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KICKOFF

WE SPENT DAY 1 WATCHING KICKOFF AND THEN SPLITTING UP INTO SMALL
GROUPS. THE MAIN GOAL FOR THESE GROUPS WAS TO ANALYZE THE GAME
RULES, GUIDELINES, FIELD LAYOUT AND SCORING. AFTER 2 HOURS WE MET UP
AGAIN AS A TEAM, DISCUSSED OUR FINDINGS OF THE GAME MANUAL AND

DEVELOPED STRATEGIC SCORING IMPERATIVES.
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GAME ANALYSIS

IMMEDIATE GOALS FOR ROBOT:

=~ GROUND AND SOURCE INTAKE

- AMP AND SPEAKER SCORING CAPABILITIES
- SUB 10 SECOND STAGE CLIMB

- ABLE TO DRIVE UNDER STAGE

=~ SWERVE DRIVE BASE

FUTURE GOALS:
= TRAP SCORING

= SHOOT INTO SPEAKER CONSISTENTLY FROM INSIDE OUR WING

LOOKING AT THE FIELD WE THOUGHT THE ZONES HIGHLIGHTED IN RED WERE
GOING TO BE VERY BUSY, TO AVOID THEM WE WANTED TO BE ABLE TO SHOOT
INTO THE SPEAKER FROM A DISTANCE TO AVOID TRAFFIC. ALSO FITTING UNDER
THE TRUSS MEANT WE COULD DRIVE UNDER IT RATHER THAN GETTING STUCK IN
TRAFFIC BY GOING AROUND. WE ALSO THOUGHT THE SOURCE WOULD BE VERY
BUSY SO THE GROUND INTAKE MEANT WE COULD QUICKLY GRAB A PIECE AND
LEAVE WITHOUT GOING UP CLOSE TO THE SOURCE. OUR IDEAL PATH IS SHOWN

IN GREEN.
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INTAKE

REQUIREMENTS:

= GROUND INTAKE ONLY (SHOOTER WILL

HANDLE PICK UP FROM SOURCE)

=~ SOMEWHAT PROTECTED FROM HITS AND

Passive: no control

\ -/

COLLISIONS (LAST YEAR’S BROKE A COUPLE &

TIMES)

= CAN PICK UP NOTE WHEN ROBOT IS MOVING

AT ANY SPEED

= QUICK PICKUP AND TRANSFER TO SHOOTER
= ACTIVE OR AT LEAST SEMI-ACTIVE INTAKE \

(CONSISTENCY AND SPEED)

KEY DECISION:
=~ UNDER THE BUMPER OR
OVER THE BUMPER

INTAKE:

CONCLUSION: WE DECIDED
TO MAKE A OVER THE
BUMPER INTAKE, MAINLY
FOR THE 12 INCHES IT CAN
REACH OUT OVER THE
UNDER THE BUMPER
INTAKE. THIS WOULD BE
ESPECIALLY USEFUL FOR
AUTONOMOUS AND THE
RACE FOR CENTERLINE
NOTES. WE ALSO THOUGHT
WE COULD MAKE THE

INTAKE DURABLE ENOUGH.

PROS

CONSs

EXAMPLE

U Semi-active: some

\ -7

control

control

Active: Always in

€0

@,
O
O

UNDER THE BUMPER

OVER THE BUMPER

= LESS CHANCE OF
GETTING DAMAGED

= FASTER TRANSFER

= CAN REACH UP TO
12 INCHES FURTHER

ouT

= LESs REACH
= LESS VISIBLE PICKUP
=~ CHANCE OF NOTE

GETTING STUCK UNDER

EXAMPLE FROM TEAM 95

= HIGHER CHANCE OF

GETTING DAMAGED

EXAMPLE FROM TEAM 708
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V1 INTAKE PROTOTYPE

FOR THE FIRST VERSION OF THE INTAKE WE

USED 2X4 WOOD AND HEX SHAFT WITH

DRILLS ON THE ENDS TO TRY OUT PICKING

UP NOTES AND FIND WHAT WHEELS OR

BELTS WORKED BEST.

PROS:

- PICKS UP NOTE WELL

CONS:

- STILL WOOD AND HEAVY

-~ NOT SURE IF NOTE COMPRESSION IS
IDEAL

FINDINGS:

- BELTS ARE GOOD TO KEEP NOTE IN

CONSTANT CONTACT AND PREVENT IT

GETTING STUCK.

V2 INTAKE PROTOTYPE

THIS PROTOTYPE ALLOWED FOR

ADJUSTABLE NOTE COMPRESSION TO FIND
OUR IDEAL INTAKE COMPRESSION TO BE

1.5 INCHES.

FINDINGS:

THE BELTS WE WERE USING WERE NOT
WIDE ENOUGH AND REDUCED HOW
WELL WE PICKED UP NOTES.

WE NEEDED THE SAME DIAMETER ON
THE SHAFT ALL ALONG IT SO THE NOTE

WOULD PICK UP THE SAME.
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V3 INTAKE

THIS VERSION WAS THE FIRST ONE THAT
WAS MODELED IN CAD AND INCLUDED
MOTORS, NEW WIDER POLYURETHANE BELTS
AND WAS MOUNTED TO THE TEST BOT
CHASSIS. EVEN THOUGH IT COULDN’T
ACTUATE INTO THE FRAME PERIMETER YET IT
WAS STILL USEFUL AS A FIRST VERSION.

THE INTAKE ALLOWED FOR AN ADJUSTABLE

FLOOR HEIGHT AND AMOUNT OF BELTS.

