comy/, as updated from time to time

| have read and agree with the above terms and conditions

'WNLOAD ANDROID STUDIO 2.1 FOR WINDOWS (1187 MB) ’
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Step 6: After the download is complete, select Run. As the installer is loading, the image below the following
image may be shown.

andrmd—st_udlo—bundle—‘I43.291582?—wmd0ws.exe finished FE T View downloads %
downloading.

% Please wait while Setup is loading...
- verifying installer: 41%

Step 7: If Android Studio has already been installed, the following window may be displayed. If this window
isn’t displayed continue to the next step.

Android Studio Setup — et

Uninstall old version

A version of Android Studio is already installed. It is recommended to remove older versions
of Andreid Studio before continuing.

Found in: | Ct\ssi_android_studio‘\androidistudio

Uninstall the previous version
(Settings and configurations will not be deleted in this process)

et 1) cancel
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Step 8: To begin the installation process select Next. If a window is displayed that asks “Do you want to allow
the following program to make changes to this computer?” select Yes.

Welcome to Android Studio Setup

Setup will guide you through the installation of Android
Studio.

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Click Next to continue.

Android

' J 5 -
~— ' ™\
(- _lu (' KJ

Cancel

Step 9: The following dialog can be used to select which parts are installed. Choose Next to accept the default
installation.
Android Studio Setup — *

Choose Components
Choose which features of Android Studio you want to install,

Checdk the components you want to install and unched: the components you don't want to
install. Click Next to continue.

Select components to install: Android Studia Description
Android SDK
Android Virtual Device

Space required: 4.2GB

< Back 'l' Cancel
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Step 10: Accept the License Agreement for the Android SDK by selecting ‘| Agree’.

License Agreement
Please review the license terms before installing Android Studio.

Press Page Down to see the rest of the agreement,

To get started with the Android SDK, you must agree to the following terms and
conditions.

This is the Android SDK License Agreement (the "License Agreement”).
1. Introduction

1.1The Android SDK (referred to in the License Agreement as the "SDK" and specifically
induding the Android system files, packaged APIs, and SDK library files and tools , if and
when they are made available) is licensed to you subject to the terms of the License
Agreement. The License Agreement forms a legally binding contract between youand v

If you accept the terms of the agreement, dick I Agree to continue. You must accept the

agreement to install Android Studio.

=D

Step 11: The following dialog can be used to select the installation location. Choose Next to accept the default
installation.

on Android Studic Setup — *

Configuration Settings
Install Locations

Android Studio Installation Location

The location specified must have at least S00ME of free space.
Click Browse to customize:

| C:'Program Files\android\android Studio | | Browse.

Android SDK Installation Location

The location specified must have at least 3.2GB of free space.
Click Browse to customize:

| C:\Usersy \AppDataiLocal\androidisdk | | Browse...

< Back | Cancel
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Step 12: Choose ‘Install’ to accept the default start menu folder.

= Android Studic Setup —

Choose Start Menu Folder
Choose a Start Menu folder for the Android Studio shortcuts.

Installing
Please wait while Android Studio is being installed.

Select the Start Menu folder in which you would like to create the program's shortcuts. You
can also enter a name to create a new folder.

Accessibility
Accessories
Administrative Tools
Dell

Google Chrome

Extracting Android SDK. .. 83% (3173 / 3783 MB)

Intel

Intel PROSet Wireless
Java

Java Development Kit
Maintenance

Microsoft Silverlight
[]Do not create shortcuts

< Back Mext = Cancel

Step 13: When the installation is complete, select ‘Next'.

Installation Complete
Setup was completed successfully.

Cancel
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Step 14: Open Android Studio by selecting ‘Finish’. If Android Studio was previously installed, then choose

whether the previous settings will be retained (bottom image).

Completing Android Studio Setup

Android Studio has been installed on your computer,

Click Finish to dose Setup.

" Complete Installation

You can import your settings from a previous version of Studio.

() L want to import my settings from a custom locatiort

Spedfy config folder or installation home of the previous version of Studio;

(®) I do not have a previous version of Studio or I do not want to import my settings

The following screen will be displayed while Android Studio is opening.

s Android

Studio

Powerad by the Intelli) Platform
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Step 15: Choose ‘Next’ to select the default Ul Theme.

,u( Select Ul Theme

© Intelli) O Darcula

module ; [ src (¥ Helloworld

(¥ Helloworld.java x ‘

@import javax.swing.*;
Climport java.awt.*:

public class HelloWorld {
=] public HelloWorld{) {
"] JFrame frame = new JFrame ("Hello wor
H JLabel label = new JLabel(};

| Breakpoints

+ — b @[

Step 16: Select ‘Finish’ and the Android Studio Welcome page will be shown.

A Downloading Components

Android SDK was installed to C:‘\Users\STEMacticn\AppData‘Local\Android\sdk
Refresh Sources:

Fetched Rdd-ons List successfully

Refresh Sources

Inatalling Archives:

Preparing to install archiwves

Installing Google Repository, revision 18

Installed Google Repository, revision 18

Done. 1 package installed.
Android SDK is up to date.
Creating Android wvirtual device
Android virtual device Nexus_5_APT 22 x86 was successfully created

‘ Previous ‘ | Next ‘ | Cancel
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Step 17: Open the FTC SDK by selecting ‘Open an existing Android Studio project’.

® Welcome to An

droid Studio

Android Studio

L¥ Start a new Android Studio project

< [ Open an existing Android Studic project >

¥ Check out project from Version Control «

e Impert project (Eclipse ADT, Gradle, etc.)

¥ Import an Android cede sample

# Configure

Get Help +

Step 18: It might take a while for the dialog to completely load. If ‘ftc_app-master’ doesn’t show in the list after
a long while, close the “c:\” folder by clicking the triangle to the left of ‘C:\’ and reopen the folder by clicking the
triangle again. Single click the ‘ftc_app-master’ folder. Select ‘OK’. Android Studio will attempt to build the

project and several windows will b

e displayed before the IDE opens.

/

® Open File or Project X

ACDeD

| Ci\ftc_app-master
' Caca

[ apps
[ dell
[ Drivers
[T inetpub
1 Intel
[ Logs
[ Perflogs
1 Program Files
B Program Files (x26)
[ ssi_android_studio - 2016-02-22-19-25
[ ssi_android_studio-2016-04-29-17-30-as-removed
[ Temp
[ Users
[ Windows

s
Drag and drop 2

X O &

Hide path

file into the space above to quickly locate it in the tree

Building ‘ftc_app’ Gradle project info

Gra

dle: Build

C

)
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FIRST® Tech Challenge PushBot Build Guide | 59

Step 19: Close the Tip of the Day window.

® Tip of the Day >

Q Did you know ... 7

Welcome to Android Studio 2.1

You can quickly get familiar with the main features of the IDE by reading these
tips. You may try out the features described in the tips while this dialog stays
open on the screen. If you close the dialog, you can always get back to it from
the Help | Tip of the Day main menu item.

Show Tips on Startup

Step 20: If the ftc_app-master project isn’'t shown, click on the triangle next to Android (near the top left portion
and select Project from the drop down list. The image below is sometimes how the project opens (i.e. without

the SDK showing).

»~
File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help
DHD ¢#4 XD QR ¢ HJpwevh ¥@ $LEF 7

spein E  saloig uane 3

i sncare | APoR

Messages Gradle Sync

% = 1 Failed to sync Gradle project 'ftc_app'
@ Error: Cause: falled to find target Google Inc.:Google APIs:19 : C:\Users\STEMaction\AppData\Local\Android\sdk
" Open Android SDK Manager

M 2 Favorites  # Build Variants
~ G+
I« &

# & Android @ Terminal _ 2TODO " EventLog [ Gradle Console
» §
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60| FIRST® Tech Challenge PushBot Build Guide

Step 21: If an error message is displayed at the bottom of the window, then the following steps may help.

Step 21 Al: If Open Android SDK Manager is being displayed, then install the Android SDK Manager by
selecting the link near the bottom of the page. If there is no message that indicates “failed to find Build
Tools...”, then the installation is complete and proceed to the next section “Installing the Push Bot Op modes”.

IEile Edit View Mavigate Code Analyze Refactor Build Run Tools VCS Window Help

oo ¢r xoman ¢ HEIP &n kL @ SEREH 7 a
Inﬂ:_app}

apeiD G  sRloig U 3

=

essages Gradle Sync - L
|-r 'i Failed to sync Gradle project ‘ftc_app’
weTTalled to Nind tangetGoogle Inc.:Geogle APIs:19 : C:\Users\STEMaction\AppData\Local\Android\sdk

@ Emg 2 sDK

N e+ X
Ie & ol ol

* 2:Favorites  # Build Variants

%1000 ™ EventLog = Gradle Console
N ]

#6 Android B Terminal

Step 21 A2: Deselect all components using the ‘Deselect All' button near the bottom of the window.
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Packages Tools

SDK Path: C:\Users\STEMaction\AppData\Local\Android\sdk

Packages
# Name APl Rev. Status ~
Du Tools
:Il’ Android SDK Tools 24... ¥ Installed
:‘l Android SDK Platform-tools 22 ¥installed
:I#' Android SDK Build-tools 22... Finstalled
:‘4" Android SDK Build-tools 21... " Not installed
:‘4" Android SDK Build-tools 20 " Not installed
:‘4‘ Android SDK Build-tools 19.1 = Not installed
DL‘; Tools (Preview Channel)
D#‘ Android SDK Platform-tools 23.. " Not installed
I:I#' Android SDK Build-tools 23.. I Not installed

[ |2 Android M (API 22, MNC preview)

:‘E- Documentation for Android 'MN MNC

[ | SDK Platform Android M Previes MNC
L Samples for SDK APl MNC Previ MNC

|| Android TV Intel x86 Atom Syste MNC

[ |m= ARM 64 v8a System image ~ MNC
% ARM EABI v7a System Image ~ MNC

[ |m® Intel x86 Atom_64 System Imagi MNC

|| Intel x86 Atom System Image ~ MNC
L_|m= MiPs System image MNC
:E Souices for Android 'MNC' Previ MNC
[ = Android 5.1.1 (API 22)

:II:I Documentation for Android SD 22 1 Finstalled

[ ] SDK Platform 22 2 Finstalled v

Show: |¥| Updates/New Installed Select New or Updates Install packages...

" Not installed
= Not installed
"I Not installed
"I Not installed
"I Not installed
S Not installed
" Not installed
" Not installed
S Not installed
"I Not installed

N S I L A L LSRN

[l Obsolete Deselect All Delete packages...

‘ Deselects all the currently selected item

Done leading packages. I

Step 21 A3: Select the box (red circle) next to Android 4.4.2 (APl 19). All components beneath that element will
become checked. Install the components (red arrow).
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Packages Tools
SDK Path: C\Users\STEMaction\AppData\Local\Android\sdk
Packages

® Name APl Rev. Status

||”_‘| Tools

|:|E2 Tools (Preview Channel)

|:|E2 Android M (API 22, MNC preview)

* | |rz Android 5.1.1 (API 22)

| |e= Android 5.0.1 (API 21)

Q Android 4.4W.2 (API 20)

) -
! Not installed

L Samples for SDK " Not installed
I:l ARM EABI v7a System Image " Not installed
Iil Intel x86 Atom System Image " Not installed
'ﬁ' Google APIs (x86 System Image; " Not installed
'ﬁ' Google APIs (ARM System Image "~ Not installed
'ﬁ' Glass Development Kit Preview " Not installed
@ Sources for Android SDK " Not installed

| |r= Android 4.3.1 (API 18)

| |r= Android 4.2.2 (API 17)

* | |rz Android 4.1.2 (API 16)

* | |rz Android 4.0.3 (API 15)

- | |r= Android 2.3.3 (API 10)

| |m= Android 2.2 (API 8)

4 DD Extras
Dﬁ Android Support Repository 16 ¥ Installed
|:| & Android Support Library 22... " Not installed

=

W

Show: [¥| Updates/New [¥|Installed Select New or Updates nstall 8 packages..

|| Obsolete Deselect All Delete packages...

O =

Done loading packages.

Step 21 A4: Accept the License Agreements.
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Packages Package Description & License

4| Android SDK License| A | Packages
Y« SDK Platform Androi - SDK Platform Android 4.4.2, API 19,
Y% Samples for SDK AP revision 4
“% ARM EABI v7a Systel - Samples for SDK API 19, revision 6
“% Intel x86 Atom Syste - ARM EABI v7a System Image, Android APl v

Y% Google APIs (x86 Sy: Copy to
Y% Google APls (ARM S Accept Reject clipboard () Accept License
Y

V. Cmuivene for Amdenid | Print

[*] Something depends on this package Install Cancel

Step 21 A5: Install the packages. While the packages are being downloaded and installed, the status bar at the
bottom of the Android SDK Manager will update (image below the following image).

