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1 Introduction

The FIRSTech Challenge (FTWi)l be adopting a new controller for its robot competitions. iSlitew
platform uses Android deviecethat are powered bQualComm Snapdragon processor his document
contains information and exercisésteach students and mentors hotw use andorogram thisnew
system

Figurel-FTC's new Androithased platform1

2 Agenda

This training document is organized in following manner,

Overview of the new platform

Getting started with Android programming
Using your Bbot

Operation Modes

QualComm FTC Robot SDK

Building the Robot Controller

Writing your avn Op Mode

DK ebcumentation

=A =4 =4 =4 -4 4 - 4

3 Scope of Material
This document only provides a very basic introduction to Android programming and how it relates to the
next gen FTC robot controller platform.

Participants are encouraged to learn more about Java and Android development for othercessour
such as the official AndroBl S @ S f 2SI &

http://developer.android.com/index.html

! Note that the user interfaces that are pictured on the Android devices are simulated.
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interactive training)

http://developer.android.com/training/index.html

There is an excellent free tutorial from Oracle that teaches basic and advanced Java programming:

http://docs.oracle.com/javase/tutorial/

4 Demo Robots

The training material in this document assumes that students will have access to a demo robot. The
NREo2G o6F 1+ X (KSizedrspthat B éofiigpediwith alDC otdr doritroller, a servo
controller, and two sensors. The DC motor controller controls two 12V DC motors. ribesetroller
controls two 186degree servos. The K9 bots also are equipped with a Power Module device and a
Legay Module device. Thmotor and servo controllers, and tHgower and Legacy Modules are made
by a company called Modern Robotics.

Figure2 ¢ This training material often makes references to a K9 bot (Matrix or Tetrix)

If you are interested in building your own version of the K9 bot, a rudimentary guitie is available
and distributed with this training manual.

IMPORTANT NOTHhe K9 Bot that is described in this build guide was designed as a training robot. The
K9 Bot is useful for learning how to write op modes for the new Android control platfdrenK9 Bot is

also easy to build and compact in siZzdne K9 Bot wasot designed to be a competitier@ady robot. It

is mainlyintended for training purpose
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5 Overview of the Next GenPlatform
The next gen platform is@oint-to-point system. This system has two main components DHeer
Stationand theRobotController The driver station communicates wirelessly with the robot controller.

WiFi Direct Connection

Robot Controller

~ Driver Station

Team 1 Team 1
Driver 1 Driver 2

Figure3 - The new FTC platform is a potHu-point solution.

5.1 Driver Station

The driver station is the component that the teams use to provide input (from a pair of gamepads
and/or a touch screen) to the Robot Controller. The driver station also displays messages (status
information, motor speed, sensor data, etfrdm the Robot Controller.

The driver statiortonsists othe following components,

1. Android Device; An Android device igsedas the base athe driver station This Android
device communicatewirelesslywith the robot controller. Thisdevicehas itsown internal
battery.

2. USB Gamepad ControllegsThe driver station uses a pair of UStabled gamepad controllers

for driver input. For this tutorial, we will use a pair of Logitech F310 gamepads with the devices

aSi Ay d&-¢é Y2RS 0 -, thedwitch ondak bofioindfythe ¥ (RsBaxtild He &b
G2 0KS a-¢ LRaAdA2y0L®

3. NonPowered USB HubThe driver station Android tablet onlyas a single USB port. A USB
hub is used to connect both gamepads to the driver station tablet.

4. Micro USBAdapter¢ The driver station Android device has a type of connector port known as a
Micro USB Type B (fematennector. An adaptor cable is needed to connectwtsBhub to
the Android device.

5. Driver Station Android Apjg The driver station needs a special Andrgib @hat receives input
from the gamepads and communicates with the robot controller.
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Figure4 - Driver station hardware consists of a tablet, adaptercable, a USB hub and two gamepads.

5.2 Robot Controller

The robotcontrollet O a & GKS GoNIAyaé 2F (GKS NRoz2G® L
station. It processes sensor data and user commands and sends instructions to the motor and servo
controllers to make the robot move.

For this tutorial, the K9 bads equipped th the following components,

1. Android Device; Preferably a phonsized (smaller) Android device is used as the robot
controller. This device will communicate wirelessly to the driver station. This device will also
communicate, through a USB cable, @ tonboard robot hardware. This device has its own
internal battery.

2. Robot Controller Apgt The Android device runs a special robot controller app that
communicates with the driver station and sends/receives messages to the onboard robot
hardware.

3. 12V Rehbargeable Batteryc The battery provides power to a USB hub, which in turn provides
power toother devices (such as the Legacy Module) Hratconnected to the USB hub. The
battery also provides power to drive the DC motors and servos on the robot.

4. PowerModule ¢ The Power Module is an electronic device thasa built-in USB hulwhich
connecsthe Android device to one or more U&Babled modules (such as the Legacy Module).
The Power Module draws power from the 12V battery and feeds it to the US&:ddlrough
the USR:ables The Power Module also feeds povditectlyto the DC motor and servo
controllers.

5. Micro USBAdapter¢ The robot controller Android device has a type of connector port known as
aMicro USB Type B (femat®nnector. Aradaptercable is needed to connect the Android
Device to the builin USB.

6. USB Cables The USRonnected modules (such as the Power Module and Legacy Module) for
the next gen platform use USB Mini style cables to connect with each other and with the
Android devte. Note that armdaptercable is needed to connect the USB Mini style cable to the
' YRNRPARQaA aAONR ! {. ¢&LJS . LER2NI®

7. Legacy Module; This module is a special electronic device that acts as a bridge between the
new Android robot controller and the older GB NX-Eompatible devices (motor and servo
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controllers, sensors, etc.). The Legacy Module communicates with the Android device through a
USB connection. It receives commands and sends data from/to the Android device. It also
communicates, through six NP$tyle ports toexistingNXFcompatible hardware (motor
controller, servo controller, LEGO approved sensors, efthe Legacy Module draws power
through the USB connection from the Power Module.

8. DC Motor Controller with Motorg, The K9 bot has a sindleC motor controller The USB
enabled DC Motor Controller communicates with the Android device through a USB connection.
The USEenabled motor controller also draws 12V power from the Power Module to power the
DC motors.

9. Servo Controller with ServasThe K9 bot has a single servo controllene USEnabled Servo
Controller communicates with the Android device through a USB connection. ThendSiBd
servo controller also draws 12V power from the Power Module to power the servos.

10. Hitechnic IR Seeker \&ensor; The K9 bot has an NXdmpatible IR seeker sensor. The sensor
is connected to the Legy Module. The Android devicemmunicates through the Legacy
Module to the sensor. The sensor draws power from the Legacy Module.

11. LEGO Light SensqiThe K®ot has an NXTompatible IR seeker sensor. The sensor is
connected to the Lesicy Module. The Android devicemmunicates through the Legacy
Module to the sensor. The sensor draws power from the Legacy Module.

12. NXT Cableg The K9 bot uses standard LESXFcompatiblecables to connect the Legacy
Module with the sensors.

Legacy Module

Android
Device Power Module

DC Motor Controller \

—l— = § \y
< N /z 3

- 3
-

3 \\

PN
P 4

—— Servo Controller
e — .
.
-

-,
= 2

12V Battery v

Figure5 - K9 bot hardware with US#nabled motor/servo controllers (cables and adapter not shown in detail).
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5.3 A Note about USB Ports & Cables

The next gen pitform uses USBvhich stands for Universal Serial Biasgonnect the Android devices

to the robotand game controller hardware. The USB cables allow the devices to communicate at a very
KAIK &ALISSRo® ¢KS ' {. OlFIoftSa |fa2 LINRPDARS LIR2gSNI (2
Module.

5.3.1 USB Host & Client Modes

A USBenabled device such as a sipdnone or tabletcan act as &SB hosor asa USEclient device A

USBhostis thedevicethat initiates all communications on the bu$heUSB clientesponds to

communications from the host. The Android devices that are used for the next gen plétfearthe

ability to act as eithea USB host or a USBBent When you plug the Android device into a laptop the

Android device acts as a U8Ent. When you plug a gamepado the Android device the Android

device acts as a USB ho$he termUSB Osthe -Go(orUSBOTG A & dzaSR G2 RS&AONRGS |
switch between host and client modes.

Note that when an Android device is acting as a USB host, it caimoltaneoushbe charged. This

means that when you have your Android tablet coreelcto the Logitech gamepads or when you have

your Android phone connected to the Power ModoleLegacy Moduléwith the phone acting as a USB

host) the Android devicwill be drawing power from its internal batteryThe Android devi€@a Ay G SNI/ I €
battery currently cannot be charged while it is acting as a host for the gamepad or robot modules

5.3.2 USB Micro Type B

The Android devices have a special type of USB port called a XEB-Go (OTG) portThis USB OTG
port allows the Android device to automaticawitch between host andientmodes. TheUSB OTG
devices typically have d@SBMicro TypeB receptacle

Figure6 - USB Micro B receptac‘”[e

¢KS ! YRNB AR R &egeptarle Rduire¥ 4 SBMicrigdble:

2 Fromhttp://electronics.stackexchange.com/questions/34741/eamandroidtablet-serveasusb-host-and-be-charged
simultaneousisthroughta accessed January 15, 2015.
3 Image fromhttp://en.wikipedia.org/wiki/lUSB#mediaviewer/File:USB_Micro_B_receptacleasegssed on January 15, 2015.
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Figure7 - USB Micro B cabfe

* Fromhttp://www.monoprice.com/Product?c_id=103&cp_id=10303&cs_id=1030307&p_id=8639&seq=1&formete’sed
on January 15, 2015.
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5.3.3 USB Mini Type B

The electronic modules fromlodern Roboticthat are used to communicate between the Android

phone and the robot hardware (motors, servos and sensors) are equipped)sBMini Type B
receptacles. This type of receptacle was selected by the manufacturer because they are the most
durable type of connector, designed for repeated connect and disconnect cycles. These are the same
style of USB receptacle found on highd digital SLR cameras.

12345

Mini-B
Figure8 - USB Micro B receptacﬁe

¢KS [S3Fr0e IyR t26SN a2 RdAUSBMini Tepk§yk cable: NSOSLIi I Of S N

Figure9 - USB Micro B cabfe

5 Image fromhttp://en.wikipedia.orgwiki/USB#mediaviewer/File:USB_MiBi receptacle.svgccessed on January 15, 2015.
® Fromhttp://www.monoprice.com/Product?c_id=103&cp_id=10308% id=1030302&p_id=8632&seq=1&formatessed
on January 15, 2015.
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5.3.4 Micro USB OTG Adapter

A special adapter cable used to connect the Android device to the Power Module or to the USB hub.
This Micro USB OTG Adapter cable has a nfakMicro B connector on one eadd a female standard
USB Type A receptacle on the other end.

Figure10- USB Micro OTG Adapter Cable

When usedwith the driver station, the USB htb connected to the Android tablet through the Micro
OTG adapter cable.