FINDINGS:

= MORE BELTS MEANT WE COULD PICK UP THE NOTES MORE CONSISTENTLY.

= THE TOP BELTS SHOULD BE A LITTLE LOWER TO THE GROUND THAN A NOTE
SO THAT IT PULLS IN THE NOTE.

= A 35 DEGREE PIECE OF WOOD INSIDE THE INTAKE WORKED GREAT AS A

CENTERING GUIDE FOR THE NOTE.

V4 INTAKE PROTOTYPING

THE INTAKE NOW HAD TO BE MOVABLE SO
IT STARTS IN THE FRAME BUT REACHES
12 INCHES OUT WHEN COLLECTING
NOTES. WE COULD EITHER DO A FOUR
BAR / VIRTUAL FOUR BAR OR A LINEAR
SLIDER. WE THOUGHT THE SLIDER

WOULD WASTE TOO MUCH ROOM SO WE

DECIDED TO TRY THE VIRTUAL FOUR BAR.

TO MAKE SURE THE VIRTUAL FOUR BAR INTAKE

WORKED LIKE IT DID IN CAD IT WAS MADE OUT OF
WOOD AND MOUNTED TO A CART. THIS CART WAS | 4 Lo A =7
THEN SLAMMED INTO A WALL AND THE INTAKE WOULD ps. :~' 

SPRING UP CONFIRMING IT WORKED EFFECTIVELY. 7
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VS INTAKE

THIS INTAKE WAS THE FIRST “LEGAL” INTAKE
AND WAS MODELED IN CAD WITH THE FIRST
VERSION OF THE DRIVE BASE. IT CONSISTED OF
10 POLYURETHANE BELTS, 5 ON EACH SIDE
BEING RUN BY A NEO. THE SIDES WERE
MACHINED OUT OF 3/16TH ALUMINUM AND THE
ARMS WERE MADE OUT OF 1/8 INCH
POLYCARBONATE. ALUMINUM TUBING WAS USED

IN BETWEEN FOR STRUCTURAL INTEGRITY.

PROS:

= MOVES IN AND OUT LIKE IT SHOULD

= 5 BELTS PICK UP NOTE REALLY WELL

CONSs:

= VIRTUAL 4 BAR WAS TOO FLOPPY AND
WIGGLY WITH THE 1/8 INCH POLYCARBONATE
ARMS

= FLOOR RIDING PIECE WAS INCONVENIENT

AND THE INTAKE SHOULD JUST HAVE A HARD

STOP

V6 INTAKE

IMPROVEMENTS IN VERSION:

=~ THE POLYCARBONATE ARMS WERE MOVED ON THE INSIDE OF THE INTAKE TO
REDUCE FLOPPINESS.

= BELT DRIVE MOTOR WAS MOVED TO OUTSIDE SO IT WOULDN’T GET IN THE WAY OF
THE NOTE.

= SINCE THE NEW INTAKE WAS NOW SMALLER, SIDE SHIELDS WERE ADDED TO HELP

CENTER THE NOTE AND ACT AS HARD STOPS WHEN PULLED UP.
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V7 INTAKE (FINAL BEFORE COMP)

THE BIGGEST ISSUE WAS THE FLOPPINESS OF THE INTAKE, SO THE
POLYCARBONATE ARMS WERE CHANGED FROM 1/8 INCH TO TWO PIECES OF 1/8
INCH STACKED WHICH DIDN’T WORK GREAT SO THEY EVENTUALLY BECAME A
PIECE OF 1/4 INCH POLYCARBONATE ON EITHER SIDE. CHAIN WAS ALSO USED

INSTEAD OF BELTS TO MAKE IT STRONGER AND CHAIN TURNBUCKLES ALLOWED

FOR TENSIONING.

1/4 INCH POLYCARBONATE

WITH CHAIN & TURNBUCKLE

INTAKE CAD
INTAKE COLLECTING SUCCESSFULLY
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SHOOTER

REQUIREMENTS:

- SHOOT AT DIFFERENT DISTANCES FROM
SPEAKER (IDEAL SHOWN IN GREEN)

- AIM DOWN INTO AMP (WITH HELP OF
ELEVATOR)

= BE ABLE TO PICK UP FROM SOURCE (AS
BACKUP IF INTAKE BREAKS)

- BE ABLE TO HOLD NOTE FROM INTAKE
TRANSFER

- QUICKLY BE ABLE TO SPIT NOTES (FEED

FOR ALLIANCE PARTNERS)

V1 SHOOTER PROTOTYPE

THE FIRST TEST FOR THE SHOOTER WAS A
COUPLE OF 80-20 PIECES IN A RECTANGLE
WITH FLYWHEELS ON BOTH SIDES. THE
DISTANCES WERE ADJUSTABLE AND WE
TRIED DIFFERENT TYPES OF WHEELS.
OVERALL THIS PROVED TO BE
INCONSISTENT AND DIDN’T SHOW US MUCH
SO WE WANTED TO TRY A MORE ROBUST
VERSION. THE NOTE FELL IN BETWEEN THE
FLY WHEELS SO WE ALSO NEEDED A FLAT
SURFACE FOR THE NOTE TO GLIDE ON.
SQUEEZING FROM THE SIDES DIDN’T SEEM

TO WORK SO WE WANTED TO TRY THE

OTHER WAY ROUND.

