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TEAM PLAN

SWOT ANALYSIS ON PAGE 4

TEAM SUMMARY
We are a community-based FIRST Tech Challenge robotics team of 9&10th graders located in St. Tammany Parish. 
We are a competitive team within FIRST - the founding organization of FTC that advocated for STEM (Science, 
Technology, Engineering and Math) and promotes Gracious Professionalism. Dark Matter 14374 is a continuation 
of Dark Matter 10337 of Mandeville Junior High. When the team was unable to maintain its school connection for 
the 2018-19 season, parents stepped up and took over the team as a community team. We are in our 4th season 
as a community team and are grateful for the coaches, parents & mentors that help keep our team going strong.

MISSION / VISION
Our mission is to build a passionate team that is excited about STEM, Robotics and FIRST community involvement 
while having fun. Our goal is to adhere to the values of FIRST by showing Gracious Professionalism® and 
Coopertition in all we do. If we work together we will accomplish our goals and learn important life skills. Our goal 
for the season is to use the engineering process to build an efficient and unique robot to accomplish tasks set out 
in our game strategy. To grow as a team, further develop our skills in mechatronics and spread the excitement of 
STEM & FIRST in our community and beyond.

COMMUNICATION PLAN
Our team uses various techniques to ensure team members, parents & the public stay informed. This includes:
Website: (www.darkmatter14374.org) used to keep the public informed and help increase brand awareness.
Email Newsletters: keep our family, friends, sponsors and supporters up to date on our team.
Facebook / Instagram / Pinterest: We use social media to increase brand awareness, engage with fans, get the 
word out about FIRST & connect with other teams. We have over 1000 instagram followers.

STRUCTURE
Our team has varying areas of contribution from members. While some members concentrate in a special area, 
we strive to include all team members in each area to produce a well rounded experience. Because our team is 
small this year, team members wear many hats: • Design/Build Team • CAD Team • Coding/Electronics Team • 
Business/Outreach

GOALS / SUSTAINABILITY - Areas we feel are important goals in order to sustain our team: 
•	 The Dark Matter team is dedicated to continuing our team as long as possible. As a community team, Dark 

Matter is a unique opportunity for students in St. Tammany Parish to participate in FIRST FTC if they are either 
homeschooled or have no FIRST team at their school. We know first hand the impact FIRST has had on our lives 
and we want to see anyone interested have the same opportunity to experience FIRST.

•	 Funding: Our goal is to finish the season with $500-1000 banked so next season can have a smooth start. This 
helps cover registration and field purchase at the beginning of the season while seeking sponsors.

•	 Expanding our team: adding more team members who could carry the team on when students graduate from 
the program. We have kept our team small through Covid but plan to recruit after the season wraps up so we can 
train and educate new members in the off-season.

•	 Team education and growth: Help all team members become knowledgable in a variety of areas such as CAD, 
Build, Coding, Business Planning, etc. Team members who have expertise and knowledge in certain areas can help 
train and teach others.

•	 Mentor / Volunteer Recruitment: Our team has created a mentor presentation and flyer. It includes what FIRST is 
and how mentors and volunteers can help. We would like to do these presentations at colleges and businesses to 
recruit more mentors for area teams and volunteers for events. This is essential not just for our team but for area 
teams and our FIRST Louisiana region.

•	 We would like to utilize Virtual Mentorships if we cannot find mentors who can help us in person. These are 
mentors we can periodically check in with for feedback and for help with relating our problems and solutions to 
engineering (learning the “why’s”). We are thankful to part time mentors like Mr. Mike Sonnier who are always 
willing to answer questions and help our team when in need. He is a valuable resource to our team who we often 
call or video call with for feedback.
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BUSINESS PLAN

FUNDRAISING GOAL:

fundraise in the off-season and find 

more ways to attract sponsors.

Our team understands the importance of teaching students about financial management and fundraising. Team 
members stay involved in the financial part of the team by making mobile deposits, documenting spending, 
ordering parts, and contacting potential and existing sponsors. With the help of a spreadsheet the team keeps 
track of our financial goals for spending and fundraising.

Our budget consists primarily of sponsor & family contributions and a carry over fund that helps give a smooth 
transition into the next season. Although we have come under our goal so far for sponsorships, our team has 
consistently been able to stay under budget with our spending and not spend more than we are taking in.

FUNDRAISING :  We have pursued various ways to raise funds for our team including a Barnes & Noble Book 
Fair, promoting our Amazon Smile link, opening a Teespring Store where we created robotics themed tee shirts 
and other items to sell for profit.
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DONATIONS : Our team does not ask for fees from team 
member families, however, we do ask that each team member 
fundraise atleast $250. Some team members choose to make a 
donation or get family, friends or businesses they are connected 
with to donate to the team to raise this money.

