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High School. This is my third year as a member of the
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Inconceivable. I am currently one of our team’s captains,
and I have been leader of the pit crew and a member of
the electrical and mechanical subgroups. Regional and
State competitions are my favorite part of FRC. The
Coopertition atmosphere and the idea that every team is
there to help other teams and have fun as opposed to beat
one another in the competition is my idea of the perfect
work environment.
Being on Team 2530 has really helped me develop my
interest in STEM, and I intend to pursue a career in
Aerospace Engineering through college and beyond.
FIRST Robotics has given me valuable experience in the
field of engineering and prepared me for my career. I
want to become an Aerospace Engineer working for a
company that operates in space. With the leadership
experience and design knowledge that FIRST has given
me the opportunity to absorb, I know that I am much
more prepared to work in the engineering field than most
others entering college along with me.
I love to be involved in my community, and I play on my
high school’s golf and debate teams. My other hobbies are
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For my whole life I have been in
love with machines of all sorts. I
was first exposed to engineering at a young age due to my
dad’s job and by my older brother’s science fair and
robotics participation. I soon had a growing passion for
engineering. In 9th grade a fellow student and I worked
with the Mayo Clinic developing alternative methods of
making neuro-regenerative scaffolds. In doing this we
designed and built a micro CNC machine and successfully
made scaffolds with the alternate method. We won our
category at the regional science fair and second at the
state level. Since then CNC has become a passion of
mine. My brother and I built a 3 axis mill that I use for
parts manufacturing for robotics and other CNCs. I rebuilt
a 2 axis lathe at my school, designed and built a 4 axis
desktop CNC, and I have begun work on a 5 axis CNC
mill. The information that I have learned and my
experiences from these machines is invaluable in FRC as
well.
When I’m not involved in Robotics I actively participate
in the high school’s theater program, designing the lights
and sound for the fall and spring shows. I also participate
on the Science Olympiad team, designing and building
devices to compete with teams all around the Midwest. I
enjoy photography and wish I had more time to pursue it.
However, by far my favorite pastime is mountain biking,
and for the last 3 years I have competed in the Minnesota
High School Cycling League, and last year raced varsity
at the state level.
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Alissa Bible
Century High School (Grade 12)
Team Member since 2012, Drive
Team Member 2014-2015
This season is my third with FRC
Team 2530, and having been
around for a while now, I feel relatively confident saying
that the choice to join FRC, although I had no idea what it
would be like at the time, was one of the best decisions I
have made to date. Since then, I’ve learned so much, and
a surprising amount of it isn’t really about robots: it’s
about the value of attentiveness, being open to new
solutions as well as new problems, and, fundamentally,
it’s about being a good person.
I’ve done just about everything with the team, including
working in the Business, CAD, Mechanical, Electrical,
and Strategy subgroups. I helped write and edit this
season’s Chairman’s essay submission, and I’ve drafted,
designed, and edited various documents describing FRC,
Team 2530, and our robots. I’ve also given business
presentations, volunteered at all of the team’s major
events, and been in the pits doing what I can since the
2012-2013 season. Essentially, what I do is whatever I
think I can do, and with this as my guide, I’ve come to
realize that, with a little effort, I can do most everything.
Believing that one can do whatever one pleases is not
entirely a blessing, though; it makes it difficult to choose.
I, for one, don’t know where I’m going or why, but I’ll
head off to whatever college accepts me this fall, and
there I hope to study engineering, architecture, chemistry,
and philosophy until they let me out with a fancy sheet of
paper and a funny hat. That sounds alright to me.
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Rachel Geroux
Century High School (Grade 12)
Team Member since 2013, Captain
2014-2015
Throughout my Robotics
experience, I have had numerous
positive experiences. As a Team Captain, I have helped
organize and lead many team functions, and I have
promoted a friendly team environment. My contributions
include working on the Chairman's Award and our 2014
Bill of Materials. In addition, I have worked with the
business side of Team 2530, organizing and refining our
business plan and giving presentations to sponsors.
Through these activities, I’ve helped maintain continued
support from a number of our sponsors. Finally I was one
of the team’s photographers at the 2014 Wisconsin
Regional.
My future goals include graduating high school with a 4.0
and completing college with a double major in biology
and chemistry. I then plan to complete medical school and
one day become a cardiovascular surgeon.
FIRST Robotics Competition has been an amazing
experience for me: from learning about the mechanics of
building a six foot tall robot, to understanding the
formalities of business communications with sponsors,
FRIST has taught me important skills. In addition to this I
have enjoyed the welcoming and helpful atmosphere that
surrounds the team. The Gracious Professionalism I’ve
witnessed has inspired me to strive not only for my own
achievement, but also to help others succeed. Finally,
FIRST has given me many opportunities in numerous
different fields, from electrical engineering to business
communications, which have shaped me into the person I
am proud to be.
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Ishaan Govindarajan
Century High School (Grade 10)
Team Member since 2013, Head of
Electrical subgroup 2013-2015
I am Ishaan, and I am currently a
tenth-grader at Century High School
in Rochester MN. As a child, one of my favorite toys
(even today) was Legos. Instructions were not a limitation
when it came to them, and they allowed me to construct
whatever I could imagine. When I was eight, I received a
Lego Mindstorm robotics kit, which was one of the major
stepping-stones that led to my interest in engineering and
robotics. It connected the versatility of Lego building
blocks with easy-to-learn software that allowed a kid just
like me to make anything, including things like automated
candy dispensers and Bluetooth-controlled tanks. Through
my interest in Legos and robotics, I started a FIRST Lego
League (FLL) team, the Rochester Brainstormers, with a
small group of friends. This gave me a chance to work
with other people toward a common goal, and introduced
me to the organization of FIRST. During my 8th grade, I
was also introduced to digital electronics for the first time
through a science fair project. It led me to develop a great
interest in electronics that continues to this day.
At one of the FLL competition, Team 2530 was
presenting their robot for the Rebound Rumble
competition, and I immediately developed an interest for
the team. I joined in my 9th grade year, as part of the
electrical sub team. Since then, FRC has taught me skills
far beyond just electrical knowledge, such as mechanical
aspects of the robot, industrial design, and the process of
operating a business with real-world challenges. I can
definitely say that Team 2530 has me hooked throughout
high school.
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Isaac Gullickson
Century High School (Grade 11)
Team Member since 2013,
Webmaster 2013-2015
I am a high school junior and a
second-year member of the FRC
Team 2530. Having initially tried to fit in as a
programmer on the team, I soon found my niche as web
developer. The team was in dire need of a website, having
only a crude website that begged to be put out of its
misery. Perhaps it was fate that this unsure robotics
member would possess the skills needed to create a
superior web presence. However, most robotics members
don’t deal in fate, only in the precision and certainty of
engineering. The team’s website became the most
significant of my first web projects and a test of my
teamwork and webmaster skills. Though ours is not a
dynamic web application, the web development
knowledge I gained in a weekend course was also tested.
These days I look to develop the content of the site and
add dynamic tools to aid other FRC teams; for example, a
Pit-Finder application. Besides web development, I play
guitar in various groups, from musicals to rock bands. I
am currently in two rock/pop bands, a jazz band, a
musical, and a pop orchestra. I plan to pursue a major in
computer science and a minor in music. That and a bit of
running keep me busy.
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Bridger Herman
Mayo High School (Alumni)
University of Minnesota
Team Member since 2013, Drive
Team Member 2013-2014
I am Bridger Herman, currently a
freshman at the University of Minnesota, Twin Cities. I
am studying Computer Science in the College of Science
and Engineering here at the U. I was a part of
Inconceivable 2530 for the 2014 competition season. I
was the operator on the drive team, and a member of the
Programming subgroup. Being on the team was an
absolutely fantastic experience. From the beginning of the
season through the end of season banquet, we built a
remarkable robot (the beloved Prince Humperdinck), but
moreover, we built the type of long lasting relationships
that can only be created through the cooperation,
Coopertition, and problem solving that makes up a FIRST
team. I will forever remember my days as a member of
Team 2530, and I will continue to use the interpersonal
and robot-related skills I learned extensively in my future.
5, 10, 15, 20.... 2530!
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Eric Mallmann
Mayo High School (Grade 11)
Team Member since 2014, Head of
Programming Subgroup 2014-2015
On my first day of build season, I
slept through half of Kickoff due to
my poor decision to stay up until 3 AM the night before
playing video games and drinking a two liter of Mountain
Dew. Even though I may have screwed up on the first
day, and shortly after set my own computer on fire, I have
proven to be a valuable asset to the Programming
subgroup. Despite being a first year member with no prior
experience in C++, I was able to lead the subgroup in
writing five autonomous programs and 200+ lines of
code. At first, I didn't really know what I was getting
myself into, but after a few four-hour-long coding
sessions, I began to realize that coding a robot was a lot
harder than it at first seemed. Not only did I have no clue
as to what was on the robot, but I didn't have the slightest
idea of how to program one. This year, I spent anywhere
from two to twenty hours per week helping out the team,
and I will continue to participate on the team until I
graduate in 2016. I also enjoy Debate, Math League,
Cross Country, NHS, Computer Club, Spanish Club, Pax
Christi Youth Group, volunteering, and being a cashier at
Mills Fleet Farm. After high school I plan to attend a four
year university to study computer science, statistics, or
linguistics. I aspire to become a computer programmer or
a cryptologist.
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Jenna Meyer
Mayo High School (Alumni)
Winona State University
Team Member since 2012, Captain
2013-2014
During my time with FRC Team
2530, I learned many valuable lessons about being a
leader and interacting with others. I gained confidence in
myself both as a person and as a leader, I learned how to
communicate effectively with others, and I learned how to
work under pressure in a professional setting. I will utilize
all of these skills in the near future, and I am thankful to
my team, FRC, and FIRST for providing a fun
environment where I could learn these skills. I am also
thankful for the great memories and amazing friends I
made along the way. I am currently attending Winona
State University and working on a Bachelor’s of Science
degree in Legal Studies, a Bachelor’s of Arts degree in
Spanish and a minor in Business Law. I hope to travel
around Europe for a year or two after college and to work
as a paralegal after returning to the United States.
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Benjamin Mroz
Century High School (Grade 11)
Team Member since 2013, Head of
CAD & Mechanical Subgroup
2014-2015
My name is Ben Mroz, and I am a
junior at Century High School. I have been a member of
the Rochester, MN FIRST Robotics Team 2530 for two
years, and it has been a better experience than I ever could
have hoped for. From the moment I walked into the Mayo
High School woodshop to the present day, I would have
never guessed that I could come so far. I went from not
knowing what CAD was or how a motor worked to being
the lead for both the CAD and Mechanical subgroups.
Throughout my involvement, I have been a member of the
CAD and Mechanical subgroups, and I have also worked
as part of the Pit Crew at competitions. Over the summer,
I and some members of the Mechanical subgroup created
a five-lesson AutoDesk Inventor Tutorial. Team 2530
used this to teach all of our members the basics of
computer-aided design, and the team and I eventually sent
it out to the entire FIRST community as well. I taught the
class through the tutorial and built up the CAD subgroup
with those presentations. I plan to use this tutorial in
future years and make changes to it so it can be taught not
only to our team, but also to other FRC teams around the
Rochester area. FIRST has allowed me to reach out to my
community and discover talents I otherwise wouldn't have
been able to develop. In the future, I plan to attend a
college and major in either Mechanical or Aerospace
Engineering. There I am sure to utilize all of the
knowledge I have gained throughout my FIRST
experience.
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Elizabeth Mroz
Century High School (Grade 9)
Team Member since 2014, Head
Scout 2014-2015
My name is Elizabeth Mroz, I am
currently a freshman at Century
High school, located in Rochester Minnesota. I chose to
Join Team 2530 because I enjoyed the spirit of
Coopertition that radiated from everyone on the team, and
I quickly found that I enjoy building and brainstorming
ideas in groups. I have been a member of Inconceivable,
Team 2530 for a little less than a year, but I have made
great accomplishments within the team. I have
contributed to the team by working on the ComputerAided Design of our robots, helping to create an
AutoCAD tutorial, and participating in multiple
fundraising events. This year, I am a Head Scout, a very
important role when our team travels to competitions.
There are many challenges that I had to overcome while
on the team. It was difficult trying to make a positive
impression of myself on the team, participating many
days of the week, and finding a balance between robotics
and life outside of Team 2530. The most important thing
that I have learned while being on the team is how to be a
great team player, whether that means getting tools for
someone or cheering our team on at competition even
when we do not do as well as we hoped. FIRST has done
a lot to teach me how to be a better leader among my
peers. Lastly, I plan to pursue a career in architecture, and
being a part of FIRST Robotics Competition has helped
me learn about unique opportunities and tools that can
help me achieve my career goals.
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Peter Torzewski
Century High School (Grade 12)
Team Member since 2012, Drive
Team Member 2013-2014
I am currently a senior at Century
High School. I joined when I was a
sophomore, so this is my third year. All three years I have
been a programmer for the team, but my level of
involvement has varied each year. Last year I was the
team's human player for the Aerial Assist game, where I
honed my ball throwing and catching skills. I plan on
attending Iowa State University in Ames, Iowa, in the fall,
and I have no idea what I plan on studying. I may or may
not study engineering or computer science, but either way
I’ll be sure to use my robotics knowledge and experience.
As a FIRST Robotics student, I have had the immense
pleasure of meeting and bonding with people from all
walks of life. Thanks to FIRST I’ve developed several
treasured friendships. Beyond some basic programming
and mechanical skills, I have learned how to manage
schoolwork and outside activities, how to work with
others as a team, and to place my trust in my teammates. I
hope to learn even more in the coming months as my
FIRST Robotics career comes to a close.