When usedwith the robot controller, the Power Module is connectiedthe smartphone through the
Micro OTGadapter cable.

7Image fromhttp://www.monoprice.com/Product?c_id=108&cp_id=10833&cs_id=1088%p id=9724&seq=1&format=2
accessed on January 15, 2015.
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6 The Android Operating System

6.1 What is Android?

The next gen platform uses a tablatd a smartphone taontrol a robot. The tablet and smartphone
are actually sophisticated, compact computers. These handheld cemspludve a centrgirocessor,
volatile and norvolatile memory, input/ouput devicesand other features commonly found on modern
computers.

Android is theoperating systenthat runs on these handheld deviceSimilar to a laptop that has
Microsoft Windows or MacOS as itparating system, a tablet amariphone has its own operating
aeaidsSy GGKFdG YIylFr3aSa GKS RSOAOSQa KINRgFENB FyR az¥

Figurell- Android is the world's most popular computing platforr%.

You may have heard people reterAndroidasfirmware. The termfirmware implies that the
AyaiNuzOdAzya yR RFEGEF GKIFEG FNB YFE1S dzlJ 6KS RS@AOS
G2t 0GAES YSY2NR O ¢CKS GFANNE AYy (KS g2 NBatad FANY G| N
that are used to run an electronic device like a digital camera or p#8&rdid not change very

frequently(if at al). Typically, he firmware was installed once onto the device (at the factory) and left

GKSNE FT2NJ GKS NBad 2F GKS RSOAOSQa tAFTSOo

Android is more similar to the Windows, MacOS and Linux operating systems. It is installed anto non
volatile parts of memory of a tablet or phone. However, Android is often updated with patches or
upgrades, just ke Windows, MacOS and Linuxven thout Android can be updated regularly, people
A0Aff 2FGSY NBFSNI G2 A0 Fa GFANNG|I NBode

Google produces AndrgisdvhichA & (G KS ¢2 NI RQa Y2 a {° Godglediztelopahd2 LIS NI ( A y
maintains the Android code. hiEsource code iavailable to the publiander an open source licens.

D223fS LINPYARSAE FTNBES RS@OSt2LISN) G22fa GKIFIG OFy oS
platform. Starting with version 1.5, the different versions of Android are denoted by their version

number and by the namef a dessert or candy. Android version 1.5 is known as Cupcake. Android 4.4 is
known as Kit KatAs of the January 2015, the most current version of Android (5.0) is known as Lollipop.

8 Image fromhttp://en.wikipedia.org/wiki/File:Android_robot.svg Retrieved December 4, 2014.
? Seehttp://developer.android.com/about/index.htmfor details.
19 http://en.wikipedia.org/wiki/Android_(operating systeng)Retrieved January 15, 2015.
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6.2 Android Studio

The driver station tablet and the robot controller smartphone run special apps for the FTC competition.
These appare created using tools that are provided for free by Google. The official development tool
for Android development is known @sdroid Stdio. In order to be able to write programs to control a
robot, you will need to learn how to build apps using Android Studio.

Android Studias a tool known as an Integrated Development Environment (IDE). Android Studio is a
software package that you itedl onto a computer or laptop. It has a suite of tg@ach as a text editor,
debugger, anather tools to helpauthor, build and install apps for the Androagberating system.

App development might seem intimidating at first. However, for the FTQsptie processs fairly

simplified. The engineers at QualComm have developed an Android framework for the FTC robots. This
framework takes care of much of the more complex programming tasks. The student or mentor can
focus on programming the robot bakior and not have to worry much about developing the framework

of the app.

6.3 MIT/Google App Inventor
Work is being done to integrate the new FTC platform with the MIT/Google App Inventor:

http://appinventor.mit.edu/explore/

The App Inventor is a uséiendly, servetbasedtool to create Android apps usirayvisual development
environment.

The App Inventor is being modified so that it will able to support the FIRST Tech Challenge hardware.
Teams will eventally be able to use the App Inventor to create apps for their competition bots.

Unfortunately, the App Inventowill not be covered in thimmanual A separate App Inventor training
manual will be available.

6.4 Java

Java is a popular textased, objecbriented programming languageindroid apps are written using
Java syntax. The programs that we will be using in this tutorial require a basic knowledge of Java.
Unfortunately, the scope of this document does noballfor a detailed examination of the Java
programming language. However, the Oracle Corporation maintains an excellent, free online Java
tutorial:

http://docs.oracle.com/javase/tutorial/

Students areencouraged to review the online Java tutorial before they attempt to try trey@ges in

this training manuallt would be helpful if students have a basic knowledge of Java to complete the
exercises in tisi manual. Students do not have to be Java exg, but should understand the basic

syntax of java and be familiar with concepts such as classes, inheritance, and other key object oriented
concepts.
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7 Installing Android Studio

7.1 Important Note Regarding the Android Studio Instructions

IMPORTANT NOTE!hig training manual contains instructions on how to install the Android Studio
software onto your PC. Please note that this information is provided to help you with the installation of
the software, however, the screen shots and links in this documertitrbig out of date.

The most ugo-date reference for installing and using tAadroid Studio software can be found on the
Android developer website:

http://developer.android.com/sdk/index.html

Please read and refer to the instructions on the Andaggeloperwebsite before you attempt to install
this software onto your own PC.

7.2 Android Studio Website

In order to create programs for your next gen FTC robot, you will need to have Android Sstaliedn
on your laptop. Android Studio is distributed freely by Google and it is available on the Android
5850St 2L NRa ¢So0aArusSy

http://developer.android.com/sdk/index.html

Android Studio is avaiide on the MacOS, Windows and Linux operating systérhis version of the
manual currently only describes how to install Android Studio for the Windows environment.

7.3 System Requirements

Before you download and install the Android Stuglia should first beck the list of system

NEIljdzZA NSYSyida 2y GKS !' yYRNRAR RS@St2LISNDa ¢Soaid
minimum requirements:

http://developer.android.com/sdkimdex.html#Requirements

7.4 Installing the Java Development Kit

You will need to download and install the Java Development Kit (JDK) onto your computer, prior to
installing the Android Studio software. At the time this document aréginally written, AndroidStudio
requires the JDK version 7 for Windows installations.

The JDK versionsoftware can be downloaded from the Oracle.com website:

http://www.oracle.com/technetwork/java/javase/downloads/jdkdownloads1880260.html

If you visit the JDK download website, you will want to select either the Windows X86 download file (if
you are using a 3Bit version of Windows) or the x64 download fjileyou are using a 6Mit version of
Windows). At the time of this writing, JDK 7&7s the kit you should download:
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Java SE Development Kit 7u71
“You must accept the Oracle Binary Code License Agreement for Java SE to download this
software.

Accept License Agreement * Decline License Agreement

Product ! File Description | File Size ‘ Download
Linux x86 110.44 MB Tu71-inux-i586.rpm
Linux x86 136.76 MB -linux-i586.tar.gz
Linux x84 12081 MB Jinux-x64.rpm
Linux x64 13563 MB -linux-x64 tar gz
Mac O3 X x64 185.84 MB -macosx-x64.dmg
Solaris x86 (SVR4 package) 130.36 MB laris-i586 tar.Z
Solaris x66 95 48 MB laris-i586 lar.gz
Solaris x64 (SVR4 package) 24 68 MB \aris-x64 ar Z
Solaris x64 16.36 MB uT1-solaris-x64 tar.gz
Solaris SPARC (SVR4 package) 138.74 MB u71-solaris-sparc far.Z
Solaris SPARC 9862 MB
Solaris SPARC 64-bit (SVR4 package) 2394 MB
Solaris SPARC =it HEAEME
Windows x86 127.78 MB
Windows x64 12952 MB

Figurel2 - Select x86 for 3:it versions of Windows or x64 for 6Bit versions of Windows

Note that youwill only need the JDK 7 software. You do not need to download any of the extra files that
are available on the Oracle website (such as the Demos & Samples download).

Once you have the executable file downloaded from the Oracle website, double click file tto open
it and start the installation. Follow the steps of the Installation Wizard to install the software onto your
computer.

- - -
& Java SE Development Kit 7 Update 71 (64-bit) - Setup [

ORACLE

Welcome to the Installation Wizard for Java SE Development Kit 7 Update 71

This wizard will quide you through the installation process for the Java SE Development
Kit 7 Update 71,

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

Next > | l Cancel ]

Figurel3- Follow the steps of the Installation Wizard.

Whenprompted, select the default eommended settingérom the Installation Wizard
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- — ~
) Java SE Development Kit 7 Update 71 (64-bit) - Custom Setup.__| [

(‘
‘E_(_f Java: ORACLE

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

Java SE Development Kit 7
Update 71 (64-bit), induding the
JavaFX 50K, a private JRE, a
private JavaFX runtime, and the
Java Mission Contral tools suite.
This will require 300MB on your
hard drive.

Install to:

C:\Program Files\Javaljdk1.7.0_71%

[ < Back ][ Next = J [ Cancel ]

Figurel4 - Select the default recommended settings for the installation.

I FGSNI GKS Ayadlttlrdazy Aa O02YLX SGST KAG G(KS a/ftza
neSR G2 OftAO0]l 2y GKS abSEG {GSLEAE 06 dzii

|'§ Java SE Development Kit 7 Updat

‘E_(_Z ]ava" ORACLE

Java SE ! Kit 7 Update 71 (64-bit)

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

Mext Steps

Figurel5 - Hit the Close button to finish the installation.

7.5 Installing the Android Studio Software

Once you have installed the JDK software successfully, you can go to the Android dé¥elape 6 So6 a A G S
and download the Android Studio software:

http://developer.android.com/sdk/index.html

On the Android Studio SDK website, click on the green button to take you to the download webpage:
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/ Download Android Studic X

€ = C [} developer.android.com/sd

Developers

Training API Guides

Download

Installing the SDK
Adding SDK Packages

Android Studio
Workflow
Tools Help
Build System
Support Library
Revisions

NDK

ADK

Eclipse with ADT

ndex.htrr

Design e Distribute Q

Reference Google Services Samples

The official Android IDE

Android Studio IDE
Android SDK tools
Android 5.0 (Lollipop) Platform

Android 5.0 emulator system image
with Google APls

« System Requirements

e Other Download Options
onto

« Migrating to Android Studio

 Take a Survey

Intelligent code editor

ol =

Figurel6 - Click on green button to download the software.

The Android web page should prompt you to accept or reject the license agreement. Check the

checkbox to accept the agreement, then press the blue button to begin thaidad:

Downlaad Android Studic % o=l

€« €' | [3 developer.android.com/sdk/indexhtml#top
~+  Develop 5 Tools > Download Android Studio and SDK Tools Q, H
Download
Download ~

Installing the SDK-

Adding SDK Packages

Android Studio
Workflow
Teols Help
Build System
Support Library
Revisions

NDK

ADK

Eclipse with ADT

Before installing Android Studio or the standalone SDK tools, you must agree to the following terms and conditions.