Packages Package Description & License

+ Android SDK License A | Packages
+ SDK Platform Androi - SDK Platform Android 4.4.2, API 19,
+ Samples for SDK AP revision 4
+ ARM EABI v7a Systel - Samples for SDK API 19, revision 6
+ Intel x86 Atom Syste - ARM EABI v7a System Image, Android APl v

+ Google APIs (x86 Syt Copy to

+ Google APIs (ARM S Accept [ Reject clipboard @)}

.4 Crtirrnn e Andenid Y | Print

[*] Something depends on this package Cancel
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Packages Tools
SDK Path: C:\Users\STEMaction\AppData\Local\Android\sdk
Packages

i Name APl Rev. Status

Df_‘l Tools

DL‘.‘; Tools (Preview Channel)

DL‘.‘; Android M (API 22, MNC preview)

| |t= Android 5.1.1 (API 22)

| |r= Android 5.0.1 (API 21)

DQ Android 4.4W.2 (API 20)

W]z Android 4.4.2 (API 19)
'ﬁ' SDK Platform "I Not installed
L Samples for SDK " Not installed
III ARM EABI v7a System Image I Not installed
Iil Intel x86 Atom System Image I Not installed
'ﬁ' Google APis (x86 System Image; " Not installed
'ﬁ' Google APIs (ARM System Image " Not installed
'ﬁ' Glass Development Kit Preview " Not installed
Sources for Android SDK "I Not installed

| |r= Android 4.3.1 (API 18)

| |t= Android 4.2.2 (API 17)

| |r2 Android 4.1.2 (API 16)

| |r= Android 4.0.3 (API 15)

| |e= Android 2.3.3 (API 10)

| |r= Android 2.2 (API 8)

DD Extras
Dﬁ Android Support Repository 16 ¥ Installed
D @ Android Support Library 22... " Not installed

v

- [V]Installed Select New or Updates nstall 8 packages..

[ | Obsolete Deselect All Delete packages...

Downloading SDK Platform Android 4.4.2, API 19, revision 4 (12%, 2482 KiB/:
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Step 21 A6: After the download has completed, close the dialog.

Packages Tools
SDK Path: C:\Users\STEMaction\AppData\Local\Android\sdk
Packages

i Name APl Rev. Status

||”_‘| Tools

DL‘.‘; Tools (Preview Channel)

DLT.& Android M (API 22, MNC preview)

- [ | Android 5.1.1 (API 22)

- [ | Android 5.0.1 (API 21)

I:‘E Android 4.4W.2 (API 20)

4 [W]e2 Android 4.4.2 (API 19)
|| SDK Platform & Installed
DL Samples for SDK ¥ Installed
DIII ARM EABI v7a System Image # Installed
Dlil Intel xB86 Atom System Image & Installed
D'ﬁ' Google APls (x86 System Imagg ¥ Installed
D'ﬁ' Google APls (ARM System Ima¢ ¥ Installed
'ﬁ' Glass Development Kit Preview " Not installed
D Sources for Android SDK # Installed

| Jrz Android 4.3.1 (API 18)

- [ | Android 4.2.2 (API 17)

- [ | Android 4.1.2 (API 16)

- || Android 4.0.3 (API 15)

- [ | Android 2.3.3 (API 10)

[ | Android 2.2 (API 8)

g I:‘I:I Extras
Dﬁ Android Support Repository 16 ¥ Installed
D @ Android Support Library 22... " Not installed &

Show: || Updates/New Installed Select New or Updates Install 1 package...

[ | Obsolete Deselect All Delete packages...

O

Done loading packages.
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Step 21 A7: If Android Studio doesn’t automatically attempt a rebuild, close Android Studio and restart it. If a
different error message than the previous error message, select the blue link again to install Build Tools 21.

~ ®
file Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help
DHG «#» X000 AR ¢ HEJr & v b ¥ LA ? Q
Ciftcapp

Structure -

5133004 UBRRIN 3

o
o
g

© Coptures |[ATISUUGIE]  1:Project

e to find Build Tools revision 21,13
stail Build Tools 21.1.2 and syne proje

_ Instail ind syne project

% 2: Favorites  # Build Variants
~ @+ X

BTIODO 4§ Anckoid M Terminal ® Evertiog M Grade Consale
(L]

[ n]

Step 21 A8: Accept the quick fix license. The following window might display Build-Tools 19, which is required
by the current FTC SDK.

H

License Agreement
Read and agree to the licenses for the components which will be installed

Licenses License
v *Android SDK License To get started with the Android SDK, you must agree to the following terms and conditions.

2 *Android SDK Build-Tools 21

This is the Android SDK License Agreement (the "License Agreement”).
1. Introduction

" 1.1 The Android SDK (referred to in the License Agreement as the "SDK" and specifically
including the Android system files, packaged APIs, and SDK library files and tools . if and when
they are made available) is licensed to you subject to the terms of the License Agreement. The
License Agreement forms a legally binding contract between you and Google m relation to your
use of the SDK.

1.2 "Android" means the Android software stack for devices, as made available under the

e
(-] Decline‘ O Accept ,

| Previous | | Next | | Ganeel ] | Finish |
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Step 21 A9: Click ‘Next’ to install the components. The following window might display Build-Tools 19, which is
required by the current FTC SDK.

L

License Agreement

Read and agree to the licenses for the components which will be installed

Licenses License
~ Android SDK License To get started with the Android SDK, you must agree to the following terms and conditions.

& Android SDK Build-Tools 21.1.2 . . .
This is the Android SDK License Agreement (the "License Agreement”).

1. Introduction

" 1.1 The Android SDK (referred to in the License Agreement as the "SDK" and specifically
including the Android system files, packaged APIs, and SDK library files and tools . if and when
they are made available) is licensed to you subject to the terms of the License Agreement. The
License Agreement forms a legally binding contract between you and Google in relation to your
use of the SDK.

1.2 "Android" means the Android software stack for devices, as made available under the

O Dedine & Accept

Previous " Next DCanceI H Finish I

Step 21 A10: Return to Android Studio by selecting ‘Finish’.

M~

Installing Requested Components

SDK Path: C\Users\STEMaction\AppData\Local\Android\sdk

Loading SDK information. ..

Refresh Sources:
Fetched Add-ons List successfully
Refresh Sources

Installing Archives:
Preparing to install archives
Installing Android SDK Build-tools, revision 21.1.2
Installed Android SDK Build-tools, revision 21.1.2
Done. 1 package installed.

I Previous l l Next “ Cancel [
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Step 21 B1: If Please fix the project’'s Gradle settings is being displayed, then select the link near the bottom of
the page. The progress of the operation will be shown at the bottom of Android Studio - to the left of a gray
scrolling status window, Refreshing ‘ftc_app-master’ Gradle project will be displayed. If there is no message
that indicates “failed to find Build Tools...”, then the installation is complete and proceed to the next section
“Installing the Push Bot Op modes”.

IEile Edit View Mavigate Code Analyze Refactor Build Run Tools VCS Window Help

oo ¢r xoman ¢ HEIP &n kL @ SEREH 7 a

apeiD G  sRloig U 3

=1 7; Structure |

£ Messages Gradle Sync
:

%

H

i

;

~

*

#6 Android B Terminal %1000 ™ EventLog = Gradle Console
™)
® ftc_app-master - [C:\ftc_app-master] - Android Studie 2.1.2 — O *

File Edit View MNavigate Code Analyze Refactor Build Run Tools VC5 Window Help
DHD #2 0 QKA &> (- JpElaacE 8 $Las ? Q
Eiftc_qlp—nnster)

O x| % I

b [2 ftc_app-master (C\ftc_app-master)

3|peiD (3

[SPOIN PIOIPUY Sk

l:: 1 Structure

l'l &: Android Monitor Terminal TODO 01 Event Log [=] Gradle Console

Gra... (@ minute ago) J| = Gradle: Compile script into cache QI Context: <no contexts " % 0
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Step 21 C1: If Install missing platform(s) and sync project is being displayed, then select the link near the
bottom of the page. The window in 21 A8 is displayed. Complete the steps for Build Tools 19 AND Build Tools
21.1.2.

L] ftc_app-master - [C\ftc_app-master] - Android Studic 2.1.2 — [m] X
File Edit View MNavigate Code Analyze Refactor Build Run Tools VCS Window Help

ODEHO ¢+ 400 Q¢ B JpE:hal YT EERE®? Q
[ ftc_app-master

5 Android - k. A

i @
g » [ ftc_app-master (C\ftc_app-master) ]
& 2
- m
v

5

t

£

i

Q}' Messages Gradle S) 8- L

x Failed to sync Gradle project *ftc_app-master’

g 4 @ Error: failed to ﬁn_d target android-19 : C:\Use_rs\Lydean.SPANGLER\AppDam\LOG[\Andmid\Sdk

= = Install missing pbtform(s) and sync project

s

S|+ @

° L

2 ?

=

E -
= i
L =
E E
& z

=
w g
g a
=1 o
s
5+ 6: Android Monitor Terminal =) 0: Messages =% TODO ©h Eventlog [l Gradle Console
[ Gradle sync failed: failed to find target android-19 : C:\Users\Lydean.SPANGLER\App... (2 minutes age) Context: <no contexts w820

Step 21 D1: If Android Gradle Plugin Update Recommended is being displayed, then follow the indicated steps
to download and install it. The status of the process will be shown on the lower frame of the Android Studio
window.

® Android Gradle Plugin Update Recommended *
The project is using an old version of the Android Gradle plugin.

To take advantage of all the latest features, such as Instant Run, we strongly
recommend that you update the Android Gradle plugin to version 2.1.2.

You can learn more about this version of the plugin from the release notes,

e T
( Update ’ Remind me later J l Don't rernind me again for this project
)
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Step 31: Installation should be complete at this point. If an error message continues to be displayed, refer to
the Android Studio website or FIRST Tech Challenge forum for more information.

Registering the PushBot Op modes

Before the Driver Station will display an Op mode, it must be registered (i.e. added to the FTC Robot Controller
application’s list of Op modes). You should verify that the PushBotAuto and PushBotManual Op modes are
registered so that they will be listed as an available Op mode on the Driver Station.

Step 1: If Android Studio isn’t still open, open it now. Open the FticRobotController tree using the small arrow to
its left. Continue opening the tree until the Op modes item is shown (i.e. open FtcRobotController, then Java,
then com.qualcomm.ftcRobotcontroller, then Op modes). Verify that the PushBot Op modes are in the tree.
Note that there are multiple entries in the tree that begin with ‘PushBot’: PushBotAuto, PushBotHardware and
PushBotManual (green circle). Other files have been added since PBv1, which aren’t shown in the image
below.

File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help
DS ¢« XOd AR ¢ MJp & ¥ 5% 7 Q

* Ui ftc_app-master (C:\ftc_app-master)
. A+ Cidea
" Dapp
v O FtcRobotController
» Dlibs

v Bisre

s1al01d Usnen 5

¥ Bmain
» Blassets
¥ Djava

¥ Blcom

* O qualcomm
v O ftarobotcontroller
v Blopmodes
[3 CompassCalibration java
[3 FtcOpModeRegisterjava
[ IrSeekerOp java
[3 K9TeleOp java

(3 LinearlrExample java
(3 Lineark9TeleOp java
(3 Nullop java

[3 NxtTeleOp java

g .ja
la PushBotAuto java
[3 PushBotHardware java
3 PushBotManualjava

g

g [ FtcRobotControllerActivity jav
i s package-infojava

*

» Mirac

2TODO @ Terminal ™ Event Log Gradle Console
BF de d: Android is detected in the project Configure (28 minutes ago) - @
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Step 2: Open the FtcOpModeRegister file (red oval) by double clicking it.

File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help

ODHO #+ X000 QR ¢ B-]r & $@E 88 ?

Q

ftc_app-master (C:\ftc_app-master

S+ bapp
£+ OReRobotController
2 » libs
: v Bisrc
* B main
» Dlassets
¥ Dljava
v Bicom
v DO qualcomm
* O ftcrobotcontroller
[# IrSeekerOp java
[3 K9TeleOp java
(3 LinearlExample java
[3 Lineark9TeleOp java
[& Nullop java
[& NxtTeleOp java
[3 package-infojava
[3 PushBotAutojava
[# PushBotHardware java
B [# pushBotManual java
E [# FteRobotControllerActivity.ja
x [4 package-info.java
* » Clires

@2TODO @ Terminal
O Frameworks detected: Android framework is detected in the project Confiqure (28 minutes ago)

safaig uanepy 3

T Eventlog ¥ Gradle Console
v @

| 71

Step 3: Scroll through the file until the ‘manager.register’ lines are visible; they will have green (strings) and
blue (class names) text. Using the existing entries as a guide, type “manager.register (“PushBotAuto”,
PushBotAuto.class);” and “manager.register (“PushBotManual”, PushBotManual.class);”. Do NOT
create a line for the PushBotHardware class (or the other new Push Bot classes). The new lines are shown in
the red rectangle. These lines may already exist in the FtcOpModeRegister file.