12/22/2015

Page 19 of 132

The Book Of Knowledge

Zachary Zielinski
Mayo High School (Grade 9)
Team Member since 2014, Safety
Captain 2014-2015
My name is Zachary Zielinski, and I
am the Safety Captain for Team
2350. Currently, I am a freshman attending Mayo High
School, and I plan to be involved with the FIRST program
for the next four years. My involvement in FIRST began
when I found out about First Tech Challenge. I lived in a
small suburban town near the Twin Cities that was just
being introduced to FIRST programs. The FTC robotics
mentor there taught me and the students there how
robotics systems worked and how working as a team can
help you accomplish so much. When I moved to
Rochester, I wondered if there would be a robotics team
here as well. Turns out, there was, and I immediately tried
to join it. With an interest in robotic engineering and a
desire to follow up with a career in that field, I was
excited to join. While I was taking a tour around Mayo
High School, I heard of the achievements that were
obtained in the last competitions, and my wanting to be a
part of the team skyrocketed. By joining the team, I made
many new friends and learned a lot of new things from
the team’s wise and knowledgeable mentors. I am proud
to be part of Inconceivable, Team 2530.
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Sunny Zheng
Century High School (Grade 12)
Team Member since 2013, Head
Scout 2013-2015
I am currently a senior at Rochester
Century High School. My first year
on FRC Team 2530, I was a member of the Mechanical
subgroup, and for my second year, I have joined the
Business subgroup. As a Head Scout for my two years on
the team, I love the strategy of the FIRST Robotics
Competition games and the collaboration with other
robotics teams. FIRST has encouraged me to appreciate
how a variety of skills, ranging from mechanical
engineering and programming to business skills, can
come together to produce an original and unique product.
It has also taught me the importance of networking and
reaching out to the community, and I plan to carry all that
I have learned with me throughout life. I do not have
concrete plans for the future, but I am willing to
graciously accept whatever opportunities come my way.
However, I do know that in college, I would like to go
into a STEM field, possibly neuroscience because I am
fascinated by the empirical and biological side of the
human brain.
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Forward

What Is the FIRST Robotics Competition?
FIRST ® Robotics Competition (FRC®) is a
unique varsity Sport for the Mind™ designed to
help high-school-aged young people discover
how interesting and rewarding the life of
engineers and researchers can be.
FRC challenges teams of young people, guided
by their Mentors, to solve a common problem in a
six-week time frame using a standard "Kit of
Parts" and a common set of rules. Teams build
robots from the parts and enter them in
competitions designed by Dean Kamen and a
committee of engineers and other professionals.
FIRST redefines winning for these students by
rewarding them for excellence in design,
demonstrated team spirit, Gracious
Professionalism, maturity, and the ability to
overcome obstacles. Scoring the most points is a
secondary goal. Winning means building
partnerships that last.
What is unique about the FRC program?
• It is a sport where the participants play with the
pros and learn from them
• Designing and building a robot is a fascinating
real-world professional experience
• Competing on stage brings participants as much
excitement and adrenaline rush as conventional
varsity tournaments
• The game rules and challenge are different
every year
12/22/2015
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Why Are We Writing This Book?
The original intent of the Book of Knowledge was to
create a wealth of information for all of our team
members. During year-to-year transitions, we found that
many of our graduating students were leaving the team
without passing their knowledge on. Instead of simply
coaching younger team members, we wanted to create a
more tactile and flexible place for information. And thus,
the Book of Knowledge was born.
While we have preserved this original intention, we have
also expanded our hopes to include the publication of our
book. In addition to serving as a resource for our own
team, we hope that other FRC teams will find this
publication to be a useful source of information.
The purpose of this book is twofold. First, you’ll catch a
glimpse into how our team performs and operates. Over
the past couple of years, Team 2530 has undergone
significant structural changes that have been extremely
successful. You’ll be able to see how we organize
ourselves in a manner that best cultivates each student’s
interests to contribute to a successful team. Secondly, we
hope that you pick up a few tips and tricks that we’ve
learned along the way! Since Team 2530 formed in 2006,
we have developed several strategies for all the subgroups
that make up our team. We encourage you to adopt and
adapt our team skills and culture to suit your own team.
The chapters of this book follow no specific order, so feel
free to read them in whatever order you like. The
intention of this book is also to serve as an introduction to
many of the basic skills that an FRC team encompasses,
and chapters are designed such that sections may be
assigned as reading for rookie team members. The intent
of this book is to aid in year-to-year transitions in our
12/22/2015
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team, so it may be a good idea to have new members read
the entire book before committing themselves to a team
and for graduating members to leave their own words of
wisdom.
This book is YOURS. We want you to add your own
knowledge to what is provided in the book. We encourage
you to highlight, underline, and annotate as you go! If you
think you will use some of our techniques or terminology,
make a note in the margins. You can also have departing
members add their own advice and knowledge.
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Chapter 1

Team 2530 Mission Statement
The FIRST Robotics Team 2530, Inconceivable’s, mission is to
encourage the pursuit of learning through science, technology,
engineering and mathematics. We promote Gracious
Professionalism, a FIRST coined word which is a manner of
doing things that promotes high-quality work, highlights the
value of others, and respects all individuals in the community.
We also promote student leadership and teamwork skills in all
aspects of our student’s lives. Our team strives to operate with
strong communication and cooperation skills and use them to
improve our team as well as our community. We model
Coopertition, another FIRST coined word which is the is
display of unqualified kindness and respect in the face of fierce
competition. We inspire students with interests ranging from
engineering to business and public relations to become
tomorrow's leaders. Our team cultivates confidence, ingenuity,
and technical competency among our students. In short, we
build kids who build robots.
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Chapter 2