1.3 'Google" means Geogle Inc., a Delaware corporation with principal place of business at 1600 Amphitheatre
Parkway, Mountain View, CA 94043, United States.

2. Accepting this License Agreement

2.1 In order to use the SDK, you must first agree to this License Agreement. You may not use the SDK if you do not
accept this License Agreement.

2.2 By clicking to accept, you hereby agree to the terms of this License Agreement.

2.3 You may not use the SDK and may not accept the License Agreement if you are a persen barred from receiving
the SDK under the laws of the United States or other countries including the country in which you are resident or
from which you use the SDK.

2.4 If you are agreeing to be bound by this License Agreement on behalf of your employer or other entity, you
represent and warrant that you have full legal authority to bind your employer or such entity to this License
Agreement. If you do not have the requisite authority, you may not accept the License Agreement or use the SDK on
behalf of your employer or ather entity.

[# | have read and agree with the above terms and conditions

Download Android Studio for Windows

w =

Figurel? - Accept the license agreement and click blue button to begin download.

Once you have downloaded the installation file, double click on it to begin the install process. An
Installation Wizard should appear. IlBwv the steps of the Installation Wizard to install the software:
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Welcome to the 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 wil make it possible to update
relevant system files without having to reboot your
computer.,

Click Mext to continue.

Android
Studio

[ < Back ][ Mext = ][ Cancel ]

Figurel8- Follow the steps of the Installation Wizard to install the software.

When prompted by the Installation Wizard, select the default values fosétiings and continue with
the installation process.

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

Check the components you want to install and uncheck the components you don't want to
install. Click Next to continue.

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

Performance {Intel® HAX

Space required: 3.8GB

[ < Back ][ Mext > ][ Cancel l

Figurel9 - Select the default values when prompted by the installation wizard.

During the installation process, the Installation Wizard will prompt you for the Install Losdtiothe

Android Studio software, and the Google Android Software Development Kit (SDK). The Android Studio
software is the too(such as the text editor, project browser, and debuggea} you will use to create

and edit your apps. Thendroid SDK cdainsthe actual software components that are usedhtoild

and install the apps.

When the Installation Wizard prompts you for the Install Locations, you should note the install location
of the Android SDK. You might need to know this location lateo dimd and run tools that are

available in the SDK. In the screenshot below, the Android SDK will be installed to the directory

& AUsersteng\AppDataLocalAndroidd R1 ¢ 2y GKS 2 AyR2ga O2YLlzi SN
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| Configuration Settings
Install Locations

Android Studio Installation Location

The location specified must have at least S00MB of free space.
Click Browse to customize:

C:\Program Files\androidandroid Studio

Android SDK Installation Location

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

C:UsersitengWppDataLocal\Androidisdk.

[ < Back “ Mext > i[ Cancel ]

Figure20 - Note the installation location of the Android SDK.

Continue with the installation process. Note that Android Studio is a large program and it can take a
longtime to install the required components. Please be patient and wait for the install to complete.

Installation Complete
l Setup was completed successfully. I

Completed

- .
Show details

< Back Cancel

Figure21 - Android Studio can take a long time to install the required components.

ca
R
w

hyOS G(KS AyadlttlridArzy Aa FTAYyAaKSRXI LINBia
Android Studio.

GCAY
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Completing the Android Studio
Setup

Android Studio has been installed on your computer,

Click Finish to dose Setup.

Figure22 - Press "Finish" ta@omplete theinstall andto launch Android Studio.

When the Android Studio software is launched, it might prompt you to import Android Studio settings

from a previous installation of the software. Unless you are an advanced bsehagprevious Android
{ddzRA2 aStdAy3aa GKIFG @2dz g2dd R tA1S (2 LINBaSNBS:
{ddzRA2 2NJ L R2 y24 ¢lyd (2 AYLERNL Yeé aSdidadiay3aas vy

|

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

(") Iwant to import my settings from a custom locatiord

Spedfy config folder or installation home of the previous version of Android Studio:

i@ Idonot have a previous version of Android Studio or I do not want to import my settings

Figure23 - Android Studio might prompt you to import previous settings.

Once Android Studio has finished downloading and installing the additional software components, click
0KS GCAYyAaKE odzidz2y G2 O2yGAydzsSyY
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"+ anaia suso s I, e

Setup Wizard - Downloading Components

A Android Studio

Android SDK was installed to C:\Users\teng\AppData\Local\Andreid\sdk
Refresh Sources:

Fetched Add-ons List successfully

Refresh Sources

Installing Archives:
Preparing to install archives
Installing Android SDK Tools, revision 24.0.2
Installed Android SDK Tools, revision 24.0.2
Installing Android Support Repository, revisien 11
Installed Android Support Repositery, revision 11
Done. 2 packages installed.
Zndroid SDK is up to date.
Creating Android virtual device
Zndroid virtual device Nexus 5 API 21 x86 was successfully created

[(previous | [ Net | [ Concel | m

Figure24 - Click on the "Firsh" button to continue.

7.6 Android SDK Manager

The Android Studio software lets you launch an application known as the Android SDK Manager. The
Android SDK Manager can be used to install SDK components and tools that you might need to build
your app. Youan launch the SDK Manager from the Welcome screen of Android Studio. Select
G/ 2y FAIdz2NBE¢ FNRBY (GKS 2SSt 02YS

Q Welcome to Android Studio

Recent Projects Quick Start
@ Start a new Android Studio project
ED‘ Open an existing Android Studic project
Mo Praject Open Yet @ Import an Android code sample
VCS

* Check out project fram Version Control

= Import Nen-Andreid Studio project

a0ONBSY

‘ # Configure

rE. Docs and How-Tos

Android Studic 101 Build 1351841136, Check for updates now.

i2 2L8y

Figure25 - Select "Configure" from the Quick Start menu of the Welcome screen.

Inthe/ 2y FA3Idz2NBE YSydzz aSt SOG GKS
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-

Recent Projects &

Configure

\,', Welcome to Android Studio
L

-1
SDK Manager

Mo Project Open Yet

Android Studio 101 Build 1351641136,

é Settings

E‘Q Plugins

E{u Import Settings

I}n Export Settings

Fﬁ Project Defaults

Check for updates now.

Figure26 - Select SDK Manager from Configure menu.

The SDK Manager will list available packages of software tools that you can downloachitthey

already installed on your machine. The SDK Manager also lets you remove/uninstall components from
AONBSy 3INI o

@ 2dzNJ O2 Y LJzi S N

! YRNRAR

already installed on the computer.

1 Packages Tools

Ly GKS

SDK Path: C:\Users\teng\AppData\Local\Androidisdk

Packages

i Name

4 [C|[] Tools|

[+ Android SDK Tools

[]+* Android SDK Platform-tools

]+~ Android SDK Build-tools
[F] 4 Android SDK Build-tools
[] + Android SDK Build-tools
]+~ Andreid SDK Build-tools
[F] 4 Android SDK Build-tools
[] + Android SDK Build-tools
]+~ Andreid SDK Build-tools
[F] 4 Android SDK Build-tools
[] + Android SDK Build-tools
]+ Andreid SDK Build-tools
[7]# Android SDK Build-tools

Show: [V] Updates/New []Installed

[] Obsolete

Select New or Updates

Deselect All

API

Rev.

2402
21
21.1.2
2111
211
2L.0.2
2101
21
20
191
19.0.3
19.0.2
1901

Status

[ Installed

[ Installed

[ Installed

| Not installed
| Mot installed
|| Mot installed
| Not installed
| Mot installed
|| Mot installed
| Not installed
| Mot installed
|| Mot installed
|| Not installed

0St2¢6

(B2Y2 ft & & (GFNBNDEGd YV RWE A R P12 Y 4 £ dZENBOAAA2 Y

—

Install 9 packages... ]

Delete packages...

|0-EU

Done loading packages.
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Figure27- The SDK Manager shows what software packages are available and what have been installed.

The Android Studio developmeatvironment will use the SDK tools to build your Android app. You can
configure the Android Studio software to use different versions of the SDK tools to build your app.
Sometimes, you might want to use a more recent version (such as Android SDKevisits) 24.0.2) of

the tools because they contain bug fixes or new features that you would like to incorporate into your
app. Other times, you might want to use an older version of the SDK tools, because these tools are
more stable (have less bugs) or Wdretter with your target Android hardware.

The SDK Manager also lists some extra software tools which might be useful for your development
SY@ANRYYSY(o® L¥ @2dz FNB | 2AyR2¢64& dzaASNE GKSy @&2dz
onto your lo@l machine.Towards the bottom of the scrolling view of the SDK manager, there is a

LI O1+38 2F O02YLRySyia 0SSt SR G9EGNI &8¢ bl @Al GS
O2YLRyYySyGao al 1S adzNB (K Sisir3raldoizygus ryfathine. dfingy2a@t S | { .
not installed, make sure you select them by checking the boxes next to their listing, then hitting the

install button.

In the screen grab below, the Google USB driver was not yet instdlledicheck box next to the Google
USB component has been selected, indicating that the user would like to install the Google USB driver
onto the machine.

i [E=REET™)
Android SDKManager, S S Sl S S e
Packages Tools
SDK Path: C:\Users\jwierman'AppData\Local\Android\sdk
Packages
it Name API Rev.  Status it
a [][ ] Extras
l [T & Android Support Repository 11 [ Installed
3 Android Support Library 21.0.3 Not installed
[T & Googie Play services for Froyo 12 Mot installed 1
[F] & Google Play services 22 Not installed
[7] & Google Repository 15 [ Installed
[ & Google Play APK Expansion Library 3 Not instailed
[ 3 Google Play Billing Library 5 Not instailed
[ E3 Google Play Licensing Library 2 Not instailed
I 7] g Android Auto AP Simulators 1 Mot installed |
E3 Google USB Driver 11 Not installed [
[F] & Google Web Driver 2 Mot installed =N |
[] (3 Intel %86 Emulator Accelerator (HAXM installer) 52 [ Installed
Show: [¥] Updates/New [V]Installed  Select MNew or Updates Install 9 packages...
[”] Obsolete Show Updates and New I Delete packages
Done loading packages. O
= =

Figure28- In this image the USB Driver is not yet installed.

After you have selected which components yeould like to install/uninstall, click on the install button
then accept the user license agreements to begin the download and installation process:
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-

QST

Packages

+" Android SDK License

+" Android TV ARM EABI7a System Imi
+" Android TV Intel x36 Atom System Im
+" Android Wear ARM EABI v7a System I
+" Android Wear Intel x86 Atom System
+" ARM EABIv7a System Image, Andraic
+" Intel x86 Atom_64 System Image, And
+" Intel :86 Atom System Image, Androit
+" Android Support Library, revision 21.0
+" Google USB Driver, revision 11

Package Description & License

Pacl

- Android TV Intel x86 Atom System Image, Android API 21, revision 1

- Android Wear ARM EABIv7a System Image, Android API21, revision 1
- Android Wear Intel 286 Atom System Image, Android API 21, revision
1

- ARM EABI v7a System Image, Android API 21, revision 1

- Intel x86 Atom_64 System Image, Android API 21, revision 1

- Intel ¥86 Atom Systemn Image, Android API 21, revision 1

- Android Support Library, revision 21.0.3

- Google USB Driver, revision 11

License
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”).

