Autonomous Programming: Mecanum

Please complete the Control System Overview, Intro to FTC Programming and Mecanum Drive:
Principles and Programming tutorials before proceeding.

Autonomous Programming:

Every First Tech Challenge has an autonomous component. This is a period of time when the
team selects a program, then the robot executes the program completely on its own without any
driver inputs. The challenge changes every year, but it generally involves moving to specific
locations and/or taking in camera data or sensor data to react to the environment.

Tools you can use to complete the tasks:
1. Pre-programmed movements. Give the robot a set of instructions for where to move.
2. Sensor inputs. Scan and react to the environment using a variety of approved sensors:
distance sensors, touch sensors, color sensors, magnetic limit switch, IMU, potentiometer.
3. Camera information (webcams). The main 2 ways to use the cameras are to read April Tags
or use TensorFlow Lite.
-April Tags are black and white patterns that look like QR codes. They tell you detailed
information about your robot’s distance and angle from the April tag.
-TensorFlow can be trained to recognize images. Some images might be
pre-programmed on the hub, but you can also train it to recognize an image yourself.

Pi>:e®.98

Getting “Pose” data from an April Tag. Recognizes an object with TensorFlow

Learn more/sources:
Approved Sensors:
https://ftc-docs.firstinspires.org/en/latest/control hard compon/rc _components/sensors/sensors.

html
Approved Webcams:

https://ftc-docs firstinspires.org/en/latest/control_hard_compon/rc_components/uvc/uve.html
April Tag Information:

https://ftc-docs firstinspires.org/en/latest/apriltag/vision_portal/apriltag_intro/apriltag-intro.html
General Information on Autonomous Programming (2023-2024 competition focus)
https:/firstroboti .org/ftc/ftc-team-r. r nterst -autonom -program


https://ftc-docs.firstinspires.org/en/latest/control_hard_compon/rc_components/sensors/sensors.html
https://ftc-docs.firstinspires.org/en/latest/control_hard_compon/rc_components/sensors/sensors.html
https://ftc-docs.firstinspires.org/en/latest/control_hard_compon/rc_components/uvc/uvc.html
https://ftc-docs.firstinspires.org/en/latest/apriltag/vision_portal/apriltag_intro/apriltag-intro.html
https://firstroboticsbc.org/ftc/ftc-team-resources/centerstage-autonomous-programs/

Programming Autonomous Movement With Power and Time:

In this example we don’t have the green “repeat while call opModelsActive” block that we are
used to in our TeleOp programs. Any commands that come after the “do” part of the “if call
OpModelsActive” block will take place in the order that they are laid out without repeating.

We can tell our robot where to move by telling it what power level to give each wheel (the
negative or positive value determines direction according to mecanum wheel logic). The power
level will also determine how fast our robot will move.

We then add the “call sleep milliseconds ___” button. This tells our program to pause
execution of its next command for the amount of time indicated. So, it will continue to do
whatever the last common was until the amount of time indicated has elapsed. Remember that
1000 milliseconds= 1 second. So, 500 milliseconds= %2 second. This block is found in the
“Linear OpMode” menu.

Lastly, we then set the power of all 4 wheels to 0. It is important to always set your robot to stop
at the end of its movement sequence.

*Note: The robot will stop when it comes to the end of its list of commands or when its
autonomous timer runs out (30 seconds). So, if you forgot to add the step that sets all the
wheels’ power to 0 at the end of this sequence, it would still stop. However, it is a good habit to
always manually set the power of each motor to 0 when you want it to stop. The robot’s motors
will keep doing whatever they were told to do last until they are given a new instruction (like
being set to 0), or it comes to the end of its command sequence or the timer ends. So, if you
had the robot do a bunch of time-consuming, non-motion steps after your final movement step
without setting the motors to 0, the robot would just keep moving.

The following program will make our robot move forward at a power of 0.3 (30% of max power)
for 500 miliseconds (¥2 second) and then stop.
G) to EETIE

set . {1 Direction  REVERSE
-1 frontRight * ' Direction * kel [  Direction ~ REVERSE
Put initialization blocks here.
(G waitForstart]
©) 1 - opModelsActive |
do

1 frontLeft + || Power - Rl 0.3

-1 backLeft + [ Power * k&l 0.3

- frontRight ~ I Power * KGR 0.3

- backRight - [ Power » JG7 0.3

N sleep |

milliseconds 500

‘
set o to Y
set . to B
set . to




Adding Extra Steps:

In order to add additional movements to our sequence, we just have to repeat all the same
steps in the process below our first command, but change the power or time as needed. By
making our power positive or negative in accordance with mecanum logic, we will be able to
pick our robot’s direction of motion.

The following program will move forward at a power of 0.3 for 500 milliseconds, then stop for
500 milliseconds, then strafe to the right for 500 milliseconds, then stop.