Mentors and Captains
Mentors
Our team has a unique group of mentors, ranging from
teachers to software developers. Our mentors guide the
team through all aspects of being a robotics team. In
essence it is akin to running a small company, we must
balance our budget, allocate funds, coordinate meetings,
organize events, manufacture a product, provide services,
and accomplish a goal. Without our mentors, we could
not have such an amazing and well rounded team.
Thomas Beito: Thomas Beito’s professional training is as
an Immunologist. He is employed by Mayo Clinic where
he is Manager of The Antibody Hybridoma Core. Mr.
Beito’s mentorship involvement with FRC Team 2530
has focused specifically on Photography, the Team Book
of Knowledge, basic occasional electrical and mechanical
advice, student safety, and adult supervision support.
Elizabeth Burton: Elizabeth Burton is a civil engineer
whose work primarily focuses on highway design. She is
a FIRST alumna, and joined Team 2530 as a mentor in
December of 2014. Ms. Burton does a fantastic job
mentoring the Chairman's/Awards submission team and
provides support to the Mechanical group.
Nathaniel Davidson: Nathaniel Davidson is an IT
Programmer/Analyst with Mayo Clinic and he primarily
works with Java web applications and statistical analysis
software. This year Mr. Davidson has introduced the
12/22/2015
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engineering process, managed the github repository, and
provided guidance in thinking about programming at a
system level.
Steve Mroz: Steve Mroz is a Project Lead Engineer,
managing teams of engineers and designers who develop
computer products ranging from entry level servers to
supercomputers for the IBM Corporation. He focuses
primarily on mechanical, power, and classical (acoustics,
electromagnetic compatibility, thermal, vibration, etc.)
design disciplines and utilizes state-of-the-art computer
aided engineering tools to model, analyze, and release
these designs. While his role on FRC Team 2530
primarily focuses on mentoring students in both
Mechanical and CAD aspects, Mr. Mroz also strives to
emphasize teamwork, project management, analytical
modeling, and simplicity in design.
Mark Pottorff: Mark Pottorff is a Senior Software
Engineer with Vision Solutions and has been with the
team since the 2012 season. He is often the public face of
the team, doing public presentations. He helps us
recognize when we are not communicating and gets us to
think through problems by posing specific questions. He's
been programming mentor, drive team coach, and lead
scout, he also created our team cheer and the
"Coopertition Rap".
Ron Randall: Ron Randall is a retired teacher from Mayo
High School. Currently, Mr. Randall is working through
Americorps as a volunteer in the district. He chose the
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robotics club as a way to fill the additional hours needed
for his position. Mr. Randall brings the joy of learning to
the team as well as a different perspective to the design
phase. He says that FIRST has been a great experience
and he plans to continue mentoring even when
Americorps is finished.
Ellen Sassenberg: Ellen Sassenberg has taught Latin in
the Rochester Public Schools for 15 years. Ms.
Sassenberg brings experience in leadership and team
organization. She strives to maintain high levels of
enthusiasm and energy among all aspects of Team 2530.
Tim Torzewski: Tim “Dad” Torzewski is a principal
firmware engineer at HGST, A Western Digital Company.
It is “Dad”’s second year on Team 2530, where he is the
lead programming mentor. He teaches the programming
team members the basics of programming in C++,
introduces the team to the many facets of robotics
programming, and advises them as they produce the code
which controls the team robot.
George Van Leeuwen: George Van Leeuwen works for
the IBM Corporation as a Solutions Architect developing
customer specific hardware solutions that integrate IBM
products, custom hardware development and IBM
technical knowledge into customer products. As a
Solution Architect, most of his time is spent prior to a
contract being awarded to IBM for developing a technical
solution concept and defining the project schedule,
development and product costs. This requires broad range
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of knowledge in many disciplines, including Project
Management, Electrical Engineering, Mechanical
Engineering, Software, Test, Procurement and
Manufacturing as well as having a large network of
experts to consult within IBM and external suppliers. As
a FRC Electrical Engineering mentor with Team 2530, his
focus is to work with the electrical team and assist them
with their design, component layout and wiring, tests, and
documentation.
John Vince Wagner: Vince Wagner is a math and calculus
teacher at Mayo High School. He is the lead mentor of the
team and oversees all of the team’s logistics and
spending. The team budget is no light responsibility, and
he, along with the assistance of a few other students,
manages the budget of an entire robotics team. Mr.
Wagner also spends much of his time in the woodshop
during robotics season ensuring the safety of students as
well as mentors. He has the immense task of organizing
several dozen high school age students and coordinating
team events. As the backbone of our team, he has made
everything that FIRST Robotics Team 2530 has
accomplished possible.
Jocelyn Woog: Jocelyn Woog is a business mentor for
Team 2530. Jocelyn is an attorney by training and has
extensive experience with management of non-profit
organizations, grant writing and administration, budget
development, and strategic planning.
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Team Captains
A team needs student leaders, and as such, we elect three
team captains at the end of every season for the next year.
For the 2013-2014 season, we had one captain for our
woodshop and managing the construction of the robot, we
had one captain to run the business and financial aspect of
the team, and we had one captain who was our driver and
participated in a wide variety of activities on our team.
During the 2014-2015 season, we had two captains that
managed the business, financial, corporate relations, and
logistics of the team, while one captain oversaw
everything done with the production of the robot. The
roles of captains varies each year to both suit the team’s
needs as well as cultivate each captain’s area of
leadership expertise.
2013-2014 Captains
Caitlin Cameron-Hoffman
Nick Davis
Jenna Meyer
2014-2015 Captains
Neehar Banerjee
Wyatt Beito
Rachel Geroux
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Chapter 3

2014 FRC Game Explanation
2014 Game Explanation
In the 2013-2014 season, the FRC game was “Aerial Assist”.
During this game, our team achieved second place at the
Minnesota State High School League Championship and were
semifinalists at the Milwaukee, Wisconsin Regional. The
following is a summary of the game.
“Aerial Assist is played by two competing Alliances of three
robots each on a flat 25’ x 54’ foot field, straddled by a truss
suspended just over five feet above the floor. The objective is
to score as many balls in goals as possible during a two (2)minute and 30-second match. The more Alliances score their
ball in their goals, and the more they work together to do it, the
more points their Alliance receives.
The match begins with one 10-second Autonomous Period in
which robots operate independently of driver. Each robot may
begin with a ball and attempt to score it in a goal. Alliances
earn bonus points for scoring balls in this mode and for any of
their robots that move in to their zones. Additionally, each
high/low pair of goals will be designated “hot” for five seconds,
but the order of which side is first is randomized. For each ball
scored in a “hot” goal, the Alliance earns additional bonus
points. For the rest of the match, drivers remotely control
robots from behind a protective wall. Once all balls in
autonomous are scored, only one ball is re-entered in to play,
and the Alliances must cycle a single ball as many times as
possible for the remainder of the match. With the single ball,
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they try to maximize their points earned by throwing balls over
the truss, catching balls launched over the truss, and scoring in
the high and low goals on the far side of the field.
Alliances receive large bonuses for “assists,” which are earned
for each robot that has possession of the ball in a zone as the
ball moves down the field. Points are awarded for each action
completed.” -Courtesy of the F.I.R.S.T. website.

2014 Game Strategy
Every team has a preferred strategy they wish to execute each
match in order to win. Clearly, this strategy changes every year
with a different game and robot. Before each match, alliance
mates will go over their most desirable strategy to make the
best use of each robot. Teams will want their robot in a position
they know will help their alliance the most, so the drive teams
will determine their robots’ roles each match. A team’s strategy
will most likely avoid any pitfalls their robot may have. For
instance, our Aerial Assist robot, Prince Humperdinck, could
not pick up balls from the ground, so we tried to avoid those
scenarios. A major aspect of strategizing is robot placement on
the field. Every robot’s autonomous period is different, so drive
teams have to decide where to place the robot so there are no
collisions and as many points as possible are scored. Every
team on an alliance must make their robot’s limitations and
capabilities clear in order to develop a successful strategy. It’s
important to remember that something might go wrong, so
keeping a few simpler backup strategies will not hurt. They
should involve if one bot is busted, or something else dramatic.
Time between matches is shorter than one would imagine, so
teams have to be quick to develop ideas.
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In Aerial Assist at the Milwaukee regional, our drive team
would track down our alliance mates to discuss strategy. Each
team would point out their preferred role based on their robot’s
highest qualities, and we created a game plan we thought was
best. Humperdinck was great at receiving balls from the human
player in the zone closest to the drivers, passing to other bots,
shooting over the truss, shooting high goals. In autonomous, the
robot veered slightly to the right and shot into the high goal
almost every time. Because of all this, our optimal strategy was
to place the bot in the middle of the field before autonomous,
receive the ball from the human player, and pass it to an
alliance mate. We would occasionally shoot into the high goal
as well, or pass the ball to the human player in the middle of the
field instead of another robot. The key to developing a
successful strategy is communication and confidence in your
bot’s abilities. Unfortunately, things don’t always go as
planned, and something might happen that will screw up the
entire plan. A robot’s battery could die, a bot could fall over, an
essential piece might break, anything might happen. Alliances
have to adapt to these scenarios, and use backup strategies
without hesitation.

2014 Achievements
In addition to building strong relationships in our community,
Team 2530 continues to grow and find success at Robotics
competitions. We work hard year round, and our dedication and
commitment to the team shines through the awards we have
earned. In 2011, Team 2530 was a Lake Superior Regional
(LSR) Finalist, and our alliance won first place at that year’s
Minnesota Robotics Invitational (MRI) in Roseville. Also in
2011, at the LSR we won the Judges Award. The following
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year, in 2012, we won first place at the MRI and were finalists
at the 10,000 Lakes Regional and the Minne Mini-Regional
hosted by King Tec. In 2012, Team 2530 was also awarded the
Engineering Excellence Award at the 10,000 Lakes Regional,
and the Industrial Design Award at the LSR. In 2013, our team
was awarded the Gracious Professionalism Award at the
Northern Lights Regional. In light of these accomplishments,
Team 2530 has been invited by and has accepted the Minnesota
State Fair’s invitation to demonstrate and inform fair-goers of
our robot. We attended in 2011, 2012, and 2014, and were
awarded Blue Ribbons in 2012 and 2014.
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Chapter 4

Business
Overview
Robotics is expensive. Our team requires approximately
$30,000 annually to build a successful robot, travel to
competitions, and cover all of the miscellaneous expenses
that come with our activities. The Business subgroup does
not work directly with the robot but is still an integral part
of the team. Without us, the team wouldn’t be able to pay
for anything!
The Business subgroup has a wide range of
responsibilities that include contacting potential donors,
setting up demonstrations and/or presentations,
maintaining donor contact, sending thank you letters, and
updating the budget. It is vitally important to keep up with
these responsibilities, as this is where the money for the
team comes from.
There are several positions on our Business subgroup. We
have a lead mentor, who assists with grant writing and
creating presentations. We also have a treasurer, who
organizes the budget, a grant writer, who works with our
lead mentor to apply for grants, and a donor contact who
reaches out to potential sponsors. Depending on how
large the Business subgroup is during a given year, these
tasks can be completed by one student or by a group of
students.
The next few pages contain fundraising ideas, past
business plans, past business presentations, example thank
you letters, a “People Skills” section, and much more to
help you out along the way.