SPONSORSHIPS : Dark Matter realizes the significant impact 
of team sponsors and plans to attract more large sponsors and 
reach out to the community for improved local support. We have 
revised our sponsor benefits this year to offer multiple benefits 
for any sponsorship over $100. This gives local small businesses 
the opportunity to get recognition on our team shirts and website. 
This worked especially well for raising funds for attending the 2022 
Championship. We send every sponsor a handwritten thank you note. 

BUDGET PLANNING: Our budget encompasses both team 
revenue and expenses. It is a living document, constantly changing. 
Saving money on some items such as office supplies and uniforms, 
whenever possible, is a constant goal.

We use an Excel Sheet to keep track of our season budget. We 
set our expected spending for the season ($4720), then we set 
our fundraising goals to cover those expenses. We calculate these 
numbers based on expenses from previous seasons. We input our 
expenses and any funding received (donations/sponsorships) and 
the spreadsheet tells us if we are coming at, below, or over budget 
and we adjust our plans accordingly. Our beginning surplus helped 
us this year as we did not raise funds to cover our expenses this 
season. We realize the imporatance to fundraise in the off-season 
and find more ways to fundraise and attract sponsors.

For the 2022 Championship we created an updated business plan 
package to hand out with our Championship budget and goals. 
We were blessed to have our registration fee paid via a DoDSTEM 
grant. We set our budget at $4355, raised $7300. $2945 above our 
goal. We plan to use $1500 of the overage for funds to start next 
season and $500 to apply for
non-profit status for our team.



Dark Matter is very interested in making a positive impact in our 
community. The goal of our outreach plan is not only growing the 
FIRST program but to grow the next generation of professionals.

How we connect & motivate:

OUTREACH
Outreach is an important part of sharing with others our excitement 
about FIRST & STEM. We utilize our Ultimate Goal season robot as 
our demo bot to spark interest in kids by allowing them to drive and 
shoot goals with the robot. We enjoy talking with parents and kids 
about FIRST and helping them get involved if interested. We believe 
if you can foster a love for robotics at a younger age, the kids will 
stay involved in FIRST and eventually move to the FTC level once they 
get older as a few of our own team members have.

Our outreach activities this season:
INFINITY SCIENCE CENTER GRAND RE-OPENING / SUMMER 2021
Sci-Fi Saturday event 5/29/21 to celebrate their grand re-opening. 
Handed out swag, kids earned their “robot drivers license”, and gave a 
presentation on FIRST®. 4/18/21 Pop up science day Robot Demo

LEGO ROBOTICS WORKSHOP - PELICAN PARK / 8-21-21
We teamed up with Pelican Park to provide STEM workshops to their 
rec district. At our first workshop the kids teamed up and built lego 
sumo bots then battled the bots to see which bot would win. We 
had 18 kids attend our first workshop. Pelican park has been under 
contruction and will be scheduling more workshops as soon as their 
space & schedule allows.

STEM QUEST / 11-22-21
We provided a robot demo and kids earned their Robot Drivers 
licenses by driving our robot and scoring goals with our demo bot.

SCIENCE WITH SANTA -INFINITY SCIENCE CENTER / 12-11-21
This event featured various STEM activities and vendors. Our team 
talked with visitors about FIRST and kids earned their “robot drivers 
license”

BARNES & NOBLE BOOK FAIR / 12-18-21
We offered free gift wrapping, greeted customers and had rebot 
demos. We used this as an outreach opportunity to talk to customers 
about our team and FIRST. We handed out FIRST brochures and even 
discussed mentorships with a few individuals.

CAT COUNTRY 98.9 LIVE RADIO TEAM INTERVIEW / 4-12-22
We spoke about FIRST Robotics, our team and how to get involved as 
a student, montor or volunteer. Also talked about the the upcoming 
Championship in Houston. 

HIGHLIGHTS
Infinity Science 

Center

Lego Robotics
Workshop

Cat Country 98.9 Radio Interview

CONNECT & MOTIVATE

STEM Quest

GOAL:  We would like to hold robotics workshops during the summer 
to teach kids about the type of robotics and build we do. 