1 runOpMode

set . o} Direction REVERSE
| set . o} Direction REVERSE
| Put initialization blocks here.
' call
| if | cal
do
| set Y Power - T 03
set Y Power - LN 03
| set " Power - Lol 0.3
- backRight - | Power - L1 0.3
T sleep |
milliseconds
set N Pover - L ©
set | Power - K" 0
set L Power - L0 0
0

=1 backRight - [ Power - [
call EEZ)

milliseconds
| set N Power - L 03
| set N Power - [N 0.3
| set N Fover - Bl -0.3
| set " Power - o0l 0.3
| al (2D
milliseconds
set o Power - Bl 0
set o Power - Gl 0
set 2| Power + RGH 0

- o¢ backRight - B Power ~ RG] [0}
—

By adjusting the speed and time, you can control exactly how far your robot will move with each
step. You can accomplish a lot with pre-measuring, but you will have to do a lot of trial and error
to get it exactly right!

Technically speaking, we do not need the step in the middle where we set the power to 0 for 500
milliseconds. However, including this step will give our movements much greater precision.
There is sometimes a tiny lag between the actions of the various wheels, and building in tiny
pauses between movements will allow everything to catch up and work together better.



Motor Encoders

An Encoder is a sensor that detects rotation of the motor axel. This can be done with a fairly
high degree of precision. Different types of motors will each have a different number of “ticks” or
“counts” associated with a single complete revolution. The number of ticks per revolution
ranges from hundreds to a few thousand.

Many motors have built-in encoders. You can look this up on the specification chart from the
company that produces the motor you are using. A motor with an encoder built in will have 2
cords to plug into your control hub. If you don’t have an encoder built-in to your motor, you can
add an external encoder that sits around the shaft of the axel and provides the same function.

*If you know the diameter of your wheels and the number of ticks per revolution your motor is
measuring, you can calculate the distance that any given number of ticks will take you. You can
also just figure it out by trial and error.
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Biameter Circumference=r times diameter (c=rd)

Built in encoder in Rev HD Hex Motor Rev Through-Bore Encoder

Encoder Based Movements: First Robotics British Columbia
https://firstroboticsbc.org/ftc/ftc-team-resources/autonomous-encoder-based-movement/

FTC Approved Motor Encoders:

https://ftc-docs.firstinspires.org/en/latest/control _hard compon/rc_components/encoders/encod
ers.html

Oregon Robotics Youtube video on motor encoders

https://www.youtube.com/watch?v=0OMBfgO-AntY



https://firstroboticsbc.org/ftc/ftc-team-resources/autonomous-encoder-based-movement/
https://ftc-docs.firstinspires.org/en/latest/control_hard_compon/rc_components/encoders/encoders.html
https://ftc-docs.firstinspires.org/en/latest/control_hard_compon/rc_components/encoders/encoders.html
https://www.youtube.com/watch?v=OMBfgO-AntY

Programming Autonomous Movement With Encoders:

When programming a movement with encoders, you have 6 steps for each movement.

1) Set the counter to O for all 4 motors. If you already knew what the counter was at, you
could just continue adding to it, but it is easier to keep track and avoid errors if you reset
the counter before each movement. Do this by selecting the “RunMode” block under
the “Actuators” “DcMotor” menu. Then select “STOP_AND_RESET_ENCODER”
from the drop-down options available.

2) Set the Target Position for all 4 motors. This block is also available in the “Actuators”
“DcMotor” menu. This is the counter number you want it to go to (how much you want
the axle to rotate). This corresponds with the distance you want your robot to travel. As
long as you have remembered to reverse the direction of either your right or left two
wheels at initialization AND you have set your motor encoders to zero, then a positive
target position will make the wheel move forward and a negative target position will
make the wheel move backward. We used 800 in this example- this is the distance that
corresponds to a linear motion of ~23 % inches with THIS robot’s motors and wheels.

3) Set the target power for all 4 motors. We set it to 0.3 in this example so that it goes slow
enough for us to observe the nuances of how our robot is moving in this demo.

4) Tell all 4 motors to “RUN_TO_POSITION” from the same drop-down menu. This
command will not do anything if you have not already set target position and power.

5) Now you need to tell your program to WAIT until all 4 motors have stopped moving
before going on to the next step. This is very important. Your control hub can read your
program much faster than any motor could spin its wheels. You do not want the program
to try to move on to executing the next step until all the wheels have finished moving to
their target positions. Building this command is a little bit fussy (luckily, you can copy
and paste after you build it once).

a) Grab the “repeat while do” block from the “loops” menu. Change “while” to
“‘until” in the drop down menu.

b) Grab 3“__and___” blocks from the “logic” menu. Nest them inside each
other until you have 4 blanks with three “ands” in between them.

c) Grab 4 “call motor name is busy” blocks from the “Actuators”
“DcMotor’menu. Plug them into your 4 blanks spaces

d) Grab 4 “not” blocks from the “logic” menu. Place them just in front of your “call
motor name is busy” blocks.

e) Leave the “do” part of the loop block blank. You can add telemetry here if you
want. But, it is intentionally empty of any motor commands.

f) Yay- now you have created a command that essentially says “now you will
continue to do nothing new until all the motors are done doing stuff.”