10
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V2 SHOOTER PROTOTYPE

THE SECOND VERSION OF THE SHOOTER
HAD TWO ROWS OF SHAFT WITH WHEELS
AS THE SHOOTER PART AND A LOADER ON
THE BACK TO FEED THE NOTE. THE NOTE
WOULD SLIDE ALONG A PIECE OF
PLYWOOD AND KEEP STRAIGHT. THE
DESIGN ALLOWED FOR ADJUSTABLE
FLYWHEEL DISTANCE, SHOOTER ANGLE

AND FLYWHEEL SPEED.

THIS DESIGN SEEMED WAY MORE

PROMISING SO WE TRIED TO MAKE IT

MORE ROBUST.

V3 SHOOTER

V2 WAS REDESIGNED, BUILT AND
MOUNTED TO THE TEST ROBOT TO TRY AND
HAVE SOMETHING PROGRAMMERS COULD
USE. THE ISSUE WAS WE STILL WEREN’T
SURE WHAT WHEELS WORKED BEST, WHAT
COMPRESSION WORKED BEST AND OTHER
FACTORS SO THIS SHOOTER WAS USEFUL
TO A CERTAIN EXTENT BUT WE NEEDED AN
ADJUSTABLE ONE TO ACTUALLY MAKE

DECISIONS.

11
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V4 SHOOTER PROTOTYPE

THIS VERSION WAS MADE TO TRY OUT

CERTAIN THINGS: THE COMPRESSION

DISTANCE BETWEEN THE WHEELS COULD
BE ADJUSTED BY SET HOLES AND CHANGED
THE DISTANCE 1/8TH OF AN INCH. Now

THERE WERE TWO ROWS OF FLYWHEELS

AND WE USED A DIFFERENT TYPE OF

WHEEL. THE SECOND ROW COULD BE

REMOVED IF IT WASN’T USEFUL AND THE
WHEELS WERE ALL TESTED TO SEE WHICH

TYPE WAS BEST. ALSO THIS SHOOTER NOW

HAD BOTH SIDES RUNNING

INDEPENDENTLY WHICH ALLOWED FOR

SPIN ON THE NOTE WHICH WE FOUND TO

WORK BETTER.

AFTER SHOOTING AT A TARGET WITH EVERY
COMPRESSION WE FOUND THE MOST
ACCURATE ONE WAS 1.5 INCHES. ALSO WE
REALIZED THE PIVOT OF THE SHOOTER
SHOULD BE CENTERED AND LOW TO KEEP IT
BALANCED AND TO LOWER THE CENTER OF

GRAVITY.

V4 PivoT
LOCATION

(UNSTABLE)

12
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VS SHOOTER

IMPROVEMENTS IN VERSION:

= FINALIZED COMPRESSION BETWEEN WHEELS

=~ LIGHTER, MORE ROBUST AND SMALLER

=~ HOLES FOR BEAM BREAK SENSOR

= FINS TO HELP ALIGN IN INTAKE TRANSFER AND SOURCE FEEDING

= DIFFERENT FEEDER WHEELS -> ROLLER (MORE CONSISTENT)

V6 SHOOTER (FINAL BEFORE COMP)

THIS VERSION WAS PRETTY SIMILAR TO THE LAST BUT HAD BETTER BELT

GEOMETRY WHICH MEANT WE GOT UP TO SPEED FASTER AS WELL AS OTHER

MINOR IMPROVEMENTS.

13
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ELEVATOR

NOTES:

2 YEARS AGO WE ALREADY MADE AN ELEVATOR

MECHANISM AND LEARNT A LOT FROM THIS.

USING WHAT WE LEARNED WE DESIGNED A

BETTER VERSION OF OUR 2022 ROBOT

ELEVATOR.

REQUIREMENTS:

- REACH TO OR ALMOST MAX HEIGHT (USEFUL
FOR AMPING AND ESPECIALLY FOR TRAPPING
IN FUTURE)

- TAKE UP AS LITTLE ROOM AS POSSIBLE

- EASY TO FIX (2 YEARS AGO OUR ELEVATOR
HAD BELTS ON THE INSIDE AND IF ONE WERE
TO BREAK IT WOULD HAVE TAKEN TOO LONG TO

FI1X)

-~ ALLOW FOR THE SHOOTER TO MOUNT TO IT .
AND PIVOT ON IT. ELEVATOR 2 YEARS AGO

NEwW ELEVATOR

CONSISTED OF TWO OUTER RAILS THAT STOOD
STILL AND TWO INNER RAILS THAT SLID UP THE
OUTER 2 USING BEARINGS. A PIECE OF BOX WAS
PUT IN BETWEEN TO KEEP THE OUTER RAILS
FROM BENDING OUT. THE INNER TWO RAILS
ALSO HAD A CROSS PIECE THAT HELD THE RAILS
TOGETHER. THE SHOOTER WAS MOUNTED ON A
PIVOT POINT HELD BY BEARINGS TOWARDS THE
TOP OF THE INNER RAILS WITH A THROUGH BORE

ENCODER TO FIND ITS ROTATION ACCURATELY.

14
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THIS ELEVATOR VERSION CLEARLY HAD SOME FLAWS WITH THE MAIN ONE
BEING THE UPRIGHTS WERE BENDING OUTWARDS. WE DIDN'T HAVE ENOUGH
TIME TO FIX THIS BEFORE THE FIRST COMPETITION SO WE DECIDED TO DEAL

WITH IT BUT THOUGHT WE WOULD CHANGE IT BEFORE THE SECOND

COMPETITION (AND DID CHANGE IT). APART FROM THE INSTABILITY DUE TO

THE ELEVATOR BEING MOUNTED TO 1/16 INCH BOX AND THE UPRIGHTS

BENDING OUT, THE ELEVATOR WORKED, THE SHOOTER COULD PIVOT ON IT
AND WE FIT UNDER THE STAGE AT OUR LOWEST CONFIGURATION. THE NEXT
VERSION OF THE ELEVATOR MADE AFTER OUR FIRST EVENT FIXED THESE

ISSUES, PAGE 28 SHOWS THE NEW VERSION.