”

Eile Edit View Navigate Code Analyze Refactor Build Run Teols VCS Window Help

ODHD #4+ XH0 QAR ¢ Wi-]Jrww ¢G5 §8& 7 Q
ﬂﬂ:_-w—m}Elupp}ﬁicRnboKIommller)Elsrc)ﬁnﬁ\)Djaw)bmm)ﬁ }EI" i )tl ! )EFﬁ(‘ i ister )
& Project -\ & % | # 1| [FtcOy java * |m
© Caftc_app-master "\t app-asion) 7o v|§
» Sidea ¥ Reglster Op Modi U Mmanager.reglster ("NULIUPY, NULLIUD.CLlass);
E .
o 7 Dapp public class Frcop manager.register ("IrSeekerOp", IrSeeckerOp.class);
E * CiFtcRobotControll . . . . .
H . r:crbs otcentroler s manager.register ("CompassCalibration"”, CompassCalibration.class):;
i .
E v Bisic - :b::“o';i' manager.register ("NxtTeleOp", NxtTele .class
v Bimain N manager.register ("PushBotAuto", PushBotAuto.class);
\ o assets + gparam managei =
. */ manager.register ("PushBotManual", PushBotManual.class);
v Djava public void regit
* Bicom
* Biqualcomm 3
v D ftrobotcontroller
v Bopmodes
[ CompassCalibration java
— * If two or more op modes are registered with the same name, the app will display an error.
{4 FtcOpModeRegister java .
[3 IrSeekerOp java
[ K9TeleOp java manager.register ("K9TeleOp", K9TeleOp.class):
N manager.register ("LinearK9TeleOp", LinearK9TeleOp.class);
[& LinearliExamplejava manager.register ("LinearIrExample”, LinearIrExample.class);
[3 Lineark9TeleOp java manager.register ("Nullop", Nullop.class):
[ NullOp java manager.register ("IrSeekerOp”, IrSeekerOp.class):
K manager.register ("CompassCalibration”, CempassCalibration.class);
[3 NxtTeleOp java 4 o " ;
[4 package-info java manager.register ("PushBotAuto”, PushBotRuto.class):
[3 PushBotAuto java manager.register ("PushBotManual®, PushBotManual.class);
s PushBotHardware,ava .
H [3 PushBotManual java
E [i FteRobotControllerActivity jax
= [# package-info java
* b Pirac
" Eventlog [ Gradle Console

BTODO B Terminal

O Frameworks detected: Android framework is detected in the project C: ure (32 minutes ago|

65:56 LF¢ windows-1252: & &
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Step 4: Build by selecting the green triangular button near the top of the window (red arrow). Note the results of
the previous step (green oval). This may take a while. Status is displayed at the bottom of the window.

File Edit View Navigate Code Analyze Refactor Build Run Jools VCS Window Help

(=]

“ftc app " FtcRobotController  sric “main Run FtcRobotCoff
| # Android

-
.

YA XOE AR

& % 3% (@ FtcRobotController~ [Rl#% » L ¥ @ $ K & & ?

oller’ (Shift+F10) o ler ' &3 di

< FtcOy

- @ % 8- 1 © FrigDpModeRegister java

|+ CiFtcRobotController
* B manifests

v Djava

@ Captures <17 Structure

# Build Variants

* 2: Favorites

v B com.qualcomm.ftcrobotcontroller
v [lopmodes

& = CompassCalibration
¢ » FtcOpModeRegister
€ % IrSeekerOp
&= K9TeleOp
&= Nullop
& = NxtEncoderOp
= NxtTeleOp
B package-infojava
&= PushBotAuto
€@ PushBotHardware
& = PushBotManual
& o TestIRSeekerV3
@ = ConfigWifiDirectActivity
@ FtcEventLoop
& = FtcRobotControllerActivity
& FtcRobotControllerSettingsActivity
& » FtcWifiChannelSelectorActivity
[ package-info java
& = ViewLogsActivity

Cires
» Caassets
v @ Gradle Scripts
2 build.gradle (Project: ftc_app!

2TODO  # & Android ™ Terminal
@ Run selected confiquration

pubiic clasf Trcopioderegiater inplements OpModeRegiater (

public vold register (OpModeManager manages) |

= ez (H9Teledp", HITel 1
manager.register ("W 10p. class) :
1 Irseel

Q

<

3peio s Salod UsheIN 3

™ EventLog = Gradle Console
64:43 LF: windows-1252: & &

Step 5: Observe that the build completed successfully and the Choose Device window opens.

MF'RST FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY

® Select Deployment Target

Mo USB devices or running emulators detected

Connected Devices

<none>

Create New Emulator

[_] Use same selection for future launches

X

Troubleshoot

o J=y
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Installing the USB Device Driver
This section applies only to the Robot Controller cell phone.
The correct USB driver will need to be installed onto the

Windows computer hosting Android Studio. Without the Note: You must perform these
correct driver, Android Studio cannot connect to the cell steps to utilize Android Studio.
phone when it is connected via a USB cable. Also the Without Installing the Driver, your
computer will treat the device as a media player or storage phone will be treated like a media
device (like a FLASH drive). File Explorer (aka Windows player/storage device, not a Robot
Explorer) might be able to access files on the cell phone in Controller.

this mode, but Android Studio will not recognize the device
as an available Android device.

Step 1: Using the cell phone’s power cable (with the
charging block removed so one end is a USB connector), plug the USB connector into a USB port on the
phone.

Step 2: Select ‘Install driver’ on phone.

JAH YW

Connect to PC

Charge only

Charge your phone via USB

Install driver

Select this option when fez
(Connect to PC

enabled for the fir
unavailable

Media device (MTP)

Use phone as USB storage and transfer @
files when it is connected to Windows PC

or Mac

Camera (PTP)

Use camera software to transfer pictures
from phone to PC.

v Enable USB debugging

Don't ask me again

Help
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Step 3: When ‘Install driver’ is selected on the phone the computer will detect the connection. Confirm the
computer’s prompt.

CD Drive (E:) USB_Driver
Tap to choose what happens with this disc

P ig o THSPM

5/27/2015

Step 4: After confirming the prompt, another prompt will be displayed. Select ‘Run AuroRun.exe’. If the screen
darkens and a dialog asks “Do you want to allow the following program to make changes to this computer?”,
select ‘Yes’.

CD Drive (E:) USB_Driver

Choose what to do with this disc.
Install or run program from your media

AN Run AutoRun.exe
XM Published by ZTE CORPORATION

Other choices

Open folder to view files
;

File Explorer

@ Take no action
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Step 5: The Select Setup Language dialog should be displayed. Select ‘OK’.

__El_ Select the language to use during the
I .'"!#_-' installation:

| Engiish

Step 6: Select ‘Next’ to continue with the installation.

]ﬁ‘ZTE N9130 - ZTE Handset USB Driver - =X ]

Welcome to the ZTE Handset USB
Driver Setup Wizard

This will install ZTE Handset USB Driver on your computer.

It is recommended that you dose all other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.
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Step 7: Select ‘Next’ to accept the default location for the driver.

ﬁ%‘ZTE N9130 - ZTE Handset USB Driver - =X ]
Select Destination Location
Where should ZTE Handset USB Driver be installed?

| . Setup will install ZTE Handset USB Driver into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

C:\Program Files\ZTE_Handset_USB_Driver| | | Browse...

At least 13.9 MB of free disk space is required.

ZIE Corperation
| < Back @| Cancel

Step 8: Select ‘Next’ to accept the default location of the driver shortcuts.

]i%"ZTE N9130 - ZTE Handset USB Driver - =

Select Start Menu Folder

Where should Setup place the program's shortcuts? ZTE

ZIE Corparaticn

H Setup will create the program's shortcuts in the following Start Menu folder.

To continue, click Next. If you would like to select a different folder, click Browse.

E Handset USB Driver | ‘ Browse...

< Back o Cancel

MF'RST FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY
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Step 9: Select ‘Install’. The image below the following shows status as the driver is being installed.

[i%‘ZTE N9130 - ZTE Handset USB Driver - =7 X

Ready to Install
Setup is now ready to begin installing ZTE Handset USB Driver on your computer.

Click Install to continue with the installation, or click Back if you want to review or
change any setfings.

Destination location: =
C:\Program Files\ZTE_Handset_USB_Driver

Start Menu folder:
ZTE Handset USB Driver

| »

ZIE Comporaticn
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Step 10: Select ‘Finish’.

[I%‘ ZTE N9130 - ZTE Handset USB Driver =

Completing the ZTE Handset USB
Driver Setup Wizard

Setup has finished installing ZTE Handset USB Driver on your
computer. The application may be launched by selecting the
installed icons.

Click Finish to exit Setup.

MF'RST FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY
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Step 12: Right click on ADB Interface and select Update Driver Software.

File Action View Help
o« @ E Hm 8BRS

4 % STEMaction2
» & Audio inputs and outputs
b g Batteries
b 8 Bluetooth
> (% Computer
b ¢ Disk drives
» & Display adapters
b et DVD/CD-ROM drives
b Qﬁ Human Interface Devices
b Cg IDE ATA/ATAPI controllers
» %% Imaging devices
b <= Keyboards
b B Mice and other pointing devices
» W& Monitors
b W ork adapters
Other devices
E ADB Interface
» = Print queu Update Driver Software...
b n Processors Disable
> Sensors
> | Softwared
, @ Sound, vid

Uninstall
Scan for hardware changes
Properties

b @ Western Digital NAS
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Step 13: Select ‘Browse my computer for driver software’.

How do you want to search for driver software?

2 Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

= Browse my computer for driver software
Locate and install driver software manually.

Step 14: Select ‘Let me pick from a list of device drivers on my computer’.

Browse for driver software on your computer

Search for driver software in this location:

[#] Include subfolders

2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.
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Step 15: Select ‘Next'.

Browse for driver software on your computer

Search for driver software in this location:

| C:\Program Files\ZTE_Handset_USB_Driver|

Include subfolders

2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

Step 16: Select ‘Close’.

Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

q ZTE Handset ADB Interface
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Step 17: Observe that the device is now connected. This window can be closed.

File Action View Help

e @ E HE @ F SRS

4 & Android Device
&, ZTE Handset ADB Interface |
' iaippyts and

> 399 Batteries
» §) Bluetooth
> (M Computer
> ca Disk drives
& Display adapters
) DVD/CD-ROM drives
b % Human Interface Devices
L@ IDE ATA/ATAPI controllers
=5 Imaging devices
= Keyboards
| Mice and other pointing devices
K| Monitors
£ Network adapters
» de Print queues
» [} Processors
b Sensors
b [ Software devices
» % Sound, video and game controllers
b C— Storage controllers
b M System devices
b B Universal Serial Bus controllers
b @ Western Digital NAS
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Step 18: Observe that the cell phone is displaying the ‘Allow USB debugging’ window. Select ‘OK’.

The computer's RSA key
fingerprint is:

4B:23:A8:8B:A1:18:EB:A7:30:D5
:FO:E9:FB:0C:90:F2

Always allow from this
computer

Enabling Debugging Mode on the Robot Controller Cell Phone

For this section choose one phone to be the Driver Station and the other to be the Robot Controller. The Robot
Controller will host the Robot Controller app, which implements the PushBot Op modes. Android Studio cannot
deploy the Robot Controller app until debugging is enabled on the phone.

Step 1: From the previous section, the Settings activity should be shown (left image). Scroll downward until
‘About phone.’ Is visible (right image) — it should be at the very bottom. Select ‘About phone’.

ST EHYMm % @ 11:53am [« Saving screenshot..
Q SE Q Settings

WIRELESS & NETWORKS O Backup & reset

Airplane mo.. ACCOUNTS

Wi-Fi & Google

Bl Bluetooth Add account

) SYSTEM
Mobile networks
8 Accessibility
Data Usage
Printing
#9 Mobile Hots.. = OFF
{} Developer options
sss More...

i Activate this device
DEVICE

M sound

System updates

I About phone

# Display
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Step 2: The About phone activity (left screen) allows a developer to enable debugging. Scroll downward until
‘SW Version’ is shown (right image) - on some Android devices the text says ‘Build number’. Tap ‘SW Version
7 times. A toast (a message that is displayed for a short amount of time) should display as the number of taps
increase and finally should indicate that debugging is enabled.