OUTREACH GOAL:

Interact with kids and get 

them interested in robotics 

& STEM!
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Outreach Volunteering Connections
• Demonstrations
• Workshops

• Mentorships
• STEM Connections

Event Hosting



OFF-SEASON ULTIMATE GOAL COMPETITION / 6-5-21
We wanted to give teams an opportunity to compete in person 
(since we had been virtual for regular season). We had 12 teams participate 
(including one from MS). Teams spent alot of time and dedication on 
their robot for the Ultimate goal season and we wanted to provide 
an opportunity for teams to compete in-person with other robots in 
a traditional event. Hosted with Pelican Park. Ultimate Goal Off-Season Event

Freight Frenzy Scrimmage

HOSTED EVENTS

SOUTHEASTERN STEM FEST SCRIMMAGE /
11-20-21
Our team hosted a Freight Frenzy Scrimmage 
(the first in-person event of the season) as part of the 
Southeastern Holiday Stem Fest. Scrimmages 
are a great way for teams to test their initial 
ideas for their robot. The experience of having 
actual matches with other robots helps
to aid teams in refining their robot and
their game strategy. 

Slidell Ladies For Liberty

COMMUNITY SERVICE & VOLUNTEERING
Volunteering and helping local organizations is important to our team. We 
want to make a difference even beyond the FIRST organization by being 
involved in our community. So far this season we have volunteered with:

SLIDELL LADIES FOR LIBERTY  /  NOV/DEC 2021
•  Helped pack care packages   • Adopted a soldier for the holidays.

HOSTING GOALS: Give teams more 

opportunity to play & learn. We would 

like to host a regional kick off next season
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We use this to determine our next steps as a team. We want to 
accept our weaknesses as a team and work with them to turn 
them into strengths. This analysis of our team influences our 
goals and objectives for the season.

SWOT ANALYSIS

PROMOTE VIDEO
FIRST has had an impact on all our lives. 
Some team members have been with 
FIRST® since FLL level and contiued to 
grow in FIRST®. 

The prompt “If I could I tell my younger 
self on ething about FIRST®, it would be...” 
was easy for us since we have grown up 
with FIRST® as part of our lives. We wanted 
our promote 
video to reflect 
our journey 
in FIRST® and 
actually show 
photos of our 
younger selves 
and speak out 
what we have 
learned.



Team #5064 Aperature
Science - Fundraiser Help

Elizabeth Berner P.E	  ––  Nasa Engineer Connection for feedback and career learning
Mrs. Berner is working on a specialized Launch Tower that is intended to be used for the 
Artemis 2024 mission to Mars. Mrs. Berner and a co-worker met with us via zoom 4/13/22. 
They are local Licensed Civil Engineers who have been working on a specialized Launch Tower 
that is intended to be used for the Artemis 2024 mission to Mars. They talked with us about 
their field, college careers and even showed us some CAD and photos of their work. Our team 
showed our robot and presented our judging session. We received great feedback from them 
and both have interest in being mentors to our team in the future. Our team is mostly female 
and we were especially excited to hear from a female engineer.

Mr. Mike Sonnier  ––  Computer Engineer / Mentor
Mr. Mike Sonnier is an Engineering connection who helps our team. He helps guide the 
team on thinking through our ideas and assists us with troubleshooting problems when we 
get stuck. Mr. Mike’s 10+ years of experience in FRC/FTC and his Computer Engineering 
background are great assets to our team. Through this connection, FRC team #2992 
graciously allows us to use their shop for build that requires equipment such as a CNC. 

John Wenzel  ––  Intralox Employee / Mentor - Helps with strategy & design feedback

Matthew Schaff  ––  FRC Team #2992 Alumni/LSU Comp. Science Major - Helps teach Java code

CJ Boice & Logan Livadaus ––  CAD Mentors / FRC Team #2992 Build & CAD Captains

Bryan Rauch  ––  Wiring & Machinery Help / Refinery Electrical Supervisor

Peyton Finch  ––  Loyola student: graphic design / motion design - Promote Video

Tracy Roskens	  ––  Castine Center / Pelican Park Supervisor
We have a ongoing relationship with Pelican Park that has provided us with the opportunity to do 
outreach workshops and as a potential place to host events

Infinity Science Center  ––  Ongoing Outreach Connection
We are excited to continue our ongoing outreach connection with the Infinity Science Center 
and look forward to be invited back for more events in the future including Sci-Fi Day this June.

St. Tammany Children’s Museum  ––  Ongoing Outreach Connection
We are excited to continue our ongoing outreach connection with our local Children’s 
museum. Last year their events were cancelled due to covid and we were invited back for 
their Stem Quest event in November for a robot demo. They are excited to have us back in the 
future to promote FIRST and STEM with robot demos at their events.

Manny Lowe  ––  Head of FTC Mississippi / Event Head Ref
We were connected with Mr. Manny when we were looking for volunteers for our off-season 
event. He was able to help with our off season event as well as connect us with the FTC MS head 
ref (Brandon Boyd) and game announcer (Nathan Rogers) who have attended and volunteered 
at some of our events. This connection in another FTC region has provided the opportunity for 
us to travel and attend MS evens like an off-season event and their kickoff event.

