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Goals

 Introduction to Vuforia for image detection and decoding

 PID Loops for more accurate driving

 Implementation of varied sensors

 Color Sensor

 Distance Sensor

 Gyroscope



Vuforia

Vuforia uses computer vision to detect special images. In FTC these images often 

contain a hidden message that can be decoded by Vuforia. 



Vuforia Example in the FTC SDK

 Fortunately, FIRST has provided an example class that 

allows teams to see how Vuforia works. This example class 

is a brief overview of how to integrate Vuforia in an 

autonomous program. It shows how to get the decoded 

message, and how to determine the position relative to 

the image. 

 To access this example class, the FTC SDK must have been 

installed in Android Studio already.



Navigate to the FtcRobotController directory in the SDK



Go to FtcRobotController > src > main > java > 
org.firstinspires.ftc.robotcontroller > external.samples



Open up the ConceptVuMarkIdentification class in the 
external.samples package, and copy it with Ctrl+C



Now navigate back to the org.firstinspires.ftc.teamcode package 
and paste the class into it with Ctrl+V



You can either rename the class, or keep the old name. Press OK 
to paste it over.



The first step to be able to run this autonomous class is to remove 
the @Disabled annotation. Feel free to change the autonomous 
name and group. There are comments throughout this class 
explain the different objects, fields, and functions of Vuforia.



In order to use Vuforia computer vision, you will need to insert a 
Vuforia license key into the class



Go to the Vuforia website at developer.vuforia.com/license-manager
to register and sign up for a license key

developer.vuforia.com/license-manager


After clicking the register button in the top right corner, you 

will be greeted with this page. Fill in your information to the 

best of your ability. 



Here is an example of a completed form. Check both 

checkboxes and create your account.



Back at the license manager screen, you will now be able to 

click Get Development Key to receive a license key.



Choose any app name, check the checkbox, and confirm



Click on your newly created app in the license manager



Copy the entire license key



And paste it onto the code, in between the quotes on the 

parameters.vuforiaLicenseKey line



Now you can install the code onto your phone by clicking the 
green arrow and then selecting your phone as the 
deployment target



Here is the autonomous in action, note the 3D AR indicator 

that appears on the pictograph after it has been scanned



Writing your own Autonomous with 

Vuforia

Now I will show you how to write a 

separate autonomous program with Vuforia. 

Start by making a new LinearOpMode with 

the runOpMode method

You should also set up motors for your 

drivetrain



Create the following variables shown above. 



This setup always goes before the waitForStart(). You can specify the 
camera with the parameters.cameraDirection assignment. Here it shows 
CameraDirection.FRONT, but you can change it to CameraDirection.BACK
if you want to use the back camera. The assignment of the visionTargets
field represents the specific images that you are scanning for that 
season. The asset should change each year as the challenge changes.



After the waitForStart(), we will have the robot drive 
forwards to scan a pictograph. The vuMark object is what 
stores the decoded message.



This if statement checks to see if the camera has not 

detected any pictograph. In this case, all it does is deliver 

telemetry that it has not scanned a VuMark.



As an alternative to if/else 

statements, Java also has 

something called a 

switch/case statement. By 

passing the vuMark variable 

into the switch, you can 

have multiple cases for 

different pictographs that 

Vuforia has scanned. In this 

example, I have the robot 

turn left for the left 

pictograph, right for the 

right pictograph, and drive 

forwards for the center 

pictograph.



Why Multiple Cases?

 In the 2017-2018 FTC Relic Recovery challenge, bonus points were awarded to 

teams who successfully decoded the pictograph with Vuforia and deposited 

the glyph into the correct column.

 Rather than writing an if/else-if for each column, it is neater and cleaner to 

use a switch/case statement because you only have to include the differences 

in each case.

 FIRST has revealed that Vuforia will be used in the upcoming challenge, so it 

will save you a lot of trouble to familiarize yourself with it early on.



PID Loops

 By using RUN_USING_ENCODER for your motors, your robot is already using PID 

loops. To make your autonomous more accurate, however, you can write PID 

loops using the encoder values of the wheel.

 We’ve already used regular loops to drive a certain distance, but with PID 

loops, we can drastically improve precision and accuracy.

 P stands for proportional, I stands for integral, and D stands for derivative

 The most important factor is P, which means that the robot proportionally 

decreases its speed as it gets closer to its target.

 For simplicity and time’s sake, we will teach you how to write a basic P loop.



P in Greater Depth

 In a basic equation, a P loop is: 𝑂𝑢𝑡𝑝𝑢𝑡 = 𝐾𝑝 ∗ 𝑒𝑟𝑟𝑜𝑟

 The error is the distance between the robot’s current position and the target

 𝐾𝑝 is the proportional coefficient – this is what you’ll be adjusting when 

tuning your loop

 If 𝐾𝑝 is increased the robot will slow down later as it approaches it’s target. 

On the other hand, if 𝐾𝑝 is decreased it will slow down sooner.



Here is code for a simple P Loop. Target represents your distance 
you want to drive in encoder ticks. The encZero is the robot’s 
initial position. In the while loop, the robot keeps going forwards 
until it is within 5 ticks of its target, which is the tolerance. The 
output will gradually decrease as the position of the robot reaches 
its target.



Tuning a PID

 Tuning a PID requires a lot of time and effort

 It may be rigorous, but the benefits outweigh the hardships

 First start with P. Pick a reasonable number. P is generally a really small 

number. If it the robot flies by, then P is too high. If it goes too slow, then P is 

too low. Gradually work your way up or down until the robot is relatively fast 

without it overshooting.