6) Lastly, set all 4 motor’s power to 0. We always need to give our robots a true stop at the
end of their autonomous motions.



Example Code:

This code will tell our robot to move forward 23 % inches (800 ticks) at a power of 0.3 (30% of
maximum). It will then stop.

) to
Autonomous Workshop Encoders

-1 backRight + || Direction + Lo Direction  REVERSE
L8 frontRight - M Direction - B4 Direction ~ REVERSE
ol waitForStart |
BIAE] ophiodeisActive ]
do
set " Mode - LW RunMode STOP_AND_RESET_ENCODER
set " 'Mode - |00 RunMode STOP_AND_RESET_ENCODER
set " Mode - LM RunhMode STOP_AND_RESET_ENCODER
set " Mode - N RunMode STOP_AND_RESET_ENCODER
-1 TargeiPosition - |
backLeft - 1)
| backRight = 11
- TargetPosition - |
L frontLeft - K1
frontRight - [
=1 Fower -
backLeft - 1)
backRight - 1)
Lo Power - |
frontLeft = R
frontRignt - LU0 0.
set N Mode - BB RunMode  RUN_TO_POSITION
set N Mode - R RunMode  RUN_TO_POSITION
set W Mode + JoM| RunMode  RUN_TO_POSITION
set " Mode - kel RunMode  RUN_TG_POSITION

(CAEE until - | -
. not |, call CERTCIED - (R0 [ETRD (ot || ol EEEETIND - (TS0 | ETED | | ot || con (D) CEIED | €D not || con (D CEIS)

L8 We do not need to put anything in this "do " section
=

— Power -
10
backRight = 11

" Power - |

10

frontRight + R4
—

23 1/8inch

23 % inches is the distance between the center point of the interlocking line between each of the
gray foam tiles that are usually used to line the FTC Arena. So a distance of 23 ’% inches= “1
foam floor tile.”



Adding Extra Steps:

In order to add a second movement in our sequence, we just have to repeat all the same steps
in the same process below our first command, but change the Target Position as we see fit.
This program will move forward 23 % inches, then strafe right 23 ¥ inches, then stop.

Direction  REVERSE
Direction  REVERSE

Runhiode | STOP_AND_RESET_ENCODER
RurMode  STOP_AND_RESET_ENCODER
RunMade  STOP_AND_RESET_EMCODER
RunMade | STOP_AND_RESET_EMCODER

Runbode  RUN_TOPOSITION
Runbade  RUN_TO_POSITION
RurMode  RUN_TO_POSITION
P T tackiefl + M Mode « RS0 Runbads  RUN_TO_POSITION

R |l O I €T | ol CEE - €T R et ot (IR T KD e |l (TN €T

Runbode  STOP_AND_RESET_ENCODER
RunMode  STOP_AND_RESET_ENCODER
RunMade | STOP_AND_RESET_ENCODER
RurlMade | STOP_AND_RESET ENCODER

Runbiode | RUN_TO POSITION
Runbade  RUN_TO_POSITION
RunMode  RUN_TO_POSITION
RunMade  RUN_TO_POSITION

LW [ frontleé - W issusy I and - [RECIRET froniRight - W isSusy |



Odometry

The third way to give your robot pre-programmed movement instructions is with odometry.
Some of the names used to describe this method are “odometry” “3-wheel odometry” or
“‘dead-wheel odometry” or just “dead-wheel.”

How it works:

You install 3 wheels to your robot spread out in a triangular configuration (2 facing in the same
direction and 1 facing perpendicular to the other 2). These wheels contact the ground, but they
do not have motors attached and they do not provide any propulsion to the robot. This is why
they are referred to as “dead wheels.” As the robot moves along the ground, it moves the
wheels. The wheels each have sensors that tell them how much they have moved in any given
direction. The program uses this information to decide whether or not to keep moving in any
given direction. If you are using odometry, you set a target distance as your stop cue (not power
and time and not axel rotations). *2-wheel version also exists, but needs an “odometry
computer” installed on the robot to be effective.

The HUGE advantage that this provides, is that it removes a large and common error from your
code. Imagine that your robot catches its wheel on the edge of a pole that is anchored to the
ground. Now your robot’s wheels are still spinning, but the robot isn’t moving. The robot just
keeps trying to run into the pole and doesn’t go anywhere, but the program is still trying to carry
out its commands as if nothing has happened. A robot with an odometer would be able to tell
that it isn’t actually moving, because the dead wheel wouldn’t move while the robot was stuck
on the pole. A clever programmer could even build in a clause for what to do if the robot stops
unexpectedly (something like: back up 1 inch and then move left 1 inch and try again).