ALY NE = B 11:58 am [«] Saving screenshot..
About phone About phone

dd o} allo
Status
Battery Status, battery level, etc
4G settings
Legal information

Model number
N9130

4G settings

Android version

Model number gad

N9130 .
Baseband version

i 1 9
Android version N9130B01

444 :
Kernel version

: d9936e-00247-g6a6f8a8b
Baseband version s @Zdroid-SMT

N9130B01
: SW Version
Kernel version N9130V1.0.0B05
3.10.28-g1d9936e-00247-g6a6{8a8b
zte-kernel@Zdroid-SMT .
= HW Version

SW Version s

Step 3: If Android hasn’t already switched to the Settings activity, then do so now. Scroll to the bottom of the
page and select ‘Developer options’. The developer options button is invisible until debugging is enabled (see
previous step).

Q Settings

B security

©| Backup & reset
ACCOUNTS

Add account

SYSTEM

8 Accessibility

B Printing

{} Developer options
B Activate this device
System updates

I About phone
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Step 4: Select the USB debugging checkbox.

<Al Y

Developer options

Desktop backup password
Desktop full backups aren't currently
protected

Stay awake
Screen will never sleep while
charging

Select runtime
Use Dalvik

Enable Bluetooth HCI sno..
Capture all bluetooth HCI packets
in afile

Process Stats
Geeky stats about running processes

DEBUGGING

USB debugging
Debug mode when USB is

Step 5: Select ‘OK’ to allow USB debugging between the phone and a computer when the phone is connected
via USB to the computer hosting Android Studio. Note that the box now has a check in it (right image).

B12n pm Ml USB debugging connected

Developer options

Take bug report

Desktop backup password
1ading D p full backups aren't currently
) J n ,

P e

Stay awake

USB debugging is intended for
development purposes only.
Use it to copy data between

your computer and your device,
install apps on your device
without notification, and read
log data.

Cancel

Deploying the Robot Controller

Screen will never sleep while
charging

Select runtime
Use Dalvik

Enable Bluetooth HCI sno..

Capture all bluetooth HCI packets
in afile

Process Stats
Geeky stats about running processes

DEBUGGING

USB debugging
Debug mode when USB is

For this section choose one phone to be the Driver Station and the other to be the Robot Controller. The Robot
Controller will host the Robot Controller app, which implements the PushBot Op modes. Android Studio can'’t
deploy the Robot Controller app until debugging is enabled on the phone, so that will be the first task.

The correct driver for your Android device will need to be installed onto your Windows computer. If your
Windows computer does not have the correct driver for your phone installed, then when you connect your
device to the computer via a USB cable, the Windows computer will think that the device is a media player or
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storage device (like a Flash drive). You might be able to access files on your device in this mode, but your
Android Studio software will not recognize the device as an available Android device that it can talk to.

Step 1: If you are following the PushBot Build Guide in sequence, Android Studio may still be open and
displaying the Choose Device dialog. Close the Choose Device dialog if it is still open and the device list is
empty (shown below). If Android Studio isn’t open, then start it. Build the project (small green triangular button
—shown in the aforementioned section).

O Choose a running device

Device ISeriai NumberlState|C...

Nothing to show

© Launch emulator

Android virtual device: ‘ Nexus 5 APl 22 x86 -

[ Use same device for future launches

m | Cancel | | Help |
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Step 2: The device should be shown in the list. Select ‘OK’.

© Choose a running device

Device |Seria| NumbeﬂState|C...
DJz7E N9130 Android 44.4 (API 1342959 |O... |Ye

O Launch emulator

Android virtual device: ‘ Nexus 5 APl 22 x86 n

] Use same device for future launches

guration File: No current file!

Wifi Direct - disconnected
Robot Status: null

Deploying the Driver Station

The driver station is the Android device that sits near the Team drivers and is connected to one or two USB
gamepads. Teams use the touch screen and the gamepads to operate their Robot remotely. The driver station
Android device runs a special app called the FTC Driver Station. The instructions in this section are directed at
the Driver Station cell phone unless noted otherwise.
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Step 1: Open the application activity by selecting its icon (shown in the red circle).

Step 2: Open the settings activity by selecting its icon (shown in the red circle). It might be necessary to swipe
the screen left or right until the icon comes into view.

& 8 1053 am

W E D e

(e

B8y

G

Play Movies & Play Miasic

Newwzane

Py Py Store
: 22225 9
Serty Vedeo Plaper  Viosce Dialer  Vonos Seas

Q =
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Step 3: Click on the word ‘Wi-Fi’, not the on/off button.

=R | A @ 11:45am
£} Settings

WIRELESS & NETWORKS

Airplane mo..

= Wi-Fi
L Bluetooth
Mobile networks
ml Data Usage
8 Mobile Hots.. ' OFF

*= More...

DEVICE

M sound

# Display

Step 4: Connect to a Wi-Fi network that is able to reach the Internet and to which the login information is
known. The image below shows no networks. If networks are available, then they will be shown in the middle
of the window. Select a Wi-Fi network and enter any required login information.

Step 5: Return to the home screen by pressing the home button (the center icon on the bottom of the phone’s
screen).
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Step 6: Launch the Google Play Store app (orange circle). The Play Store app might prompt you to either login
to an existing Google account or create a new one. Follow the onscreen instructions to either create a new
(free) account or login to your existing account. The Driver Station app is free and no payment method is
required. If the application requests a credit card number or some other method of payment, select the “Skip”

button.

Step 7: Click on the search icon.

auto location

OE~F- N |
ﬁ Play Store

BB MoviESE TV |

New + Updated Games

o
IMINECRAY-\ ; |

Minecraft Deadwalk:
Pocket The Last

Fokkk Hokkkk

Popular Apps + Games

This week's hot titles

DEAD EYES

okhk
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Step 8: Enter the phrase “FTC Driver Station” and press the magnifying glass in the bottom right corner (on the
keyboard)

YW £#F & 6:18 pm

¢ ftc driver station X

e [ @ e

New + Updated Games

station stations situation = statione
1 2 3 4 5 6 T 8 9 0
gwer rtyuio
@ § & ( ) :
asdf ghj kI
© zxcvbnm©
EN

Y ?12I3 ,_ _‘ Q

Step 9: And press the magnifying glass in the bottom right corner (on the keyboard).

New + Updated Games

station stations situation = statione
1 2 3 4 5 6 T 8 9 0
gwer tyuiop
$ (

hj k1

asd f g

1 1 1 1
© zxcvbnonm©
EN

Ja 7123 ,7 | L=k
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Step 10: Select the FTC Driver Station block.

Step 11: Select INSTALL’.

O~ |
<Y ftc driver station

1. FTC Driver Station
FIRST Tech Challenge
L 8.8 8 24

2. FTC Robot Controller
FIRST Tech Challenge
c L8 8 8 8 ¢

FIRST Tech Challenge

Driver Station App

@ FTC Driver Station
FIRST Tech Challenge
Frc i Everyone

&
©®00

Downloads

Education Similar

Provides driver station functionality
for FIRST Tech Challenge
competitions.

REAN MNRE
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Step 12: Select ‘Accept’.

Iy FTC Driver Station
'FEEV needs access to

B  Photos/Media/Files v

¥ Wi-Fi connection
information

v

Step 13: Return to the home screen. Observe the FTC Driver Station icon is displayed there. If it isn’t shown on
the homescreen then search for it in the app drawer.

M 2:31 pm
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Step 14: (IMPORTANT) The network needs to be forgotten to prevent

connection issues between the Driver Station cell phone and the Robot

Controller cell phone. Open the Wi-Fi setting activity as shown earlier in this Note: Remember to
section. Long hold the name of the connected network. “forget” your networks!

Step 15: The following screen should be displayed. Select ‘Forget network’. In general, the Driver Station and
Robot Controller cell phones should not be connected to any wireless networks with the exception of the Wi-Fi
Direct connection between the two cell phones.

Forget network

Modify network
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Recording the Controller Serial Numbers

This section discusses the connection between the software and the hardware. It is easiest to perform this
section before starting the “Building the Robot” section. The image below shows the controller stack from
“Building the Robot” to clarify the steps in this section - sometimes the controller will be referred to as the
bottom, middle, or top and/or DC Motor Controller 1, DC Motor Controller 2, Servo Motor Controller 1, etc.
However, this section can be completed (and is even expected to be completed) with the controllers
disassembled from each other. The encoder cables aren’t necessary - they are shown only to clarify the idea
behind the controller stack both in the section and the “Building the Robot” section.

Even though the kit provides multiple DC power, USB to Mini B and USB to Micro B cables, only one of each
will be used in this section (as shown below).

Note that the battery must be fully charged to complete this section.

Note also that the Robot Controller (RC) phone is used and the RC app must be installed (see “Deploying the
Robot Controller...” section).

The configuration information collected in this section isn’t stored as a configuration file on the RC phone,
because this section assumes the controller stack has not yet been built. If controllers are stacked in a
different order in the “Building the Robot” section, the configuration file contents may become invalid. Creating
the configuration file is completed in the Configuring the USB devices section.
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Step 1: Plug the Power Distribution Module (PDM), provided in the kit, into a charged battery. Plug the RC
phone into the PDM. The image below shows a two-piece cable between the phone and PDM. The cable(s)
provided in the Kit of Parts may vary - it may actually be a single piece cable.
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Step 2: Plug the USB end of a USB to Mini B cable into the PDM. Plug
the other end into one of the controllers. The top image shows the cable
plugged into the PDM. The bottom image shows the other end of the

cable is plugged into the controller. Plug a power cable between the
PDM and controller.

Micro End

USB End

2: Micro End plugged into Core Servo Controller
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Step 3: Boot the RC phone if it is not already running. Apply power to the Power Distribution Module, which
should start the RC app automatically, if it is not already running (far left image). Since this is the first
connection of the Power Distribution Module to the phone, the phone will display a message requesting
permission for the app to start automatically when that PDM is plugged into it. Check the Use by default box
(red box). Click ‘OK’ (red circle).

Open FTC Robot Controller Open FTC Robot Controller
when this USB device is when this USB device is
connected? connected?

Use by default for this USB Use by default for this USB
device -

Cancel

Step 4: Open the RC app’s settings using the three dots in the top right corner and selecting settings.

Active Configuration File: No current file! | Active Configuration File: No current file!
Wifi Direct - disconnected Wifi Direct - disconnected
Robot Status: null Robot Status: null

Restart Robot
View logs
About

Exit
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Step 5: Choose ‘Configure Robot’. Choose ‘New’. Select ‘Scan’ and the screen should change to show the
connected Controller (third image from the left). Record the serial number onto the controller similarly to the

bottom image. This document shows the use of tape and marker. Marker directly onto the case is also an
option.

CHANGE WIFI CHANNEL Active Configuration File: No current file! Active Configuration File:Unsaved No current file!
New Scan

Change Wifi Channel Tvelabie files ° Press this button to scan for attached devices

ROBOT CONFIGURATION SETTINGS Devices: o

Motor Controller 1
ALOOVLY2

Configure Robot

Autoconfigure Robot

°
Press this button to write the current
AutoConfigure o configuration to an XML file

3: Label each component's Serial Number. Here, the Servo Controller's Serial Number is labeled.
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Step 6: Move the power cable from the current controller to another controller (left image). Move the USB
cable from the current controller to the current powered controller (right image). Repeat steps 4-5 to record the
serial number onto the second controller (bottom image).
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Step 7: Move the power cable from the current controller to the last controller (left image). Move the USB
cable from the current controller to the last controller (right image). Repeat steps 4-5 to record the serial
number onto the second controller (bottom image).

AN
2AaRn. -

a
x|a\\o
oArn3xsS
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Building the Robot

This section will outline the construction of the robot, version 3 of the PushBot. The robot is constructed using
only the parts in the TETRIX Kit of Parts. The standard tools included in the Kit of Parts set will be needed to
build the robot. In addition, it will be helpful to purchase additional zip ties for securing the wiring to the robot
frame. The standard four-inch size works well for this. Also, electrical tape can be used to secure the motor
wires to the motor and longer zip ties or Velcro straps can be used to keep the battery from falling out of the
robot in case it tips over. Make sure that when using an axle hub, motor hub, or axle collar that the set screw
is installed so that they do not just spin on the axle. Also, make sure that all assemblies are square. It is hard to
drive a crooked robot straight!

The following sections show the assembly of the robot shown below. For most of the steps in those sections,
the top image shows the necessary parts; the lower image shows the completed assembly.

Robot CAD Drawing

The robot was designed using Creo Parametric Computer Aided Design (CAD) software. CAD software is
used to design an object on a computer. By designing on the computer first, the design can be tested to insure
everything will work together before actual construction. The Creo software is available for free to FIRST
teams for use in designing their robots.

This is a representation of what the robot will look like at the end of the build
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Creating the Chassis
Step 1: Left Chassis Rail. Parts: 32 mm channel (1), 160 mm _
channel (1), 288 mm channel (1), 5/16" socket head cap screws (4), In this and subsequent steps, the

1/2" socket head cap screws (2), keps nuts (6). Iisazzjt?‘i:gg ”flfﬁg tfgrr) tirrLeaZt:Ehac:\?vs

the parts in an exploded view; the
lower image shows the
completed assembly.