People Skills
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This section covers how to be an attentive listener. While
it may seem basic, most people have a surprising amount
to learn about people skills. A Business subgroup member
will often have to interact with various donors and
sponsors face-to-face. It is important to appear
professional and attentive. This will both help to obtain
the financial support that you need and also cultivate your
team’s public image. Here are a few things to remember
when talking to potential sponsors or anyone interested in
learning about your team: smile, use appropriate body
language, ask questions, and make connections.
Smiling lets the person know you’re happy to be talking
to them. However, don’t overdo it. Just the right amount
of smiling can be very beneficial when talking with a
complete stranger or a potential donor. It gives you the air
of having a friendly disposition which will work to your
advantage when it comes time to talk business.
Body language is a big skill that many people don’t
consider. It is imperative to avoid crossing arms and legs,
avoiding eye contact and slouching. This type of body
language subliminally says “I hate this; I don’t want to be
here and I don’t want to be talking to you.” Hold yourself
up! Remember to be a proud person; after all, you have an
important job to do. Keeping your hands by your side or
interlaced in front of you, standing up straight, and
maintaining eye contact are the best ways to show that
you are confident, comfortable, and attentive.
Asking questions and making connections are important
to indicate that you have been listening. When you ask a
question, it’s indicative that you’re curious about and
interested in the matter at hand, and the person you’re
talking to will probably reciprocate your gesture later in
the conversation. Making connections says “I understand
what you’re saying and this is something we have in
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common.” It creates a sense of camaraderie, and makes it
more likely that whomever you’re conversing with will
want to help you out. A word of caution about the
connection though: keep it business related to avoid
making the other person uncomfortable.

Basic Presentation Skills
As a part of Business subgroup, you will need to make
many presentations. We often contact sponsors in
industries related to robotics and offer to give them a
presentation about our team. Below are a few helpful tips
to help such presentations go as smoothly as possible. Use
these tips along with those in the “People Skills” Section
to give a successful presentation.
Speaking clearly and with appropriate volume is very
important when giving presentations. Your audience is
giving you their time, so make sure that they can hear and
understand you. Rehearsing in front of a group before the
presentation will help you find a comfortable volume
level, and feedback may help you keep explanations
concise. When you rehearse, it is also a good idea to have
someone time your presentation. You may have to adapt
the length of your presentation to suit your audience’s
needs. Be mindful of how long you will have to present
and make sure that there is time for questions at the end of
your presentation.
Be aware of body language and nervous ticks. Knowing
what your distracting nervous ticks are and keeping them
under control can greatly improve a presentation. Some
common ticks include twisting hands, folding legs,
pacing, and using filler words like “um.” The best way to
overcome these is to rehearse. The more comfortable you
are with the material you’re presenting, the less nervous
you will be when the time comes to make a good
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impression. Again, practicing in front of a group
beforehand will help you spot your nervous ticks so that
you can control them.
Finally, the most important skill when it comes to
business presentation is the ability to think on your feet.
After the presentation, there will usually be a Q&A
session with your audience, and they could ask anything.
Confidence, rapid thinking, and complete answers will
score the most points with them. Below are a few
common questions that come up and a good strategy for
answering them on the spot. While this list is by no means
comprehensive, it should provide you with a good idea of
what to be prepared for.

Some Common Questions and Good Answers:
 “Where will donated resources go?”
 Your best bet for this question is to have a specific
answer in mind. Many businesses want to know
exactly what they are helping to pay for.
Something short yet specific like “We need
assistance in paying for a new extruded aluminum
frame” or “We don’t yet have funds to cover hotel
expenses at our yearly competition” will usually
suffice. Always know as much about what you’re
asking for as you can.
 “Why did you join the team?”
 This question can be difficult to answer on the
spot. Have all of your Business subgroup members
come up with a 30-60 second answer to this
question. Answers to this question are extremely
important because they help businesses see the
positive impact that FRC has on its students. Make
sure that you don’t forget to emphasize the
valuable skills and experiences your FIRST team
has given you.
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 “How else have you raised money?”
 Businesses want to see that you are using a variety
of efforts to fund your team. Tell them about any
fundraisers you have organized, donations and
grants you have received, and maybe even a few
other sponsors you have contacted. If you have
time, it’s also a great idea to mention how you
have given back to the community—it shows
potential sponsors that you’re also passionate
about your hometown.

Fundraising Ideas
Fundraising for Team 2530 is a bit different than raising
money for most other high school sports teams because
we deal with such a large amount of money. The entrance
fee to the first regional is $5,000, and the second one is
$4,000. That’s not even getting into transportation, robot
costs, or lodging for over forty students and mentors.
These costs add up to about $30,000 a year. As a team,
we need to creatively raise all the money that we will use.
Currently, our sources for funds include selling light
bulbs, running a summer camp for middle school
students, applying for various grants, and presenting to
local businesses.
While each of these methods provides a valuable portion
of money, donations can vary in size from year-to-year. It
is a good idea to have several sources of funding in case
one falls through or doesn’t provide as much money as
you were anticipating. Sometimes the team earns all of
the funds we need, but sometimes we have more trouble.
The following are a few fundraising ideas that supplement
our team’s income:
 Robotics Summer Camps. We spend a week each
summer teaching middle school students about
robotics. The proceeds from their participation
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fees are used to pay for the team’s expenses. This
camp brings in about $2,000 every year for the
team. Although this is a good way to earn money
and spread the message of FIRST, the experience
can vary depending on the availability of our
students and mentors as well as the level of
interest from participating middle school students.
Grocery Bagging at Cub Foods. Every year during
the holiday season, our team bags groceries at a
local Cub Foods grocery store. We give robot
demonstrations and customers can tip us for our
service. These tips generally range around $1,000
for two evenings of about eight students bagging
groceries. The best way to maximize the profit for
this one is to reserve a day around a holiday like
Christmas or Thanksgiving when there is a lot of
traffic at the store. However, this event needs to be
organized early, as those dates are the first to go.
Contacting local businesses. Many businesses are
often looking for possible donation recipients.
Reach out to businesses in your area and offer to
give them a business presentation. Team 2530 can
use Mayo High School’s 501c3 code, making us a
non-profit donation recipient (major bonus for
businesses). Even if the business isn’t directly
related to STEM, they might be willing to donate,
so always ask—the worst they can say is no. We
reach out to several businesses each year and are
usually supplied with amounts ranging from $100$2,000 from each donor. Some businesses will
even provide help with fabricating parts or
supplying other resources.
Similarly, some banks will donate money to
organizations like ours. The banks that have
branches in Rochester are Sterling State Bank,
Associated Bank, Wells Fargo and Think Bank.
The Business subgroup hasn’t contacted many
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banks, but Premier Banks provided us with a $500
donation. Try contacting these banks with a formal
letter explaining what FRC and Team 2530 are.
Finally, grants. There are always grant cycles
going and they can be very fruitful as a source of
income. We have successfully received several
grants including the CECAC grant ($1,000), Mayo
Clinic grants ($1,000 and $2,000), Rochester
Rotary Clubs grant ($500) and two IBM grants
($2,000 each). There are many grants out there
that could help pay for the season, all you need to
do is look for them. However, keep in mind that
there are many grant cycles that fall outside of the
build season, so the money from these grants
might come later than you expect them to. Use a
calendar to keep track of upcoming grants. Also
realize that there is a significant chance that you
may not receive a grant, so do not depend on them
primarily for money.

Team Selling Points
In this section, some major selling points for the team are
listed to help for a quick team snapshot to potential
donors. These “selling points” should focus on why your
team is unique when compared to other extracurricular
activities and why you’re worthy of sponsorship. These
should be included in all business plans, presentations and
letters about the team to potential donors. Quotes are
taken from Team 2530’s 2013-2014 Business Plan.
 “Team 2530 Inconceivable is based out of
Rochester MN and is composed of students from
all four area high schools (Mayo, Century, John
Marshall and Lourdes).” This is very important
because most donors are looking to have their
money serve more than just a few people. Being
composed of students from a variety of
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backgrounds, we fit that description very well. It’s
even a good idea to know the exact number of
students from each school.
 “Helping to promote STEM (Science,
Technology, Engineering and Math) interests,
FRC is a fun way for students to get involved and
do hands-on work with STEM professionals to
solve real-world problems.” STEM holds some of
the fastest growing job fields in the world. FRC
and our team provide a fun environment where
students can experience the challenges and
rewards of working with STEM.
 Team 2530 isn’t just about engineering, though.
Members of the team also learn other valuable
skills too. These include people skills, presentation
skills, communication techniques, and
professionalism. These skills will serve them
greatly wherever they go. (Also see Gracious
Professionalism and Coopertition in Jargon
Section)
This is not a complete list; there are tons of other selling
points for the team. These are the essentials. Challenge
your teammates (even those outside of the Business
subgroup) to come up with other selling points unique to
your team.

The Business Plan
A business plan is essentially a roadmap for your team’s
business side. This is a good document to show sponsors
and it will be extremely helpful during year-to-year
transitions with students leaving and joining the team.
You team business plan should include:
1.) Executive Summary—This is a brief description of
your team. Be sure to explain this in such a way that
somebody with no connections to FRC would understand.
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It should also explain why the team needs financial
support.
2.) Company Description—Think of your robotics team
as a company. This should be similar, but more
descriptive than the Executive Summary. Describe who is
on your team, what they do, and why it’s worth
supporting.
3.) Organization and Management—How is your team
organized? Detail any subgroups you may have, or
describe any leadership positions students can obtain.
4.) Company Outreach and Fundraising—Detail all of the
ways your team is involved with your community, and
explain how the team receives financial support.
Keep in mind that this is just a loose suggestion for a
business plan. There are many different tutorials and
guides on how to write a business plan on the Internet,
and you should consider adding or omitting sections to fit
your team. However, keep in mind that a formal business
plan can be an important document in organizing your
team and impressing potential sponsors.