Accept () Reject Copy to dlipboard | Print

Packages
- Android TV ARM EABIv7a Systern Image, Android APL21, revisionl [

[ Install ] [ Cancel

J

Figure29- Accept the license agreements to download and install the components.

Once you have completed installing the SDK components and extra tools, you can close the Android SDK

Manager. Note that it might take a long time for the SDK Manager to downloadrastdll the
components, so please be patient while it does so.
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7.7 Building your First App

Once you have installed the SDK components that you would like for your computer, you can close the
SDK manager and start programming your first app. On the AndradibSVelcome screen, you should

ass
start a new project.

Fy 2LIGA2Y

G2 G{dF NI

vy S 6

l YRNR AR

) Andraid Studio setup D M- [ -—E——— (=1 i

Quick Start

& Welcome to Android Studio

)
%p{ Start a new Android Studio project

|

== O isting Android Studi ject

Eu pen an existing Android Studio proje
]

E‘k’ Import an Andreid code sample

VES Check out project frem Version Control
]

Ei‘ Import Nen-Android Studio project

,J‘,g_ Configure
-
rl;? Docs and How-Tos

Android Studio 101 Build 1351641136, Check for updates now.

Figure30- Select "Start a new Android Studio project” from the QuiSkart menu

{ G dzRA 2

Android Studio will prompt you for some information about your new project. You should provide a

YEYS F2NJ @2dzNJ LIN22SOi

00 KS R $0h baddeave itdhere)dz8s0,2 F

Android uses a haming scheme which usesiidmmes from an Internet domain that you provide to
make the Java classes that you create unique. Android Studio will store your classes using this domain
name. This helps avoid conflicts with classes that you might use from other software libraries.

C2NJ GKA &

SEI YL} S

82dz Oty

below, yours will be slightly different).
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| A New Project

Andreid Studic

Configure your new project

IR e —

Application name: | [T

Company Domain: | jwicrman.crample.com

Packagename  com.eamplejwierman.myapplication

Project location: il udioProject: pplication

[ previous | [ cancel | [ Finin |

Figure31- You can accept the default values for the application name, domain, angjqmt location.

The next screen prompts you for the minimum SDK version that you want to target your app to work
with. Since our app is going to be a simple one, we can target an older version of the Android Operating
system. Accept the default value (igh in the following screen shot is Android 4.0.3, Ice Cream

Sandwich):

| /_’( New Project

Android Studio

Select the form factors your app will run on

Different platforms require separate SDKs

[¥] Phone and Tablet

=

Minimum SDK API15: Android 4.0.3 (IlceCreamSandwich)

(R

Minimum SDK
[ wear

Minimum SDK
[ Glass (Mot Installed)

Minimum SDK

Lower API levels target more devices, but have fewer features available. By targeting API15 and later, your app will
run on approximately B7.9% of the devices that are active on the Google Play Store. Help me choose.

| )

| )

| J

[ Elzviousl [ G J ‘ i J

Figure32 - Acceptthe default minimum SDK versi that your app will work with and press Next.

Android Studio will prompt you to specify what typeaafivity that you would like to add to your

project. An activity is like a window on a computer application. An activity is a container that holds
widgetsF 2 NJ @ 2dzNJ ! YRNR AR I LILID

press Nekto continue.

FTCTraining Manual vO_98ocx

al 18 &dzNB

Page26 of 102

iKS RSTI dzt @



DRAFT: Contents Subject to Change

Create New Proj

Add an activity to Mobile

PEpr—— ,
1 o/
1 y
1
| | {
Add Mo Activity I | g
| /
1
! 1
| 1
Blank Activity Blank Activity with Fragment Fullscreen Activity Google Maps Activity
...... PR
Y o I

= ] (7]

Figure33 - Select theBlank Activitytype and hit Next.

Android Studio will prompt you for information about the blank activity that it will create for your
project. You can accept the default values and pushitt@A y A A K¢ odzid2y G2 3IASYSNI

Create New Proj

Choose options for your new file

Creates a new blank activity with an action bar.

NN

Activity Name: | Mainactivity ]
Layout Name: [activity_main |
Title: [ Mainactiviey |

Menu Resource Name: | menu_main |

Blank Activity

The name of the activity class to create

[(Breions | [ et | [Lconce | RN

Figure34 - Accept the default values and click Finish to generate your app.
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The Android Studio software will use the parameters that you specified to generate a new project.

Building 'MyApplication’ Gradle project info

Gradle: Build

t J

Figure35- Android Studio will build the project.

While it is generatinghe project, the Windows operating system might flash some warning messages
about Java and/or Android Studio tryingltoOOS&da G(KS ySig2N] ¢ theXldua &4 K2 dzf R
and Android Studio applications.

-
P Windows Sec_

[ @ Windows Security Al (|
" ity

@ Windows Firewall has blocked some features of this program

Windaws Firewall has blocked some features of Java(TM) Flatform SE binary on all public, private
and domain networks.

Java(TM) Platform SE binary
Oracle Corporation
Path: C:Vprogram files\javaljdk 1. 7.0_51'bin'java.exe

& Name:

3
= Publisher:
Allows Java(TM™) Platform SE binary to communicate on these networks:
Domain networks, such as a workplace network
[ Private networks, such as my home or work network

[ Public networks, such as those in airports and coffee shops (not recommended
because these networks often have little or no security)

What are the risks of allowing a program through a firewall?

| @ Windows Firewall has blocked some features of this program

Windaws Firewall has blocked some features of Android Studio Windows Launcher on all public,
private and domain networks.

Name: Android Studio Windows Launcher,
ama Publisher: Android
Path: C:program files\android\android studio‘bin\studio64.exe

Allow Android Studio Windaws Launcher to communicate on these networks:
Domain networks, such as a workplace network

[ Private networks, such as my home or work network:

[ Public networks, such as those in airports and coffee shops (not recommended
because these networks often have little or no security)

What are the risks of allowing a program through a firewall?

[ Allow access ][ Cancel ] [ Allow access ][ Cancel

Figure36 - You should How access to your networks for Java and Android Studio.

Once the project has been successfully created you should see the Android Studio Tip ofsheeBay
2dz Oy Of2a$S (GKAa gAYyR2g | yR Ifaz2 dzy OKSO]
any more tips.

z

0KS af

[; Did you know ... ?

Welcome to Android Studio 1.0.1

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.

[v] Show Tips an Startup

[ proious T | | g |

Figure37 - Android Studio has a Tip of the Day screen.

If you were able to install Android Studiodathe JDK successfully, you should see an Android Studio
screen for your newly created project.
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File Edit View MNavigate Code Analyze Refactor Build

Run Tools VCS Window Help

ODHOS 0O A ] . % B w2 Q
[ MyApplication  [app [ src [ main  CZres  [£layout | [ activity_mainxml
4 & Android -] @ & | #- 1 | [ MainActvityjave % | & activity mainml % | -
3 —
s I:'igp Palette #- 1 [L- |ENewsa- - @apptheme ™ MainAdivity- | @ 1§21~ Component Tree = %03
3 » [ manifests H
2 e EllLsoty - 2 v 1 DeviceScreen J
v E'Jras [LJFrameLayout T [RelativeLayout 2
H »; [ drawable [tineartayout (Horizontal A TextView - @string/hello_world &
s [ LinearLayout (Vertical)
s v [ layout Iy
“ [ TableLayout o
ableRow
v » 1 menu =
 Elval [ GridLayout
& Graah ;a v [1] RelativeLayout .
> (s radle Scripts
i £ Widgets g
[AE] Plain TextView %
[AE] Large Text o
[AE] Medium Text 9
[AE] Small Text Properties ? 9
o Butten

2% Small Button

layout-height match_parent
(®) RadioButton e
CheckBox sy
1 Switch accessibilityLiveRegion
. — ToggleButton alpha
% & ImageButton background
2
I D tmageview backgroundTint
& == ProgressBar (Large)
* backgroundTintMede
== ProgressBar (Normal)
- == ProgressBar (Small) clickable (]}
5 == ProgressBar (Horizontal) contentDescription
B 101 SeekBar elevation
=
E P RatingBar focusable ]
i Gradle build finished in 1 min 4 sec Design  Text
[E Terminal = 0: Mmges % 6 Android S TODO Eventlog  [=] Gradle Console M4 Memary Monitor

[0 Gradic build finished in 1 min 4 sec (a minute age)

. Indexing...

— )

na | nfa | b

Figure38- If you successfully create a project, your screen should look something like this.

Take a look at the screen shotHigure38. At the top of the screen theris a set of menus, similar to
the menus you might find on any other Windows applicatiofou can use these menus to get
information about your project or adjust settings for your project or Android Studio environment.

On the left hand sidef the screernyou can se@ project browser. Thiproject browseris similar tothe
Windows File Explorer. You can use the project beows browse through the components of your

Android project. You can click on the project components to expand or collapse them (i.e., show more

or less information about that component).

My Application -

File Edit View MNavigate Code Analyze Refactor Build

OHOD o [ ol <« e
[=2 MyApplication * 2 app * [ src » [ main [ java » £
B 11 Android v| 0 = | 1+
g v Faapp

-l » [ manifests

= v [java

¥ [ com.example.teng.myapplication
@ & MainActivity
» [ com.example.teng.myapplication (zndroidTest
¥ Cares
[ drawable
v [ layout
3 activity_main.xml
» EJmenu
b Edvalues
b Gradle Scripts

Structure

it

f

Figure39- The project browser can besed to browse the components that make up your project.
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When you select a project item, such as a . XML file or a .java file, through the project browser, the

gAftt 0SS RAALI I
G OGADAGRYYI AYDPEYT ¢

2LISYSR TAfS
yIYSR

screenshot below. When you click on activity_main.xml the file should open up and appear on the right

hand side of your display.

88R 2y (KS Nmdfted KIy
6KAOK Skes>t t 2 Dbz SRA K Y (i

[¥ My Application - [CAL ol 3
File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help
OH O % 0 ol * Fop~) b ¥ O ¥ BSEA 7 Q
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Figure40 - Selected files will open up in the right hand side of the screen.

If you have more than one file open on the right hand side of the dispay, you can click on the tabs
towards the top of the screen to select the file that you would likeiew.
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Figure41-You can choose which file to view by clicking on its tab near the top of the display.

In Figure4O, the activity_main.xml file contains the layout information for the main activity of the app
that you are creating. Android Studio has a WhattSeelsWhat-YouGet (WYSIWYG) style graphical
editor that lets you drag widgets (things like text boxes ttws, etc.) onto your activity.

