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Overview of this Presentation

 \What sensors are and why we use them

e [ypes of sensors and what they do

+ Hardware connections for sensors




Sensors

Sensors measure something about the physical world and put this
information into a useful form for your robot’s software.
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What can sensors measure”

| ots of stuff!

e Status of robot mechanisms

e Distance traveled




Common FTC Sensors
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Motor Encoders

* Probably the most useful FTC sensor for robot odometry.

e Use these in your drivetrain to drive precise distances

e Use In your manipulators, elevators, grabbers




Most common FTC Sensors

e Motor Encoders




The Most Common FTC Sensors

Counts shaft rotations, can measure distance robot has traveled, amount
f elevator litt, or winch windings, speed of flywheel

Motor Encoder

Accelerometer/
GerSCOpe
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Measures robot's compass heading, tilt of robot on any axis.

_Lan detect robot touching a surface




Motor Encoders

e Most common FTC sensor

e Built-in to most Andymark and Rev motors

 Andymark Neverest, Rev Core Hex, Rev HD Hex.




Motor Encoders

Table 1: Core Hex Motor (REV-41-1300) Encoder Specifications

Core Hex Motor (REV-41-1300) Reduction 72:1

Free Speed (RPM) 125

Cycles per Rotation of the Encoder Shaft 4 (1 Rise of Channel A)
Counts per Rotation of the Output Shaft 288 (72 Rises of Channel A)

Table 2: HD Hex Motor (REV-41-1301) Encoder Specifications

HD Hex Motor (REV-41-1301) Reduction 40:1 20:1

Free Speed (RPM) 150 300

Cycles per Rotation of the Encoder Shaft 28 (7 Rises of Channel A) 28 (7 Rises of Channel A)
Counts per Rotation of the Output Shaft 1120 (280 Rises of Channel A) 560 (140 Rises of Channel A)

 Read the Specifications!

 Rev conveniently does part of the math for you.

e For example, each full rotation of a 40:1 motor is 1120 pulses.
* These pulses are the same values you will see In software.

So... how do we know how far our robot has driven?



Motor Encoders - more math!

e (Consider:
Motor Chain or Belt * 40:1 Rev Motor
Gearbox  to Wheel (1120 pulses per output shatft
rotation
Motor e 2:1 reduction in chain

e (1120 * 2 = 2240 pulses per wheel
Wheel rotation




Encoder Sensors are Special

 [he Rev hub can automatically control motors using the
corresponding encoders.




The Rev Expansion Hub

Motor Encoders—l
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The Rev Guides

Go to: http://www.revrobotics.com/resources/
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Expansion Hub
Encoder Guide Guide




Sensor Connections (Rev)

* |f you use all Rev motors and sensors,
hookup Is easy.

* Use supplied JST cables or
fabricate equivalent ones

» Connect to available port based on
sensor type

* The accelerometer/gyro is built into
your expansion hub, no
connections needed!
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Andymark Motor Encoders

not needed if you use Rev motors




Using Non-Rev Sensors

e Diagram colors correspond to
wire colors on standard Rev
cables
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e Cut a Rev sensor wire to attach
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Mechanical Switches

Connect ‘NO’ to either white or blue wire

Standard 4-pin Rev sensor cable




Potentiometers

Also known as : “Variable Resistors”

e (Good for measuring the angle of a mechanism
e Shaft usually turns about 270 degrees




|2C Sensors

 Rev Hub supports only 3.3v Sensors

e However, all Rev-branded sensors are 3.3V!




Configuring Sensors on RC
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Adding Sensors to Software

e Each sensor type has a unique Java class

¢ See FTC SDK documentation for a complete list!




Read the docs!

All Classes

Packages

com.qualcomm.ftccommon
com.qualcomm.robotcore.e
com.qualcomm.robotcore.e
com.qualcomm.robotcore.e
com.qualcomm.robotcore.h
com.qualcomm.robotcore.u
org.firstinspires.ftc.robotcor
org.firstinspires.ftc.robotcor
org.firstinspires.ftc.robotcor
org.firstinspires.ftc.robotcor

All Classes

Acceleration
AccelerationSensor
Analoglnput
AnaloginputController
AnalogOutput
AnalogOutputController
AnalogSensor
AndroidAccelerometer
AndroidGyroscope
AndroidOrientation
AndroidSoundPool
AndroidTextToSpeech
AngleUnit

