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Initial Game Analysis

REBUILT directly incentivizes two actions: shooting FUEL into the HUB during active
periods and climbing three levels of the TOWER. ROBOTS must travel under the
TRENCH or over the BUMP to reach different sources of FUEL. Defense, hoarding, and

passing are also viable options to contribute towards winning matches.

Strategy

Kickoff Day - team members split into two groups that worked in tandem:

Rules Group:
e Scoured the game manual for relevant rules
o Presented streamlined findings to the whole team by category (ex. robot
construction, field zones, etc.)
e Researched & addressed the strategy team'’s specific questions in real time

Strategy Group:
e Rated possible robot actions by value and difficulty

e Discussed tradeoffs (ex. trench vs. bump)
e Developed potential robot archetypes and rated them by both predicted value

and execution difficulty



Research

g g g g
Mobility 3 | £ |ArenaInteraction 2 | £ |Game Piece Interaction g | £ [Robot to Robot Interaction 3| £
Bump N/A 2| Give fuel to human player N/A score fuel (in active hub) 1| 6|Bleck-oppositons s ek N/A
Trenches N/A 5| Tower L1 (2 robot limit) 15|  7|Shoot from human player station 1 Mess up all the balls in the neutral zone N/A
Go over depot bump 2 robot climb L1 15pr|  8|fuel from depot N/A'| 5|Mess up opp's depot balls N/A
Intake (ground) NA| 4
Auto Intake (human player station) NA| 3
Push Balls Towards our side (w/o mechanism) NA| 0
Push balls towards our side (with mechanism) N/A
Pass (from neutral to
Steal fuel from opps and shoot into your side (not hub)
Bump N/A 2| Give fuel to human player N/A robot score fuel (in active hub) 1 Defense (neutral zone - hub) N/A| 6
Trenches N/A 5| Tower L1 10| 6|Push Balls towards our side N/A defense (opposition side source) N/A| 4
Go over depot bump N/A Lower L2 20| 9|Intake (ground) 4|defense (opposition side hub) NA| 7
Auto-Align N/A Lower L3 30| 10|Intake (outpost) 3|defense (neutral zone - bump) NA| 3
Teleop Push balls to human player defense (neutral zone - trench) NA| 3
Bump N/A Tower L1 10| 6|Push Balls towards our side w/o mechanism 0| Defense N/A| 6
Trenches N/A Lower L2 20| 9|Push Balls towards our side W mechanism defense (opposition side source) N/A| 4
Go over depot bump N/A Lower L3 30| 10 defense (opposition side hub) NA| 7
Push balls to human player defense (neutral zone - bump) NA| 3
Endgame defense (neutral zone - trench) NA| 3

Strategy spreadsheet we created during kickoff to rank the importance of different robot actions to guide

our design choices

Strategy Decisions

e The Student Executive Board led open meetings to organize the Master Robot
Actions List into a MoSCoW list, which detailed our final robot archetype, with
the goal of returning to the New England District Championship.

e \We organized the actions into a MoSCoW list:

Must Haves

Should Haves

Could Haves

Won't Haves

-Score FUEL from a fixed range
-Ground intake

-Pass from the neutral zone to
our alliance zone

-Defend

-Travel under TRENCH OR over
BUMP

- Score FUEL from a

variable range

-Travel over BUMP
and under TRENCH
-Intake from DEPOT

human player
-Climbing L1
-Intake from the
OUTPOST
-Reversible intake

-Passing FUEL to the

-L2 & L3 climb

e This helped us realize that we wanted to build a robot focused on shooting
quickly and reliably over everything else and directed our research towards past
robots from 2017 that had similar focuses.




Cycle Time Calculations

The strategy team developed a cycle time calculator-thatatewsustetrputdifferent
variabltes-and-eutput-timesformultipte-eyete-types—This tool facilitated the setting of

critical goals, including subsystem throughput speeds and hopper capacity.