 Make sure your tolerance is reasonable.

 If your P value is correct, then robot should quickly go to its target without 

any corrections or pauses.

 To make your robot go smoother, or minimize any wobble, then the next step 

is to tune I or D, however since we are just doing a P loop, this is unneeded.



Sensors

 In FTC you will encounter a multitude of sensors to improve autonomous and 

teleop functionalities.

 In this presentation we will cover color sensors, distance sensors, and 

gyroscopes.

 A combination of multiple sensors allows for greater enhancement of your 

robot along with precise control. 

 Sensors allow the robot to receive external information that can assist the 

drivers or better execute autonomous tasks.



Color Sensor

 A color sensor senses values of color

 FTC has many game elements that are different colors – usually red or blue –
such as the Jewels in Relic Recovery

 Being able to tell the difference between the two colors dictates whether you 
score points for yourself or the opposing alliance.

 The color sensor class comes with various default functions that can be 
called.

 Both Modern Robotics and REV Color Sensors are applicable.



Declaring the ColorSensor variable. This goes before the 
runOpMode(). Make sure the ColorSensor class is imported.



In order to use the color sensor, you must instantiate it with 

the configuration name before the waitForStart()



Simple code showing the use of a color sensor to detect 
either red or blue. The telemetry can be replaced with other 
functionalities such as moving a servo.



Color Sensor Functions

 color.red() returns an integer value for the amount of red light that a color 

sensor detects.

 color.blue() returns an integer value for the amount of blue light that a color 

sensor detects.

 color.green() returns an integer value for the amount of green light that a 

color sensor detects.

 enableLed() either turns on or turns off the light on the color sensor 

depending on whether you pass true or false as a parameter.



Distance Sensor

 Distance sensors use different ways to determine the distance between the 

sensor and an rigid surface object.

 There are different types of distance sensors suited for different distances.

 Optical/Infrared Distance sensors are short range, with a max range of about 20cm.

 Ultrasonic distance sensors are longer range, with a max range of 1-2 meters, but 

they work better on larger objects.

 Lasers can be used as distance sensors, but they are banned from FTC according to 

the latest game manual, the REV time-of-flight laser distance sensor may be used.

 They can be used for improving accuracy in autonomous, and detecting 

objects close to the robot. It is most useful for positioning and alignment 

during autonomous.



Make sure you set up the distance sensor in the 

configuration, and implement it in the OpMode similarly to 

how to color sensor was done. Make sure each line of code is 

in the correct place.



Here is simple telemetry that displays the distance found by 

the distance sensor. Take note of the DistanceUnit.CM. That 

means that the unit of the distance displayed will be in 

centimeters. This input will be used for alignment purposes, 

like having a robot drive until it becomes within a certain 

distance of an object.



Distance Sensor Functions

 getDistance() is the primary method that you will be using with the distance 

sensor. It is necessary to specify the distance unit the method returns as a 

parameter in the parenthesis. The different units available are:

 DistanceUnit.METER

 DistanceUnit.CM

 DistanceUnit.MM

 DistanceUnit.INCH

 Because the distance sensor returns a distance input, much like the encoders 

on the motors, they can be incorporated into PID loops for more precise 

autonomous driving.



Gyroscope (IMU)

 An Inertial Measurement Unit (IMU) is a diverse sensor that records multiple 

inputs for a robot’s position. The most important one for FTC is the gyroscopic 

function of an IMU to return the robot’s heading i.e. which direction it is 

facing.

 The heading can be used for making accurate and precise turns. On a more 

advanced level, it can also keep the robot straight as it drives forwards. To 

have the most effective turns, PID loops are recommended. 

 There are external IMUs available to use such as the Adafruit BNO055, 

however each REV hub has an integrated IMU that is easier to set up and 

configure, so the REV IMU is recommended. 



IMU Setup

 The IMU is a bit more complicated to set up and configure than other sensors.

 The configuration for the REV IMU needs to have it set up in the I2C port 0 

because that is where the internal IMU is hardwired to.

 This code goes at the beginning of the class. The headingOffset variable will 

be used in a later method.



IMU Setup Part 2

Because the IMU is a complex sensor, there are many parameters included in the 
setup. These are the recommended settings for the parameters. Make sure the 
device name in the hardwareMap.get() matches the name of the IMU in the 
configuration. Initialize() initializes the imu with the specified parameters.

This goes before waitForStart().



IMU Setup Part 3

 To greatly simplify the process, write a separate getHeading() method either in 
this class or in another class to use receive input from imu. The -=360 and += 360 
parts serve to normalize the angular input and make sure it is within the range 
from 0 to 360. zeroHeading() makes the current direction the robot is facing 0 
degrees when returned by getHeading().



IMU Usage

 For now, the main usage of the IMU is for the receiving the heading of the 

robot. Note that getHeading() only returns the heading of the robot when the 

IMU is flat on the robot facing up. If the REV hub is mounted sideways, then 

some adjustments will be needed to be made.

 With the heading you can tell which direction the robot is facing relative to 

the zeroHeading() point. 

 To ensure that the IMU returns the proper heading, make sure that the REV 

hub is faceup and flat on the robot.

 This is especially useful for turns, as shown in the Better Autonomous 

presentation.

 PID loops can also be used for much more accurate and precise turns.



IMU Usage

 This code will uses telemetry to display the heading read by the IMU

 In order to execute a turn, 

you will first need to zero the 

heading

 Here is a simple 90 degree 

turn



Questions?
If you have any specific questions about code, feel free to ask, I can 

show you what I have on Android Studio for this presentation