Thank You Letters
It is imperative that you acknowledge and thank your
sponsors for their generosity. Sending thank you letters
exemplifies the concept of Gracious Professionalism.
Remain professional, but show your gratitude. Your thank
you letter should include the following:
1. What the business has provided—whether a cash
donation or access to machining equipment, it is
important that you tell the company where their donation
went. Make sure that this is consistent with what you told
them during your business presentation.
2. Why this donation was helpful—what did this donation
do to help the team? Did it help you buy a 3D printer?
Did it provide access to unique resources that you
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couldn’t find elsewhere? Or perhaps it simply let your
team focus their efforts on being a competitive robot
instead of searching for money. Whatever the case, be
sure to tell the business how they helped your team.
3. Where your team is going—share your success! These
businesses will be excited to hear about how well your
team is doing. Tell them about your awards and successes
at competitions. If you’re writing the letter before you
compete, tell them about which competitions you are
planning to attend. If the businesses are conveniently
located (or even if they’re not) consider inviting a few
representatives to attend a regional competition or visit
your team during build season. They will appreciate that
you thought to include them.
Our team has found it helpful to organize an Excel
spreadsheet with various donor contacts. That way, we
have a reference document when we need to send a thank
you letter. We also have a column to indicate that the
thank you letter has been received to avoid a letter from
getting written but not sent. We can also look back yearto-year and make sure that we are still keeping in touch
with all of our supporters.
Most importantly, thank you letters let sponsors know that
you’re still thinking of them even after they have donated.
This is a great way to maintain a positive relationship
with your donors. Including team pictures with your thank
you letters and inviting sponsors to team gatherings
personalizes the connection you have formed.

The Bottom Line
The Business subgroup is just as, if not more important,
than any of the other technical subgroups. Without all of
your efforts, the team wouldn’t be able to afford the robot
or to go to competition! Use this chapter as a guideline to
organize your own team’s financial development. The
best thing you can do as a Business subgroup is to stay
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organized and constantly be on the lookout for new
funding. Don’t be afraid to get creative and take
advantage of whatever unique fundraising opportunities
may be present in your area.
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Chapter 5

CAD
1.) CAD Overview:
CAD is an acronym which stands for “Computer Aided
Design” and is a way to create, modify, and optimize 2dimensional (“2D”) and 3-dimensional (“3D”) objects and
assemblies directly on a computer. CAD, which has been
developed over the past 30-40 years, is somewhat new to
the industrialized world. Prior to CAD, people used
pencil and paper to create these types of objects. Not
much previous knowledge is required to join this
subgroup, although it is highly recommended that the new
members check out the team 2530 CAD Tutorial (link to
this is posted under our website www.frcteam2530.org
under the “Resources” tab). The goal we have for our
students is for them to learn CAD and apply those skills
within their team and throughout their lives.
2.) Use of CAD on Team 2530:
Our Team uses CAD for designing and prototyping our
robot during the early stages of build season prior to parts
being fabricated and assembled.
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o URL to download a free student copy of Autodesk
Inventor Professional through FIRST:
http://www.autodesk.com/education/freesoftware/inventor-professional
- Every team member wanting to run CAD should
obtain a copy of this for their home PC.
> Run tutorials, do example designs, etc. to learn how
to use CAD.
o “Team 2530 CAD Tutorial” was developed over the
2014 Summer
- The tutorial is posted on the Team 2530 website
- Every team member who wishes to work on CAD
needs to study this manual.
> Ensure Autodesk Inventor is consistently used
according to the procedures outlined within it.
o This will greatly help promote continuity
throughout the CAD team.
o Refer to tutorial videos located on Autodesk.com and
Youtube.com.
3.) Skills Used:
While a wide variety of skills are used throughout CAD
design, here are some particular attributes which are key
to our team’s success:
o Communication: actively keep all team members
aware of requirements and resulting design direction.
o Focus: ability to stay on task and not deviate to
activities of low or no priority.
o Machining and Assembling: ability to fabricate and
assemble parts accurately.
o Observation: always looking for issues in design and
ways to improve.
o Ownership and Responsibility: complete followthrough on designs and tasks that you own.
o Prioritization: rank which tasks are the most important
and ensure team is focused on them.
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4.) Key Design Considerations:
Please refer to each subgroup’s Book of Knowledge
chapter for details on design considerations.
5.) CAD Best Practices:
Below is a list of good practices to consider when using
CAD.
o Refer to the “Team 2530 CAD Tutorial” for details.
o Use good communication with your team to:
- Ensure everyone knows both what they need to do
and what others are doing.
- Avoid duplicate work as well as missing/forgotten
work.
- Minimize overwriting of data.
o Assign parts/assemblies to each person to own. This
will minimize overwriting of data.
- Each person must follow-through on their design
responsibilities completely.
- Ensure all parts (including fasteners, brackets, etc.)
are designed in CAD.
- This will help ensure no interferences exist.
- This helps team to analyze assembly and disassembly
completely.
- Use good, descriptive file names so that it’s easy to
tell what the file contents are.
> Use Julian date notation (yyyymmdd) at the
beginning of each part name for proper auto sorting.
o Use DropBox application to access & store CAD data.
- URL to download a free copy of DropBox:
www.dropbox.com
o Ensure all parts (including fasteners, brackets, etc.) are
designed in CAD.
- This will help ensure no interferences exist.
- This allows the team to analyze assembly and
disassembly completely.
o Here is a list of design practices which can help in
producing an awesome robot:
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- Strive to use existing, purchased parts wherever
possible.
> This will reduce the amount of machining needed.
- Keep fabrication in mind when designing:
> Make parts of standard sized materials when
possible:
o ⅛,¼,⅜,½,¾, and 1 inch thick bars or sheets of
aluminum.
- Consider steel only in areas where high
strength is needed and/or repeated wear is expected.
o ⅛,¼,⅜, and ½ inch thick sheets of polycarbonate.
> Use standard bolts, nuts, and threads (English
system).
> Minimize different thread types as possible to
simplify assembly and service.
o 1/4-20 (primarily for mechanical components)
- Use 5/16-18 only if more strength is needed.
o 8-32, 6-32, 4-40 (primarily electronics mounting).
> Socket head or hex head bolts are preferred.
o Socket heads can be concealed in counterbores to
prevent interferences.
o Hex heads can be torqued/tightened very high.
- Other fabrication considerations:
> Can it be held in a vice?
> Try to avoid obscure numbers and long decimals.
> Does it have unnecessary angles?
> Does it have unnecessary rounded edges?
> Could it be chamfered instead?
> Does it require large amounts of material removal?
o If so, try to make it out of two or more parts
bolted together.
- This can save time, money, and material.
> Material cost.
> Energy/time required to machine and assemble.
> Strive to design the largest plane of the object on
the XY axis (the holes should be on Z.)
- CAD design for 3D printing:
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> Make all threaded holes the diameter of the tap
drill.
> These can NOT be structural parts or high speed
parts.
> Consider cost. These parts cost $20+ dollars a pound
and take a very long time to make
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Chapter 6

Programming
What is the Programming subgroup?
The Programming subgroup is a small group of
individuals who are responsible for writing code for the
robot. The subgroup is essential in the process of building
a functioning robot, because without the code, the robot
would not run. No programming experience is needed, but
members are encouraged to have some background
knowledge. New members join the group by expressing
interest and learning the programming language.
Common skills that are essential include communicating
effectively, basic education in mathematics, logic based
reasoning, and proper use of a computer.

Responsibilities
The Programming subgroup is responsible for creating
code that not only runs the robot in teleop mode (when
the drive team is control of the robot) but also for creating
the autonomous mode(s) that make(s) the robot run by
itself. Programmers must interact with team members
from the strategy subgroup and the drive team to get
requirements for what they want the robot to do, so that
the programmers can implement it. Also, the
Programming subgroup needs to communicate with the
electrical/mechanical subgroups to see what limitations
the robot has physically and/or to gain understanding of
certain elements that are needed to be added in order to
make the robot work. Furthermore, programmers must
learn the language that the team wishes to program in.
This can be done with the help of mentors, or through
online tutorials such as www.codeacademy.com, or
code.org/learn!
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Looking for Help
Cooperating with the Business subgroup, the
Programming subgroup needs to find willing mentors to
help the subgroup in their programming endeavors. This
is typically done by contacting local corporations and
businesses that have computer programmers/software
engineers and asking for help. For us, big corporations
such as Benchmark Electronics, HGST, IBM, and Mayo
Clinic have proven to be great places to find good
mentors. A worthwhile mentor should be knowledgeable
in one of the three programming languages that FRC
offers: Java, LabVIEW, or C++. Mentors should also be
available during build season to meet with programmers
and provide assistance. Often times, the Programming
subgroup and the mentor(s) will not know what to do in
certain situations. It is common practice to either Google
the solution or reference www.chiefdelphi.com, a forum
where robotics teams discuss and find answers to
problems. This is also a useful website to consult to share
or gain ideas that other robotics teams have.

Choosing a Programming Language
A Programming subgroup should choose one of the
programming languages previously mentioned that is
already known by the team or by one of the mentors. We
chose to use C++ because it is an easy object-oriented
programming language to learn, and it remains among the
highest programming languages used by businesses,
making it the industry standard. Therefore, we had no
trouble finding mentors that could program in C++ nor
was it time consuming to learn the language. In addition
to using the online tutorials previously mentioned, a team
might want to consider looking at a website directly
focused at teaching the specific programming language.
For example, if a team were to choose C++, the team
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would likely want to visit somewhere such as
www.learncpp.com !

Getting it All Set Up
Starting the process is often the hardest part that the
Programming subgroup must face. Foremost, members
are required to download necessary software that can run
a compiler and specific plugins that FRC distributes.
Although it is specific to each language, for our team we
had to go to
https://wpilib.screenstepslive.com/s/4485/m/13810 to
download both the eclipse compiler (C++) and the FRC
plugins. These plugins are important because they allow
you to program for the robot, and they come with code
examples in which to program. All instructions are in the
links provided within the website. Not only does this site
give you the things a team needs to actually start
programming, but it also gives you a library of resources
that can teach you how to program different objects on the
robot such as joysticks, encoders, cameras, etc.
Documentation references are included, allowing online
users to learn how to instantiate any object on the robot,
use its methods, and research useful prefabricated
functions. Anything you need C++ programming-wise is
on that website, ChiefDelphi, and within the knowledge
of members/mentors.

The Final Product
Testing code on the robot is the most important factor in
determining if the code actually works. Testing usually
only takes a few minutes, but needs to take place
constantly throughout the build season. Programmers
must communicate with other subgroups to see if the
robot is in good condition for testing. After finishing
requirements from other subgroups, programmers should
share their working code to other team members via an
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online repository such as https://github.com/ so that they
can merge and download code as needed. Programmers
should be continually programming from kick-off until
the end of the season. Whether fine-tuning existing code,
or writing a whole autonomous code from scratch,
programmers should revise their programs in order to
meet the requirements of the team. Don't forget to have
fun and happy coding!