15
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CLIMBER

OUR ORIGINAL IDEA FOR THE CLIMBER WAS QUITE SIMPLE. TWO HOOKS TIED
TO A STRING WOULD BE SPOOLED AT THE BASE OF THE ROBOT USING A
RATCHETING GEARBOX. THESE HOOKS WOULD BE ATTACHED TO THE
ELEVATOR DURING THE MATCH AND WHEN CLIMBING THE ELEVATOR WOULD
BRING THE HOOKS OVER THE CHAIN AND THEN ONCE WE BEGAN SPOOLING
THE HOOKS WOULD DETACH FROM THE ELEVATOR AND PULL US OFF THE

GROUND.

THIS DESIGN WORKED BUT WAS EXTREMELY

UNRELIABLE AND WE COULDN’T MELODY CLIMB

DUE TO ITS INSTABILITY. THE HOOKS WOULD FALL

BEFORE CLIMBING, THE STRING MEANT THE ROBOT WOULD TIP ON
ITS SIDE AND THE SHOOTER HAD TO ROTATE TO GET OUT OF THE
WAY OF THE CHAIN WHICH DIDN'T ALWAYS WORK. WE DIDN'T HAVE

THE TIME TO REDESIGN THIS SO WE USED IT FOR THE FIRST COMPETITION BUT WE
KNEW WE HAD TO CHANGE THE DESIGN FOR THE SECOND COMPETITION. A NEW
CLIMBING MECHANISM WAS CREATED AFTER OUR FIRST EVENT AND IT

WORKED GREAT, PAGE 28 SHOWS THIS NEW VERSION.

16
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DRIVE

THIS TEST BOT WAS CREATED TWO
YEARS AGO AND SERVED AS A
CHASSIS TO TRY OUT PROTOTYPES
UNTIL WE DECIDED ON THE CHASSIS.
ALSO IT ALLOWED US TO TRY NEW
VERSIONS OF PROTOTYPES WITHOUT
TAKING THE ROBOT AWAY FROM
PROGRAMMING. THE CHASSIS WAS
MADE FROM BOX AS THE RAILS
SUPPORTING THE SWERVE MODULES
AND POLYCARBONATE PIECES TO

SUPPORT THE ELECTRONICS.

TEST BOT BEING USED TO TRY

DIFFERENT VERSIONS OF SHOOTER

AND INTAKE

THE TEST BOT WAS ALSO USEFUL
BECAUSE WE COULD DRILL HOLES
ANYWHERE IN THE FRAME AND CLAMP
PIECES ON. AND ONCE WE KNEW
WHERE WE NEEDED MOUNTING HOLES
WE COULD DO THIS ON THE REAL DRIVE
BASE. A GOOD THING WE LEARNED
FROM THE TEST BOT IS THE DRIVE
BASE (OR AT LEAST BUMPERS) SHOULD
SIT LOWER TO THE GROUND TO
PREVENT NOTES GETTING STUCK

UNDER THE ROBOT.

17
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26” X 26” DRIVE BASE V1

WE DECIDED THE DRIVE BASE
SHOULD BE 26X26 INCHES TO BE AS
SMALL AS POSSIBLE BUT STILL
ALLOWING FOR THE ELECTRONICS
AND SUBSYSTEMS TO FIT. WE KNEW
WE WERE GOING TO USE SWERVE
BECAUSE IT MADE SENSE FOR
MANEUVERABILITY AND HAD BEEN
EXTREMELY RELIABLE LAST YEAR. WE
ALSO MADE THE FOLLOWING
CHOICES / REQUIREMENTS:
- FRAME AS LOW TO GROUND AS
POSSIBLE (PREVENTS NOTES
GETTING STUCK UNDER AND

LOWERS COG)

= LAYOUT ELECTRONICS

ON THE OUTSIDE WE STACKED TWO

PIECES OF 1.5” BOX TO ALLOW THE
SWERVES TO STILL SANDWICH AND NOT
BE TOO LOW TO THE GROUND BUT THEN
HAVE THE SECOND PIECE OF BOX
LOWER TO THE GROUND SO THE BELLY
PAN COULD BE AS LOW AS POSSIBLE.
THEN WE MADE THE INNER RAILS 2”
BOX SO WE HAD 1” OF ROOM UNDER
THE BOX ON THE INSIDE FOR WIRES TO
GO UNDER AND NOT GET IN THE WAY OF
ANY MECHANICAL PARTS. WE PUT
HOLES ANYWHERE WE COULD SO WE
COULD EASILY MOUNT TO THE FRAME.
CoNs (FIXED NEXT VERSION):
= TOO HEAVY
- ANGLE PIECES HOLDING BOX
TOGETHER GETS IN THE WAY AND IS

ANNOYING.
18
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26”° X 26” DRIVE BASE V2

WE USED THE FIRST DRIVE BASE FOR 2
WEEKS AND ONCE WE WERE SOMEWHAT
DONE WITH THE INTAKE, SHOOTER AND
ELEVATOR WE REDESIGNED THE DRIVE
BASE FOCUSING ON THE ISSUES FOUND
ABOVE. TO SOLVE THE WEIGHT ISSUE, THE
INNER BOX WAS REPLACED WITH 1/16TH
INCH BOX AND THE OUTER BOTTOM BOX
WAS REPLACED BY SPACERS THAT HELD

THE BELLY PAN LOW. TO GET RID OF THE

ANGLE BRACKETS WE DISCOVERED END

END CAP
CAPS THAT WOULD SIT INSIDE THE BOX
AND MADE IT REALLY EASY TO SCREW BOX
WITH OTHER PIECES. WE USED THESE

ANYWHERE WE COULD IN THE DRIVE BASE.