AngularVelocity
AnnotatedOpModeManage.
AnnotatedOpModeRegistra
Autonomous

AxesOrder

AxesReference

Axis

Blinker

Blinker.Step
BuiltinCameraName
Camera

Camera.Error
Camera.OpenFailure
Camera. StateCallback
Camera.StateCallbackDefa
CameraCaptureRequest
CameraCaptureSequencelt
CameraCaptureSession
CameraCaptureSession.Ca

file:///Users/mpl/proj/FTC/SkyStone/doc/javadoc, & m

o)== PACKAGE CLASS TREE DEPRECATED INDEX HELP

PREV NEXT FRAMES NO FRAMES

Packages
Package Description

com.qualcomm.ftccommon Classes common to FTC aps

com.qualcomm.robotcore.eventioop RobotCore event loop library.

com.qualcomm.robotcore.eventloop.opmode

com.qualcomm.robotcore.exception RobotCore exception library.

com.qualcomm.robotcore.hardware RobotCore hardware library.

com.qualcomm.robotcore.util
org.firstinspires.ftc.robotcore.external
org.firstinspires.ftc.robotcore.external.android
org.firstinspires.ftc.robotcore.external.hardware.camera
org.firstinspires.ftc.robotcore.external.hardware.camera.controls
org.firstinspires.ftc.robotcore.external.matrices
org.firstinspires.ftc.robotcore.external.navigation
org.firstinspires.ftc.robotcore.external.stream

org.firstinspires.ftc.robotcore.external.tfod

)=S0 PACKAGE CLASS TREE DEPRECATED INDEX HELP

PREV NEXT FRAMES NO FRAMES

 Documentation is in your SDK
e Open doc/javadoc/index.html in
your web browser



ava Classes for Sensors

rev.RevTouchSe | rev.RevTouchSe | bosch.BNO@55IM | hardware.Analo | rev.RevZmDista | hardware.Analo

ouchSensor




Connect the
Sensor 1o your

ropot’s expansion
hub

Four Steps

In your robot init In teleop or
Name your sensor code, create the autonomous
IN the robot Sensor object code, use the
controller phone using the same object to access
name the sensor

Robot Init Code

‘e TouchSensor touchSensor

touchSensor = .get(TouchSensor.cl )

Declare sensor object
Create object from hardware map

Teleop/Autonomous

' touchValue = touchSensor.isPressed()

Access sensor data



Sensor Noise

Problems You May See

e Sensors are not perfect!

e Occasionally you may get readings that
make Nno sense

» Color sensors occasionally return:

Things to Iry

 For analog sensors, average
several recent readings




Absolute vs Relative Sensors

Absolute Relative

* Returns a value representing a change from
a previous reading

* Returns a specific reading based on the
current physical world (will generally be

the same reading after robot is
restarted  Encoder. You don't really know where
the robot was at the previous reading.




Sensor Characterization

Test your sensors!

 Make a test program
* Log sensor data to a file

* Write sensor data to telemetr
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Rev Hub Interface

Test your sensors without a robot controller, using a Windows PC

Yy B0 |sonmew: [

ROBOTICS

NEW PRODUCTS | COMPETITION | EDUCATION | SHOPALL | TECHNICALRESOURCES | PURCHASEORDERS | SUPPORT

Home / Technical Resources

SOFTWARE RESOURCES

REV HUB INTERFACE SOFTWARE

The REV Hub Interface is a beta piece of software which allows for direct connection to your REV Expansion Hub and its peripherals from your Windows
PC.

This interface provides a method for teams to prototype with motors, servos, and sensors in a way that is faster and easier than setting up an entire robot
control system. It is also a valuable troubleshooting tool that can help isolate the cause of an issue and determine if it is electrical or software related. The
Expansion Hub firmware can also be updated/recovered through this interface in addition to the Robot Controller Application.

Download Hub Interface Software




Sensor Latency

e Sensor readings are not instantaneous!

A sensor doesn't tell you what Is 50mMs
nappening now, it tells you what
nappened in the recent past.




Special Consideration: Gyro

Import the Rev gyro as a Bosch BNOO55IMU
import com.qualcomm.hardware.bosch.BNOA55IMU;

You must initialize this sensor!
imu = hardwareMap.get(BNO@55IMU.class, "imu");

BNO@55IMU. Parameters parameters = new BNO@55IMU.Parameters();
parameters.angleUnit = BNOO@55IMU.AngleUnit.DEGREES;
parameters.accelUnit = BNOO55IMU.AccelUnit.METERS_PERSEC_PERSEC;
imu.initialize(parameters);

public double theHeading()

return imu.getAngularOrientation().firstAngle;




Special Consideration: Encoder

The encoder is actually part of the DCMotor class.

The getPosition() method reads the current encoder count.
The setMode() method enables encoder modes.