Mecanum Drive

while (IsOperatorControl())
{
float xVal = Saitek->GetRawAxis(1);
float yVal = Saitek->GetRawAxis(2);
bool trigButton = Saitek->GetRawButton(1);
bool leftButton = Saitek->GetRawButton(2);
bool midlButton = Saitek->GetRawButton(3);
bool rightButton = Saitek->GetRawButton(4);
myRobot->MecanumDrive_Cartesian(sval*0.5,
tval*0.25, -yVal*0.25, 0.0);
if
(leftButton && !rightButton){ tval = -1; }
else if (rightButton && !leftButton) { tval = 1; }
else if (leftButton && rightButton) { tval = 0; }
else tval = 0;
if
(midlButton && !trigButton) { sval = -1; }
else if (trigButton && !midlButton) { sval = 1; }
else if (trigButton && midlButton) { sval = 0; }
else sval = 0;
//backRight->Set(0.25);
//backLeft->Set(0.25);
//frontRight->Set(0.25);
//frontLeft->Set(0.25);
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}
}
};
START_ROBOT_CLASS(DefaultRobot);

Debugging
Sometimes, the 'robot code' light on the drive's station
does not light after a reboot. This means that the cRIO
decided that the code you loaded is somehow bad. You
can watch the cRIO boot over netconsole. The last step in
this process is loading up the user program and it will
display any errors it has there. This should help with your
debug significantly. A common source of problems is an
unresolved reference, aka missing code. If there are any
unresolved references, they will be listed on the
netconsole's output. Every interface in WPI LIB is well
documented. The header files are often the best place
to look, even if the descriptions are brief.

GitHub
Github is a system for sharing code among a team. Team
Github account is
https://github.com/Team2530/RobotCode Search github
for tutorials. New and better ones come out all the time.
YouTube has some good tutorial series.

Online Resources
http://wpilib.screenstepslive.com/
http://www.chiefdelphi.com/forums/index.php
Be sure get a Chief Delphi account, it allows access via
password instead of CAPTCHA and questions.
Google (yup)
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Hardware
Programmers end up debugging all kinds of problems,
often related to the hardware. Camera's need to be
initialized, to talk on the network. Directions are online.
Pneumatic solonoids need input parameters to match the
wiring exactly, or they won't operate. Solenoids need 30
psi to switch, however, they have lights to indicate
direction of air flow. The lights will switch even without
pressure. This is much safer and quicker for testing and
debugging. Motors need to be set up correctly. Inputs
must match wiring, and controller types must match the
controller type created in the code, or the motors will not
operate correctly.
Possible problems:
 runs backwards
 runs at the wrong power level
 doesn't move no matter what you try.
Some motor controllers need a jumper on the sidecar.
Find online directions for wiring and coding each specific
motor controller.
Beg for a wiring diagram! If there is a wiring diagram,
the chances of code matching wiring goes way up and you
safe TONS of time.
If lights are not lit, or something isn't moving, don't
hesitate to ask the wiring team for help.
They can test whether power is going where you think it
should. Wiring and Programming subgroups need to
work together to make rapid progress.
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Chapter 7

Mechanical
1.) Mechanical Overview:
Mechanical components relate to “hardware” (the objects
you can physically see & touch). Also, Mechanical
components provide the necessary areas in which to
locate and secure Electrical components, run wiring &
pneumatics, display sponsor logos, etc. Team members of
all skill sets can join this subgroup since you will be
shown everything from how to use a screwdriver to
assembling a drive train. Our goal is to build kids who
build robots.
Primary Mechanical Components:
Bumper system:
Blue and red colored
cushion assemblies to
protect and identify the
robot during competition.

12/22/2015

Cabling:
Electrical cables provide
power and signal to all
facets and functions of the
animate robot.
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Cart:
Apparatus to help
transport robot on and off
the playing field in
competition.

Drive system:
Motors, gears, pulleys,
belts, wheels, etc.

Electrical system:
The mechanical team works with
the Electrical team to install
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circuitry, sensors, limit switches,
processors, feedback systems, and
power distribution systems that
make the robot do what it does
best, process code to perform its
task!

hold everything
together.

Mechanisms & Bracketry:
Ingenious pieces which help the
various robot systems work as
designed as well as connect
different parts.

Motor systems:
Motor-driven
mechanisms to help
collect, manipulate,
and shoot game
pieces.
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Pneumatic (airpressurized) systems:
Air compressor, solenoid
valves, hoses, air
cylinders, etc.
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2.) Mechanical subgroup Duties:
Our Mechanical subgroup designs and builds the various
Mechanical components listed above. We strive to gather
a wealth of ideas through brainstorming sessions before
starting to design. Since each team member may have
different Mechanical skills, we teach/mentor each other
on key Mechanical attributes as needed.
The Mechanical subgroup performs a series of steps and
phases when designing robot components and assemblies.
These steps help ensure ideas are heard and evaluated to
determine validity of various designs for the robot.
The steps include:
o Idea Generation:
- Brainstorm a series of ideas.
- Critique of ideas (but after brainstorming is
complete).
> Did we mention to critique ideas after
brainstorming is complete?
o Prototyping:
- Create freehand or CAD (“Computer Aided Design”)
sketches of part designs.
> Only a “basic/rough” level of detail is needed in
order to create prototypes.
- Prototype parts as needed.
> Make quick models using wood, cardboard,
foamcore, etc.
- Evaluate and test prototypes.
- Modify prototypes as needed and re-evaluate.
12/22/2015

Page 61 of 132

The Book Of Knowledge

o Detailed Designing:
- Use CAD to model each design.
- Assemble designs in CAD to ensure proper fit.
- Evaluate weight of robot using CAD measuring tools.
o Documentation:
- Ensure 3D CAD data is complete and accurate.
> Measure parts, check for assembly interferences,
etc.
- Create 2D CAD drawings for fabrication.
- Create 2D CAD exploded assembly drawings for
building.
- Create robot Bill of Material (“BOM”) list of parts
and assemblies.
o Fabrication & Build:
- Use CAD data to purchase/make parts.
- Use CAD data to assemble parts together.
o Test/Validation:
- Test each system as well as entire robot.
- Modify designs as needed and re-evaluate.
- Weigh entire robot to ensure it is within FRC
specifications.
3.) Skills Used:
While a wide variety of skills are used throughout the
steps listed above, here are some particular attributes
which are key to our team’s success:
o CAD: Computer Aided Design is a tool to design the
robot and communicate to fabricators.
o Calculations and Predictive Design: use engineering
principles to determine correct size/shape of parts.

12/22/2015

Page 62 of 132

The Book Of Knowledge

o Communication: actively keep all team members
aware of requirements and resulting design direction.
o Focus: ability to stay on task and not deviate to
activities of low or no priority.
o Machining and Assembling: ability to fabricate and
assemble parts accurately.
o Observation: always looking for issues in design and
ways to improve.
o Ownership and Responsibility: complete followthrough on designs and tasks that you own.
o Prioritization: rank which tasks are the most important
and ensure team is focused on them.
4.) Key Mechanical Design Considerations:
When designing parts, below is a list of important
considerations:
o Cost: ensure overall cost of robot is within FRC rules.
o ESD (“Electro-Static Discharge”) Mitigation:
electrically ground robot to cart and cart to floor.
o Fit: provide correct amount of clearance between parts
(“loose” fit, “tight” fit, etc.).
o Manufacture and Service: design the robot to be as
easy to manufacture and service as possible.
o Purchase: can any design be purchased? If so, it would
save fabrication time and expense.
o Quality: focus on sufficient robustness in design to
withstand the rigors of competition and service.
o Safety: apply shields, restraints, etc. to protect users
from harmful robot components.
o Schedule: maintain and comply with a series of
checkpoints to ensure team stays on schedule.
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o Size & weight: ensure overall robot size, weight, and
extents are within FRC rules.
o Swag Enablement: provide ways to locate & mount
cool-looking items (LEDs, logos, team colors, etc.).
> However, ensure all other higher-priority items are
complete first.
5.) Mechanical Best Practices:
Here is a list of practices which can help in producing an
awesome robot:
o Strive to use existing, purchased parts wherever
possible.
- This will reduce the amount of machining needed.
o Assign parts/assemblies to each person to own. This
will minimize overwriting of data.
- Each person must follow-through on their design
responsibilities completely.
o Ensure all parts (including fasteners, brackets, etc.) are
designed in CAD.
- This will help ensure no interferences exist.
- This helps team to analyze assembly and disassembly
completely.
- Use good, descriptive file names so that it’s easy to
tell what the file contents are.
> Use Julian date notation (yyyymmdd) at the
beginning of each part name for proper auto sorting.
o Keep fabrication in mind when designing:
- Make parts of standard sized materials when possible:
> ⅛,¼,⅜,½,¾, and 1 inch thick bars or sheets of
aluminum.
o Consider steel only in areas where high strength
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is needed and/or repeated wear is expected.
> ⅛,¼,⅜, and ½ inch thick sheets of polycarbonate.
> Use standard bolts, nuts, and threads (English
system).
o Minimize different thread types as possible to
simplify assembly and service.
- 1/4-20 (primarily for mechanical components)
> Use 5/16-18 only if more strength is needed.
- 8-32, 6-32, 4-40 (primarily electronics
mounting).
o Socket head or hex head bolts are preferred.
- Socket heads can be concealed in counterbores
to prevent interferences.
- Hex heads can be torqued/tightened very high.
- Other fabrication considerations:
> Can it be held in a vice?
> Try to avoid obscure numbers and long decimals.
> Does it have unnecessary angles?
> Does it have unnecessary rounded edges?
> Could it be chamfered instead?
> Does it require large amounts of material removal?
o If so, try to make it out of two or more parts
bolted together.
- This can save time, money, and material.
> Material cost.
> Energy/time required to machine and assemble.
> Strive to design the largest plane of the object on
the XY axis (the holes should be on Z.)
o Ensure you wear appropriate safety equipment during
fabrication and build activities.
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o Suggestions to familiarize yourself with common
mechanical parts:
- Visit local hardware stores (Menards, Home Depot,
Ace).
> Familiarize yourself with the standard parts they
carry.
- Look at online sites (McMaster.com, 8020.net,
AndyMark.com, etc).
6.) Mechanical Reference Information (Videos,
Diagrams, etc.):
o 507 Mechanical Movements (some are animated):
http://507movements.com/
o Chassis/Frame and manipulator design information:
- “Chassis Design Considerations” (from WPI
ThinkTank): http://thinktank.wpi.edu/article/8
- “Manipulator and Appendage Design” (from WPI
ThinkTank): http://thinktank.wpi.edu/article/178
- “Designing Competitive Manipulators” (from WPI
ThinkTank): http://thinktank.wpi.edu/article/28
o Drive system information:
- “Drive System Designs” (from WPI ThinkTank):
http://thinktank.wpi.edu/article/175
- “FRC Drive Systems” (from WPI ThinkTank):
http://thinktank.wpi.edu/article/198
o Motor drive system info:
- FRC motor performance chart:
http://www.usfirst.org/sites/default/files/uploadedImages
/Robotics_Programs/FRC/Game_and_Season__Info/2014
/2014_Motor_Information.pdf
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- “Motor Selection and Use” (from WPI ThinkTank):
http://thinktank.wpi.edu/article/134
o Belt drive system info:
- Belt length, center distance, and speed ratio
calculators (from Gates Corp.):
http://ww2.gates.com/first/resources.html
- Belt & pulley design & technical info. (from Gates
Corp): http://ww2.gates.com/first/docs/pdfs/2014/FIRSTTech-Notes-2014.pdf
- Belt & pulley application videos (from Gates Corp):
http://ww2.gates.com/first/video.html
- “Using Belts and Belt Drives” (from WPI
ThinkTank): http://thinktank.wpi.edu/article/199
o Fastener overview from Bolt Depot:
http://www.boltdepot.com/fastenerinformation/Printable-Tools/Fastener-Basics.pdf
o Pneumatics videos:
- FRC pneumatics manual:
http://www.usfirst.org/sites/default/files/uploadedImages
/Robotics_Programs/FRC/Game_and_Season__Info/2014
/2014FRCPneumaticsManual.pdf
- “Effectively Using Pneumatics” (from WPI
ThinkTank): http://thinktank.wpi.edu/article/36
o 80/20 Extruded Aluminum Channel Information:
- Home page: http://www.8020.net/
- Training center videos:
http://www.8020.net/Training-1.asp
- Design tools: http://www.8020.net/Design-Tools1.asp
 List of all videos from WPI ThinkTank:
http://thinktank.wpi.edu/tag/2
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Chapter 8