Variables

Values

Hub to Bump

1.00

Bump Traversal

0.30

Bump to Neutral Zone

1.00

Hub to Trench

1.50

Trench Traversal

0.10

Trench to Neutral Zone

1.50

Hub to Depot

1.50

Hub to Outpost

1.75

Hopper Capacity

48.00

Intake Speed

8.90

Shooter Speed

6.00

Accuracy

0.80

Computed Variables

Formula

Shooting full Hopper

8.00

Intake full Hopper

539

Units. Cycles Time Description
sec ~ Prep Cycle 1 9.99|Hub = Bump-> neutral zone -> bump-> hub . .
sec ~ Prep Cycle 2 11.59|Hub - Trench-> neutral zone -> trench-> hub Va r’ables are InDUt on
sec ~ Prep Cycle 3 8.39|Hub-> Depot -> Hub
sec = Prep Cycle 4 8.89|Hub —> Outpost —> Hub the left, and cycle
sec B Prep Cycle 5 10.79|Hub -> Bump-> neutral zone -> trench -> hub
sec ~ Shooting Cycle 8.00| shooting full cycle tlm es/po,nt scores are
sec ~ Prep Cycle 6 3.2|Trench -= Neutral Zone > Trench
sec ~ Points / Active Shift Points | Time N
fuels - Shoot + PC 1 + Shoot 768 2599 OUtpUt on the rlght'
fuelsec - Shoot + PC 2 + Shoot 768 2759 .
e Shoot + PG 3 + Shoot 768 2439 The red CO[O””Q
percent ~ Shoot + PC 4 + Shoot 76.8| 2489
Shoot + PC 5 + Shoot 768 2679 represents CyC[es that
Units. PC 1 + Shoot 38.4 17.99
sec ~ PC 2 + Shoot 384 1959 cannot fitinto a 25
sec - PC 3 + Shoot 384 16.39
PC 4 + Shoot 384 16.89
PC 5 + Shoot 384 18.79 Second ACTIVE
Shoot + PC 6 + Shoot 768 19.20 .
Shoot + PC 6 + Shoot + perlod.
PC 6 +Shoot 1152 30.4

e The robot is divided into five subsystems:

o

o

Drivetrain -> movement and defense

Vision -> autonomous routines and field alignment

Intake -> collecting FUEL

Hopper -> storage and transfer of FUEL

Shooter -> scoring FUEL

Each subsystem was designed with compatibility in mind to go under the
trench.

e Noticing that REBUILT has many similarities with the 2017 game,
STEAMWORKS, we took inspiration from a few of the best robots of that year.

o

One that stood out was team 254’s robot. We loved the idea of a dual
shooter to maximize FUEL throughput, as well as their extending hopper
walls and roller hopper floor.

We also took inspiration from team 125’s 2017 intake. On our own robot,
we decided to use the idea of a roller on the top and bottom of the FUEL
and modified it by removing the belt when we discovered the two rollers

worked quite well.



We built prototypes for each subsystem and combined them into a functional
test robot, while our CAD team refined designs based on prototype data. This
approach also allowed programming to begin earlier.

Maximizing our scoring ability through a focus on software was very important
to us this season. We wanted to aid our mechanical design with auto-align using
AprilTags, strong auto routines, FUEL tracking, and creating fluidity of the FUEL path
through our robot from a programming perspective.

The scrappy protobot (named The RIG) that we built to integrate the prototypes of each subsystem

Engineering Process

- Prototyping

- Reevaluation & iterations

Prototyping Plan

We decided to combine ideas we saw from other teams with our own to
prototype the robot first in the shop. We tried a novel approach involving members of
the mechanical, CAD, and software teams working together by building prototypes,
testing them, and taking measurements of successful values (such as compression), to
create original CAD models that would be improved in future iterations. Attached

below is a picture of our scrappy robot.



Our 2nd protobot(named LeBrot)



Subsystems

Shooter

INndexer

Intake




Drivetrain

The robot drivetrain is the most critical part of any robot. Without a robust drivetrain, it
is impossible to build a competitive robot. The importance of a robust drivetrain is
further exacerbated by the highly incentivized defensive possibilities of REBUILT.

Priorities:
e Durability
e Speed

e Acceleration

Final Design Specifications
Considering our drive train priorities, we made the following design decisions: the
e Swerve Drive Specialties Mk4i, Kraken
X60'’s, L2 Gearing
o Balanced torque-to-speed ratio
enables a high acceleration rate
while retaining a competitive top
speed
e Black Nitrile Tread
o Greater traction compared to
Colson wheels

o Higher durability than neoprene

Acsembled swerve module with Kraken
tread mators for the protobot

e 26" x 26" Frame

o Maximizes FUEL capacity while maintaing space for hopper walls and

bumper mounts to fix outside the drive frame rails.
e " Aluminum Bellypan

o Lightweight



o Sturdy mount for Pigeon & subsystems

Intake

Functions

The intake picks up fuels from the ground and transfers them to the hopper. It is fully
retractable to enable effective defense and prevent unnecessary damage