Odometers are pretty much impossible to use with blocks programming. For those of you who
are interested, get cracking on that Java or Python! We have a good PDF tutorial on how to
program in Java for FTC. It's 215 pages, but it is meant for beginners. Let us know and we will
send it to you! You can practice your code on the FTC virtual robot simulator. You can also start
learning Java with Code Academy, which is a free online course.

https://vrobotsim.com/ Code Academy

GoBilda Odometry Pod

https://www.gobilda.com/odometry-pod-43mm-width-48mm-wheel/

Youtube video on Odometry for FTC: Aperture Science



https://vrobotsim.com/
https://www.codecademy.com/?utm_id=t_kwd-78958985904710:loc-4103:ag_1263339270701571:cp_370028884:n_o:d_c&msclkid=592835bdca921a87c1175dfb2b9883fe&utm_source=bing&utm_medium=cpc&utm_campaign=US_Brand_Exact&utm_term=codecademy&utm_content=Codecademy
https://www.gobilda.com/odometry-pod-43mm-width-48mm-wheel/

https://www.voutube.com/watch?v=Av9ZMiS--gY
What is a Function?

When programming, it is helpful to use functions to stream-line your code.
A function is a piece of code you can call on to do several steps with one command.

Example:

Imagine that | had a challenge that said go to location A, B and C and perform a little dance in
each location. If | create a function that describes what my “dance” looks like, | will save myself
a lot of time and space when | write my code.

2 ft 4 ft 6 ft

Function: “Dance”

My code might include commands to do the following: Move right arm up and left arm down—
then move right arm down and left arm up—then turn right 10 degrees—then turn left 10
degrees—then put both arms up—then do a full circle to the right—then put both arms down.

Now that | have defined my function, | can write my code like this:
Code Using “Dance” Function:

Move forward 2 feet (location A)— Dance—Move forward 2 feet (location B)—Dance, Move
forward 2 feet (location C)—Dance


https://www.youtube.com/watch?v=Av9ZMjS--gY

Making Functions in Blocks:

-Open the “function” menu.

-Select the “to something” block (the one without the “return” slot for now).

-Once you have selected it, you can type in a new word where it currently says “do something.”
-Let’s change it to say “drive.”

— LinearOpMode @ © ) do something |
» Gamepad =
P Actuators
P Sensors
Other Devices (&) (2) to
» Android
P Utilities
I Logic
I Loops .
|
I Text
-
I Variables
I Miscellaneous

-Click on the gear icon to make your function box more complex.

-Drag the “input name:__” block into the slot under the “inputs” block. You can add as many
as you need to. We added 5 in this example.

-Close the pop up window by clicking the gear again.

input name:
input name:

input name:
input name: [y
input name:

(&) (2) to with: Forward, Strafe, Tur, Time, Pause




-Now that you have created this function, you will find a new block available under the
“function” menu that corresponds to the function you just created.

-You will also find new variables in the “variables” drop-down menu that correspond with the
inputs you named in your function.

— LinearOpMode q
: (2 @) ) do something —LinearOpMode s Pmppsesr
P Gamepad >
P Actuators Samepad
C » Actuators
P Sensors » Sensors I
Other Devices @ @ )| do something Other Devices _
change (GETEENA by B
» Android » Android
» Utilities P Utilities
: =
Logic ogic
- Loops
Loops I E
I Viath i ‘ return " I math
I _— I Text E
Iu S o]
Lists drive with:
I Variables Forward I Functions m
I Wiscelianeous
| Miscellaneous Strafe
Tur
Time
Pause
| runOpMode g x -

Robotic Programming Ethics: A quick aside

*Note: There are LOTS of ways to create functions. There are variations on every one of these
steps. If someone teaches you another way to do it, that is perfectly fine. But, always make
sure you are understanding it. Feel free to share code with each other, but always make sure to
TEACH your code to others if you share it. Professional programmers use code written by other
people all the time. But, if they don’t understand how it works, it would be impossible for them
to fix it if it doesn’t work perfectly (and it probably won't).

Here is a good general rule for using code that you didn't write: If you feel confident that you
could recreate it yourself with a little time and thinking... then you can use it. This goes for
using parts of your robot that were created by other teams or your own team in a previous year.
If you feel you could build it on your own with some extra time... go ahead and use it. If you are
not sure, then it's probably best to start fresh and learn how each step is done. You might not
have as “good” a robot as if you used other people’s builds and other people’s code. But, you
will LEARN A LOT MORE. And those skills will take you farther than any individual competition.



Building a Time and Power Function:

Inside our new function box, we will need to input our logic, similar to how we did in the
mecanum TeleOp OpMode.

*We do not need to add the “regulator/denominator” step that we used before, because that was
only needed to compensate for an issue that came up when using the joystick. There is no
joystick in autonomous mode!

—_—

(&) (7) to with: Forward, Strafe, Turn, Time, Pause

©
ORI Pause - - - 1 0]
do ( set (ETXD to | €D

| set frontLeft * | Power v | : 1 | g |
LTurn -

. == backLeft + | Power » | e ‘ 1 = >
CETES - (ETED =

éét frontRight - | Power + | (o : . -
: = _ - [T -

set (EERIFIED - (ZITES to Forward | cx3  Strafe + | - ,
' call sleep |

milliseconds
| frontLeft - | Power - LN 0
| backLeft - | Power - [1( 0
- frontRight - | Power - |
| backRight * | Power - |-
call sleep |

\_milliseconds Pause * |

1) Ignore the “if do” block at the top. We will come back to it in a moment.