Electrical
As an FRC team, everything is naturally split up
into several groups. Electronics is one of these. Generally,
there are about three to four key people who learn how to
develop a powered system for the robot and specialize in
hands on interaction with it. When a new season starts,
those who express the most interest and commitment to
being involved with fabricating the electronic systems are
the ones who work on it during the season.
One of the best things about an FRC Team is that
you don't need any prior experience with building robots.
It certainly helps, but you can learn along the way. During
the course of the season, from an electrical point of view,
our students learn everything from the differences
between Jaguar and Victor motor controllers to wire
management skills. By the end of the year, every single
person that has so much as stepped foot in our shop
knows more than they did before.
We have a lead electrical student who's job it is to
mentor everyone and ensure that the proper tasks are
being done as well as provide organization and direction.
They are responsible for seeing that every job gets done in
order that the robot is working by the designated
completion date. We also have electrical mentors who are
usually parents that are electrical engineers.
We have also had mentors who simply join the
team because they want to be involved. Often times they
are electrical engineers or professionals that are involved
in design at IBM or local business. These mentors
encourage our students to take on new challenges and
learn new and exciting things. They provide input to the
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design of our robot and help in problem solving and
troubleshooting the robot.

What is the point of electronics on the robot?
The electronics system is the part of the robot that
powers the processor and communications, sends digital
and analog information, and provides power to control
components including motors, servos, and pneumatic
components.

Electricity basics and vocabulary
Electricity is composed of two major components: voltage
and current.
Voltage is the electric potential between two points. It is a
measure of how much work a single charged
particle can do. Voltage is measured in Volts and
commonly abbreviated with a “V”.
Current is the flow rate of the charged particles. It is a
measure of how many charged particles pass
through a given point in a second. Current is
measured in Amperes (amps) and commonly
abbreviated with an “I”. Why the “I”, you ask? "I"
stands for "Impetus", which was the original name
for the strength of an electrical current prior to
Andre-Marie Ampere's Law of 1825.
The current and voltage of a circuit are proportional to
each other with the inclusion of another factor:
Resistance is the opposition to current flow in a
conductor. Resistance is measured in Ohms and
represented with either an “R” or an omega (Ω)
Ohm’s Law: An equation that relates Voltage, Current,
and Resistance:
V=I*R
Electricity flows in a loop called a circuit. This circuit is
composed of current-carrying conductors, mainly wires.
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Although conceptually simple, these can get really
complicated.
Electronics Test Equipment
The most useful tool for our purposes for electronics
testing is the Digital Multimeter (DMM).
SparkFun has a great tutorial about using a DMM:
https://learn.sparkfun.com/tutorials/how-to-use-amultimeter/all
(How to use a Multimeter)

A High-End Digital Multimeter (Fluke 87-V)
Basics of Wiring
Wires are usually the things that carry the current in an
electric circuit.
Wires come in varying thickness, enumerated by the
Gauge of the wire (AWG). The smaller the gauge, the
thicker the wire. Also note that thicker wire is able to
carry more current
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Recommended current table for wire gauges:

Power Supply wires:
These wires carry the main power supplies of the
processor, breakout modules, and motor controllers.
Normally these devices will require a positive voltage,
commonly denoted with a red wire, usually 12 volts or 5
volts, and a negative voltage or ground, commonly
denoted with a black wire.
In circuit schematics or diagrams, you will commonly
find these symbols representing them:
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Using the appropriate wire gauge for the supply wires is
important. Often you will not be able to pass inspection
without using the right sized wires
Another important note: DO NOT APPLY MORE
THAN THE SUPPLY VOLTAGE TO ELECTRONIC
DEVICES. More than once have we burned up $200+
devices because we applied 12V instead of 5V. A look
at the datasheet, or even on the product will say the
operating voltage of the device

One more thing with power supply electronics-sometimes you will encounter something like this: Now
what?

Usually these devices will
come with a plug
pack/wall power supply,
which will help you lots,
for example:
These have some key
parameters on them that
will come in handy
Notice the OUTPUT of
the power supply: 24V
DC
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Also note this symbol:
This means that the CENTER of the supply is the 24V

and the OUTSIDE part is at 0V or GROUND
Use a Multimeter to
find out which wire
is the center (using
the continuity
setting), and connect
that to the positive or
negative (above), and
do the opposite for
the other.
Signal-Level Wiring
Another purpose of
electronics is to
transmit digital and
analog information
around the system.
This is accomplished
with Signal Wires.
PWM (Pulse-Width Modulation) Cables are your best
friend when it comes to wiring signal-level circuits.
They contain a signal wire, a power wire, and a ground
wire.
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These cables may
have a different color
scheme, but they will
always have red for
power, a dark color
for ground and a light
color for signals.
PWM cables are used
in wiring motor
controllers, relays,
and digital IO signals
to peripherals.

Safety Precautions
Electronics are relatively safe compared to the mechanical
side of the robot, but a lot more dangerous than
programming.
Short circuits and high currents are the major concerns,
causing things to heat up, smoke, and if worst comes to
worst, explode.
SAFETY GLASSES ARE A NECESSITY.
Safety tips:
1. Leave no conductor exposed to the air-If some
other wire touches it or if a piece of metal from
the robot falls on it, it could be disastrous. Heatshrink and electrical tape is your friend
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2. Keep wires color-coded--This clearly shows
which wires have a voltage on them, notifying you
that you should be extra careful with these.
3. Use the right voltage level--You can fry the
network camera, wireless bridge, and any other
component really if you use the wrong voltage
level.
4. DO NOT HOT-SWAP--hot-swapping is plugging
stuff in when the power of the robot is on. This
could create potential short circuits, excessive
current draw, and is generally a bad idea.
5. Strain-relieve wires and cables--We don’t want a
connection to break during the middle of a match
due to a wire simply moving around. Strainrelieve wires with heat-shrink, pen springs, or hot
glue so that the wire doesn’t bend at awkward
angles. This is especially true if the wire is going
to a moving part on the robot like a turret or a
lifting arm.
Common Trouble Spots
Here are a couple tips:
1. Create a go-bag with all your equipment in it—
this will ensure that you have all of your tools
ready to go when you go to a competition or
meeting.
2. By far one of the most common trouble spots
improper orientation of PWM cables--make sure
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that they are plugged in properly or your
peripheral won't work properly.
3. A PWM cable being unplugged or plugged into
the wrong port on the processor will not work as
well—when confronted with a problem that seems
related to PWM cables, confirm output lines with
programmers.
4. A digital multimeter is one of the most effective
debugging tools for members of the Electrical
subgroup--make sure that you have a good,
reliable multimiter that you can carry around and
use frequently.
5. Another common problem in messy electrical
boards is broken or frayed wires--check for this if
your debugging results in no other logical
problem.
6. Keep your wires organized and document,
document, document--there is nothing more
annoying than tracing out wires and having to
constantly ask programmers what they have set as
outputs. So instead of that hassle, keep written or
electronic records of every part of your electronics
system.
7. If debugging results in no conclusive problem,
check with the programmers. As often as not, the
problem is software, not hardware.
8. Ensure the robot is properly grounded to the cart
and cart to the floor to reduce the chance of
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electro-static discharge (ESD) spikes affecting the
robot’s function.

Going Above and Beyond
1. Learn to solder--this is a great help for making
custom length cables and fixing broken wires.
Recommended links:
https://www.youtube.com/watch?v=I_NU2ruzyc4
&feature=kp
2.
Creating custom digital circuits--This can give the
robot and infinite number of extra features. It can take a
lot of time to learn, but anyone can do it with a little
effort. Try starting with Arduino and some Electronics
tutorials by SparkFun:
Links:
http://arduino.cc/
https://www.youtube.com/user/sparkfun/playlists?
view=1&sort=dd&shelf_id=1
3.
Learn to program--This can also be a great help,
especially when it comes to custom circuits. You may
need to access some digital communications modules of
the processor like RS-485 or I2C to interface with one of
your devices. Knowing how to use these modules in
software can be a great help
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Chapter 9

Drive Team
Overview:
The drive team operates the robot at competitions
and events. To do this effectively, its members must also
coordinate strategy with other teams. There are four
members: the driver, the operator, the human player, and
the drive coach. Be warned, there is a lot of hard work
and stress that goes with being on the drive team, so
understand this when volunteering to be a driver.