Priorities

e Speed - rapid fuel intake and transfer to the hopper enables continuous scoring
and minimizes cycle times

e Robustness - in a contact-heavy game like REBUILT, any mechanism that
extends beyond the robot perimeter is inherently subject to repeated and
forceful impact. The intake should be able to continue functioning under these
conditions.

e Repairability - although risk of damage to the intake can be considerably
mitigated with high robustness, we still anticipated it retaining more damage
than other mechanisms, and so we emphasized redundancies in components

and modularity for ease of repair.

Goals
We wanted to create an intake system that rapidly and reliably collects FUEL from the

floor with minimal driver assistance, while ensuring consistent transfer to the hopper
for continuous scoring.

Prototyping

Intake testing began immediately after kickoff, testing
roller configurations and different wheel sizes. We
drew inspiration from Team 4481’s top and bottom
roller intake, which picked up large amounts of FUEL
quickly, and used super-compliant wheels to improve

FUEL capture. We moved from a single-roller to a
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dual-roller layout and tested different hex-shaft positions with varying compressions
and angles. We confirmed that two rollers with ~0.5” compression and a 24" intake

width gave the most reliable, smooth intake without proper power to feed the indexer

Trial # | Rank |Top Shaft Configuration Bottom Shaft Configuration 15t Shaft Height _|_2nd Shaft Height_| Hor. Shaft Gap | Total Shaft Gap | _ Bumper to Secondary Shaft__| Notes Video File
1 /4" PVC w/ foam casing a/4" PVC w/ foam casing 4.625 2375 4.4375 apart - didn't go under first bar
2 /4" PVC w/ foam casing a/4" PVC w/ foam casing 55 2375 4.4375 apart
3 5 |a/4" PVC w/ foam casing 3/4" PVC w/ foam casing 5.25 2.5 45/8 apart
4 3 |2"black compliant wheels w/ XXX" spacing a/4" PVCw/ foam casing 525 35 45/8 apart - top one grabs ball at rest
5 2" black compliant wheels w/ XXX" spacing a/a" PVCw/ foam casing 625 25 45/8 apart
6 2" black compliant wheels w/ XXX" spacing a/4" PVC w/ foam casing 625 25 415/16
7 6| 2"black compliant wheels w/ XXX" spacing /4" PVC w/ foam casing (passive) 625 25 415/16
8 ramp (paper side of acrylic) 625 25 43/8apart
o 4 ramp (acrylic) 625 25 43/8 apart
10 2 2" black compliant wheels w/ XXX" spacing 6.25 25 5.5 apart
1 7 | 2" black compliant wheels w/ XXX" spacing 2" i XXX" spaci i 625 25 5.5 apart - ouside of 12", hit bumpers when in
12 2" black compliant wheels w/ XXX" spacing 2" black compliant wheels w/ XXX" spacing 625 3 5.5apart - hit bumpers when in 12" constraint
13 2" black compliant wheels w/ i 625 35 55apart - very strong, within contraint by 5"
14 2" black compliant wheels w/ 625 35 5.5apart - very strong, within contraint by .5"
15 2" black compliant wheels w/ XXX 625 35 5.5 apart 15
16 1 [2"black compliant wheels w/ XXX" spacing 6.25 375 51/2 apart 15

Final Design Specifications

The intake subsystem acquires FUEL from the floor and transfers it into the hopper
using dual counter-rotating compliant wheel shafts.
e 24" Wide
o Allows FUEL to be intaked easier by autonomous routines and drivers
e 2" Black Super Compliant Wheels, with 2” wheel to wheel compression and
0.5” shaft to shaft
o Compresses the FUEL to ensure reliable intake
e 2 Rollers, Steel Hex Shafts
e 1 Steel Hex Shaft in the rear to rotate the intake upwards to fit inside the 26x26
robot frame
e Intake Deploy Actuator
o 3D printed bracket that holds 2x1, which connects to the shaft on the
intake and is bolted down to the belly pan and frame rails
o Driven by a chain connected to a kraken
e Chain Drive System to Drive Rollers

o Counter-rotating rollers pull FUEL inward and direct it to the conveyor

11



o Intake gear ratio is 1:1, and the actuator is 25:1
e Adjustable Chain Tensioner
o Adjustable chain tensioner maintains proper tension throughout matches,
and allows the chain tension to be quickly adjusted without the need to
disassemble the mechanism
e 2x24” Churro
o Ensures the intake stays
stable when moving around
and intaking
e Manufacturing: CNC-machined and
3D-printed components to minimize
tolerance buildup
e Electronics
o Intake Rollers powered by
1:1 Kraken
o Intake Actuator powered by Final Intake Design
25:1 Kraken