CONCLUSION
THIS DRIVE BASE WORKED REALLY WELL, IT WAS LIGHTWEIGHT, STRONG, HAD
GOOD MOUNTING LOCATIONS FOR ELECTRONICS AND DID ITS JOB. WE FACED A
COUPLE OF ISSUES IN THE FIRST COMPETITION THAT WERE LATER SOLVED THIS

CAN BE SEEN ON ON PAGE 27.
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TEAM 1391°S ROBOT:

CLIO

20
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RoOBOT FINAL BUILD

ONCE THE ROBOT COMPONENTS HAD
BEEN PUT TOGETHER ALL THAT WAS
LEFT WERE FINISHING TOUCHES. WE
3D PRINTED MOUNTS FOR THE RADIO
& CAMERA. ADDITIONALLY, WE MADE
SWERVE COVERS TO PROTECT THE
SWERVE AND TO MOUNT THE
SWERVE'S MOTOR CONTROLLERS

BECAUSE OF A LACK OF SPACE ON

THE ELECTRONICS BOARD.

LEDS WERE ALSO ADDED ON BOTH

SIDES TO SIGNAL KEY THINGS TO THE
DRIVE TEAM LIKE IF WE HAVE A NOTE,
IF AN APRIL TAG IS IN VISION...
LASTLY, AN UPRIGHT WAS ADDED
ABOVE THE INTAKE TO SERVE AS A
HARD STOP FOR THE INTAKE BEING UP
BUT ALSO TO HOLD THE LIMELIGHT
AND RSL. THIS LIMELIGHT IS USED TO
TRACK AND PICK UP NOTES WITH THE
INTAKE. BUMPERS WERE MOUNTED

USING WING NUTS ON SCREWS THAT

KEPT THE BUMPER DOWN ON THE

ROBOT.

21
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BUILD EVALUATION

WHAT WENT RIGHT:

=~ WE COULD QUICKLY AND
EFFECTIVELY PICK UP NOTES FROM
GROUND AND IF NEEDED FROM THE

SOURCE.

= SHOOTING NOTES WORKED GREAT
WHEN WE WERE AIMED RIGHT AT
THE SPEAKER AND WE CAN SHOOT
FROM PRETTY FAR AWAY. USING
SET POINTS WORKED BEST BUT
AUTOMATICALLY AIMING WORKED

SOMETIMES.

= THE DECISION TO USE SWERVE WAS
DEFINITELY THE RIGHT ONE. NOT
ONLY WAS SWERVE LESS OF A
HASSLE IN BOTH DRIVE BASE
CONSTRUCTION AND REPAIR, BUT
ALSO IT ALLOWED MOVING AROUND
THE FIELD TO BE WAY EASIER. THE
ADVANTAGE OF SWERVE WAS
ESPECIALLY SEEN WHEN GOING
UNDER THE STAGE TO AVOID
TRAFFIC AND QUICKLY CYCLE NOTES

TO OUR SIDE.

22
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WHAT WENT WRONG WITH DESIGN:

THE FIRST DESIGN OF ELEVATOR
WAS BENDING OUTWARD AND
FORWARDS AND BACKWARDS WHICH
MEANT THE SHOOTER WOULDN’T
ALWAYS STAY IN THE SAME PLACE.
THIS MEANT WE HAD A RELIABLE
SHOOTER ON A WONKY ELEVATOR SO
WE WEREN’T VERY GOOD AT
SHOOTING NOTES FROM FAR. (THIS
WAS LATER SOLVED WITH THE

SECOND VERSION OF THE ELEVATOR)

PROGRAMMING WAS NOT GIVEN
ENOUGH TIME TO WORK ON THE
ROBOT SO WE HAD ONLY ONE
AUTONOMOUS THAT WAS VERY
INCONSISTENT FOR THE
COMPETITION. (SOLVED AFTER

SECOND COMPETITION)

WE COULDN’T AMP BECAUSE
ELEVATOR WOULDN’T GO HIGH
ENOUGH (SOLVED AFTER SECOND

COMPETITION)

23
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WEEK 1 & 3 EVENT

EVALUATION

WHAT WENT WRONG OVERALL.:

THE ELEVATOR WAS MOUNTED TO
1/16 INCH BOX SO IT WAS
EXTREMELY WOBBLY AND WAS
BENDING OUTWARDS TOO. THIS
MADE SHOOTING INCREDIBLY
INCONSISTENT.

CLIMBING WAS EXTREMELY
INCONSISTENT AS WELL WITH THE
HOOKS FALLING OUT, THE CLIMBING
SEQUENCE BEING COMPLICATED AND
THE WINCH SOMETIMES NOT
WORKING.

DRIVE TEAM REALLY ONLY HAD 1
DAY OF PRACTICE WHICH MEANT
THEY WEREN’T FAMILIAR WITH HOW

TO SMOOTHLY CONTROL THE ROBOT.