11 Ll

bofe

4: Parts needed in Step 1 of Creating the Chassis

5: Completed Step 1 of Creating the Chassis

6: Detail View of Step 1 of Creating the Chassis
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Step 2: [a mirror image of the left chassis rail assembly built in the previous step] Right Chassis Rail. Parts: 32
mm channel (1), 160 mm channel (1), 288 mm channel (1), 5/16" socket head cap screws (4), 1/2" socket
head cap screws (2), keps nuts (6).

117 Ly

7: Parts needed in Step 2 of Creating the Chassis

T o ral) = o
4'r'-.i.¢'-.t.-.r‘l.:
Fan 5 LR ; z

8: Completed Step 2 of Creating the Chassis

9: Detail View of Step 2 of Creating the Chassis
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Step 3: Cross Bar Assembly. Parts: 160 mm channel (1), 96 mm channels (2), 5/16" socket head cap screws
(8), keps nuts (8).

s

i
844

10: Parts needed in Step 3 of Creating the Chassis

11: Completed Step 3 of Creating the Chassis [Note that there are two copies]
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Step 4: right rail assembly, left rail assembly, cross rail assembly, 5/16" socket head cap screws (8), keps nuts
(8). In the image, the front of the robot is on the right. The left rail assembly is on the top and the right ralil
assembly is on the bottom.

13: Completed Step 4 of Creating the Chassis
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Step 5: chassis assembly from Step 4, 288 mm flat bar (1), 288 mm angle (1), 1/2" socket head cap screws
(9), keps nuts (8), 2” stand-off (1).

15: Completed Step 5 of Creating the Chassis
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Step 6: chassis assembly, Parts: 32 mm channel (1), 96 mm channel (1), 160 mm channel (1), 1/2" socket
head cap screws (4), 5/16" socket head cap screws (8), keps nuts (12).

t§t 11

16: Parts needed in Step 6 of Creating the Chassis Front View
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17: Completed Step 6 of Creating the Chassis Front View

18: Completed Step 6 of Creating the Chassis Underneath Rear View
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Adding Drive Wheels
[Make 2 copies]

Step 1: Parts: 4" wheel (1), gear hub spacer (1) with included screws (4), axle hub (1), and 100 mm axle (1).
The order is wheel, gear hub spacer, gear and then axle hub.

19: Parts needed in Step 1 of Adding Drive Wheels

20: Completed Step 1 of Adding Drive Wheels
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Step 2: drive wheel assemblies, these are what will power the robot. Parts: 1/8" axle spacers (2), axle collars
(1), 11 mm bronze bushings (2). Note: assembly order is drive wheel assembly, 1/8" spacer, bronze bushing,
channel, bronze bushing, 1/8" spacer, and axle collar. Note: the drive wheels are on the FRONT of the robot.

-

e

-

»
£ )

22: Completed Step 2 of Adding Drive Wheels
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Adding Omni Wheels
[Make 2 copies]

Step 1: The omni wheels on the back of the robot make it easier for the robot to turn. They can slide sideways
with very little friction due to the rollers. Parts: 4" omni wheel half (2), joining ring (1) with included screws (4).
The order is omni wheel, joining ring, omni wheel. These are assembled according to the instructions that
come in the omni wheel pack. Note the screws on one wheel are in opposite holes from the screws on the
other wheel.

24: Completed Step 1 of Adding Omni Wheels
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Step 2: Parts: assemblies from the previous step and 11 mm bronze bushings (4). Sometimes the bronze
bushings are hard to insert. To make this easier, put a bronze bushing on a wheel assembly from the Drive
Wheel Assembly section. Slide the omni wheel down the axle and press it against the wheel assembly. A
video is available that shows this trick
(https://www.facebook.com/322705934572847/videos/506108019565970/).

26: Completed Step 2 of Adding Omni Wheels
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https://www.facebook.com/322705934572847/videos/506108019565970/

Step 3: Adding omni wheels to chassis. Parts: chassis, omni wheel assemblies, 1/8" axle spacers (4), 3/8" axle
spacers (2), axle collars (4), 11mm bronze bushings (4), 100 mm axles (2). Note: assembly order is axle collar,
1/8” axle spacer, omni wheel assembly, 1/8" axle spacer, 11mm bronze bushing, channel, 11mm bronze
bushing, 3/8" spacer, and axle collar. The bottom image shows the step completed for one wheel. The image
on the following page shows both wheels. Note: The omni wheels are mounted to the back of the robot.

28: Completed Step 3 of Adding Omni Wheels [close up] bottomview
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29: Completed Step 3 of Adding Omni Wheels top view
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Adding the Arm Motor

The arm motor will be used to raise and lower the arm. An additional motor is included in the kit of parts. It
can be used to power another mechanism on the PushBot such as a sweeper for balls and blocks.

Step 1: Parts: chassis, 144 mm angle, 1/2” socket head cap screws (2), keps nuts (2).

Note that parts of the
chassis (the left chassis
rail and the front 288mm
bar) have been hidden in
these images.

30: Parts needed in Step 1 of Adding Arm Motor

31: Completed Step 1 of Adding Arm Motor

Also note that the angle is not centered. It mounts closer to the left chassis rail than the right chassis rail.
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Note that the bolts are through the hole that is one down and to the right of the top hole. This allows the angle
to be flush with the front face of the channel.

32: Completed Step 1 of Adding Arm Motor Bottom View
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Step 2: Parts: chassis, motor mount (and the two bolts and nuts that come with it). Note: Do not tighten lower
motor mount bolt, the side with the gap, until the motor has been inserted (see step 4). When this bolt is
tightened, it clamps the motor in place.

Note that parts of the chassis (the left
chassis rail and the front 288mm bar)
33: Parts needed in Step 2 of Adding Arm Motor have been hidden in these images.

34: Completed Step 2 of Adding Arm Motor
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This is a view from the “inside of the robot” (underneath the back wheels looking towards the front of the robot).
Note that the motor mount is not in the top hole. From the inside it will be down and to the left. From the front
of the robot it will be down and to the right.

35: Completed Step 2 of Adding Arm Motor Rear View
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Step 3: Adding motor hub. Parts: motor hub (with its included set screw), 40 tooth gear, DC gear motor (1),
button head cap screws (4).

)
S

36: Parts needed in Step 3 of Adding Arm Motor

37: Completed Step 3 of Adding Arm Motor
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Step 4: Parts: arm motor assembly from the previous step, chassis.

38: Parts needed in Step 4 of Adding Arm Motor

39: Completed Step 4 of Adding Arm Motor

Gracious Professionalism® - “Doing your best work while treating others with respect and kindess - It's what makes FIRST, first.”



Adding the Arm Rails
I |

Step 1: Parts: robot chassis, 288 mm channels (2), 1/2” socket head cap screws (4), 5/16” socket head cap
screws (4), 64 mm flats (2), keps nuts (8).

=
<
)iy

40: Parts needed in Step 1 of Adding the Arm Rails
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This image shows the completed step from the front of the robot.

41: Completed Step 1 of Adding the Arm Rails

The image below shows the mounting of the 64 mm flat on the front cross bar. The omni-wheels are on the
back of the robot and the traction wheels are on the front.

42: Completed Step 1 of Adding the Arm Rails Detail of front 64 mm flat
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The image below shows the mounting of the 64 mm flat on the back cross bar.

43: Completed Step 1 of Adding the Arm Rails Detail of back 64 mm flat
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Adding the Controller Stack Assembly
To complete this section, the servo controller and DC motor controllers will be made into an assembly and then

that assembly will be added to the robot. The DC motor controllers and the servo controller translate the USB
commands from the robot controller phone into voltages to run the DC motors and the servos.

The stand-offs for the top module must be in the correct positions (outside holes) to mount to the robot chassis.
The stand-offs for the middle controller are one position ‘in’ from the outside holes. The stand-offs on the
bottom controller are on the outside holes.

Step 1: Parts: core motor controller (1), 32 mm stand-offs (4), and 5/16" socket head cap screws (4).

45: Completed Step 1 of Controller Stack Assembly
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Step 2: Parts: assembly from previous step (this will become the core motor controller for the drive), motor
encoder wires (2). Note: all of the parts for an encoder are shown. Use only the wire for this step. The
encoder will measure the rotation of the drive motors to allow more precise control of the motor.

47: Completed Step 2 of Controller Stack Assembly
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Step 3: Parts: core motor controller (1) (this will become the motor controller for the arm; it is not from the
previous step), 32 mm stand-offs (4), and 5/16" socket head cap screws (4). The stand-offs are located at the

corners of the controller.

48: Parts needed in Step 3 of Adding the Controller Stack Assembly

[l

49: Completed Step 3 of Controller Stack Assembly
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Step 4: Parts: core motor controller assemblies from the previous two steps, 5/16" socket head cap screws (4).
The screws attach the left controller to the right controller using the stand-offs on the lower controller. The left
controller has encoder cables (not shown) attached to it. Be careful not to harm the cables.

50: Parts needed in Step 4 of Adding the Controller Stack Assembly

The encoder cable wires are not shown in the above and below images. They are in the left controller’s ports.

Make sure that the power ports are facing the same direction.

51: Completed Step 4 of Controller Stack Assembly
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Step 5: Parts: core servo controller (1) (this will become the hand controller), 32 mm stand-offs (4), and 5/16"
socket head cap screws (4).

52: Parts needed in Step 5 of Adding the Controller Stack Assembly
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53: Completed Step 5 of Controller Stack Assembly
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Step 6: Parts: core servo assembly from the previous step, double core motor controller assembly from a
previous step, 1/2" socket head cap screws (4)

54: Parts needed in Step 6 of Adding the Controller Stack Assembly

The core servo controller is on the left in the above and below images.

The encoder cable wires (not shown in the above and below images) are in the center controller’'s ports.

55: Completed Step 6 of Controller Stack Assembly
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Step 7: Parts: chassis, controller stack assembly from the previous step, flat brackets (2), 1/2" socket head cap

screws (4)

56: Parts needed in Step 7 of Adding the Controller Stack Assembly
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57: Completed Step 7 of Controller Stack Assembly

The two flat brackets are on the left side in the image above and the center of the image below. The image
below is from the left side of the robot. They are between the channel and the stand-offs. They offset the
height introduced by the mounting of the other side of the controller stack.
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58: Completed Step 7 of Controller Stack Assembly Detail 1 showing the two flat brackets
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The two flat brackets are on the left side in the image above and below. They are between the channel and
the stand-offs. They offset the height introduced by the mounting of the other side of the controller stack.

59: Completed Step 7 of Controller Stack Assembly Detail 2 showing the screw locations from above
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Step 8: (optional) secure the cables to prevent damage.
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Adding the Drive Motors
Step 1: Parts: chassis, motor mounts (and the two bolts and nuts that come with them) (2), 288 mm angle (1),
288 mm flat bar (1). Note: Do not tighten the rear-most motor mount bolts, the gap in the bracket, until the

motors have been inserted, which happens at the end of this section. When this bolt is tightened, the motor is
clamped in place.

[

60: Parts needed in Step 1 of Adding the Drive Motors

Gracious Professionalism® - “Doing your best work while treating others with respect and kindess - It's what makes FIRST, first.”



61: Completed Step 1 of Adding the Drive Motors

62: Completed Step 1 of Adding the Drive Motors detail view from above
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Step 2: [make two] Parts: DC gear motor (1), encoder (1). Refer to the instructions from the encoder package
to install the encoder onto the motor. Encoder styles vary, so the one in the kit of parts may not look like the
one in this document.

63: Parts needed in Step 2 of Adding the Drive Motors

64: Completed Step 2 of Adding the Drive Motors
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Step 3: [make two] Parts: motor assembly from the previous step, motor shaft hub (and its included set screw)
(1), 40-tooth gear (1), button head cap screws (4)

65: Parts needed in Step 3 of Adding the Drive

66: Completed Step 3 of Adding the Drive Motors
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Step 4: Parts: chassis, motor assemblies from the previous steps (2). Insert the motors into the motor mounts,
aligning the small gears on the motors with the medium gears on the wheels. Do not make the gears too tight
or too loose or this will degrade the performance of the drive system. Experimentation with tightness can be

done during the testing phase of this document. Tighten the motor mount bolts so the motor will not rotate.

67: Parts needed in Step 4 of Adding the Drive

68: Completed Step 4 of Adding the Drive Motors
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Adding the Power Distribution Module Assembly
The power distribution module supplies power to all of the controllers on the robot and also includes a USB
hub to allow the phone to talk to each controller.

Step 1: Parts: flat building plate (1), inside corner brackets (2), 5/16” socket head cap screws (4), keps nuts (4).
The button head screws are on the bottom plate.