Chain Drive for Intake Rollers

Intake

Actuator

12



The “hopper” refers to the conveyor that transports FUEL from the intake to the
indexer, as well as the structure that contains the fuel, electronics, and cameras. Our
goal was to maximize the throughput of the FUEL from intake to the shooter.

4

i

Prototyping
We were inspired by Team 6324’s vertical powered wheel columns feeding the
shooter and Team 3465’s V-groove bearing sliding hopper walls. We tested various
hopper floors (wheels, wide/narrow polybelt (1”& 3”), and HTD belts) and chose HTD
belts for their simplicity and effectiveness.

Wheels Polybelt (3”) HTD Belts
Final Design Specifications
o Dual stage HTD belts

o
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The conveyor is composed of two stages of HTD belts. The first stage is on a slight
slant over the swerve modules, and the slant of the second stage increases to both
increase throughput to the indexer and save hopper space. It is run on a 5:1, REV
Planetary, right-angle gearbox. For stability, there are threaded rods and
polycarbonate plates running between the side plates. In the prototyping phase, we
developed additional features:
e Removable angled side plates for easy access to wires below and next to the
conveyor
e The central “fin” that splits the balls into two streams as they enter the shooter
prevents blockages
e Fuel agitators that prevent an occasional dead space that was identified

between the conveyor and indexer, and improve throughput

Final Conveyor CAD

Structure
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The hopper structure was built with ¥4” and 1/8 “ polycarbonate plates, CNC'd by the
team, and provides protection to internal parts as well as locations for attachment on
other subsystems, and serves as a place to hold FUEL.
e Diagonal plates
o These plates both protect the vertical electronic boards and guide the
FUEL towards the indexer with the movement of the conveyor,
preventing FUEL from jamming
e PDP cover plates
o As our PDP and other electronics are situated on the exterior of the robot,
we wanted to protect them during matches, so we created panels that
cover them using polycarbonate.
e Side panels
o These are the polycarbonate panels reaching from the bellypan to the top
of the robot which hold in the FUEL
e "Picture Frame” top cover
o Thisis the top layer of polycarbonate that strengthens the side panel
structure and provides places for the cameras to attach to, as well as a

large hole for FUEL to be placed into

ceese Tessesse

Partially-built protobot with picture frame top cover attached and external electronics shown
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Shooter

Goals
For our shooter, we had a goal of creating a high-accuracy shooter that is capable of

scoring FUEL from multiple distances by adjusting flywheel speed alone, ensuring

consistent scoring while minimizing missed shots.

Prototyping

We were inspired by Team 254’s 2017 flywheel with backboard design and Team
5026’s flywheel prototypes. We got a 0.91" baseline compression, and our testing
0.77-0.10" confirmed ~0.9” worked best. We also referenced the Thriftybot indexer: a
static incline with an omni wheel shaft guiding FUEL into the shooter.

First shooter prototype (drill-powered).

Subseqguent Prototype Versions:

V1: Churros in an arc, drill-powered flywheel (proof of concept)

V2: NEO-powered flywheel with an indexer added of 4 rows of compliant wheels
beneath the FUEL path and an unpowered compliant wheel compressing from the top
V3: CAD-designed dual shooter with polycarbonate sides and more precise churro arc

for greater consistency.
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Smooth vs Textured Flywheel Testing
While most shooter prototypes we researched used smooth wheels, we tested

textured 4" HiGrip wheels to improve traction on the slippery FUEL. Tests were run on
our V3 prototype at full motor power, attached to a drivetrain with hopper walls.