J

THE SHOOTER WAS PIVOTING ON A

BELT WHICH LEFT TOO MUCH
SLACK WHICH RESULTED IN MORE
INCONSISTENT SHOOTING.
SHOOTING USING THE LIMELIGHT
DISTANCE WAS NOT WELL TUNED
SO IT DIDN'T WORK.

WE ONLY HAD ONE AUTONOMOUS
AND IT WAS VERY BAD AND
INCONSISTENT.

STILL COULDN’T AMP

CONSISTENTLY.

24
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CHANGES FOR DISTRICT EVENT:

ELEVATOR: THE ELEVATOR WAS WAY TOO UNSTEADY SO IT WAS COMPLETELY
REDESIGNED. IN THE LAST VERSION THE ELEVATOR HAD FIXED SIDES AND
THE INSIDE RAILS MOVED UP, THE NEW VERSION WAS THE OTHER WAY
AROUND. THE OUTSIDE RAILS NOW MOVED AND THE INSIDE ONES HELD THE
ELEVATOR. ALSO, THE ELEVATOR WAS SUPPORTED ON THE INSIDE WITH A
CROSS PIECE AND THAT CROSS PIECE WAS SUPPORTED ON THE FRAME TO
MAKE SURE IT WOULDN’T MOVE ANYMORE. THE 1/16TH INCH BOX ON THE
FRAME WAS REMOVED WHERE THE ELEVATOR WAS MOUNTED AND REPLACED
WITH C-CHANNEL. ADDITIONALLY, BEFORE IT WAS USING BELTS TO MOVE
THE ELEVATOR BUT THIS WAS CHANGED TO CHAIN WHICH ALLOWED FOR
BETTER TENSIONING AND PREVENTED THE BELT FROM BREAKING WHICH
HAPPENED TO US. THE TURNBUCKLE WAS LATER REMOVED FROM THE CHAIN
WHICH ALLOWED US TO REACH HIGHER UP AND THEREFORE SUCCESSFULLY

AMP.

25
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SHOOTER: THE SHOOTER ROTATION BELT WAS REPLACED WITH CHAIN
WITH A TURNBUCKLE TO MAKE SURE IT WAS ALWAYS TENSIONED.
ALSO, WITH THE NEW VERSION OF THE ELEVATOR THE SHOOTER DIDN'T
FIT PERFECTLY INSIDE OF IT SO A NEW VERSION OF THE SHOOTER WAS
ATTEMPTED THAT USED A DOUBLE SIDED BELT TO AVOID USING GEARS
BUT AFTER LOTS OF VERSIONS IT WASN’T WORKING SO INSTEAD THE
OLD SHOOTER WAS REDESIGNED TO TAKE UP LESS VERTICAL SPACE

AND FIT COMFORTABLY INSIDE THE ELEVATOR.

26
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DRIVE BASE: SINCE THE 1/16TH INCH BOX CROSS PIECES WERE
REMOVED TO MAKE THE ELEVATOR MORE STURDY, TUBING WAS PUT

IN BETWEEN THE FRAME TO MAINTAIN ITS STRUCTURAL INTEGRITY.

INTAKE: THE INTAKE DRIVE MOTOR TO MOVE IT UP AND DOWN WAS
MOUNTED ON A PIECE OF C CHANNEL ABOVE THE INTAKE WHICH
BLOCKED THE PDH AND WAS ALSO BENDING THROUGHOUT THE
COMPETITION. THIS MOTOR WAS THEREFORE MOVED TO THE SIDE TO
AVOID THIS ISSUE. THE PLATE THAT HELD THE MOTOR WAS COMBINED
WITH THE PLATE THAT HELD THE 4BAR AXIS TO PREVENT THE PLATE
FROM BENDING IN AND BREAKING THE CHAIN LIKE IT DID IN OUR
SECOND COMPETITION. THE GEARBOX WAS ALSO HAVING ISSUES DUE
TO IT HAVING TOO HIGH OF A GEAR RATIO AND THEREFORE
DESTROYING ITS OWN GEARS. TO SOLVE THIS A MAXPLANETARY

GEARBOX WAS USED INSTEAD WHICH SUPPORTS HIGHER RATIOS.
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~ u'e:‘ "“"
LARALURENN




FRC TEAM 13921 ENGINEERING NOTEBOOK

PROGRAMMING

THIS YEAR, THE PROGRAMMING SUB-TEAM STARTED OUR PRE-
COMPETITION SEASON BY LEARNING THE BASICS OF ROBOT
PROGRAMMING IN JAVA FROM RETURNING TEAM MEMBERS, USING
LAST YEAR’S ROBOT TO TRY OUT THEIR CODE AND GET REAL
FEEDBACK. ALSO DURING THE PRESEASON, WE WORKED ON
ESTABLISHING POSE ESTIMATION USING A LIMELIGHT AND THE NEW
APRILTAG SIZE FOR THIS YEAR.