2) Insert 4 “Set motor name. Power to” blocks. Use the drop-down menu to make sure
all 4 wheels are accounted for. These are in the “Actuators” “DcMotor” menu.

3) For each line after motor power, you will needtograbto “___ +/- " blocks from the
“Math” menu. Nest one of the blocks inside the other so that you have 3 blanks,
separated by 2 +/- symbols.

4) Grab 4 copies of the Forward, Strafe and Turn variables from the “Variables” menu.

a) Plug these into the blank spaces in your “___+/-___” blocks.



b) Adjust the +/- symbol to create the mecanum logic we know and love.
5) Grab the “call sleep milliseconds __” block from the “LinearOpMode” menu and
place it after the 4 motor power levels you just set.
6) Grab the “Time” variable from the “Variable” menu. Plug it in after milliseconds.
7) Add 4 more “Set motor nhame. Power to” blocks after the sleep box.
a) Use the drop-down menu to assign one of these boxes to each of your motors.
8) Add another “call sleep milliseconds __” block after you set all the motor’s power to 0.

a) Add the “Pause” variable to this block after milliseconds.

b) The point of this pause is to make sure that the robot stops for a quick break in
between each of its movements. This will give it much more precision because
the code won’t be moving on to the next set of instructions before it completes
the first set. The pause doesn’t need to be very long.

9) At the top of your function, add an “if do” box from the “logic” menu.

a) Afterthe “if”adda“___ = ” block from the “Logic” menu.

b) Add the “Pause” block from the “Variable” menu to the first blank.

¢) Add a blank number (“0”) block from the “Math” menu to the second blank.

d) Add a “set Variable to” block from the “Variables” after the “do” command.

i)  Select “Pause” from the drop-down menu.

e) Add a blank number (“0”) block from the “Math” menu after the “set Pause to”
block.

f) Change the number to 300.

g) What we just said with this “if do” block in our code is the following: If 0 is
entered into the space provided for the “Pause” line in our function box, then it
will be automatically changed to 300. Our little pause at zero power will last 300
milliseconds (0.3 seconds) for every one of our motions unless we specifically
give it a new number in our function box. This means we don’t really have to think
about it any more for most of our movements.

Now you have created your Time/Power function. For each movement instruction you give your
robot with this function, it will move with the power you input with its mecanum logic already
figured out and it will stop appropriately after the time you tell it (in milliseconds). It will also take
a 0.3 second pause between each movement to make sure it is running smoothly.

Using a Time and Power Function:

Now that you have your function defined, you can plug in each movement rapidly!

1) Grab your new “drive with: Forward, Strafe, Turn, Time, Pause” block from the
“Functions”menu.
2) Place it in your code in the “if call opModelsActive do” section of your code.
3) Grab a blank number block (“0”) form the “Math” menu.
a) Place a blank number next to Forward, Strafe, Turn and Time and Pause



@) | runOpMode

(@) to with: Forward, Strafe, Turn, Time, Pause
.
. - backRight = ' Direction * 1©  Direction ~REVERSE
|1 frontRight - || Direction - J¢)|  Direction  REVERSE set - Power - g
call
G i | cal
do

drive with:

Forward + ||+ + | Strafe -

-0 backLeft - | Power - (o) - I - .
packlott L bower £

-\ frontRight * || Power - |

[Forward - I~ * I Strafe - JMk= JBLTUN ")

Forward
Strafe
Turn

-1« backRight = | Power - | ) " 1 |
sht | Power _ | &2 (| TR

o-[ll sleep |

milliseconds

set - to
et . to

set - to

set : to

(- sleep |

milliseconds
—

Time |

Pause

Now that you have your function block, you just need to put 2 numbers into each blocks’ number
boxes. You are only going to choose a value for either Forward, Strafe or Turn for each of your

movements. Your robot will not work properly if you try to get it to do more than 1 of these at
once.

The number you input is the power level that you will use to complete the movement you are
planning. The direction of your movement is determined by putting in either a negative number
or a positive number.

-A positive power level in the Forward box will produce a FORWARD motion.

-A negative power level in the Forward box will produce a BACKWARD motion.

-A positive power level in the Strafe box will produce a RIGHT lateral motion.

-A negative power level in the Strafe box will produce a LEFT lateral motion.

-A positive power level in the Turn box will produce a CLOCKWISE motion.

-A negative power level in the Turn box will produce a COUNTERCLOCKWISE motion.