O

69: Parts needed in Step 1 of Adding the Power Distribution Module Assembly

70: Completed Step 1 of Adding the Power Distribution Module Assembly

MF'RST FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY Revision 1.1: 08.15.2016



Step 2: Parts: assembly from previous step, flat building plate (1), core power distribution module (1), button
head cap screws (2), 1/2” socket head cap screws (2), keps nuts (4). The button head screws are on the
outside edges of the angle brackets.

71: Parts needed in Step 2 of Adding the Power Distribution Module Assembly

The completed assembly is shown on the next page.
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72: Completed Step 2 of Adding the Power Distribution Module Assembly
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Step 3: Parts: assembly from the previous step, 96 mm flat brackets (2), 1/2" socket head cap screws (2), keps
nuts (2)

73: Parts needed in Step 3 of Adding the Power Distribution Module Assembly

74: Completed Step 3 of Adding the Power Distribution Module Assembly
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Step 4: Parts: assembly from the previous step, 96 mm flat brackets (1), bolts from a single standard-scale
servo motor mounting bracket (2), keps nuts (2). The top bracket will not be tight. The USB A to mini-B cables
from the PDM to the controller stack will be secured using this device (shown in the wiring section later).

75: Parts needed in Step 4 of Adding the Power Distribution Module Assembly

76: Completed Step 4 of Adding the Power Distribution Module Assembly
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Step 5: Parts: chassis, assembly from the previous step, 1/2" socket head cap screws (4), keps nuts (4)

@

77: Parts needed in Step 5 of Adding the Power Distribution Module Assembly

The completed assembly is shown on the next two pages.
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78: Completed Step 5 of Adding the Power Distribution Module Assembly
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Notice on this rear view of the robot that the bolts are one up and to the left of the hole pattern. This brings the
lower plate higher on the robot to allow for a higher drive clearance.
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79: Completed Step 5 of Adding the Power Distribution Module Assembly detail view of the back of the robot
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Adding the Arm Motor Gears

Step 1: Parts: 40-tooth gear (1), 120-tooth gear (1), axle hub (with its set screw) (1), 1/2” socket head cap
screws (4). Note that the bolts are inserted from opposite sides. The two bolts on each side are in opposite
holes. The bolts on one side will be 90 degrees rotated from the bolts on the other side.

81: Completed Step 1 of Adding the Arm Motor Gears

MF'RST FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY Revision 1.1: 08.15.2016



Step 2: Parts: chassis, assembly from the previous step, 1/8” axle spacers (2), 11 mm bronze bushings (2),
axle set collar (with its set screw) (1), 100 mm axle (1). Tighten the axle collar and axle clamp set screws,
making sure the set screws face the flat side of the axle.

Note that parts of
the robot are hidden
to make the picture
clearer.

82: Parts needed in Step 2 of Adding the Arm Motor Gears

Do not yet tighten the motor screw (the lower one through the gap in the motor mount) - the motor should
remain disengaged from the gearing so that the arm gears will be free to spin as the arm is installed.

83: Completed Step 2 of Adding the Arm Motor Gears
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Adding the Arm
The arm can be used to manipulate various game elements.

Step 1: Parts: 416 mm channel (1), 1/2” socket head cap screws (4), 11 mm bronze bushing (1), axle set
clamp (with its set screw) (1).
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84: Parts needed in Step 1 of Adding the Arm

Notice that the two bolts on one side are in opposite holes from the bolt on the other side.

Also take note of placing the axle clamp so its set screw faces the open end of the channel. This will make it
easier to tighten/loosen with the arm in its final position.

The completed step is shown on the next page from two different angles.
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85: Completed Step 1 of Adding the Arm Motor Gears
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Step 2: Parts: chassis, arm assembly from the previous step, axle collar (with its set screw), 11 mm bronze
bushings (3), 100 mm axle, 1/8” axle spacer (1).

Note that the
majority of the
robot is hidden to
make the picture

clearer.

86: Parts needed in Step 2 of Adding the Arm

Make sure the set screws of the collar and clamp are facing the flat side of the axle.
The order from left to right in the image below is bushing, channel, spacer, collar, [space], arm, bushing,
bushing, channel. Align the large arm gear with the small gear on the chassis.

87: Completed Step 2 of Adding the Arm Motor Gears

A detail of the axel is shown on the next page.
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88: Completed Step 2 of Adding the Arm Motor Gears detail view

This detail of the completed step (shown on the previous page) shows the order.

The order from left to right is bushing, channel, spacer, collar, [space], arm, bushing, bushing, channel.
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Adding the Hands
The hand can be used to pick up game elements.

Step 1: Parts: chassis, single standard-scale servo motor mounting brackets (2), button head cap screws (8),
keps nuts (8).

89: Parts needed in Step 1 of Adding the Hands

The arm motor is not yet engaged with the gear system, so rotate the arm so it is shown in the above
orientation.
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90: Completed Step 1 of Adding the Hands

Step 2: Parts: flat brackets (2), quarter-scale servo horns (2), button head cap screws (4), keps nuts (8)
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91: Parts needed in Step 2 of Adding the Hands

This step shows the making of both hands. Do not duplicate this step.
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92: Completed Step 2 of Adding the Hands

Step 3: Parts: 96 mm flats (2), 5/16” socket head cap screws (8), keps nuts (8).
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This step shows the making of both hands. Do not duplicate this step.
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93: Parts needed in Step 3 of Adding the Hands

94: Completed Step 3 of Adding the Hands
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Step 4: Parts: L-Brackets (2), 1/2” socket head cap screws (4), keps nuts (4)

95: Parts needed in Step 4 of Adding the Hands

This step shows the making of both hands. Do not duplicate this step.

96: Completed Step 4 of Adding the Hands
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Step 5: Parts: standard-scale servo motors (with the screws that come in the package) (2)

97: Parts needed in Step 5 of Adding the Hands

This step shows the making of both hands. Do not duplicate this step.

98: Completed Step 5 of Adding the Hands
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Step 6: Parts: chassis, hand assemblies from previous steps, 1/2” socket head cap screws (8), keps nuts (8)
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99: Parts needed in Step 6 of Adding the Hands

The completed step is shown on the next page.
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100: Completed Step 6 of Adding the Hands

Rotate the arm to a convenient position, align the arm motor gear with the large gear, and then tighten the arm
motor screw, so the motor will no longer rotate. Do not mesh the motor gear’s teeth too tightly with the large
gear’s teeth. Experimentation later (after the wiring phase) can be done to optimize the meshing of the gears.
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Adding the Phone and Flag Holder Assembly
Step 1: Parts: chassis, inside corner brackets (2), 5/16” socket head cap screws (4), keps nuts (4)

101: Parts needed in Step 1 of Adding the Phone and Flag Holder Assembly

The next page shows the completed step from two different vantage points.
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103: Completed Step 1 of Adding the Phone and Flag Holder Assembly right side view top image and top view of right chassis rail in
lower image
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Step 2: Parts: 144 mm angle (1), L-brackets (2), 160 mm flat (1), 1/2” socket head cap screws (4), keps nuts
(4)

dd 43

104: Parts needed in Step 2 of Adding the Phone and Flag Holder Assembly

The next page shows the completed step from two different vantage points.
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Note that the bolts on the right side hold the angle and L-bracket onto the outside of the channel and the flat on
the inside of the channel.

105: Completed Step 2 of Adding the Phone and Flag Holder Assembly right side view in top image and top view of right channel in
lower image
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Step 3: Parts: single standard-scale servo motor mounting brackets (1), 32 mm channel (1) 1/2” socket head
cap screws (4), keps nuts (4)

107: Completed Step 3 of Adding the Phone and Flag Holder Assembly
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Adding the Cable Holder

The cable holder provides a convenient location to secure the USB cables from the control modules. By zip
tying them to the holder, they are less likely to come loose as the robot is driving.

Step 1: Parts: 160 mm flat (1), 1/2” socket head cap screws (2), keps nuts (2)
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108: Parts needed in Step 1 of Adding the Cable Holder

The next page shows the completed step from two different vantage points.
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109: Completed Step 1 of Adding the Cable Holder top image is a view from the rear left of the robot. The lower image is a view of the
left side.
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Adding the Battery
Step 1: Parts: chassis, 12-volt Rechargeable NiMH Battery

110: Parts needed in Step 1 of Adding the Battery

Place the battery on the 288 mm flat bars. The two inch standoffs will help keep the battery in place. Use a
Zip tie (not shown) around the center of the battery and the two flat bars to secure the battery to the bars.

:
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Wiring the Robot

A Robot is made up of more than just the metal pieces you have now assembled. In order for your Robot to
function, you must properly wire (creating connection between power sources, motors, servos, and moving
parts).

Securing loose wires is strongly recommended. Securing the wires as the wires are being routed or securing
all of the wires at the end of this section are both good options. Secure wires are less prone to be caught in
gearing, less prone to be entangled with another robot during a match, and make the robot look more
organized. Properly secured wires also support the connectivity of the Robot. Poor Robot performance is often
due to unsecured wires. This document shows the use of zip ties. Find more tips through our 5 Tips for Great
Events Video.

Wiring between the Phone and the Power Distribution Module (PDM)
Step 1: Locate the cable(s) that will connect the PDM to the cell phone. Cables shown in the images in this
section may vary from those in the Kit of Parts.

Gracious Professionalism® - “Doing your best work while treating others with respect and kindess - It's what makes FIRST, first.”


https://www.youtube.com/watch?v=m1tk7bfd7XE
https://www.youtube.com/watch?v=m1tk7bfd7XE

Step 2: Connect one end of the cable to the PDM.
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Wiring the Hands to the Servo Controller
Step 1: Locate the servo extension wires.

Step 2: Connect the extensions to the cables coming from the servos.
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Step 3: Route the cables from the movable portion of the arm to under the stationary channel of the arm.
Wrapping electrical tape around the cables will protect them from the damaging effects of rubbing the channel

as the arm is being extended and retracted. Leave enough slack so the cables will not be stretched when the

arm is retracted and pull the tightest against the wires.
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Step 4: Run the cables to the top of the controller stack and plug the cable for the left hand (as viewed from the
top of the robot when the traction tires are furthest away and omni-wheels are closer) into port 1. Plug the
other cable into port 2.
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Step 5: Plug one end of a power cable into the PDM and run the other under the flat beam.
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Step 6: Attach the other end into the power port of the servo controller.
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Wiring the DC Motor Cables
Step 1: Locate and attach the power cables for all three DC motors.
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Step 2: Secure the DC motor cables to the motors using electrical tape, if some is available. Plug one end of a
power cable into the PDM (shown below into the right bottom power port). Run the other ends under the flat
beam (green circle).

Secured with
Electrical tape

Step 3: Connect the left and right drive motor power cables to each other. Make sure that the left motor’'s
cable is on the left and the right motor’s cable is on the right.
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Step 4: Working with the center controller of the controller stack (the one with the encoders) connect the power
cables from the motors into the ports on the left. Connect the power cable coming from the PDM to the port on
the right.
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Step 6: Plug one end of a power cable from the DC motor into the PDM. Run the other end under the flat bar.
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Step 6: Working with the arm controller, plug the DC motor cable into the left port. Plug the power cable from
the PDM into the right port.
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Wiring between the Controller Stack and PDM
Step 1: Locate the three data cables that will connect each controller to the PDM. Plug the micro end into the
controllers.
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Step 2: Secure the ferrite choke onto the 160 mm flat.
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Step 3: Secure the other ends of the data cables to the PDM. Tighten the screws on the 96 mm flat brackets
alternately until the screws are firm, but do not over tighten or the middle cable will become loose.
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Wiring the Drive Encoders
Step 1: Find the encoder wire attached to port 1. From the bottom of the robot, it will be the one on the left. It
will be attached to the left drive motor in subsequent steps.
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Step 3: Attach the encoder to the motor.
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Step 4: Find the encoder attached to port 2. From the bottom of the robot, it will be the one on the right. It will
be attached to the right drive motor in subsequent steps.
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Step 5: Run the wire between the flat bar and the motor; attach the encoder to the motor.
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Installing the Battery and cleaning up wiring
Step 1: Place the battery on the two flat beams by the left motor. The 2” stand offs will help hold the motor in

place. If available, use a zip tie to secure the battery to the two flat beams.
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Step 2: Secure the wires to the chassis using zip ties, if some are available. Tie wires down to the robot
structure to prevent them from getting caught in gearing or mechanisms. Also to prevent them from snagging
on field elements or other robots.
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Configuring the Robot

This section will list the steps necessary to name the motors attached to the controllers.