FTCTraining Manual vO_98ocx

Page30of 102

R
K&

a
S



DRAFT: Contents Subject to Change
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Figure42 - Android has a WYSIWYG design editor that lets you drag widgets onto the activity screen.
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Figure43- Click on the "Text" tab near the bottom of the screen to see the text version of the XML file.

Believe it or not, our simple test program is just about done. Figrexercise, we are only going to have

ot yql

I aAYLX S

L) KI G

preview inFigure42 or Figure43.

NB I Ra

Gl Stt2 g2NI RE

Before we can build and install our app, we will first need to prepare our mathicennect to a real
Android device. We will learn how to do thiglire next section of this manual.
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7.8 Connecting Android Studio to a Real Device

We are just about ready to install our simple test app onto a real Android device. Before we can do this,
we need to first make sure that our Android device hasDeeeloper Oponsand USB Debugging

enabled. We also have to make sure that our Windows PC has the correct USB driver installed for the
Android device that you are using.

7.8.1 Removing the SIM card from the ZTE Speed

The ZTE Speed is the recommended Android device fargbeming 20182016 FTC season. Before

you use your phone, you should physically remove the SIM card, and then place the phone into Airplane
Mode (with WiFi still enabled) in order to make sure that the Speed phone does not try to connect to

the Boost Mobie network whenever it is turned on.

Figured4 - ZTE Speed

The first step in this process isrtake sure that your phone is powered offou will need to remove

the plastic back cover of the phone. With the screen facingifgou look in the lower right hand

corner of the device, you will see a gap that you can use to pry the plastic rear cover off of the phone.
Pry the back cover off of the phone and then place the phone screen down onto the table.

Along the right handide of the phone, you should see the SIM card. Push in on the SIM ttasdwill
eject the card partially from its slot. Remove the card and store it in a safe place. Replace the back
cover and then power the phone on.
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——

Figure46 - Pry the back cover off of the phone.
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L

Figure48- Push in on the SIM card to eject it from its slot.

Figure49 - Remove the card from its slot and replace the back cover.
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After you have removed the SIM cdrdm the ZTE Speed phone, power the device on and step through
the opening screens (see images below):

9 < il & 9:43 am

Talkback is a navigation feature
for the visually challenged and
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

Figure50- The phone will ask you if you would like to set up Talkback. Hit Next to skip this step.

9 < ill & 9:43 am

Please select your language
@ English
Japanese

Spanish

Next

Figure51- Select your language and hit Next to continue.
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9 < 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

Figure52 - The phone will prompt you to connect to a WiFi Network. Hit Next to continue.

il & 9:43 am

FIRST_McAuliffe

Secured with WPA2

SEEPublic

Open

FIRST-5-South

Secured with y

iGlobe

Secured with WPA2

¢ o+

Figure53 ¢ You can connect to a WiFi network #tis point or skip this step (hit Next).
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il & 9:43 am

UICC Error

The UICC inserted in the device
may be installed incorrectly,an

invalid card or is faulty.
Please try again..

OK

Figure54 - You might see this message indicating that the SIM card was not detected. Hit OK to continue.

il & 9:43 am

@ Hands Free Activation

evice for voice

Emergency call

Figure55- The phone will display a Hands Free Activation screen.
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LY il & 9:43 am

0 Hands Free Activation

Waiting for retry...

If you are not already working
with a representative select
Activate now.

Retry 1 of 5

Activate Emergency call

Figure56 - The phone will try to activate itself. Hit the "Activate" button to continue.

Y[T Self Service

Information

Sorry - we experienced a system problem
during your task. Please dial 611 from your|
phone or call 1-866-402-7366 from a
different phone and we will be happy to
assist you.

Figure57¢¢ KS I OGA @I A2y &aK2dzZ R FlLAfd® | AlG a52ySé¢ (2 02V
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auto location

Figure58- You should now see your home screen. Press the Apps symbol to display the available apps on your phone.

? ¢ Q | 10:53 am

W m [ 6

Maps Messaging  Mobile 1D Music

BEY

Phone Photos Play Books- -Play Games

M

Play Movies & Play Music Play Play Store
v Newsstand

Settings Video Player Voice Dialer Voice Search

Q =

Figure59 - Findthe Settings app and press it to launch the Settings activity.
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A~ 9 < il & 9:44 am

Q Settings

WIRELESS & NETWORKS

¥ Airplane mo..

& Wi-Fi ON
il Bluetooth

Mobile networks

Data Usage
#8 Mobile Hots.. = OFF

#s= More...

DEVICE

M sound

# Display

Figure60- Turn on Airplane Mode so the device won't try to connect to mobile network.

< A 0 @ 9:44 am
£} Settings

WIRELESS & NETWORKS

» Airplane mo..
= Wi-Fi
)| Bluetooth
Mobile networks
Data Usage
Mobile Hots.. = OFF

More...

DEVICE

M sound

® Display

Figure61- Turn WiFi back on once the phone isAirplane Mode.

Once you have removed the SIM card and switched the phone to Airplane Mode it is now ready for use.

7.8.2 Enabling Developer Options on your Android Device

For this training manual, we assume you will be usig@Bi Speedndroid phone as your primary
development deviceln order to be able to be able to use this device with the Android Studio software,
you will need to make sure the phone ha3eveloper Optiorsenabled and that the USB Debugging
mode is enabled
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Detailedinstructions on how to enable the Developer Options mode (and how to connect an Android
device to Android Studio) are available on the Android developer website:

http://developer.android.com/tmls/device.html

If your Android device is not yet in developer options mode, you can go to the settings screen of your
Android device (touch the icon that looks like a cog or gear) and go t8dtimgs>Aboutphone

activity. Look for théuild numberor in the case of the ZTE Speed look for 8w Versiorof your

phone. Tap the Build number SW Version humbeseven times to enable Developer Options on your
device.

v = U 4 79% (3 9:54 PM 2 l 8:35am

< About phone

Icon glossary

Status
Show status of battery, network, and other
information.

4G settings

Model number
N9130

Legal information

Phone name ; ;
SAMSUNG-SM-N910V Android version
444

Baseband version
N9130B01

Kernel version

y .-7| ANJG 3.10.28-g1d9936e-00247-g6a6f8a8b
zte-kernel@Zdroid-SMT

L0 SW Version
e L N9130V1.0.0805 _/

HW Version

cwfB

Figure62- Tap on the Build numbefleft) or SW Vesion number(right) 7 times to enable Developer Options.

9EAG GKS 1062dzi LK2yS FOGAGAGE FYR €221 +FiG &2dNJ { S
2LIA2yaé AGSY fAAGSR 10208 G'oz2dai LK2ySé Ay G(KS {
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7 9 B 8:36 am
£} Settings
& Security

©| Backup & reset

ACCOUNTS
Add account
SYSTEM

& Accessibility

rinting

{} Developer options

fifl Activate this device

System updates

1 About phone

Figure63 - Once Developer Options are enabled you should see a listing in the Settings menu.

7.8.3 Enabling USB Debugging

Ly 2NRSNJ F2NJ @2dz2NJ ! yYRNRAR {GdzRA2 O2YLMziSN) G2 oS
YSSR G2 SylFoftS !'{. 5S06dzA3aAYy3a F2N) 82dzNJ LIK2y S o /
menu (seeFigure63y @ ¢KS 5S@St2LISN) 2LJA2ya aONBSy akKz2dzZ R
RSo0dzA3IAYyIE 2LIA2Y YR OKSO1l (GKS OKSOl102E G2 Sylof

|
t A
3
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7 9 A 8:36 am

Developer options ON
aV dwWdKe

Screen will never sleep while
charging

Select runtime
Use Dalvik

Enable Bluetooth HCI sno..
Capture all bluetooth HCI packets

in a file

Process Stats
Geeky stats about running processes

Revoke USB debugging authori..

Power menu bug reports

Include option in power menu for
taking a bug report

Figure64 - Make sure USB debugging is enabled for your phone.
hyoS GKS &
O2yySOiG Ay RS0dA Y2RSTI 6KAOK gAff |

A0 {. RSO0dzZZ3IAYy 3¢ 2LIGA2Y A& Syl
ff R

(o) R
26 | YR

-

T2N e2
NE A {
7.8.4 Installing the USB Driver for your Device

LT 282dz2Q@S Syl oftSR a!{. RSO0dAIAYyIE F2N 282dzNJ ! yRNRA
Android App onto the device. However, there is one last step that you need to do in order to connect

your device successfulto Android Studio.

You will need to install theorrect driver for youAndroid device 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 USB cable, the Windows computer will think that the device is a

media player or 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 daldeahndroid device

that it can talk to.
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(R ..+ Computer » Hoi3 - -

Organize ~ B= ~ O @
e Phone
[ Libraries

|
SWn7” 351 GB frec of 411 GB

Fr Computer
i+ &L, Local Disk () =
I = HP_RECOVERY (E5)
[ < HP_TOOLS (F)
[ 5 teng$ (\\first-fs02) (M:)
[» G Intranet (\first-fs03) (M)
[+ @ Procedures (\first-fs01) (O:)
[» 5@ Praojects (\\first-fs01) (P:)
[+ L@ Transfer (\\first-fs03) (Q:)

3 Denartments (W first-fs01) (R:)

b “j MNetwork

.-! 1 item

Figure65 - If the proper driver is not installed, your PC might assume the device is a USB media player or storage device.

If you are able to install the correct USB driver onto your pater, then the next time you plug your
Android device in with a USB cable, the computer and Android studio will recognize it as an Android
RSOAOS YR ' YRNRAR {(GdzRA2 gAft 0SS FofS G2 aidl ¢

The ZTE Speed driver is conveniently included emptione itself. When you first connect your ZTE
speed to your computer using a USB cable, you should notice a USB symbol appear near the top of the
screen (see figure below).

Figure66 - When connected to PC, a USB icon shdugdvisible near top of scree(in orange circle)
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To display the&Connect to P@&ctivity, swipe downwards from the top of the touch scresmd click on
0KS da¢2dzOK F2NJ 20KSNJ ! {. 2LXaA2ya¢eé AGSY

10:10 @M wevosr = &

Wi-Fi networks available
Open Wi-Fi networks available

Connected as a media device

Touch for othe ns

USB debugging connected

Touch to dis USB debugging

Figure67 - Swipe downwards and select "Touch for other USB options"
¢t2 Ayadlrff 0KS RNAGSNE asStSO0 GKS aLyadlftf RNXGJSN.
¢ W B 9:20 am

. Connect to PC

Charge only

Select this option when features
(Connect to PC software, Media device)
enabled for the first time, or when they're

Use phone as USB Storageand 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

v Don't ask me again

Help

Figure68 - Select the "Install driveroption.
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hyOS &2dz aSft SOU (i K ShepHhonedaul PC ShoutdNnForgnbyeiE if y@ulwank té in 2 v
GKS Ayadlftf LINRPANIY o6da! dzizwdzy PSESE 0 ® { St SOG GKS
installation.