Horizontal distance was measured from the shooter. For vertical distance, we marked
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heights on a wall with tape and used slow-motion video to find the FUEL's highest
point frame by frame

Smooth | Textured
Maximum 108" 1327
height
Mean ag" 1287
Standard 72" 4.4"
Deviation*®

Standard deviation reveals consistency, lower is more accurate

Textured wheels dramatically outperformed smooth in both range and consistency,

Textured Wheel Testing

Smooth | Textured
Maximum a9~ 126"
distance
Mean HE" 119"
Standard 6.8" 5.6
Deviation®

making smooth wheels suboptimal for scoring in the hub.

Passive vs Powered Large Indexer Wheel Testing
We tested the impact of powering the large (green) indexer wheel on accuracy and

distance.

20
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Indexer Wheel | Minimum Maximum Shots Scored Time to Empty
Distance to distance to (25 FUEL)
HUB possible | HUB possible
Powered 5" 204" 86% 16 sec
Unpowered 4'4” 126 89% 56 sec

Only the powered version reached the HUB from the ~17ft OUTPOST area, and
the unpowered wheel couldn't get the FUEL high enough to enter the HUB from close
range, limiting scoring locations. Despite slightly better accuracy, unpowered, the
restrictions that would be imposed on the shooting location would not be conducive to

our strategy, and we ultimately decided to power the large indexer wheel.

Final Design

e 0.9” Flywheel Compression
Maintains consistent pressure for accurate, repeatable shots.

e 6.25” Side Horizontal Chute Length
Prevents lateral movement, reducing
shot skew.

e 4” 80A HiGrip Wheels
High mass increases inertia for
consistent shot power.
80A durometer ensures firm, reliable
contact.

e Wheel Configuration: 2 center per
channel, 0.75” gap
Eliminates side spin for straighter

shots.

e 8 Aluminum Churros with Hex Covers

Smooth contact surfaces improve shot

consistency.

CAD Model of Completed Shooter
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e Aluminum Hex Shaft
Lightweight for faster spin-up time.
e 1 Kraken Motor Control
Reduces power usage and simplifies maintenance.
e 90° Kraken Gearbox
Compact design fits within tight space constraints.
e 4” 35A Compliant Wheels
Provides grip to guide FUEL into the shooter.
o 2” 60A Compliant Wheels
Compresses and feeds FUEL into the flywheel efficiently.

Electronics

Goals

Last season, electrical failures cost us critical matches and led to our team not qualifying
for districts. This year, we revamped our wiring and electronics methodologies to vastly
improve reliability and ease of repair. We prioritized electrical robustness under the

hard-learned principle that a 14 bps shooter without power is effectively a Obps shooter.

Prototyping
- CAN Terminals instead of WAGO's
- E-chain
- mitoCANdria
- Pis? (maximum # of cameras per pi)
- Ferrules vs. no ferrules (answer varies based on port)

- Vertical electronics

22



NG S
N
S\ g .

Accessibility (connectors locations, vertical panels,

conveyor ramps)
- WAGO locations

- Removable vertical panels

- Removable conveyor side ramps

Connections

-"practices”
- using wago's with ferrules and tape (+ proper gauges)
-service loops EVERYWHERE

Procedure Improvements:

Documentation:
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Quantity |item Description Purpose Interface | Port CAN ID. Power Source Voltage |Current  |Effective gear ratio
1 PDH CAN CAN ID: 0 o Battery 2v All of it
1 CTRE VRM 12V/5V power supply Power for CANcoders PDH 10 v 250mA
1 roboRio 2.0 Ethernet Radio "RIO" 19 PDH 20 v
1l VH-109 Radio Communications Ethernet roboRio Ethernet PDH 21 v 500mA
1 USB drive Logging RoboRIO USB 5V
1 RSL Status light RSL port FIND
4 Kraken x60 Motor/Motor Controller Angle CAN FLT FL Angle: PDH17 |12V 100A stall |Angle gearbox: 150/7:1
FR:17 FR Angle: PDH 9
BL:13 BL Angle: PDH 19
BR:15 BR Angle: PDH 2
4 Kraken x60 Controller Drive CAN FL:10 FL Drive: PDH16 |12V 100A stall | Drive gearbox: 6.75:1
FR:16 FR Drive: PDH 8
BL:12 BL Drive: PDH 18
BR:14 BR Drive: PDH 1
4 CANcoder Absolute encoder Steering Angle Sensor |CAN FL: 41 CTRE VRM 12V v 60mA
FR: 44 ports
BL: 42
BR: 43
u Pigeon 2.0 GCyro CAN CAN ID: PDH 22 22v 40mA
Vision
4 Arducam Camera SPECIFIC 5V 200mA
B0332
1 Raspberry Pi5 |Vision processor Right-side cameras Ethernet Radio "AUX 1" MitoCANdria sV SA
1 Raspberry Pi5 |Vision processor Left-side cameras Ethernet Radio "AUX 2" MitoCANdria 5V ELY
1 MitoCANdria \Voltage stabilizer CAN CAN ID:
1 Kraken x60 Motor/Motor Controller Intake wheels CAN CAN ID: v FIND 11
1 Kraken x60 Motor/Motor Controller Deployer CAN CAN ID: 12v FIND 1001 VersaPlanetary Gearbox
Conveyor
1 Kraken x60 | Motor / Motor Controller Conveyor CAN 20 2v FIND 5.1 VersaPlanetary Gearbox