Creating a configuration file

From previous steps, the Driver Station and Robot Controller apps have been installed on the cell phones. The
cell phones should be powered on and the FIRST Tech Challenge apps have been started. When the Robot
Controller app configures the USB devices, the devices are assigned randomly — the order depends on which
controller responds to the query first. This means that sometimes when the devices are first scanned, motor ‘A’
is named Motor Controller 1, Motor Controller 2 or Motor Controller 3 - the numbers are assigned 1 to the
number of USB devices, not the number of motor controllers. This section will determine which motor controller
operates the wheels and which operates the arm. Once the USB devices are named the serial number of the
device is used to control communication, not the order in which the devices are discovered. The serial
numbers should be recorded at this point (see Recording the Controller Serial Numbers). This section will list
the steps necessary to name the motors attached to the controllers.

Step 1: Plug a fully charged battery into the Core Power Distribution Module (PDM). Set the PDM power
switch to on. The switch is on the side away from the power cable.

Power Switch for PDM is on side.
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Step 2: When the Core Power Distribution Module is powered on, the Robot Controller app should auto-start
(the home screen is replaced by the FIRST Tech Challenge Robot Controller activity) and may prompt the user
to “remember” whether it can auto-start when the core power distribution module is detected in the future (left
image). Check the box to auto-start. Select ‘OK'. If this page is not being shown, then continue to the next step.

Sometimes the app also requests access to a USB device. If this screen is shown then select “Use by default”
and then OK.

Allow the app FTC Robot
Controller to access the USB
device?

Open FTC Robot Controller
when this USB device is
connected?

_» Use by default for this USB

Use by default for this USB device

device

Clear default in System settings >
Apps > Downloaded.

Cancel Cancel OK
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Step 3: Touch the overflow settings icon (three dots in the top right corner) to open a menu.

Active Configuration File: No current file!

Wifi Direct - disconnected
Robot Status: null

Step 4: Select ‘Settings’.

Acti nfiguration File: .
ctive Configuration File Settlngs<:
Wifi Direct - disconnected
Robot Status: null
Restart Robot
View logs

About

Exit
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Step 5: Select ‘Configure Robot'.

CHANGE WIFI CHANNEL

Change Wifi Channel

ROBOT CONFIGURATION SETTINGS

@ﬁgure Ro@

Autoconfigure Robot

Step 6: Select ‘New'.

Active Configuration File: No current file!

No files found!

In order to proceed, you must create a new file

AutoConfigure i)
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Step 7: Select ‘Scan’. Several presses may be necessary for all devices to display on the screen. Scrolling
the screen up and down may also be necessary to see all of the controllers. There should be three and those
three should have the same serial numbers listed as was recorded before (see Recording the Controller Serial
Numbers). If this dialog is shown (below), then check the box to allow the app to access the USB device by
default and select ‘OK'’. If it is not shown, then continue to the next step.

Active Configuration File: No current file!

Pré is button to scan for attached devices

Devices: o

Scan to find devices.

In order to find devices:

1. Attach arobot
2. Press the 'Scan'’ button

Save Configuration o

Press this button to write the current configuration to an XML file

Step 8: Click “Save Configuration”. This step is not strictly necessary at this time, but it is always a good idea
to save often.

Active Configuration File: Unsaved No current file!

Scan

Press this button to scan for attached devices

Devices: o

Servo Controller 2
AT010I0E

Motor Controller T
Al NOVIY?2

‘ Save Configuration

On to write the current configuration to an XML file
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Step 9: Enter a file name. In this example, the file will be called PBv3. (Tip: Long holding the ‘e’ key will insert
a ‘3’.) Click ‘Done’. Click ‘Ok’. The text PBv3 will show in the top right corner.

Enter file name

Please enter the file name

PBv3

Cancel

Configuring the Servo Controller
Step 1: Click on the Servo Controller. From our example, its serial number is A1010I0E and it is displayed on
the screen as Servo Controller 2. Remember that there is only one servo controller, even though it shows a ‘2’

Active Configuration File: PBv3

Scan

Press this button to scan for attached devices

Devices: o

Servo Controller 2
AT010I0E

Motor Controller 1
Al ODVIY??

Save Configuration o

Press this button to write the current configuration to an XML file
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Step 2: Place a check mark next to port 1 and touch ‘Enter device name here’.

Active Configuration File: PBv3

Done B Cancel

Port Attached

1 B'@amp here

Device name

2 O

Device name

3 0O

Dowving nanna

Step 3: Enter left_hand. (Tip: Long holding the ‘¥’ key will produce an underscore.) Click ‘Next'.

left_hand <
(e

hand hang Hans hands hams handed had

7 8

S
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Step 4: Place a check mark next to port 2 and touch ‘Enter device name here’.

Active Configuration File: PBv3
Done @ Cancel

Port Attached

1 # left_hand

Device name

evice name here

Device name

3 O

Denvica narmaa

Step 5: Enter right_hand. (Tip: Long holding the ‘¥’ key will produce an underscore.) Click ‘Next’.

P
L

right_hand === . ] a

hand Hans  hands hang Jana

Ja
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Step 6: Click ‘Done’.
PBv3

Active Configuration File:

Cancel

Port Attached

1 # left_hand

Device name

2 ¥ right_hand

Device name

3 O

Denvica narmaa

Step 7: Click 'Save Configuration’. Saving often is always a good idea. The dialog will already show PBv3;
click ‘Ok’.

Active Configuration File:

Scan

Press this button to scan for attached devices

Devices: o

Motor Controller 1
ALOOVLY?2

Servo Controller 2
ATDT0INF

‘ Save Configuration

Press on to write the current configuration to an XML file
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Enter file name

Please enter the file name

PBv3

Cancel
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Configuring the Drive Controller

Step 1: Click on the Motor Controller that has the proper serial number
for the drive controller. From our example, its serial number is
ALOOUWI7 and it is displayed on the screen as Motor Controller 3.
Remember that there are two motor controllers. IGNORE the number
next to Motor Controller. USE the serial number instead.

Note: Always use the serial
number as reference.
Properly labeling your

Robot components’ serial
numbers will make this

) ) ) easier to identify what is
Active Configuration File: connected to what.

Press this button to scan for attached devices

Devices: o

Servo Controller 2
AT010I0E

Motor Controller 3 __—

Save Configuration o

Press this button to write the current configuration to an XML file

L

Step 2: Place a check mark next to port 1 and touch ‘Enter motor name here’.

Active Configuration File: PBv3

Done Cancel

Motor Controller 3

ALOOUWIT
Enter the name for this motor controller here

Port Attached

=
1 ™ —<zHfer motorname |

Motor name

2 [
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Step 3: Enter left_drive. (Tip: Long holding the ‘f’ key will produce an underscore.) Click ‘Next’.

left_driveme——"" '

drive dive five drove dove done fine

Ja

Step 4: Place a check mark next to port 2 and touch ‘Enter name’.

Active Configuration File:

Done Cancel

ALOQUWIT
Enter the name for this motor controller here

Port Attached

1 [  left_drive

Motor name

2 E‘-“zﬁ;ér name

Motor name

MF'RST FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY Revision 1.1: 08.15.2016



Step 5: Enter right_drive. (Tip: Long holding the ‘¥ key will produce an underscore.) Click ‘Next’.

right drivd<:|

drive dice five dive drove dove diode

Ja

Step 6: Click ‘Done’.

Active Configuration File:

Cancel

ALOQUWIT
Enter the name for this motor controller here

Port Attached

1 [  left_drive

Motor name

2 ¥ right_drive

Motor name
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Step 7: Click 'Save Configuration’. Saving often is always a good idea. The dialog will already show PBv3;
click ‘Ok’.

Active Configuration File:

Scan

Press this button to scan for attached devices

Devices: o

Motor Controller 1
ALOOVLY?2

Servo Controller 2
ATDOTNINOF

‘ Save Configuration

Press Bh to write the current configuration to an XML file

Enter file name

Please enter the file name

PBv3

Cancel
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Configuring the Auxiliary (Arm) Controller Note: Always use the serial

Step 1: Click on the Motor Controller that has the proper serial number number as reference.
for the auxiliary (aka arm) controller. From our example, its serial Properly labeling your
number is ALOOVLY?2 and it is displayed on the screen as Motor Robot components’ serial
Controller 1. Remember that there are two motor controllers. IGNORE numbers will make this
the number next to Motor Controller. USE the serial number instead. easier to identify what is

connected to what.

Active Configuration File:

Press this button to scan for attached devices

Devices: o

Motor Controller 1

Servo Controller 2
ATNTNINF

Save Configuration o

Press this button to write the current configuration to an XML file

Step 2: Place a check mark next to port 1 and touch ‘Enter motor name here’.

Active Configuration File: PBv3

Done Cancel

Motor Controller 1

ALOOVLY?2
Enter the name for this motor controller here

Port Attached

R

1 & -==g5lar motor name

Motor name

2 [
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Step 3: Enter left_arm. (Tip: Long holding the ‘f’ key will produce an underscore.) Click ‘Next'.

left_arm == 1

am arkham ark

Ja

Step 4: Click ‘Done’.

Active Configuration File:

@ Cancel

Motor Controller 1

ALOOVLY?2
Enter the name for this motor controller here

Port Attached

1 ¥  left.arm

Motor name

2 O
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Step 11: Click 'Save Configuration’. This step IS necessary at this time - all of the controllers have been
named. The dialog will already show PBv3; click ‘Ok’.

Active Configuration File:

Scan

Press this button to scan for attached devices

Devices: o

Motor Controller 1
ALOOVLY?2

Servo Controller 2
ATDOTNINOF

‘ Save Configuration

Press Bh to write the current configuration to an XML file

Enter file name

Please enter the file name

PBv3

Cancel
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Testing the Configuration
Step 1: Click the back button three times (one of the three buttons on the lower portion of the phone).

After the first click the below screen should be displayed.

Active Configuration File: PBv3
New
Available files: o
PBv3

AutoConfigure 0

After the second click the below screen should be displayed.
CHANGE WIFI CHANNEL

Change Wifi Channel

ROBOT CONFIGURATION SETTINGS

Configure Robot

Autoconfigure Robot

After the third click the below screen should be displayed.

8879-RC

Active Configuration File:

Wifi Direct - enabled
Robot Status: scanning for USB devices
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Step 2: If all of the information is valid, the screen should show the active configuration file in the top right
corner of the screen and the Op Mode status will be Stop Robot. The Robot Status will rapidly change from
“scanning for USB devices”, “starting robot”, and finally to “running”.

2843-RC

Active Configuration File:

Wifi Direct - enabled
Robot Status: running
Op Mode: Stop Robot

If the following dialog is shown, then check to make sure all of the controllers have power and are connected
via USB to the Core Power Distribution Module. Also make sure that all your wires have been properly
secured.

2843-RC

Active Configuration File:

Wifi Direct - enabled
Robot Status: running
Op Mode: Stop Robot

Warning: problem communicating with Modern Robotics USB Servo Controller
[A1010I0E]
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Testing the Robot

After the Robot is built, the programming is complete, and the electronics are installed, testing must be done to
ensure everything came together as planned. This section assumes that the Core Power Distribution Module
(PDM) is powered on, the cell phones are powered on and the FIRST Tech Challenge apps are running.

Assigning Gamepads

Two Logitech F310 gamepads will be connected to the Driver Station cell phone. These gamepads will be
used by students to control a Robot’s functionality. The Driver Station app must configure the gamepads
before they can be used.

Step 1: Set the switch on the bottom of both gamepads to the “X” position.

Step 2: Select a gamepad that will be used as driver 1. Push the Start key on the gamepad while
simultaneously pressing the A button.
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Step 3: Select the other gamepad. It will be used as driver 2. Push the Start key on the gamepad while
simultaneously pressing the B button.

Step 4: Observe that small gamepad icons appear at the top of the screen. User 1’s information should be on
the left. User 2’s information should be on the right. This image shows that neither gamepad is assigned.

User 1 Lser 2

For example, when the gamepad that represents driver #1 is active, then the left icon will change to show that
the gamepad is active.

2843-ds

Juamap o4.0%
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If the gamepad that represents driver #2 is active, then the right icon will change.

2843-ds

- 94 0% User 1 User 2

Note that for the joysticks on the gamepads, the values range from -1 to +1. For the x axis, -1 represents the
far left range of motion and +1 represents the far right range. For the y axis -1 represents the topmost position
and +1 represents the bottommost position.

Pairing the Driver Station to the Robot Controller
The Driver Station app must first “pair” to the Robot Controller to provide communication between the Robot

and the gamepads.

Step 1: Power both cell phones on. Open the app drawer if the FIRST Tech Challenge Driver Station icon is
not present on the main screen.

auto location
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Step 2: Start the Driver Station app on the Driver Station cell phone.

[a] Saving screenshot...

S D

Browser Calendar Camera

o E M

Chrome Contacts ~ Downloads Drive

Email File Manager  (FTC Driver Gallery
Station

b B S

Gmail Google Google Google+
Settings

Q . =

Select Op Mode
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Step 4: Make sure the Robot Controller app is running on the Robot Controller cell phone.