CD Drive (D:) USB_Driver
s

[] Always do this for software and games:

Install or run program from your media
L) Run AutoRun.exe
Published by ZTE CORPORATION

General opticns

g Import photos and videos
using Dropbox

Cpen folder to view files
l using Windows Explorer

View more AutoPlay options in Control Panel

Figure69 - Select Run AutoRun.exe option to start instation.

The install wizard should prompt you for the Setup Language. Choose your language and continue with
the installation.

Select Setup Language

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

| Engiish

Figure70- Select language.
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1!;‘7‘ ZTE N9130 - ZTE Handset USB Driver - X ]

| | Welcome to the ZTE Handset USB

| Driver Setup Wizard
|
This will install ZTE Handset LISE Driver on your computer,

Itis recommended that you dose all other applications before
| continuing.

Click Mext to continue, or Cancel to exit Setup.

Cancel |

Figure71- Follow the on screen instructiosito install the driver.

Follow the instructions on the setup wizard screens to install the ZTE handset USB driver. The setup
wizard will display a progress bar showing the status of the install. When the install is complete, click on
0 KS & CA Yilo&rdthe instilaiiog process.

1%‘ ZTE N9130 - ZTE Handset USB Driver - X ]

| | Completing the ZTE Handset USB
| Driver Setup Wizard

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

Click Finish to exit Setup.

Figure72- Click on Finish to complete installation.
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After installing the ZTE Speed driver, you want to go back to your ZTE phone and gGanrtleet to
PCactivity again (swipe downwardfry G KS G2LJ 2y GKS YIFIAYy &ONBSy

@ 9:24 am

e to transfer pictures

v Enable USB debugging

v Don't ask me again

Help

Figure73- Select the Charge only option.

YR
P{. 2LXiA2yasdouo { St SOG GKS &/ KFNBS 2yteéee 2LWA2y 7

If have successfully installed the USB driver on your PC, then your ZTE Speed phone should prompt you

on whether or not to allow USB debugging by your PC.

The computer's RSA key
fingerprint is:
C8:AE:D0:7F:50:C0:48:78:8F:CC
:F7:C7:DB:9C:41:40

 Always allow from this
computer

Cancel

Figure74 - Select the "Always allow" option and hit OK.

Note that ifyou do not see this prompt, you can unplug your phone from the USB cable, wait a few
secondsandlil KSy NBO2yySOlU @2dzNJ LK2yS G2 GKS OlofSo
Ffft26 FTNRBY (GKA& O2YLlzi SNE 2 LI AcGeys for ypRPEK A G dahYé
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Once you have successfully installed the driver and configured your ZTE Speed phone, you should see
the phone appear as an available Android device in the Android panel of Android Studio.

telemetry.addData ("right tgt pwr", "right pwr:

*E Android £ L Gradle Console
c —
E ZTE N9130 Android 4.4.4 (AP119) n Ulo Debuggable Applications n g—jp’
= e
= - ] ] L] -\\
H if& logeat | ADB logs ") [l Memory —+"| il CPU + '\_ _,:‘I app: com.qualcemm.fterobots
w0
o

2 Favorites

= 10DO | o G:Android | [E Terminal
Unregistered VC5S root detected: The directory C\Users\teng\Android5tudioProjects\ftc_sdk is under Git, but is not registered in the Settings.

Figure75- Device slould be visible in the Android panel of Android Studio.

Once you have installed your driver successfully, you are readyiltbdnd install your first app!

7.8.5 A Note about Emulators

If you do not have access to an Android app, you can run apps onto a ¥indiaid device that

behaves like a real Android device, but runs on your computer instead. HelRBarech Challenge
programming, we need to run our apps on real Android devices because the device must interface with
other hardware devices (Legacy Mde, motor and servo controllers, etc.). We will not cover the use of
Emulators in this manual, but if you would like to use an emulator to learn how to develop apps, you can
consult the Google developer website:

http://developer.android.com/tools/devices/emulator.html

Please note that using an Android emulator typically requires special graphics hardware accelerators to
run properly. Your computer might not be equipped with thereot hardware to be able to run an
emulator properly. Foall ofthe exercises in this manual, we recommend using a real Android device
(preferably the ZTE Speed smartphone) instead of an emulator.

7.9 Compiling and Installing an App
If you have successfulilystalled the USB driver and enabled USB Debugging mode on your phone, then
you are ready to reconnect the phone and compile and install an app onto the device.

The first thing to do is to unplug your phone, wait for a few seconds (5), then reconneqityae to
the computer with the USB cable. When you do this, the Android device might ask you if it is OK to
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Fft2¢ | {. RSo0dA3IAY3I ALK GKS |Gal OK
Note that if you would like to disable this prontpt & 2 dz Ol y OKS O]
2LI0A2y O0SF2NB @&2dz aSt SOG ahvyé 2y (K

02 Y LJdzi S NX
KS alteglea |
S AO0ONBSY LINZYLJ

SR
[j

\

The computer's RSA key
fingerprint is:
1A:E8:FF:B4:94:90:4C:03:D9:38:84:
63:D0:58:4C:66

Always allow from this computer

Cancel

Figure76 - Your Android device might ask you if it is OK to allow USB debugging.

Afer you have reconnected your phoneturn to the Android Studigcreen. Go to th®unmenu and
selectRunhwdzy G HIEMBE Wl LILIQ Aa GKS yFYS 2F GKS | LILX AO!I G
Android Studio should start to build the app for you.
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= [ manifests -
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[ java _ _
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v [ drawable Force Step Into

[ layout Smart Step Into
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[E1 menu Run to Cursor
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< Gradle Scripts Drop Erame

P Resume Program
Evaluate Expression...
Quick Evaluate Expression
Show Execution Point

Toggle Line Breakpoint

Android DDMS

Toggle Method Breakpoint

‘ariants

You can monitor the progress of the build by opening the Gradle window. Gradle is a tool that is used to

"3 Devices | logeat | ADE logs +* | #bose n Q-

Toggle Breakpoint Enabled

Toggle Temporary Line Breakpoint

Shift+F9
Alt+5hift+F10
Alt+Shift+F9

Ctrl+F2

3]
Alt+Shift+Fg
=
Alt+Shift+F7
Shift+F7
Shift+F8
Alt+F9
Ctrl+Alt+F2

2
Alt+F8
Ctrl+Alt+F8
Alt+F10

Ctrl+F8

Ctrl+Alt+Shift+F8

Preview

.android. com/apk/res/androi
ools" android:layout width=
oid:paddingleft="16dp"

t=".MainActivity">

roid:layout width="wrap con
I>

- @

sradle Console

¥

i rapprdexDebug UP-TQ-DRIE

= | :app:preDexDebug UP-TO-DATE

: rarnrnroceasletumlavaRes TTP-TO-NAT

Figure77 - Select Rur>Run "app' to build your app.

help automate the build process for a complex piece of software. Gradle is similar toolskker

Apache Ant Android Studio uses Gradle to keep track of all of the program module dependencies, and

to build and link these modules to create your app.

You can click on théradle Consol¢ab in the lower right hand corner of the screen. This will open th

Gradle console window and you should see messages from the gradle process appear. If your build is

1% N A A Y v w w ~ v A A 4 A 7 = v
4dz00SaafdzZ = €2dz aK2dzft R 4SS UKS g¢g2NRa 4&. L[5
O
o
a
i
)
3
#- L || Gradle Console % L E
— = | iaPpiprocesslepugManizest Ur-lU-LALE
")'EPP“CE“O"'H =% ! :zpp:processDebugRescurces UP-TO-DATE
:app:generateDebugSources UP-TO-DATE
s

I

7\

:app:compileDebuglawva UP-TO-DATE
:app:prelexDebug UP-TO-DATE
:app:dexDebug UP-TO-LDRTE
:app:processbDebuglavaRes UP-TCO-LATE
:app:validateDebug3igning
:app:packageDebug UP-TO-DRTE
:app:zipalignDebug UP-TO-DATE

1app: =TQ-DATE

BUILD SUCCESSFUL

Total time: 1 mins 24.4487 secs

T —

Eve&ug

[=] Gradle Console

QMemory Monitor

__352-CRIF ¢ | UTF2

B

Figure78- When build is complete, the wials "BUILD SUCCESSFUL" should appear in the Gradle console.
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Once your build is complete, Android Studio should ask you to select a target device for your app.
Make sure your phone is selected and®@Kto install the app onto the phoneNote that in the screen
grab below, the phone that is listed is an LGE Nexus 5.

@ LChoose a running device

Device Serial Mumber State |Com...

LGE Nexus 5 Android 4.4.3 (API19) 06ac109800693af4

O Launch emulator
Android virtual device: | Nexus 5 APT21 x86

[] Use same device for future launches

o« JIET

Figure79 - Android Studio should prompt you for the target device.

Once the app has been installed it should alstonch and you should see your activity with therds

Gl Stt2 g2NIRHE 2y GKS (2L) t ST KFEYR O2NYySNI 27

first app!

My Application

Hello world!

= T st I s |

Figure80 - Congratulations! You've just built your first app!
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8 Using Your Robot

b2¢g GKIFIG &2dz KIFI @S adz00SaaTdA t &

controller.

8.1 FTCDriver Station

odeizerstatiortadizdbbt F A NA

The driver station is the Android device that sits near the team drivers and is connected to one or two
USB gamepads.edms use the touch screen and the gamepads to operate their robot remotaly
driver station Android device runs a special app called®h€ Driver Station

8.1.1 Installing the FTC Driver Station App

The FTC Driver Station app is located on Google Play. To install the app, you first need to connect the
ZTE phone to an available wireless network that has access to the Internet. LauSditthgsactivity

on your phone, and select th#&i-Fiitem to dsplay the WAFi activity.

FTC5thFloor

with WPA2 (WPS
e)

FIRST_McAuliffe

Secured with WPA2

SEEPublic

Open

FIRST-5-South

Secured with WPA2

SEEAcademy

Secured with WPA/WPA2

iGlobe

Secured with WPA2

Moveras
Secured with WPA2 (WPS

) o

Figure81- Select your wireless network from the \ARi activity.

Select your desired wireless network from the-MViactivity and provide the password information

required to access the wireless netvkor

FTCTraining Manual vO_98ocx
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4 | RERRIEN

EUIB0

%

Figure82 - Launch the Google Play Store app.

Once you have connected successfully to your wireless network, launch the @tmgtetoreapp from
your phone. The Play Store app might prompt you to either login to an exi§ioggle account or

create a new one. Follow the onscreen instructions to either create a new (free) account or login to
your existing account.