AFTER KICKOFF, OUR HIGHEST PRIORITIES WERE TO USE THE
SWERVE ROBOT FROM LAST YEAR TO ESTABLISH AUTOMATIC AIMING
FOR SHOOTING IN THE SPEAKER. THE FIRST ITERATION OF THIS WAS
ACCOMPLISHED BY ONLY USING THE ROBOT’S ODOMETRY AND
TRIGONOMETRY TO CALCULATE THE EXACT ANGLE IT WOULD NEED TO
TURN TO IN ORDER TO FACE THE SPEAKER. WITH OUR INITIAL TESTING
ON OUR HALF FIELD, IT APPEARED TO BE WORKING FLAWLESSLY, SO
WE MOVED ON TO AUTOMATIC PATHFINDING ON THE FIELD AGAIN
USING THE APRILTAG-BASED ODOMETRY. USING PATHPLANNERLIB’S
INTEGRATED PATHFINDER, WE ESTABLISHED EXCITING PATHFINDING
WE COULD USE TO LINE UP WITH THE AMP AND STAGE WITH A COUPLE
OF INCHES OF ERROR.
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AFTER ESTABLISHING THAT CODE, WE DECIDED TO TRY AND FIGURE OUT
HOW WE COULD SHOOT WHILE MOVING. AFTER A COUPLE OF HOURS OF
MESSING WITH RELATED RATES, WE DECIDED TO USE KINEMATICS EQUATIONS
TO CREATE AN EASILY ADJUSTABLE SHOOTING FUNCTION TO FIND THE ANGLE
AND CHANGE IN ANGLE REQUIRED TO SHOOT A NOTE DIRECTLY INTO THE
SPEAKER FROM A GIVEN DISTANCE AWAY AND A CONSTANT VELOCITY OF THE
ROBOT. ONCE THE FIRST TEST CHASSIS WAS READY, WE TUNED THE
FUNCTIONALITY OF IT SO THAT WE COULD START TESTING EVERYTHING WHILE
BEING ABLE TO CONTROL GAME PIECES.

ONCE THE INTAKE AND SHOOTER WERE FUNCTIONAL, WE MOVED ON TO
ADD COLOR AND DISTANCE SENSORS TO THE INTAKE AND SHOOTER SO THAT WE
COULD AUTOMATICALLY SENSE NOTES IN THE ROBOT AND AUTOMATICALLY
POSITION THEM IN THE ROBOT CORRECTLY. AFTER SOME TESTING, WE FOUND
THAT A SIMPLER AND FASTER SOLUTION WAS TO USE INFRARED BEAM BREAK
SENSORS, WHICH WERE SMALLER AND MORE RELIABLE FOR OUR DESIGN.

NEXT, WE MOUNTED A LIMELIGHT TO THE FRONT OF THE ROBOT ABOVE
THE INTAKE SO WE COULD TRACK NOTES AND AUTOMATICALLY COLLECT THEM.
TO DETECT THE NOTES WE TUNED THE LIMELIGHT TO FILTER ITS FEED FOR THE
SPECIFIC ORANGE COLOR OF THE NOTES. AFTER GETTING THAT FIGURED OUT,
WE USED THE TX (X-OFFSET FROM THE CENTER OF THE CAMERA FEED) VALUE
RETURNED BY THE LIMELIGHT TO ROTATE THE ROBOT TO CENTER THE NOTE IN
THE INTAKE AS WELL AS USING THE TY (Y-OFFSET FROM THE CENTER OF THE
CAMERA FEED) VALUE TO SLOW DOWN AS WE APPROACH THE NOTE TO MAKE
COLLECTION AS CONSISTENT AS POSSIBLE.

IN ADDITION TO THE LIMELIGHT ON THE FRONT, WE MOUNTED ONE TO
THE BACK TO BE USED FOR SHOT AIMING AND FIELD LOCALIZATION. WITH THIS,
WE CREATED A SHOOTING POLYNOMIAL FUNCTION BASED ON VALUES WE FOUND
THROUGH TRIAL AND ERROR.

NOw WITH A FUNCTIONAL ROBOT, WE BEGAN WORK ON AUTONOMOUS,
CREATING PATHS USING PATHPLANNER TO DEFINE A 3-NOTE AUTONOMOUS
BEFORE THE BUILD SUB-TEAM WAS READY TO UPGRADE THE ROBOT TO A MORE
ROBUST AND FLESHED-OUT VERSION. WHILE THE MAJORITY OF THE ROBOT WAS
UNAVAILABLE FOR TESTING, WE CREATED CODE TO CONTROL TWO SETS OF
LEDS ON THE ROBOT FOR SIGNALING, AS WELL AS DETAILED DOCUMENTATION
OF WHAT DIFFERENT PATTERNS MEAN.
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LED SIGNALS - Enabled

Enabled - Note in Shooter ENABLED - No Note In
LEDs will flash on and off, Shooter
Green = Nao AprilTag Visible

Top half of ignal
White = AprilTag Visible e R

shooter height:

White = low enough to
go under the stage

Red = too high
Bottom Half signals Intake
Limelight states:

Green = Note in intake

Orange = sees Note

Off = no Note In sight

LED SIGNALS - Disabled

DISABLED

Yop third of LEDs signals AprilTag visigiity
Grean = tag visibie
Black/0ff = None visible
Middie third represents if there is a note
In the shocter
Oreange = has nate
Black/Off = no note
Bpttom Third represants silisnce color
Blue = blus alliancs
Aed = red allignee

LED SIGNALS - Shooting

Top Third:
Green = shooter angled correctly
Middie Third:
Green = Flywheels at speed
Bottom Third:
Green = Robot rotated to AprilTag correctly
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AFTER GETTING THE ROBOT BACK, WE WERE A COUPLE OF DAYS OUT
FROM OUR FIRST COMPETITION, AND WE FIRST TUNED EVERYTHING TO
MAKE IT WORK, AS WELL AS IMPLEMENTED AUTOMATIC BUTTONS FOR THE
DRIVERS TO USE TO SCORE IN THE AMP AND SPEAKER AS WELL AS CLIMB
AND AUTOMATICALLY COLLECT NOTES. AS A BACKUP, WE GAVE THE
DRIVERS BUTTONS TO SHOOT FROM AGAINST THE SUBWOOFER AS WELL AS
INTAKE FROM THE SOURCE THROUGH THE SHOOTER IN THE CASE THAT THE
INTAKE OR THE SHOOTING WAS OFF.