Team #5064 Aperature Science  ––  Team Connection - Provided Fundraising Help
Zoom Meeting - discussed  how we secured our Barnes and Noble
sponsorship through raising money at a book fair. Gave them tips
on holding their own bookfair.

CONNECTIONS  Mentorships and Connections are how we sustain our team, learn & grown and promote 
FIRST. It is also how we learn about the real world STEM available in businesses and organizations. We have a 
GOAL to connect with employers, engineering firms, and tech companies in the STEM field to find out about their 
company, products and jobs they can offer that would utilize the skills we build in FIRST FTC. 

Brainstorming
with Mr. Mike Sonnier 

& John Wenzel

Zoom meeting
with Engineers

Team #15600 Cerbotics  ––  Team Connection - Team Meet Up
Zoom Meeting - virtual team meet up, discussed the season, 
our robot and the upcoming Houston Championship.

Team #15600
Cerbotics
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GAME STRATEGY
AUTONOMOUS
We believe it is important to maximize points scored in Autonomous, as well as End Game. Our goal is to have a 
dependable auto for reading correct bar code placement of our team shipping element, deliver our pre-loaded 
block to appropriate hub level, deliver duck, and park fully in the warehouse.
Partner Strategy: It is best to have alternate autonomous routes to best compliment our alliance partners. 

TELEOP
Drivers will intake one freight block in the warehouse and deliver to the highest hub level 3 or the shared hub, 
trying to get as many cycles as possible in before the end game starts. 
Partner Strategy: The shared hub unbalanced in our favor for 20 points is a priority. We will work with our alliance 
partner where one robot is working to tip the shared shipping hub in our favor and the other is scoring on the 
alliance shipping hub. Drive coach is pivotal in telling the drive team when a heavy block is reachable to get as 
much weight for tipping the shared shipping hub and keep track of time to be ready for end game tasks.

END GAME
End game goal is to deliver as many ducks as possible, place our team shipping element on the hub, and park.
Partner Strategy: One robot should deliver ducks and the other robot can cap the hub to maximize end game 
points. Then both can race to park if time allows. 

•	 We start with a COB strategy sheet- We categorize each 
scoring part of the game as Critical, Optional or Bypass. 
This helps shape our robot design and our game strategy. 
We listed the needed mechanisms our robot must have:

    •Drivetrain  •Intake & Score  •Duck Wheel  •Capper

•	 We ended up with two main robot ideas:

1) CONVEYOR:  A system that would bring a block 

through the robot allowing us to intake from one side the 
bot and place from the other.  We knew this idea would 
take time to develop. 

2) PIVOT SYSTEM:  We have used pivot arms in the past 

as a way to get lift without using slides and string.

•	 We decided to pursue both ideas. While our conveyor 
idea was being developed in CAD, we would start a hands on 
engineering process of prototyping, testing and refining to 
create a pivot robot for scrimmage.

•	 We would develop the Drivetrain, Duck Wheel and Capper and 
improve our bot later in the season with adding our conveyor 
system to move and score freight.

As a team we strive to come up with unique ideas. We 
believe our robot demonstrates our team’s out of the 
box thinking and commitment to improving. 

YOU CAN SEE THE GOALS WE MADE FOR THE 
INDIVIDUAL MECHANISMS ON THE FOLLOWING PAGES

BRAINSTORM SESSION CONVEYOR IDEA

PIVOT ARM IDEA
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OUR DESIGN
PROCESS

WEST COAST DRIVE OVERVIEW - 

•	 6 wheel tank drive: the right and left sides operate 
independently

•	 High traction and pushing power
•	 Robust construction using 2 sets of 3 wheels, each 

set sandwiched between 1/8” thick metal plates
•	 Assembly stiffened by using churros to connect the 

exterior and interior plates of the right and left sides
•	 The interior plate has additional 1/8” and 1/2” holes 

cut to match the configuration of the actobotics 
c-channels and plates. This allows multiple designs to 
be built on the same drivetrain

•	 Easy driver control
•	 Maneuverability created by using a drop center wheel 

design. Center wheels are lower  (1/8”) than the 
surrounding wheels on the front and back end of the 
robot. This drop center wheel allows for rocking for low 
friction turning.

•	 Turns the robot into two 4WD sections, depending 
which half the center of gravity (CoG) is on, whether 
the robot is accelerating/decelerating, or pushing or 
pulling a game piece or opponent

•	 Reduces normal force (FN) on outer wheels
•	 The closer the CoG is to the middle of the robot, the 

lower (FN) and therefore friction force (FF) will be on 
the outer wheels

Cons: Can’t Strafe.
Bulky Design

DRIVE TRAIN

(credit to simbotics.
org presentation 

for this drop center 
wheel explanation 

information)

The Drivetrain moves the robot around the field, allowing 
the manipulator to work with the field elements.