10009 00001
ARGOADAGHD

INTAKE

-keep multimeter on cart, and check 1st in pit
-teach proper ferrule techniques
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Results

So far, throughout 2 district events in REBUILT, we have had 3 documented CAN failures

and 1 documented power failure. Each of these faults was identified and repaired before

our upcoming match, meaning that we have gone from having CAN/power failures
during ~7/28 matches last year (exact # lacks documentation) to 0/32 matches.

Effectively, the drastic improvements of our electrical practices have permitted the
mechanical, software, and strategic abilities of our team to be demonstrated unimpeded.

- Goals: minimize points of failure, (reliable, accessible,

- List of hardware definitions, (pi testing, mitoCANdria)

- Wiring

Diagram

Minimizing connections

Balance between accessibility & security

Intake e-chain (& prototyping phases)

3 documented CAN failures, none of which happened during matches
1 power failure (indexer kraken, not during a match)

Programming

All code is available and published on our GitHub repository:
https://github.com/DevilBotz2876/Rebuilt2026

The following critical software tools and libraries were used in the DevilBotz 2876’s
REBUILT 2026 software:

e WHPILib

e AdvantageKit + AdvantageScope

e Pathplanner
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e Phoenix Tuner X
e Photonlib + PhotonVision

Controls

Driver Controls

In order for the programming and drive team to stay in sync and implement driving
controls, a “Driver Controls” document was maintained to ensure the controls and
functionality are understood by all members. The document included the following
diagrams, along with more details on specific functionality.

Main Driver Assistant Driver

/ r A / RT
[ | AT \ . ~
( Ve ~ 8

{

- Mode: Passing

[ =<

S

=
(
)

Vision

Goals

Robot derives smooth & accurate estimated pose from AprilTag detection & odometry
Kill Chain:
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AprilTag .—l/‘ Camera Settings |:> Pose Calc (Camera) |——F—

Camera Extrinsics

Fused Pose
Estimate

Swerve Internal |::> Swerve Software
Hardware Config

Odometry Calc

Driver Input Robot Driver
Conditions

Final Design
After realizing and testing optimal camera features, we landed on:
e 1 Orange Pi5 Pro
o Connected to RoboRIO via Ethernet
o Communicates via NetworkTables
o Running PhotonVision
e 1 Orange Pi 5 Plus
o Connected to RoboRIO via Ethernet
o Communicates via NetworkTables
o Running PhotonVision
e 4 ArduCams
o 2 connected to Orange Pi 5 Pro via USB
o 2 connected to Orange Pi 5 Plus via USB
e Custom-designed and 3D printed camera mounts

Connection Diagram Camera Placement Diagram
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Orangs FI 5 Pro |——— MilCANdia ———— Orangs i 5 Plus
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Q >| Shilater 1 ¥
i ==~ AruCam #1
e = frsr
ArcsCam #1
{hackisi) ]
RoboRis

ArduCams

notaMl

Driver Cam

Development Phases:

Camera Calibration
e This year, we vigorously tested our cameras and calibrated them to ensure they

were optimal and could accurately measure the distance to the AprilTag.

28



e \We completed camera calibrations for all four cameras on both robots and
tested the strength of our calibration using the AprilTag on the TRENCH.

e As part of our testing, we had each camera face the AprilTag and see how far
the camera thought it was away from the AprilTag on AdvantageScope versus

the actual distance we measured manually using a rangefinder.

This year, DevilBotz 2876 refactored the vision processing. We wanted to develop and

fix the problems we had last year.