You will need to input time for every function box. drive with:
The time is measured in milliseconds.
Forward
Strafe

In this example, the robot will move forward with a power of 0.3
(30% of maximum) for 500 milliseconds (2 second) and then stop
for a 0.3 second pause before moving on to the next instruction. Time

Turn

Pause




Building More Complex Instructions:

Now that we have built our function, we can add new steps to our movement instructions very
easily. We simply copy and paste the “drive with: Forward, Strafe, Turn, Time, Pause” block
as many times as we need and place them one after another. Then, all we have to do is go in
and set our power level for either Forward, Strafe or Turn and set our Time. We will assign
either a positive or a negative value, depending on which direction we are trying to go.

*Remember to set the 2 values you are not using (out of Forward, Strafe, Turn) to 0. If you copy
and paste, you will probably have a value in your box you don’t want from where you copied and
you must remember to correct it.

*You will probably NOT have to change the pause at any time, but you may want to adjust it
occasionally (maybe one part of your navigation requires more precision and you want to make
your pauses longer during that section of your movements).

(2} to
Autonomous Workshop Time and Power Function
| backRight - | Direction - J0J | Direction  REVERSE
1 frontRight - | Direction - N0 Direction  REVERSE
(= waitForStart
"B opModslsAciive
do
[ drive with:
Forward
Strafe
Tum
Time

| Pawse This code uses a power of 0.3 (30% of maximum for all its movements
She W It pauses for 300 milliseconds (0.3 seconds) between each movement

Forward
Strafe

Tum

Time It will move forward for 500 milliseconds (2 second)
L It will strafe right for 500 milliseconds
Forward It will turn clockwise for 500 milliseconds
S:if., It will turn counterclockwise for 500 milliseconds
pl: It will strafe left for 500 milliseconds
| diive with: It will move backward for 500 milliseconds
S It will then stop
Tum
pT.: *It should end up exactly back where it started.

| drive with:
Forward
Strafe

Tum

Time

Pause

| drive with:
Forward
Strafe

Tum

Time

Pause



Building an Encoder Function:

Using a function for our encoder instructions will save us a LOT of time and effort.

(@] (7) to [ETY with: Forward, Strafe, Tum, Power

set I Mode - L2} RunMade STOP_AND_RESET_ENCODER
set " Mode - |} RunMode STOP_AND_RESET_ENCODER

| frontRight - | Mode - 11" RunMode STOP_AND_RESET_ENCODER

=T backRight - W Mode - |l RunMode  STOP AND_RESET ENCODER

s O
do | set (D to

a (0]
do sel.lu 'm
|| TargetPosition - |
frontLeft - L]
backLeft - 113
|1 TergetPosttion - |
| frontRight - 113
backRight - |
BT Pover - |
[frontLeft - |
[ backLeft - L0V
E T Power - |
frontRight - |1 [ Power - |
backRight - | | Povier - |
set B 'Mode - LM RunMode  RUN_TO_POSITION
"1 backLeft - 1 Mode - Lol RunMede RUN TO POSITION
E 1 frontRight - M Mods - Lt RunMode  RUN_TO_POSITION
sal % Mode - LU0 RunMode  RUN_TO_POSITION

| repeat OTTING =
repeat (NS not || call CEIEED GEIED | ETR oo || cal LT (ETS) | CEED XS] frontLeft - W isBusy L and - [STS SN froniRight - M isBusy )|

do e have left this blank on purpose
BT Pover - |

frontleft - |5

backlLeft - [}

FT Power - |

ackRi ght - UM 0

1) Create a function using the “to do something” block from the “Functions” menu.
a) Use the gear to create the inputs Forward, Strafe, Turn and Power.
b) Change “do something” to “drive”

2) Set all the motor encoder counters to zero. Do this by selecting the “RunMode” block
under the “Actuators” “DcMotor” menu. Select “STOP_AND_RESET_ENCODER”
from the drop-down options available.

a) Insert 4 blocks this way and select each motor from the drop-down menu.
3) Grab an “if do” block from the “Logic” menu.
a) Adda“___=__ ” block from the “Logic” menu after the if statement.
i)  Add the “Power” variable from the “Variable” menu to the first blank.
i)  Add a blank number (“0”) from the “Math” menu to the second blank.
(1) Keep it at zero.
i) Add a “set variable to” block from the “Variable” menu after the do
command.
(1) Change it to “power” in the drop-down menu.
iv)  Add a blank number (“0”) from the “Math” menu after the “set Power
to” block.



(1) Enter a number here. We used 0.3 (30% of max power) in this
example because it is nice and slow so that we can see what is
happening with each step of our movements. Set it higher if you
want your robot to go faster as a defauilt.

b) We just created a short-cut. Now, if we leave the power level of each of our
function blocks set to 0, it will automatically give it a power of 0.3 (or whatever
you chose). This means we will have 1 less thing to think about with each of our
instructions. However, we can still add in a value for power if we want it to go
faster or slower than the default value we have set here.