IN THE FOLLOWING PAGES WE WILL HIGHLIGHT THE DESIGN 
PROCESS OF EACH OF OUR ROBOT’S MECHANISMS.

For the past four seasons Dark Matter has used the 
same drivetraind design. This drivetrain is a six wheel, 
drop center design that is powered by two 20:1 never 
rest motors. This was a little bulky, having each drive 
well measure around 2.5in wide but over all this design 
is a great drivetrain with great maneuverability.
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HIGHLIGHTS:
DRIVETRAIN BUILD



DRIVE TRAIN CON’T
OLD DRIVETRAIN

Plates hitting barriers. No wheels in 
contact with barrier or the mat.

NEW DRIVETRAIN
Wheels now in contact with

the barriers and the mat.

GEARING 
AND WHEELS

Because of these new challenges, we decided to 
redesign our drivetrain while still keeping the same 
fundamentals of the old design.

NEW DESIGN:
•	 We kept the six wheel, drop center design, powered 

by two 20:1 neverest motors but we made some 
improvements.

•	 The shape of the plates are more carved to the shape of 
the wheels and extend some creating a built-in bumper, 
eliminating the possibility of bottoming out on the plates 
or driving up walls.

•	 We changed our wheels from 4in diameter to 120mm 
(4.72in)  this allows us to always have 
a wheel in contact with the ground or 
barrier allowing us to easily maneuver 
over the barriers or get unstuck.

•	 We used gears instead of chains as well 
as moved our motors partially inside our 
drivewells to allow ourselves the option 
of a smaller more compact robot

Some other improvements: 
•	 Added handles to more comfortably carry 

the robot

•	 Added more actobotics 
hole patterns for more 
attachment points.

•	 Custom 3D printed side 
panels

•	 We added a thin strip of 
polycarb over the churros 
in the middle of each 
well to prevent anything 
falling in our wheels & 
gears.

MOTOR INSIDE
DRIVE WELL

CUSTOM NUMBERED PLATES

mat
barrier

OBSTACLES:
Our old drivetrain design worked great in past seasons but this 
season it presented a few issues with the barriers on the field:
•	 Our drive plates were so low to the ground that we would bottom 

out over the barriers, leaving us unable to move for the rest of a 
match. The chain also hit the barriers.

•	 In addition when we would bottom out our wheels were so 
small and far apart that they were in contact with nothing, also 
disabling us from moving.

•	 Our motors were also too low to the ground. If we were to go 
over one of the triangles we would get stuck on a motor.

Actobotics
Hole Pattern
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  PIVOT SYSTEM  
Our first scoring system was a pivot intake: a compliance wheel cut to make a 
paddle wheel that reliably pulled in one freight into a box. Wheel powered by a 
core hex motor rotates one way to intake the freight, the opposite way to score.  
Our intake was attached to two x-rails on a pivot. 

FREIGHT SCORING SYSTEM

GOAL: To have the freight travel thru the robot so we can intake from one side and score from the other creating a 
smooth back and forth scoring cycle without having to turn.

We initially thought we’d use a sushi wheel system. Using FRC #254’s 2018 power up bot as 
inspiration. Wheels would grab and carry freight through the bot to a part 
that would flip out and deliver freight. Vertical slides for lift.

While developing this design in CAD, this bot has changed and given us many obstacles to overcome.

ALTHOUGH THIS WAS A RELIABLE WAY TO SCORE, OUR TEAM WAS 
COMMITTED TO SEEING OUR CONVEYOR IDEA BE FINALIZED AND 
BUILT FOR STATE TO SPEED UP OUR SCORING CYCLES.

•	 After seeing how well our compliance wheel intake worked at 
scrimmage we decided to use a similar intake system to intake 
freight and move it through a box. (the sushi wheel design would  
not have been a reliable way to pull the block in)

•	 To duplicate the pivot intake 
performance we matched the 
position of the first wheel in 
the box (for grabbing freight).

•	 Belts connect the 3 wheels to 
be powered by one motor

•	 Intake brings in freight and 
move it through the box.

•	 V-wheels for itake to ride along 
an xrail system for our up and 
down motion.

bot used for scrimmage and qualifier

  CONVEYOR SYSTEM     A concept we have been working on since the beginning of the season. 
Refined in CAD throughout the season & built in the 4 weeks leading up to our State Championship 3/26/22.

Our main obstacle with 
this conveyor design was 
how to power the intake 
to travel front to back. 
AND how to power the 
vertical lift. Both of these 
could not interefer with 
our intake motion.
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CREATING A VERTICAL LIFT:

•	 OBSTACLE: Once we had our intake and conveyor design 
we had to figure out how to get the vertical lift. It was 
challenging to find a design that would not interfere 
with the intake running through the bot.