Once you have successfully logged in to Google Play, click on the search icon (a little magnifying glass)
andsé NOK F2NJ 6KS LIKNIasS ace¢/ S5NRAGSNI {dl GA2YyE

Ml USB debugging connected

4 ﬂ ftc driver station

Apps 4

1. FTC Driver Station
FIRST Tech Challenge

Frc ek

FRST Toch Chalenge

2. FTC Robot Controller
FIRST Tech Challenge
FTC

ARSTToch Chalenge

Figure83- Search for the phrase "FTC Driver Station"

Once you have found the FTC Driver Station app, click on it and follow the onscreen instructions to
install. Note that the application might prompt you to enter a credit card number or some other
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method of payment. The app is free and no payment metsagquired. You should be able to hit the
G{1ALXE odzit2y G2 ailAL) GKS LINROSaa 2F LINPOARAY3A |

el ¢ W = B 11:24am

(ﬁﬁgclg"r‘ééﬁ“@halleng%

Driver Station App

Iy FTC Driver Station

,F':E, FIRST Tech Challenge
Y,
Downloads 22 Education Similar

Provides driver station functionality for
FIRST Tech Challenge competitions

Figure84 - Follow the onscreen instructions to install the app.

If you were able to install the app successfullgrtithere should be an FTC Driver station icon on your
Android device.

4 B 11:26 am

auto location

Figure85 - After installing the app, you should see an icon on your Android's screen.

IMPORTANT NOTE: After you have successfully installed the app, go YéH settings menu and
GF2NBSGE GKS gANBfSaa ySie2N)] GKIFIG &2dz dzaSR G2 02
be connected to any wireless networks with the exception of your FTC Robot Controller device.
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T B 11:45am

O

Status
Connected
Signal strength
Excellent
Link speed
86Mbps
Security

WPA2 PSK

IP address

192.168.1.115 //*"_\\

Cancel Q Forget

S

Figure86 - Don't forget to forget the wireless network after the installation is complete!

IMPORTANT NOTE: You do not want to install the FTC Driver Station on the same Android device as the
FTC Robot Controller app. These two apps should be installsepanate devices. One of the apps (the
Robot Controller) will configure the device to operate as a WiFi Direct Group Owner. It is important that
the two apps are installed and run on separate devices.

8.1.2 Launching the FTC Driver Station

Figure87 depicts an Android tablet with a single Logitech F310 gamepad controller connected. This
Android tablet has thé=TC Driver Staticapp running. This app is used to communiaaiid and

control the robot.

Figure87 - Driver Station with a single gamepad connected.

To launch the FTC Driver Station app, $inpuch its icon on the screen (sE&ure85).
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The FTC Driver Station app will launch into its main screeri~{gaee88). Towards the top ofhie

screen, you can see some information about the status of the wireless connection. RightFigurén

88the driver station is not connected to a robot. If thever station were connected to a robot, you

would see ping statistics (i.e., it would show the time it takes for a message to get sent to the robot and
get acknowledged by the robo#)s well as other status and wireless connection.info

- B 11:57 am

[ FTC Driver Station i

Device Name:

Wifi Direct - Not Paired

current op mode:

User 1 User 2

Figure88- Main screen for FTC Driver Station.

Towards the middle of the screen, there are buttons that you can use to seleopt#rational modeor
op modeof the robot. Op modes are prgrogrammed robot behaviors (autonomous and driver
controlled) that you can launch from the driver station. Figure88the buttons are greyed out
because the driver station has not yet connected to a robot.

Below the OfMode controls is an area on the screen where telemetry data is displayed. The new
platform has the ability to send information from the robot to the driver station. This information (such
as servo position, motor power, sensor data, etc.) can be disglagehe driver station.

Towards the bottom of the screen, there is an area that is usedsigal information about the
gamepads that are connected to the Android device. The left side of the area is used to display
information about User 1 (i.e., drivé¢1l). The right side of the area is used to display information about
User 2 (i.e., driver #2).
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8.1.3 Driver Station Menu
Towards the upper right corner of the main screen, there is a set of three vertical dots. Touch these
dots to display a popp menu ofFTC Driver Station selections.

TR YW & B 12:09 pm

.‘3’3 FTC Driver Station

Device Name: .
Settings

Wifi Direct - Not
Restart Robot

About

current op mg Exit

User 1 User 2

Figure89 - Click on the dots in the upper right hand corner to display menu options.

8.1.3.1 Settings Screen
If you select theSettingsthe FTC Driver Station Settings screen will appear. This is thes $hed you
can use to modify the settings for your device.

B2 ¢ mea B 1211 pm

E FTC Driver Station Settings

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.

Figure90 - The Settings screen.
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Through the FTC Driver Station Settings menu, you can select which type of gamepad is connected to
the device. Note that we recommertke use of the Logitech F310 gamepad controller with the device
aS0 Ay -02E O2yGNRftSNI SYdzZ | A2y Y2RS 0APSOT 6AGK

Before you use your gamepadake sure that the Logitech F310 is in Xbox emulation mode. This means
thhr i GKS fAGGES agAGOK 2y (KS o020dG2Y 2F (GKS 02y (NER

\

Figure9l- Make sure the switch is in the "X" position.
¢tKS {SGldAy3a YSydz ftaz2z tSia &2dz aStbrkénbe uséubif 2 LIGA 2y
you are debugging your wireless connection (it logs information about packets sent to and from the
robot controller), but this option can use up all of the storage on your Android device very quickly. We

do not recommend that you ugis option and you should never have this feature enabled during a
match.

The Settings menu also has an option to pair the driver station to the robot controller. You need to
connect or pair your driver station to a specific robot controller. We eniaw this pairing process in
greater detail later on in this document.

8.1.3.2 Restart Robot

The FTC Driver Station menu has an option c&lestart Robot. This option will do a remote soft
restart of the robot controller. Sometime the robot controller migiter a stop mode. In the event
that this happens, the driver can issue a remote restart command to the robot controller with this
option. The Driver Stationeeds to be connected to a Robot Controller in order to restart the robot.

8.1.3.3 About Menu
Selectinghe About menu option will bring up a screen which displays info about the app version and
the build version of your FTC Driver Station app.
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8.1.4 Using the Gamepads

As it was mentioned in a previous section, if you are using the Logitech F310 gamepad withvwgsu
atdrdAaz2ys GKSY YI 1S ad2NBE GKS a¢A0G0K 2y GKS o2aGG2Y
station app is designed to work with up to two gamepads.

When you connect your gamepads to the Android device (through a USB hub), you neethtoR&IC

Driver Station app which gamepad will be used to represent driver #1 (User 1) and which gamepad will
be used to represent driver #2 (User 2).

You can select which driver a gamepad will represent by pushin8térekey on the gamepad while
simultaneously pressing tha button if you want to be driver #1, or thg buttonif you want to be
driver #2.

Figure92 - Press Start + A to be driver 1 or Start + B to be driver 2.

When you first connect your gamepads to thredroid device, you must push a button combination to
designate which driver your gamepad will represent.

Once you have designate which driyeur gamepad will represerihe gamepad status information will
appear below the appropriate area near the bottahthe screen.

For example, supposed the gamepad that represents driver #1 is active, then the lower left hand corner
of the screen will be highlighted green and gamepad status information (such as the x and y positions of
the left and right joystickglus the button presses and the status of the trigger) will be displayed.

If the gamepad that represents driver #2 is active, then the lower right hand corner of the screen will be
highlighted blue. The gamepad status information for that driver willibplayed on the lower right
hand area of the screen.

Remember, before you can use a gamepad, you need to tell the Driver Station which driver that
gamepad represents.
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2?20 &

23] FTC Driver Station

Device Name:

Wifi Direct - Not Paired

current op mode:

User 1 User 2

Gamepad type: F310
Ix: 0.00ly: 0.00

rx: 0.00 ry: 0.00

It: 0.00 rt: 0.00

b start

Figure93- Driver #1 gamepad info is on left, #2 is on righ

Note that for the joysticks on the gamepads, the values range ffiota +1. For the x axis], represents
the far left range of motion and +1 represents the far right range. For the ylarépresents the
topmost position and +1 represents the boithmost position.

8.1.5 Op Mode Controls

The center of the FTC Driver Station main screen contains controls that can be used to select an
operation mode or op mode of a robot. Op modes are preprogrammed robot behaviors that you can
select and execute from the igrer station. Thé&electbutton will display a list of available op modes
that can run on your robot. Thstartbutton is used to start the selected op mode. tepbutton

stops the current op mode. Tig&tart w/ Timerbutton will start the op mode athlet it run for a
predetermined amount of time.

The buttons will not be enabled until the Driver Station is connected wirelessly to a robot contktvier.
will revisit the Op Mode controls in greater detail at a later section of this manual.

8.2 Robot Controller

¢tKS w2020 /2yiNRBtftSNIAad GKS ' yRNRAR RS@GAOS GKI
the robot and runs a special app known as the FTC Robot Controller app. In this training manual you will
be instructed on how to modify parts the Robot Controller app to create your own op modes that will

run on your robot. You will use a development kit to create, edit and register your own op modes for

your Robot Controller appHowever, you can also download a copy of the robot contréiiat includes

some sample op modes piestalled.
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8.2.1 Installing the Robot Controller App

The FTC Robot Controller app is also available for download from the Google Play store. The

instructions are almost identical to the instructions provided in sed@idnlof this document (see page

53). Connect to a wireless networktwWK & 2 dzNJ LIK2y S Yy R dza8S D223tS tfl @
/I 2y GNRBTEf SNE O Lyadlff GKS LI ¢AGK D223ftS tftle Iy
had connected to in order to access the Internet.

Robot Controller

B¢ FTC Robot Controller

FTC  FiRST Tech Challenge

00

Education

Provides robot controller functionality
for FIRST Tech Challenge
competitions

Figure94 - The FTC Robot Controller is available on Google Play.

IMPORTANT NOTE: After you have successfully installed the app, go to¥awetitngs menu and
GF2NBSGE GKS oANBfSaa ySieo2N)] (GKIG &2dz dZa8R G2 02
be connected to any wireless networks with the exception of your FTC Driver Station device (or if you

are doing wireless ADB, which is an advanced topic not covered in this document).

IMPORTANT NOTE: You do not want to install the FTC Driver Statiensamie Android device as the

FTC Robot Controller app. These two apps should be installed on separate devices. One of the apps (the
Robot Controller) will configure the device to operate as a WiFi Direct Group Owner. It is important that
the two apps & installed and run on separate devices.

8.2.2 Launching the Robot Controller App
After you install the app, there should be an FTC Robot Controller icon on your Android devices main

screen. Touch the icon to launch the Robot Controller.
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lowMa 1ol 4 A 1:22pm

5
&
) s

Figure95 - After you install the app, an icon should be visible on your Android device.