QUICKLY, WE FOUND OUT THAT THERE WAS SOMETHING WRONG
WITH THE ODOMETRY WHEN ON THE FULL FIELD, AS WE FOUND OUT
THROUGH OUR SHOTS AIMING IN THE WRONG DIRECTION AND THE
PATHFINDING GOING AWRY. AS OUR LAST RESORT, WE REVERTED TO
SHOOTING FROM THE SUBWOOFER, A CONSISTENT METHOD OF SHOOTING.

AFTER THE COMPETITION, WE RUSHED TO WORK ON COMPLETELY
REWORKING THE SHOOTING FUNCTION, IGNORING OUR ODOMETRY AND
INSTEAD USING THE LIVE READINGS OF THE APRILTAG’S POSITION
RELATIVE TO THE ROBOT TO GET THE DISTANCE AND ROTATION FOR THE
ROBOT, A MUCH MORE RELIABLE WAY OF AIMING. AFTER SOME TESTING,
WE ALSO DECIDED TO USE A TABLE OF VALUES AND INTERPOLATE
BETWEEN THEM TO TUNE OUR SHOTS INSTEAD OF A CONTINUOUS
FUNCTION THAT WOULD BE MUCH MORE CHALLENGING TO ADJUST ON THE
PRACTICE FIELD. WE ALSO CREATED BUTTONS FOR THE DRIVERS TO
AUTOMATICALLY CLIMB, ONE TO RAISE THE ELEVATOR AND ONE TO LOWER
IT.

AFTER A MUCH SMOOTHER SECOND COMPETITION WE DECIDED TO
TRY OUT CHOREO, AN ALTERNATIVE TO PATHPLANNER FOR CREATING
PATHS THAT CALCULATES THE FASTEST PATH GIVEN CERTAIN PARAMETERS
LIKE ROBOT WEIGHT, SIZE, MOTORS, AND THE POSITIONS YOU WANT THE
ROBOT TO GO TO. WITH A LITTLE BIT OF EXPERIMENTATION, WE FOUND
THAT CHOREO CALCULATED SWEEPING MOTIONS TO BE MUCH FASTER
THAN THE PATHS WE WERE PREVIOUSLY USING THAT TRAVELED, STOPPED,
AND THEN REVERSED DIRECTION.
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PATHPLANNER PATHS VS CHOREO PATHS

USING CHOREO, WE CREATED A SERIES OF AUTONOMOUS ROUTINES
TO SCORE 4+ NOTES STARTING FROM EACH SIDE OF THE SUBWOOFER
AS WELL AS ONE TO START NEAR THE AMP AND DRIVE AROUND THE
CLOSE NOTES, ALLOWING OUR TEAMMATE TO RUN A 4 NOTE AUTO
CLOSE WHILE WE GO STRAIGHT TO THE CENTER LINE WHILE LEAVING
ROOM FOR A TEAMMATE TO GO TO THE CENTER LINE ON THE OTHER

SIDE.
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SCOUTING

THIS YEAR, THE SCOUTING TEAM AIMED TO IMPLEMENT A STABLE AND
REUSABLE SYSTEM FOR OUR CURRENT AND FUTURE COMPETITIONS.
WE USED PWNAGEROBOTICS’S SCOUTING SYSTEM, WHICH OFFERED
A CONFIGURABLE TEMPLATE REPRESENTING THE DATA WE WANTED TO
COLLECT. WITH THEIR SYSTEM ALSO CAME THE OPPORTUNITY TO
UTILIZE THE FAST RELIABLE QR SCANNING METHOD OF
TRANSPORTING DATA, SO WE PREPARED OUR DEVICES FOR AN EASY
SCAN PROCESS. ONCE THE SCOUTING TEMPLATE WAS CONFIGURED TO
OUR IMAGE WE FOCUSED ON HAVING AN ANALYSIS SHEET THAT COULD
COLLECT DATA AND OFFER MULTIPLE FACETS OF ANALYSIS. FOR THIS,
WE USED FONDY FIRE’S ANALYSIS SPREADSHEET, AND IT HAS WORKED

IDEALLY FOR OUR NEEDS.
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WE ALSO RESTRUCTURED OUR PROTOCOL SYSTEM SO THAT
DURING COMPETITIONS SCOUTING CAN OPERATE SMOOTHLY. WE
HAVE RECEIVED MORE THAN A DOZEN LAPTOPS FROM THE
WESTTOWN TECH OFFICE SO THAT OUR PREVIOUS CHARGING
ISSUES AND COMPUTER GLITCHES ARE NO LONGER A HASSLE.
SCOUTERS CAN EASILY COLLECT DATA FROM THE COMPETITION AND
PUT IT ON THE GIVEN LAPTOPS TO FORM A PRELIMINARY RAW DATA
SHEET. THE DATA IS SORTED INTO A QR CODE AND SCANNED TO BE
PUT ON THE MASTER COMPUTER, WHICH ORGANIZES THE DATA SO
THAT IT CAN BE ENTERED INTO THE PIT COMPUTER. WE REPLENISH

THE PIT COMPUTER WITH DATA AROUND 5 MATCHES BEFORE OUR

TEAM’S MATCH.
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