•	 Version 1: First lift used v-wheels to ride along an 
x-rail and powered by a motor and string system. 
Powering this system would have interefered with 
the intake back and forth motion. We were also 
worried about string holding the weight.

•	 Final Version: Its a funny story... Our lift actually 
came to a team member in a dream! A belt system 
contained in a c-channel. Motors would drive the 
pullys. Cutom brackets to hold x-rails and a bearing slide system.

MOVING THE INTAKE:
We ended up with a horizontal belt design for moving our 
intake along the xrail. We will use a pulley and 2 belt idlers 
on standoffs to keep the belt on the pulley. Belt connects to 
each end of the xrail with custom brackets. As pulley turns the 
intake will ride along xrail.

Had to move hex motor that powers intake wheel to the top of the 
intake so it would not interfere with the belt design. (see A)

How do we get the reach 
while staying inside 18?
By attaching our intake at 
one side, this allows the 
intake to extend past the 
xrail stop.

How do we make sure to only 
grab one freight and keep it 
from coming out the other 
side before we are at the hub?
We added a sensor to stop the 
intake motor once it detects a 
block is in our intake.

Important Design Features

INTAKE CHANGES TO WORK WITH THE LIFT:

•	 Moved intake wheel motor above the intake out the way of the belt 
system. Added gears to mesh with intake wheel shaft. (see B)

•	 Due to the compact design of the intake, screw heads were an issue 
and determined positions of some items. IE: We could not direct 
drive the intake pully motor due to screw heads inteferance. We 
moved motor back and used a belt to connect to main pully shaft. 

FINAL
LIFT

IMPROVEMENTS FOR CHAMPIONSHIP:
•	 We added a second c-channel with bearing slide next to existing one 

to remove the twisting of our xrails which was causing binding issues 
and not letting our intake fully move to its end points.

•	 We tested different motors & gearboxes on conveyor trying to get 
more power and faster movement of our intake front to back.

bearings 
enclosed 
in the 3D 
print

Custom CNC’d 
brackets

(see C)
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CAPPING ARM
GOAL: A way to place our team shipping element on hub. A Team element that will 
easily fall onto hub pole and allow our alliance partner to cap on top of us.

BRAINSTORMING:
•	We discussed how our mechanism for grabbing the wobble goal last year worked so 

well. If we made a team shipping element with the same shape as the wobble goal 
stick we could easily use an open/close bracket to grasp our team element.

•	A pivot arm is an easier mechanism than one that would required slides or two 
points of movement (up and out). If we can get the height needed with a pivot arm 
that will still tuck away in out robot, this would be the ideal mechanism.

•	 Needs 10 inches of reach in front robot and over 21 inches high to reach over the hub.

BUILD: Arm is a xrail pivot. Powered by an Ultraplanetary hex motor geared 54.8:1.
3-D printed brackets attached to a servo grasps our team shipping element.

OBSTACLES:
•	 We first had the motor attached directly to the 

pivot shaft. The arm would backdrive and could 
not hold itself despite our motor being geared up.   
FIX: We used sprocket and chain to add torque. 

IMPROVEMENTS:
•	 After scrimmage we realized needed a little bit 

more height to cap easily. We kept hitting the hub, the arm didn’t extend enough. 
FIX:  We moved our pivot shaft up 2 holes higher. This higher pivot height gives us 
more reach.

•	 This new height put our sprockets at distances from each other that made our chain 
very loose. FIX: We used a 3D printed belt tensioner.

•	 The gripper was set at the ideal angle to pick up our team shipping element. This 
means when our arm lifts the angle is not ideal for placing on the hub. FIX: Attached 
a 2 hole plate to the top of the xrail. Attached a servo mount to the plate. We 
attached our capper gripper to this new servo. This will give us the ability to turn 
the gripper so it is level in both the down position for grabbing our Team Shipping 
Element, and also in the up position 
for better placement capping on 
the shipping hub.

•	 Once we built our conveyor 
designed the motor could no 
longer go into the center of our 
robot. FIX: We used a 90 degree 
gearbox to mount the motor 

CAN CHANGE 
ANGLE TO CAP

PICK UP 
ANGLE

CAD Designed
Gripper Brackets

We use the below math for conversion:
x= 345       845-500   =  2000      x=  w - 500
 ______     _______         _____      ________

   2000            x                  1               2000

The Gobilda servos have a range from 500 to 2500. We need to adjust this 
to a 0-1 scale to get our desired position point to use in code. We use a servo 
programmer, note the range position number then convert.