4) Grab another “if do” block from the “Logic” menu and place it AFTER the one we just
created.

a) Grabthe “___= " block from the “Logic” menu and place it after the “if’

i)  Addthe “Forward” block from the “Variable” menu to the first blank.
i)  Add a blank number (“0”) block from the “Math” menu to the second
blank.
i)  Change the “=” symbol to # in the drop-down menu.

b) Everything we place in the “do” portion of this “if do” block will now
happen in sequence if we enter anything other than 0 into our function box
for the “Forward” value.

c) Grab a “set variable to” block from the “Variable” menu and place it

after the “do” command.
i) Graba“___x___ " block from the “Math” menu and place it after
the “set variable to” block.

i)  Grab the “Forward” block from the “Variable” menu and place it in the
first blank space (pre-populated with a number in this case).

iii)  Set the second number to 800 (or a number of your choosing).

iv)  *This is another shortcut. We previously discovered that 800 ticks caused
our robot to move 23 V& inch, which was exactly the length of 1 gray floor
tile. Now, if we put in a value of “1” in our function box, it will be multiplied
by 800. This will be easier for us to think about when we are trying to
work out our robot’s movements. We will now know that a value of 1
translates to “move 1 floor tile length.”

(1) We might want to put in a text note to remind ourselves why we
chose these numbers.

(2) The number of ticks that equals 1 floor tile will be different for
every robot based on its motor type, reducers and wheel size.

d) The next thing we will put in this “if do” block is our “set Target Position”
blocks for all 4 motors. You can find the blocks that contain 2 motors per block
under the “Actuators” “DcMotor” “Dual” menu.

i)  Make sure all 4 motors have been selected from the drop down menu.
i)  Grab the “Forward” block from the “Variables” menu and place it after
the “set Target Position” blocks for all 4 motors.



ii)

*Now, whatever number we put in our function box for “Forward” will be
multiplied by 800 and used as our Target Position.

e) Next we need to set power for all 4 motors. Grab the “Set Power” blocks under
the “Actuators” “DcMotor” “Dual” menu.

i)

Make sure all 4 motors have been selected from the drop down menu.
Grab the “Power” block from the “Variables” menu and place it after the
“set Power” blocks for all 4 motors.

*Now, whatever number we put in the function box for “Power” will be
used as the power level for our movement. However, if we leave it blank,
it will be automatically set to the number we assigned as our default
power level (0.3 in this example).

f) Next, tell all 4 motors to “RUN_TO_POSITION” from the “RunMode” block
under the “Actuators” “DcMotor”’ menu.

i)

Select all 4 motors from the drop-down menus.

g) Now you need to tell your program to WAIT until all 4 motors have stopped
moving before moving on to the next step.

i)

Grab the “repeat while do” block from the “loops” menu,. Change
“‘while” to “until” in the drop down menu.

Grab 3 “__and___” blocks from the “logic” menu. Nest them inside
each other until you have 4 blanks with three “ands” in between them.
Grab 4 “call motor name is busy” blocks from the “Actuators”
“DcMotor’menu. Plug them into your 4 blanks spaces

Grab 4 “not” blocks from the “logic” menu. Place them just in front of
your “call motor name is busy” blocks.

Leave the “do” part of the loop block blank.

h) Lastly, set all 4 motor’s power to 0 to make sure it stops at the end of each
movement. Use the “set Power” blocks again, but this time just give each motor
a value of 0.

*So far, we have only created the command for Forward. Yikes. But, luckily, we can
copy and paste and make just a few changes for Strafe and Turn.



Copy the entire “if do” block that describes the Forward entry on the function box and paste it.

You will need to make a few changes to the code:
1) Change every “Forward” variable to “Strafe” using the drop-down menus.
2) Reverse the back left and front right motors numbers. This is how we achieve the
mecanum logic that we know and love.

a) Grabthe “___ x___ ” block from the “Math” menu and place it after the back left
and front right motors in the “set TargetPosition to” blocks (replaces the
variable box).

i)  Put the “Strafe” block into the first blank of “___ x___” block (covering
the number that was pre-populated).
i)  Change the second number to “-1”

b) Now, whatever number we put in for our Strafe value on our function box will be
the our Target Position for the two of our motors (front left and back right motors).
But the two motors we just modified (back left and front right motors) will move
the same amount in the opposite direction. This will create a rightward strafing
motion if we put in a positive number and a leftward strafing motion if we putin a
negative number.

0]

do | set (ETEERD o

:‘;et TargetPosition ~
frontLeft - G
backLeft » Rl

151 TargetPosttion -

frontRight = R0

cackgnt |1

=T Pover -]

frontLeft - R Power - |

| backLeft - LGN Power - |

T Fover - 8

| frontRight - KL)

| backRight - [1)

-1 frontLet - 1 Mode - kel Runiode  RUN_TO_POSITION
"1 backieil - M Mode - el Runiode  RUN_TO_POSITION
L1 frontRight + M Mode - Jol| RunMode  RUN_TO_POSITION
set N Mode - L0} RunMode  RUN_TO_POSITION

repeat (KD | not = backLeft - MisBusy il ana - JESREIE RS ckrignt - and - |

PO =] frontLert - I isBusy §l and - Jol @lB=: 1 froniRight * N isBusy |
LN We have et this blank on purpose

~- Power - |
frontLeft - [N 0
backLeft - Lol 0

- Power -
frontRight - R0 0
Daclenl 4 to 0



Copy the entire “if do” block that describes the Strafe entry we just made and paste it.