The FTC Robot Controller app should also auto launch whenever it is plugged into the Power Module

and connected to the USB electronic modules on thmto When you first connect the Robot

Controller Android device to the Power Module the Android operating system might prompt you on
GKSGKSNI 2N y2d AdQ& hy G2 fFdzyOK (4KS C¢/ w2020 /2
You should checkthe! &S o6& RSTF dzf G ¥F2NJ (KA.aNote fhat theRASdBOMdO S ¢ 2 LI .
operating system might prompt you multiple times (once per connected USB module). You should

OKSO1 GKS a! aS o0& RSTLFdz GXé& 2LI0A 2 yyouhdAve colfiguiedh Y St O
the FTC Robot Controller to be the default app for the connected USB modules, this app should auto

launch whenever itletects any of thereviously detectedJSB modules.

B 1:54pm

Lol

Open FTC Robot Controller
when this USB device is

connected?

Use by default for this USB
device

Figure96 - Check the "Use by default! Option and hit "OK"
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8.2.3 Creating a Configuration File for the Robot Controller

2 KSy @2dz FANRG €1 dzyOK GKS w202d /2yiNRtfSNI FLLE A

active configuration file that it can use. The app needs to know what haeddevices are connected
to the Robot Controller.

- O3 4

E Load Configuration File

New
Click here to create a new configuration file

Available files: °

No files found!

AutoConfigure °

Press this button to use the AutoConfigure
tool

Figure97 ¢ The Robot Controller app might complain if it doesn't detect a configuration file.
In order to create @onfiguration file, if you are in the Active Configuratioa fitreen ofigure97
AAYLIX & LINBaa GKS abSgée odzitz2y G2 ONBIGS | yS

Jdomy OF B 218 pm

E FTC Robot Controller

Device Name:

Wifi Direct - disconnected
Robot Status: null

Cannot open robot configuration file - /

storage/emulated/0/FIRST/No current
filel.xml

Figure98 - Main screen of Robot Controller app (no hardware configuratifile specified yet).
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If you are in the main FTC Robot Controller screenKggpee98) you can create a new hardware
configuration by first launching the Settings me Touch the three dots in the upper right hand corner
of the main screen to bring up tHeettingsmenu.

oMy NEa T B 2:24pm

Settings

WIFI CHANNEL SELECTION

Change Wifi Channel
ROBOT CONFIGURATION SETTINGS

Configure Robot
Load Configuration File

Autoconfigure Robot

Figure99 - Select "Configure Robot" from the settings menu.

{ St SOG GKS &/ 2y TAIdzNBE w2 0 2dieate @nedil Hardiware profi.YThis KS & Sa i
should launch the Configure Robot activity. We will use this activity to scan for attached hardware

devices. Make sure your robot is powered on (the switch on the Power Module should beithe ma

on/off switch for therobot) before you connect your Android device to the Power Module. Go to the

/| 2y FAIdzZNE w2620 aONBSYy FyR LINBaa GKS a{OlFyé¢ odziid?2

feomyNE<T B 2:20 pm

Q Configure Robot

Active Configuration File: No current file!

Scan

Press this button to scan for attached devices

Devices: o

Save Configuration o

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

Figure100¢ The Configure Robot activity is used to scan &od configure attached devices.
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P FGSN) 82dz KI S LIzZaKSR GKS a{Olyé¢ odzilz2zy GKS LI &
the device through the Power Module.

uom T A 2:41 pm

E Configure Robot
Active Configuration File: No current file!

Scan

Press this button to scan for attached devices

Devices: °

Motor Controller 1

Servo Controller 3

Legacy Module 2

Save Configuration °

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

Figurel01- Scan should auto detect the attached modules.

In Figurel01the app detected three USB modules, a motor controller, a servo controller, and a legacy
module. The app has the ability to auto detect the USB hardwacutas, but you still need to
configure each module and tell the robot controller what devices are connected to each module.

Legacy Module

=

es

Android
Device Power Module

DC Motor Controller

.3_—| — , 95)

e —

-
e

-
12V Battery v

Figure102- Thisdiagramshows how the devices are connected on the typical K9 bot.

e Servo Controller
;- ce .
=
=, %\‘ %
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[ SGQa {atMdor Contbl@r2l For this training manual, we assume that Motor Controller 1 has
two DC motors connected to ports 1 and 2 on the motor controller. If we touch Motor Controller 1 on
the screen, a new screen will appear which will allow us to spedifch motor ports are active and

what names we will use to refer to each port.

In Figurel03 (see below) the motor controller has two motor channels active (1 gndre names of

SI OK OKIyyStf IINB aY2i2NWPmé YR aY2i2NWPpHé NBaLISOGA
(including motors, servos, sensors, and even the hardware module itself) are important because later on
GKSY @2dz gl yi G2y 20RREG Si 2 GRAgAGINRYE G822LdzNJ NBR o2 G X @2 dz ¢
names within your program in order to access these devices on your robot.

Once you have configured the robot, click on the Done button to exit the Edit Motor Controller screen.

Ieo~M®E -4 B 2:42 pm

Edit Motor Controller

Active Configuration Unsaved No current file!
File:

Done Cancel

Motor Controller 1

Enter the name for this motor controller here

Port Attached

1 4 motor_1

Enter the name for this

2 il motor_2

Enter the name for this n

Figurel103- Configuring the Motor Controller.

l FTG4SN) 82dz KI @S O2yFAIAdz2NBR (GKS Y2(2N) O2y (G NRtfSNE @
the legacy module. For this traininganual the servo controller has two active channels (1@&nahd
GKS ylIryYSa 2F (GKS aSNW2a | NB oFgh&de ymé YR aaSNB2y
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[« Saving screenshot..
[ Edit Servo Controller

Active Configuration Unsaved No current file!
File:

Done Cancel

‘ Servo Controller 3

Enter the name for this servo controller here

Port Attached

1 v servo_l

Enter the name for this
Enter the name for this

Enter the name for this

Figurel04- Edit Servo Controller activity.

Forthis manual, the Legacy Module hasan M@ Y LI A6t S | AGSOKYyAO Lw {SS1SN
O2yySOGSR (G2 LRBNI Inw 2F GKS [S3IFO0e az2RdZ S | yR y
connected to port #3 of the Legacy Module ($&gurel05).

(D= YN | T B 2:42 pm

B Edit Legacy Module Controller

Active Configuration ~ Unsaved No current file!
File:

Done  Cancel

2
IR_SEEKER -
Select the type of connected devic
here
ir_seeker
Enter the name for this device here
3
LIGHT_SENSOR >

Select the type of connected devic
here

Figure1l05- Edit Legacy Module Controller activity.

Important note! The names of the devices that you assign in the edit screens atieperyant. The

Robot Controller app will use these names as references to the corresponding devices. When you create
your own Op Mode to run on your robot, your Java code will have to refer to these device names in order
to be able to find and control #se devices with your Java cobteour example, if you want to be able to
control the first motor configuredhiFigure103then your Java code will eé to refer to it by its name
OaY202NPME O D
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After you have provided the details for the motor controller, servo controller and legacy module, you
are ready to save the hardware configuration to the Android deviaesave your configuration, press

0KS Sa{/I2& TAIdzNI G A2y ¢
configuration file and hit the OK button.

Enter file name

Please enter the file name

k9bot

Cancel

k9bot labor knot Minot min
1 2 3 K 5 6 7 8 9 o
qwer Tty u. P
@ s & i )
asdfghj kI
© zxcvbnm%
EN

ft?n:;_ .'Qo-l

pdzidzy 2y

GdKS

| 2y FAIdNBE w2620

Figurel06- Press the Save Configuration button and then specify the file name.

After you have savegour configuration file the Configure Robot screen should display the name of the
current active configuration file in the upper right hand corner of the screen.

@ Saving screenshot

ﬂ Configure Robot

Scan

Press this button to scan for attached devices

Devices: o

Motor Controller 1

Servo Controller 3

Legacy Module 2

Save Configuration o

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

FigurelQ07- The name of the active configuration file is display@dthe upper right hand corner.
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Press the back arrow button on your Android device to return to the main FTC Robot Controller screen.
The name of the active configuration file should now be visible in the upper right hand corner of the
main screen.

o= = A 2:43 pm

Q FTC Robot Controller

Device Name: ZTE-018

Wifi Direct - enabled
Robot Status: running

Figure 108- The active configuration file is displayed in the upper right hand corner of the main screen.

8.2.3.1 Module Serial Numbers

Before we move on, it is important to note that each configuration file for a Robot Controller is matched
to the specific hardware on the machine. Each USB enabled device on the robot has its own unique
serial number. This unique serial number is stored in the configuration file. If you replace one of the
USRBenabled devices (such as a Legacy Module) aviither equivalent device, you will haveedit the
configuration file foryour robot since the serial number of the new device will not match the serial
number of the original device.

Similarly, if you were to remove your Android device from one robdtatach it to a new robot, you
would have to create a new configuration file since the serial numbers of the devices on the new robot
would not match the serial numbers that were stored in the original configuration file.

8.2.4 Pairing the Driver Station to th e Robot Controller

If your robot controller is properly configured to match the installed hardware on your robot, then you
are almost ready to begin controlling your robot. Before you can control your robot from your driver
stal A 2y > &2 dz VYidediver Statioth ihe rabbdicontioler

The new control system uses a technology known as WiFi Direct to establish a unique and persistent
connection between the driver station and the robot controller. For this systenrabet controller

acts as tle WiFi Direcgroup owner Once ariver stationhas been paired to eobot controller, then

the driver stationwill always look for thatobot, until it is paired with a differentobot controller.
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In order to pair your two devices, you need to make ghet both Android devices are powered on and
the FTC Robot Controller app and the FTC Driver Station app are running on their respective machines.
Your Driver Station should display its WiFi direct status. In the screes Isélotvthe driver stationand

the robot controller are not yet paired together.

7 g W 10:13am M USB debugging connected

B3 Frc Driver Station B F1C Robot Controller

Device Name: Device Name: ZTE-030

Wifi Direct - Not Paired
Wifi Direct - enabled
Robot Status: running

current op mode:

User 1 User 2

Figure109- The driver station and robot controller have not yet been paired together.

The pairing process is initiated through the driver station app. To stapdhig process touch the
three vertical dots on the upper right hand corner of the FTC Driver Station app and then select
G{SGaAy33as FTNRBY (GKS LIL) dzL) YSy dzod

¥ Connected as a media device

Q FTC Driver Station

Device Name:
Wifi Direct - Not

Settings
Restart Robot

About

current op mg EXII

User 1 User 2

Figure110- Touch the three dots and select "Settings" from the pop menu.
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Once you have launched ti@¢ / 5 NA @SNJ {GFGA2y {SGdAy3aa YSydzZ LINEB:
option to start the pairing process.

[aJ Saving screenshot

FTC Driver Station Settings

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.COMEIGURATION
Pair with Robot Controller

Change the Robot Controller this Driver
Station is paired with

Figurelll- Touch the Pair with Robot Controller" option to start the pairing process.
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the Android back arrow to make a connection requesin your driver station tahe robot controller.
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Q FTC Driver Station Settings

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
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Figurel12- Look for your robot controller in the list of available devices.
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