We take the range and subtract 500 then divide by 2000 giving us a decimal 
number range between 0-1. We think of this as a number line so we first subtract 
500 so that our total range is not 500-2500 range but 0-2000 making the 0-1 
conversion easier.

convertedrange

CONVERTING SERVO RANGE FOR PROGRAMMING
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Gripper Close	 1500	 .5
Gripper Open	 700	 .1
Pick Up	 326	 .3304
Cap Hub	 1917	 .5668



TEAM SHIPPING ELEMENT
GOAL: A Team element that will easily fall onto hub pole and allow our 
alliance partner to cap on top of us.

BRAINSTORMING:
•	We first thought about a Grimmace shape. wide bottom with a party hat. 

Pointy hat so others to cap on top us.

•	How to grab? Something similar to how we grabbed the wobble goal stick 
last season. Ledge so it doesn’t slip out the gripper.

•	Cone bottom: Help the shipping element from tipping over on the field. 
Hallow inside of the cone so it can slip onto hub stick.

•	 The max size 4in x 4in by 8in. Minimum size 3in x 3in by 4in.

BUILD: We designed our team shipping element in CAD. We could 
not create grimmace so we went with a purple wide bottom shape.

OBSTACLES: Our first design was too tall. 3.75w x 7.5h. We made 

it tall so that our arm could easily grab it, but this would add alot 
of height for another team to cap on top of us. We needed to cut 
it down so when it rests on hub the top of our element is still low 
enough for alliance capping. FIX: We revised and took the top part 
of our design off making it 5.5inches high. 2.5inches slipts onto hub 
only adding 3 inches of height to hub.

STRATEGY: Pick up our team shipping element right at the start of teleop so it is loaded 
and ready for end game. This also keeps it from being knocked over or pushed around during game play traffic.

DUC K WHEEL
GOAL: To reliably turn the carousel to introduce ducks to the field.

BRAINSTORMING:
•	Spinning wheel for turning turntable
•	Motor would give more speed but cannot be too fast or ducks will 

fly off wheel.
•	Servo would allow for motor count to be used for other 

mechanisms.
•	We will build with servo first and test speed. If we have an extra 

motor we can always change it later to a motor. Use servo block 
for support.

•	Needs to be the correct height. Compliance wheel with good grip.
•	Strategic placement so it can easily spin the turntable on either 

red or blue side. Or one on each side?

BUILD:
•	Servo had to be programmed for continuous rotation
•	We went with a GoBilda super speed servo for max speed to 

allow us to deliver as many ducks as possible.
•	We build to servo block and attached to the end of an xrail with 

two t-nuts. Xrail measures 8 inches.
•	Attached the x rail to the rear c-channel using t-nuts. This allows 

us to slide the xrail up and dow to adjust to the correct height to 
hit the carousel (13.25inches from mat)

IMPROVEMENTS: 
•	 Added a second duck wheel for state championship

SERVO COMPARISON:
Regular servo speed: 135:1
115 rpm / .09 sec/60º

Super Speed Servo: Gear ratio 67:1
230 rpm / .043 sec/60º
Double the speed with the superspeed servo

BUILD
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AUTONOMOUS OBJECTIVES:
To read correct bar code placement of our team shipping 
element, deliver our pre-loaded block to appropriate hub level, 
deliver duck, and park fully in the warehouse. We have auto 
programs that can score all of the autonomous objectives, then 
also various autos with a combo if objectives to best work with 
the capabilities of possible alliance partners. (SEE MAPS PAGE 15)

SENSORS USED:
Logitech Camera - (see vision below)

Distance Sensor - we use a distance sensor when running our 
Intake, so that the driver dosent have to watch that the block 
doesnt go all the way through the mechanism. We have it on to a 
timer so when the sensor sees the block it waits a certain amount 
of milliseconds befor shutting the intake off, if not then the block 
would not be all the way in our intakeand fall out.

Gyro - We use the Gyro sensor in Autonomus to make sure we 
stay on track when turning and moving, if we get off track the 
gyro can help correct and put us back on track.

We use Java programming using the FTCLIB and GetHub.

CONTROL/PROGRAMMING

if not
in

greater 
than
425

Hub
Level 2

Hub
Level 3

Hub
Level 1

KEY ALGORITHMS:
VISION / TEAM SHIPPING ELEMENT DETECTION:
Sensor used: Logitech Camera
We utilize the OpenCV library to create our vision pipeline. 
At first we told our pipeline what to look for the purple 
color of our shipping element. We couldn’t tell what our 
vision was seeing so we applied a “mask” to the image. 
The mask makes anything within the color range  (purple 
in this case) white and everything else black.

We were then able to see there was a lot of noise. We filtered our pipeline again to remove the noise from the 
image. 