You will need to make a few changes to the code:
1) Change every “Strafe” variable to “Turn” using the drop-down menus.
2) Changes which motors get the “Turn x -1” blocks instead of just a “Turn” block.
a) We want the front right and back right motors to get the “Turn x -1” blocks this
time.
b) *Now, if we put in a positive value in the Turn portion of our function block, it will
turn our robot clockwise by the target amount we indicate. If we put in a negative
value, it will produce a counterclockwise turn.

do | set (TS to
- TargetPosition - |
frontLeft - 11
backLet - 1l
- TargelPosition - |
rontRight - 11

backRight - §i]

o Power -

roniLeft - RUS Power - |

 backLeft - 28 Power -

=¥ Power - |

| rontRight - RG] Power - |

 backRignt - [1)

set " Mode - |0 RunMode  RUN_TO_POSITION
set | Mode - |0 | Runhode  RUN_TO_FOSITION
-1 fontRight - I Mode - L8| Runhode  RUN_TO_POSITION
=1 backRight - | Mode - L+ RunMode  RUN_TO_POSITION

repeat (TN not || call [ (anq - |
!, cal D - EET) not || call CEEETIND - (=150 [EEED |\ ot | cal (IR CES) EEED not || ool (DD . D

do We have Ieft this blank on purpose

set
frontLeft - R0f

(backLen - |13
=V Fower |

[rrontRignt - 1
backRight - |

The last step is to put these two new “if do” blocks into our function. Remember to stack the
“if do” blocks for Forward, Strafe and Turn on top of each other in sequence (they should not
be nested inside each other).



The full function is really long:

i [F5/5) withc Forearnd, Shvafe, Tum, Posor

1 froniLalt - W Mode « BVl Funkode | STOF AND RESET_ENCOOER
[~ TEackiof © W Woce » Lol Funkioce  STOF_AND RESET ENCODER
= Thrcoiignt « W ooo * DY Rurbioa  STOP_AND RESET ENCODER

(N R | o . O EEER not | oo TR . TR

not | oo EEIEED - EEED BT o | o CETEED EET) ECE

N isEosy Il anc - BV T fronsionl « Y sEusy |

Funods | RUN_TO POSMICN
Runboce  RUN_TO_POETICN

i - W ode - [N) Funkiode | RN TO POSTION

Tt o CEEED T Gy o CEETE T R P Tirriot - W sesy L an: - B R ] foncoont - | SEicy]



Using an Encoder Function:

Now that we have built our encoder function, we can program each of our movements with a
function box. Each box corresponds to a movement in our sequence. The “drive with
Forward, Strafe, Turn, Power” block is in the “Functions” menu. You will also have to add
the blank number box (“0”) from the “Math” menu to each of the variables in our function.

You will put in a number to either Forward, Strafe, or Turn. Do NOT put a number in more than
one of these three boxes- it will confuse the program.

The number you enter is the “Target Position,” that your robot will go to. This corresponds to
the distance your robot will move.

Each movement must also have a Power level. We set our Power level to automatically run at
0.3 (30% of maximum) if we have a 0 in this box, so we don’t need to put a number other than
zero here if we don’t want to change it. If we want the step to go faster or slower, we can
manually put in the power.

In this example, we added a 800 x multiplier to our number. So, by putting “1” in the Forward
slot, we are telling all 4 motors to move forward 800 ticks. On THIS robot’s build (specific to its
motors, reducers and wheel size), 800 ticks will move the robot forward 23 & inches, which is
equivalent to 1 gray tile. We have left the Power level at 0. This means that our program will
use a power of 0.3, as we instructed it to do in our function box. In summary: by putting “1” in
the Forward space, THIS robot will move forward 1 tile’s length at 30% of max power level.

drive with:

Forward

Strafe

Turn

Power




Building More Complicated Instructions:

To add extra movements, all we have to do is copy and paste our “drive with: Forward, Strafe,
Turn, Power” function block and stack them up in sequence within our main “if call
opModeisActive do” block. Remember to set the number you want in the correct box and then
set the other two boxes to 0 (out of Forward, Strafe and Turn).

@Y runGpiviode
-1 frontRight - | Direction = || Direction ~REVERSE
== backRight - | Direction = [0 Direction  REVERSE
| Put initialization blocks here.

0= T vaitForStar

©F ST opModeisActive |

do

This program will make our robot move forward ~1 foot (400 ticks), then strafe right 1 ft, then
turn clockwise 400 ticks (about 45 degrees on this robot), then turn counterclockwise 45
degrees, then strafe left 1 ft, then move backward 1 foot. We should end up back where we

started.