Phase 1: 3D Pose Estimation
In this phase, we developed a new pipeline to validate the camera position provided by
each camera. For a pose to be used in an estimated pose, one of the following must be
true:

e A camera sees 1 AprilTag that is closer than 1.5 meters

e A camera sees the same AprilTag as another camera with the same timestamp

// Valid if: 1 tag within 1.5m, 2+ tags within max distance,

// or matching tag seen by another camera at same timestamp

if (singleTag && withinDistance) validPoseMeasurements.add(measurement);

else if (multiTag && withinDistance) validPoseMeasurements.add(measurement);
else if (getMatchingTagPoseMeasurement(cameralndex, measurement).isPresent())

validPoseMeasurements.add(measurement);

Phase 2: Automatic Robot Alignment using Vision Odometry

In this phase, the estimated pose is used to align the robot to the HUB. The camera
provided an accurate pose, which was used to automatically rotate the robot with the

HUB to determine the angle required for the robot to score.

The rotation was completed with a PID loop implemented and tuned to reach the

desired robot yaw as fast and reliable as possible.

public static double getHubScoreRobotRotation(double x, double y) {
double legl = DynamicLocation.HUB.getY() - v;
double leg2 = DynamicLocation.HUB.getX() - x;
return Math.atan(legl / leg2) + Math.PI;

}

29



Ph - Drivetrain metr ing 3D rilT.

This phase requires at least the following known steps to achieve:
e Perform camera calibration using a grid pattern to enable “3D” AprilTag tracking
o Verify the reliability of the AprilTag-based odometry

e Feed the vision-based odometry estimates to the drivetrain
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Autonomous

PathPlanner was used exclusively to develop the autonomous routines for REBUILT
2026.

Field Position Naming Key

Mautral

To facilitate communication between the programming and strategy teams regarding desired

autonomous routines, we developed a field location naming scheme.

Routine Reliability and Adaptability
To build autonomous routines that are reliable while being able to adapt to each match
strategy, we prioritized building upon one autonomous routine and moving it across
different parts of the field.

Main Auto: Score 8
Place the robot anywhere on the ALLIANCE side. It finds the closest point exactly r
meters from the HUB along the robot-HUB line, drives there, and scores 8 FUEL.
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D = ~— + H.x, ——+ H.y
\/1+m2 \/1+m2

D represents the shortest pose to a set radius away from the HUB

/I Flip pose for Red alliance
if (alliance.get() == Alliance.Red) drivePose = FlippingUtil.flipFieldPose(drivePose);
// Find two candidate points at radius r along the robot-HUB line
if (drivePose.getX() - HUB.getX() == 0) {
x1 = drivePose.getX(); yl = HUB.getY() + radius;
x2 = drivePose.getX(); y2 = HUB.getY() - radius;
}else {
double slope = (drivePose.getY() - HUB.getY()) / (drivePose.getX() - HUB.getX());
x1 = (radius / Math.sqrt(1 + Math.pow(slope, 2))) + HUB.getX();
x2 = (radius / -Math.sqrt(1 + Math.pow(slope, 2))) + HUB.getX();
y1 = ((radius * slope) / Math.sqrt(1 + Math.pow(slope, 2))) + HUB.getY();
y2 = ((radius * slope) / -Math.sqrt(1 + Math.pow(slope, 2))) + HUB.getY();
}
// Return the closer point, facing the HUB
return distl < dist2
7 new Pose2d(x1, y1, getHubScoreRotation(x1, y1))
:new Pose2d(x2, y2, getHubScoreRotation(x2, y2));

An example auto is shown above of the robot going to the closest point on a set radius away from the
HUB, and scoring 8 FUELS. The white line represents the set distance to the HUB
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Auto: Score 8 + DEPOT
Place the robot anywhere on the ALLIANCE side. It will drive to the closest point that

is a set distance from HUB and score 8 FUELS. Then it drives to the DEPOT to intake
and scores the FUELS intaked.

An example auto is shown above of the robot scoring the pre-loaded 8 FUELS, intaking FUELS from the
DEPOT, and scoring them

Auto: Score 8 + OUTPOST
Place the robot anywhere on the ALLIANCE side. It will drive to the closest point that

is a set distance from HUB and score 8 FUELS. Then it drives to the OUTPOST to
intake and score the FUELS intaked.

An example auto is shown above of the robot scoring the pre-loaded 8 FUELS, intaking FUELS from the
OUTPOST, and scoring them
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