We then told our pipeline to put a red circle around our shipping element for visual reference. This lets us know 
exactly what we are seeing. (SEE PHOTO). We use a logitec webcam.

Distance Sensor

Vision Detection

We wrote the logic to 
use the coordinates of 
the screen and an “if 
statement” to deliver to 
the appropriate level. Each 
level has a certain range of 
coordinates, depending on 
the coordinates it detects 
our team shipping element 
in, it will move our pivot to a 
certain corresponding height 
with each level of the hub. 
We view this on our driver 
station phone.

set lift     height to
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DRIVETRAIN:
Tank Drive- Each side of the drivetrain opporates independently. For turning the sides move opposite. Turn 
driving they move forward or backward in sync.
Deadzone- This sets it so the joystick has to be moved slightly before it will start to move.
Zero Power Brake- Helps reduce float as motor stops
Run Mode- Uses motors encoders to look at speed so we can control speed and not power. We want to look at 
speed and not power so that our speed will not fluctuate depending on battery power. 

TURBO:
A controller has a right bumper button that turbos our drivetrain speed. This comes in handy when we rush to 
park at end game.

INTAKE:
In teleop we press the right trigger on the B controller to intake at 90% power and when we press the left trigger 
it outtakes -90% power, and in auto we turn our intake on for about 1.5 second to outtake the block on to the Hub. 
For low goal we outtake.

CAPPER GRIPPER:
For grabbing our team shipping element In Telop we use the right bumper as a toggle on the B controller to 
open/close our gripper to a set open position.
We use the left bumper as a toggle to the rotate position to cap the hub. We have two positions so we can pick 
up of the ground and one to place on the top of the hub because of our robot needs different angles to complete 
the task. We don’t utilize this mechanism in auto.

DUCK WHEEL:
We use continuous servos to spin the wheels. In Telop we use the x (blue) button on the A controller to spin it the 
wheel for the blue side at 100% power and the B (red) button for the red side at -100% power. In auto we turn the 
servo for about 4 seconds to deliver our Duck.

DRIVER CONTROL ENHANCEMENTS:
Lift Position Buttons - We use buttons for different levels of the goal so when we move for the high goal the 
conveyor will automatically move to the target hub positions (using encoders and PID for positions), so we dont 
have too many buttons to press at once, therefore making it easier on drivers.

Manual Conveyor/Lift Movement - We use the joysticks on the operators controller for manual lift and conveyor 
movement and a button to zero the encoder just in case the positions are wrong or it doesn’t zero right after 
Auto, also uses a Similar DriveSticks Command.

PID: (Proportional Integral Derivative)
We utilized PID on our shooter and driving the 
wobble arm.  A PID controller is a controller used 
in automation to control an output and bring a 
process value to the desired set point. The PID 
controller does this by monitoring a specific input 
(the process value), calculating how far away it is 
from the set point, and using this information to 
calculate the output.

Drive Sticks:
First we get the joystick values (the x and y axes) 
then we apply the Deadzones to them using our 
Constants variable, and then we set the turbo 
mode that will speed the robot up. This eliminates 
unwanted movement. This sets it so the joystick has 
to be moved slightly before it will start to move.

CONTROL/PROGRAMMING CON’T
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OUR 
FINAL 

BOT

START

END

Delivers
Block

Steps for BLOCK/PARK Auto: Red/Blue
(will compliment an aliance parter who can do the duck wheel 
and park in warehouse or stoage unit)
•	 Read correct bar code position of our team shipping element 

and lifts arm to correct level
•	 Drives forward to alliance hub
•	 Outtakes the block onto correct hub level
•	 Backs up, turns and drives to fully park in Warehouse

AUTONOMOUS MAPS
We have different auto programs to be able to work with 
different alliance partners.

Steps for BLOCK/DUCK/PARK Auto: Red/Blue
(Full auto we use in virtual competitions for pairing with an 
alliance that has an auto for parking only.)
•	 Read correct bar code position of our team shipping element 

and lifts arm to correct level
•	 Drives forward to alliance hub
•	 Outtakes the block onto correct hub level
•	 Backs Up Slightly & Turns
•	 Drives to carousel
•	 Rotates duck wheel to deliver duck
•	 Drives forward to park fully in Warehouse

START

END

Delivers
Block

Steps for DUCK/STORAGE UNIT Auto: Red/Blue
(will compliment an aliance parter who can deliver a block and 
park in warehouse)
•	 Drives forward to carousel
•	 Rotates duck wheel to deliver duck
•	 Turns and drives to fully park in Storage Unit

Steps for PARK ONLY Auto: Red/Blue
•	 Drives forward to fully park in warehouse

START

END

START
Delivers
Duck

END

PAGE  15
AUTONOMOUS MAPS / FINAL BOT