2843a-rc

Active Configuration File: push_bot

Wifi Direct - enabled
Robot Status: running

Step 4: On the Driver Station app touch the three vertical dots on the upper right hand corner and select
‘Settings’ from the pop up menu.

Select Op Mode
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Step 5: Press the “Pair with Robot Controller’ option to start the pairing process.

GAMEPAD

Gamepad type
Logitech F310 Gamepad

LOGGING

Log Network Traffic

Save network data to logs; this will []
generate a large volume of logs

WIFI DIRE JION

air with Robot Controller

Change the Robot Controller this Driver
Station is paired with.
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Step 6: After the previous step, the Driver Station will display the following screen. Select the device.

Make sure that the FTC Robot Controller app
is open on your other device, and that both
devices have wifi enabled

Wifi Direct Devices:

- None
® Do not pair with any device

Step 7: Use the back button to send a connection request to the Robot Controller.

GAMEPAD

Gamepad type
Logitech F310 Gamepad

LOGGING

Log Network Traffic

Save network data to logs; this will
generate a large volume of logs

WIFI DIRECT CONFIGURATION

Pair with Robot Controller

Change the Robot Controller this Driver
Station is paired with.
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Step 8: If this is the first pairing attempt, the Robot Controller device might display a prompt asking if it is OK to
allow an Android device to establish a Wi-Fi Direct connection. Select ‘Accept’.

Invitation to connect

From:

2843-ds

Decline

Step 9: Observe that some of the controls on the display have changed indicating that the Driver Station is now
connected to a Robot Controller (green rectangle).

2843-ds

mngg 96.0%
Wifi Direct:
2843a-rc
[ o7o0%
Select Op Mode v

Status: Robot is stopped
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Running an Op mode
Step 1: Operational Modes or Op Modes are program modules that cause the Robot to perform specific
behaviors. The Robot Controller app should include some pre-installed op modes. If the Robot Controller has
been successfully paired to the driver station, and if the Robot is running, then the Op mode buttons on the
FIRST Tech Challenge Driver Station app should now
be enabled.

Note that if the Driver Station app is connected 2843-ds

successfully to the Robot Controller app, then some
ping statistics should be visible at the top right hand IE 06.0%
corner of the Driver Station screen. In the image to the
right the ping value is “2ms”. This means it took 2
milliseconds for the driver station to send a packet to

the Robot controller and for the Robot controller to Wifi Direct:
acknowledge the packet and send its 2843a-rc
acknowledgement back to the driver station. 0

The ping round trip time is a rough measure of network
guality. As the round trip time increases, the network
performance usually degrades. In our testing, an ideal 0

round trip time is anything on the order of 10 m L 1244
milliseconds or lower. Sometimes the ping time period
increases if there is a surge in network traffic or
interference. If the period starts to increase to the order Select Op Mode v
of or greater than 100 milliseconds, then there might be
excessive network traffic or noise on the wireless
channel that cell phones are using.

Step 2: Touch the Select Op Mode button to display a
list of the available Op Modes sent to the Driver Station
app from the Robot Controller app. Select
’PushBotManual’ from the list and the round play button
should become brighter.

Status: Robot is stopped
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Note that any of the other Op modes will fail to work as the
names and number of controllers are different from the
PushBot.

Step 3: Once the PushBotManual Op mode is selected,
the FIRST Tech Challenge Driver Station screen should
change. The name of the selected Op mode should appear
where the words ‘Select Op Mode’ once was. Also, the
Start button should be enabled.

If the Start button is pressed, then the Op mode will run
indefinitely until the program terminates or until the Stop
button is pressed. Press the start button and proceed to
the next section.
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PushBotAuto
V3

NullOp
NxtTeleOp
Stop Robot

PushBotManual >

CompassCalibration

NxtEncoderOp
IrSeekerOp

K9TeleOp




Using the gamepads
This section describes how the two gamepad controls control the function of the Robot — make the Robot drive

forward/backward, lift/lower the arm and open/close the hand.

The first gamepad will be used to drive the robot. The left joystick controls the ‘left’ drive motor and the right
joystick controls the ‘right’ drive motor. The image below shows the back of the Robot.

O
isi me e =

=
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Push both joysticks away from your body and the Robot drives forwards. Pull both joysticks toward your body
and the Robot drives backwards. Push one joystick up and the other down and the Robot turns.

The programming sections show the programming necessary to use a second Logitech controller (F310) to
raise and lower the arm and open and close the ‘hand’. This section describes how to use the controls on the
gamepad to move the arm up and down and how to open and close the hand.

The ‘arm’ allows the Robot to lift items from the floor to at least 84 cm (33 in) above the ground. The arm uses
a 1:9 gear-ratio to enable the arm to lift moderately heavy items. Push the left joystick away from the body to
move the arm from the stowed position (folded onto the robot); toward the body to move the arm into the
stowed position.

The ‘hand’ is capable of opening and closing gradually. Button ‘X opens the hand; button ‘B’ closes the hand.
The term gradually is used, because when the button is released, the servo stops at its last position — it doesn’t
close or open all the way when the button is pressed.
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Adjusting the Servos

If the servos do not close all chatter, perform the following steps to correct them.
S o

of way or the

Step 1: Unplug one servo.

Step 2: Run servos to fully closed position using button X on gamepad 2.

Step 3: Remove the black screw from the servo. Remove the hand assembly. Replace the hand assembly
such that the L bracket is as close to parallel to the arm as possible. Replace the black screw. See the pictures
for an example. First picture is closed by software. Second picture is hand removed. Third picture is hand
reattached in closed position.

MF'RST FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY Revision 1.1: 08.15.2016



Note: These images are from PBv2, but the same steps can be used for PBv3. The hands remain the same
between the two versions.

Repeat step 1-3 for the other servo.
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Making the Robot Competition Ready

o Now that testing has shown that all of the wires are connected properly, use zip ties or some other
approved material to secure loose wires. Check out Legal and lllegal Parts List on the Game Materials
Page.

¢ Itis recommended that an approved material such as non-skid be layered in the back of the phone
holder to prevent damage to the phone.

e Itis recommended that the phone be secured in the holder using a zip tie or some other mechanism to
prevent it from being separated from the Robot during competition.

¢ Place non-skid around the gripper to provide extra grip...so hockey pucks, wiffle balls, pipes,
racquetballs, crates, rings, blocks or practice golf balls, or red herrings can be collected with ease!

e Add you team numbers as directed in Game Manual Part 1.

Adding Team Numbers

It is important for your Robot to identify itself. Field personnel use numbers to help you during matches and is
required to pass Robot Inspection for any Official FIRST Tech Challenge Event. Other Teams can scout your
Team throughout a competition and perhaps you will be chosen to form an alliance, if you are not already a
Team captain! Announcers use it to engage the audience. It is also part of the rules. The Game Manual
Part 1 is the official source of guidance in this area and should be read every year., but from many previous
years’ experience there are some things that are consistent: make the numbers legible, large and conspicuous!
Remember to read the Game Manuals for each season and refer back to the rules, so your Robot will pass
inspection with flair!

Here is one suggestion for mounting your team’s numbers. Laminate them and place them on opposite sides
of the robot. An allen wrench can be used to punch holes and then use bolts to secure them.
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Appendix A: Resources

Game Forum Q&A
http://ftcforum.usfirst.org/forum.php

Anyone may view questions and answers within the FIRST® Tech Challenge Game Q&A forum without
a password. In order to submit a new question, you must have a unique Q&A System User Name and
Password for your team.

FIRST Tech Challenge Game Manuals
Part 1 and 2 - http://www.firstinspires.org/node/4271

FIRST® Headquarters Support
Phone: 603-666-3906

Email: FTCTeams@firstinspires.org

FIRST Website: firstinspires.org
FIRST Tech Challenge Page — For everything FIRST Tech Challenge.

FIRST Tech Challenge Volunteer Resources — To access public Volunteer Manuals.

FIRST Tech Challenge Event Schedule — Find FIRST Tech Challenge events in your area.

FIRST Tech Challenge Social Media
FIRST Tech Challenge Twitter Feed - If you are on Twitter, follow the FIRST Tech Challenge twitter
feed for news updates.

FIRST Tech Challenge Facebook page - If you are on Facebook, follow the FIRST Tech Challenge
page for news updates.

FIRST Tech Challenge YouTube Channel — Contains training videos, Game animations, news clips,
and more.

FIRST Tech Challenge Blog — Weekly articles for the FIRST Tech Challenge community, including
Outstanding Volunteer Recognition!

FIRST Tech Challenge Team Email Blasts — contain the most recent FIRST Tech Challenge news for
Teams.

FIRST Tech Challenge Google+ community - If you are on Google+, follow the FIRST Tech Challenge
community for news updates.

Feedback
We strive to create support materials that are the best they can be. If you have feedback regarding this
manual, please email ficteams@firstinspires.org. Thank you!
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Appendix B: Bill of Material List

This list does not include the cell phones and the cables that connect the electronics.

Quantity

TN WONWONNNNRRARAORAROWRNANNONEREN

H
Wiy By P~ O
OBESNMNONEN® S

Name
CORE_MOTOR_CONTROLLER
CORE_POWER_DISTRIBUTION_MODULE
CORE_SERVO_CONTROLLER
SCREW_SHCS 6-32_X 1 25 2011
TETRIX 731901 120 2013

TETRIX_731903_2012
TETRIX_736466_2012
TETRIX_738000_2012
TETRIX_739028 2012
TETRIX_739055_2012
TETRIX_739057_ 2012
TETRIX_739060_2012
TETRIX_739061_ 2012
TETRIX_739062_2012
TETRIX_739065_ 2012
TETRIX_739066_2012
TETRIX_739067_2012
TETRIX_739068_2012
TETRIX_739069 2012
TETRIX_739070_2012
TETRIX_739071_2012
TETRIX_739072_2012
TETRIX_739073_ 2012
TETRIX_739079_2012
TETRIX_739083_ 2012
TETRIX_739086_2012
TETRIX_739088_2013
TETRIX_739089_2012
TETRIX_739090 2012
TETRIX_739091_2013
TETRIX_739092_ 2012
TETRIX_739094 2013
TETRIX_739097 2013
TETRIX_739098_2012
TETRIX_739100 2012
TETRIX_739101_2012
TETRIX_739102_2012
TETRIX_739103_2012
TETRIX_739111 2012
TETRIX_739172_ 2012
TETRIX_739195 2012

Common Name
Core Motor Controller
Core Power Distribution Module
Core Servo Controller
Gear Hub Screw
120-Tooth Gear
Motor Power Wire
4” Dual Omni Wheel Assembly
Motor Encoder
40-Tooth Gear
4" Wheel
Battery Pack
Single Standard Scale Servo Bracket
Flat Bracket
L Bracket
32mm Channel
96mm Channel
160m Channel
288mm Channel
416mm Channel
288mm Flat Bar
288mm Angle
144mm Angle
Flat Building Plate
Motor Hub
TETRIX DC Motor
80-Tooth Gear
Axle
DC Motor Mount
Gear Hub Spacer
Bronze Bushing
Axle Collar
Kep Nut
1/2" Socket Head Cap Screw
5/16" Socket Head Cap Screw
1/8" Axle Spacer
3/8" Axle Spacer
1" Stand-off
2" Stand-off
Button Head Cap Screw
Axle Hub
Motor Mount Screw

Gracious Professionalism® -




NBENBEDNDN

TETRIX_739197_ 2012
TETRIX_739272_2013
TETRIX_739273_2013
TETRIX_739274 2013
TETRIX_739281_CORNER_BRA_2013
39081

Standard-Scale HS-485HB Servo Motor
160mm Flat

96mm Flat

64mm Flat

Inside Corner Bracket

Servo Extension Wire
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Appendix C: References

The right to use any unnumbered quoted text in this document has been graciously given by FIRST® for use in
this document. It may not be used outside of this document without the consent of FIRST.

Appendix C: Project Team Profiles

Isa
Year 10 student at Great Mills High School.
Student for 1 year on Team #2843, Under the Son

Alanis
Year 10 student at Great Mills High School.
Student for 1 year on Team #2843, Under the Son

Laura
Year 10 student at Leonardtown High School.
Student for 8 years on Team #2843, Under the Son

lan
Year 12 student at Leonardtown High School.
Student for 2 years on Team #2843, Under the Son

Gracious Professionalism® - “Doing your best work while treating others with respect and kindess - It's what makes FIRST, first.”



Claudia
Mentor for 2 years on Team #2843, Under the Son

Lydean

Coach for 9 years on Team #2843, Under the Son
Volunteer for 9 years, MD FIRST
ssi@the-spanglers.net

David

Mentor for 9 years on Team #2843, Under the Son
Volunteer for 9 years, MD FIRST
ssi@the-spanglers.net
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