During Matches:
At competition, the first day or half-day usually
consists of practice matches so that the teams can fix any
problems on the bot. These aren’t recorded or taken into
account for rankings; instead they serve to help teams
understand the rules and restrictions during game. Once
the official matches begin, drive teams and robots wait in
queue a few matches before they have to play in order to
keep things moving swiftly in between matches. The
queue is a good place for teams to communicate with their
alliance-mates and develop a strategy for that specific
match.
Before each match, one person on the drive team
sets up the “driver station” that holds the laptop for
connecting to the robot and the controllers the drivers use.
Two other members carry the robot onto the field and set
it in the desired starting position. The last member puts
the robot cart in the designated area. Teams will be in an
alliance with two other teams; this alliance will face off
against an opposing three-team alliance. These alliances
change with every match, so be prepared to compete
against a team that you were just allied with in the last
match. Once the game starts, the bots have an
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“autonomous period” where they operate on their own, so
the drive team simply watches the robot try to score
points. Immediately after this, the drivers step into the
driving area and now have direct control of the bot.
The driver and operator control the robot at the
driver station, maneuvering it around other robots and
trying to score or prevent the other team from scoring.
The human player interacts with the robot and helps score
points or assist the robots on the field in any way possible.
Each team’s drive coach communicates with the members
of other drive teams as well as their own; they are
responsible for watching the big picture and conveying
what needs to be done at any moment.
After the game ends, one member carries the
driver station away, one gets the cart to transport the
robot, and the last two carry the bot from the field onto
the cart. From there the team brings the robot back to the
pit and starts to strategize with other teams.
The alliances change every match, so teams need
to strategize with their new alliance-mates before each
game. It is important to stay calm and communicate
clearly, otherwise the other drive teams will not know
what to do and the strategy of the match will fail. If one
team has a strategy they insist works and will help win the
match, the other teams should coordinate around said
strategy to ensure victory. This is all done before the
match begins so if something happens in the middle of the
action (say, a battery dies on one of the team’s robots), it
is important to keep a backup strategy ready and
communicate effectively on the fly.
The following is a closer look at the different team
members and their responsibilities in the game. The main
driver, operator, and human player all have to be students,
but the drive coach can be either a student or an adult
mentor.
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Driver: The main driver who directly controls the
robot on the field. Whatever the alliance has
planned before the match, the driver must be
adaptable to any situation on the field. Whether
this is switching from offense to defense or
dodging other bots in order to score, the driver
must be willing to change at a moment’s notice



Operator: The secondary driver controls any
functions on the robot not related to driving the
main body. For instance, for the Aerial Assist
game (2014), our operator controlled a grabber
arm and the robot’s shooting mechanism. The
driver and operator need to be directly
communicating the whole match so that the game
runs smoothly.



Human Player: The human player assists the
drivers off of the field in whatever way the game
allows. This usually means interacting with the
game pieces and helping the drivers score points.
In the Aerial Assist year, our human player helped
toss the ball into the robot after our alliance had
made a goal. This position is generally less intense
than driving or operating, but the human player is
still expected to work as hard as the others outside
of the matches.



Drive Coach: The drive coach talks with the other
coaches during the match, tells them what our
team is currently doing/planning, and tells our
team about the other teams’ ideas. Coordinates the
actions of all other team members, and
communicates new strategies as new situations
arise. This tends to involve sustained, high volume
use of vocal chords.
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Chapter 10

Scouting
Scouting is an essential tool in any Robotics competition.
The purpose of it is to observe and record information
about other robots, such as capabilities, strengths, and
unique qualities. That way, the drive team knows what to
expect from other robots in matches. Also, when it is time
for your team to choose your winning alliance, you will
have information that best represents your choices (do not
rely on rankings to choose your alliance because they will
not accurately rate robots). If organized effectively,
scouting can be a simple role that any team member can
help with in a competition.

1) Preparation Before Matches
There is much to do for the scout team before
competitions begin. In fact, the scout team can start
preparing during build season. It is essential that the scout
team know the rules of the game, so arrange for scout
team meetings. Use this time to review rules, such as what
counts for points and how to account for different actions.
This is also a good time to create the scouting sheet that
scouts will use to record data in competition. It is best that
everyone is familiar with this sheet ahead of time;
competitions are very fast-paced and will not allow time
for explanations between matches. When creating this
scout sheet, be sure to collaborate with the drive team;
they will know best what should be looked for in other
robots. At this time, you may also prioritize which
qualities are most important. Knowing beforehand what
skills are most desired will make choosing alliance
members simpler in competition. Watching other matches
is another good way of developing this sheet. If possible,
watch other regional matches beforehand to test how
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well-organized your scouts and data sheet are. Most
regional matches will either be streamed live or recorded
and put online afterwards.
In the 2014 FRC Robotics game Aerial Assist, examples
of what went onto Team 2530’s scout data sheet would
have been how many complete cycles were made, what
kinds of points were scored in autonomous, and whether a
robot was capable of scoring in low goal, high goal, or
both. Previous preparation provided for reliable data
because our scouts knew what a full cycle was and what
combination of points could be received in autonomous
mode.

2) Pit Scouting
The practice day when teams are allowed into the pit to
work on their robots is significant. On this day, the scouts
should be divided into groups of three. Each group of
three will be assigned to a certain number of teams in the
pit. They will go around and introduce themselves to the
other teams, gathering information on what teams believe
their robots will be capable of doing.
To make this easier, provide a specific list of questions
that the scouts should ask each team -- significant
mechanisms, strengths and weaknesses of the robot,
intended strategy, capabilities, etc. Giving specific
questions provides a consistent list of things to compare
between robots. While there will certainly be inflation
with teams’ claims, this scouting still provides a helpful
base of knowledge before matches begin.
This is also a good time to match the pictures that the
team photographer will have taken to each team; visuals
are extremely helpful in remembering robots.
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3) Recording Information
Team 2530 has relied on using pencil and paper to record
answers during both pit scouting and competition
scouting. There are apps available on the Apple and
Android stores, but difficulties can arise when it comes to
syncing data and recording customized data sets.
Remember that in the arena, there is no Wi-fi to use.

4) Competition Scouting
You should have two head scouts and twelve scouts. The
scout team will be split into two groups -- one head scout
for six scouts. If your team size allows it, you can
certainly have more than two scout groups. The head
scouts are responsible for compiling and analyzing the
information that the scouts collect. The six scouts are each
assigned to a robot (Red 1, Red 2, Red 3, Blue 1, Blue 2,
and Blue 3) to observe in each round. There are two scout
groups, so during competitions, they can rotate between
scouting in the stands. Watching matches is certainly
exhilarating and exciting, but it can get long if no breaks
are allowed.
This is where your hard work in scout team meetings will
start paying off! Between rotations of scout team groups
and the scout data sheet that you have created, you can
start collecting reliable data about every single robot.

5) Analysis and Communication of Scout Data
Now comes the part where the head scouts come in.
Instead of scouting, they will be monitoring the rotation
of scouts and also entering and analyzing the data
collected into whatever program they choose to use. Team
2530 has used Microsoft Excel in the past, and that has
worked out fine. Their first priority will be organizing the
data for each robot, so there is an accurate description of
every single robot.
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The data about each robot has to be communicated to the
drive team throughout the competition. In the past, we
have had members run between the stands and the pit with
information about what our scouts have observe. This is
extremely helpful because our drive team will know what
to expect of all the other robots on the field, both their
own team members and the opposing alliance.
The data is also imperative when it comes to choosing
your alliance once you make it into the top eight alliances.
Using the list of qualities that the scout team and drive
team prioritized (mentioned in part 1) and the data the
scouts have collected will help to narrow down the robots
to the most optimal team. Altogether, the efforts of a
scouting team will help to bring your team to St. Louis.
Good luck!
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Chapter 11

Safety
Here at Team Inconceivable, safety is the number one
priority. We have a safety team with a Safety Captain who
also has an apprentice. The Safety Captain will ensure that
everyone is being safe. This includes the need to be
wearing goggles whenever near an enabled robot or
working tools in the shop. The Safety Captain teaches the
FRC Safety Manual to their predecessor, and it is their
responsibility to insure that every member of the team
understands the basics of staying safe. For example,
wearing safety glasses, gloves, or having mentor
supervision when using any power tool is important.
Common sense is also something necessary for our
team, but if anyone forgets to use it, it’s Safety Captain’s
job to remind that student or mentor.
At competitions, the safety captain reminds everyone on
the team to wear the right safety equipment and
acknowledge robots being transported in and out of the
pits. The Safety Captain is also present in the pit to assist
the team in any way, running errands, making sure the pit
is organized and clean, and always watching out for unsafe
practices. The Safety Captain should make sure that
everyone is aware of emergency exits, fire extinguisher
locations, the location of the battery-spill kit, and any other
relevant information. The Safety Captain isn’t just there
for safety, he or she also helps with problems that other
teams might have when in the pit area. Like everyone else,
Safety personnel are around to lend a helping hand to
anyone in need.
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Chapter 12

Website
Basic role
To cultivate a web presence for the team, present
accomplishments, contributions to the community, and
recognition of sponsors. The webmaster aims to provide a
general informational site for the public.

Technologies utilized
-HTML5 (for basic formatting, foundation of website)
-CSS3 (for styling the site, enhancing the user interface)
-PHP5* (for dynamic functionality, building web
applications)
-MySQL* (database manipulation)
-minor jQuery usage
-Bootstrap CSS/jQuery framework
*on our site, PHP is currently used only rarely, and
MySQL is not used at all. However, in the event that a
more functional web application is needed, those would
languages used - i.e. the WAMP stack.
WAMP defined
-Windows (operating system)
-Apache (the server)
-MySQL (the database)
-PHP (the server side scripting language)

Skills used
-Web programming languages (listed above)
-Working with a web host, uploading code via FTP or
GUI as provided by host (e.g. cpanel)
-Communicating with other branches of the team to
gather information for the website
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References
-W3Schools (http://www.w3schools.com/) for tutorials on
using the web development languages
-StackOverflow (http://stackoverflow.com/) for help with
code errors, debugging
-Codecademy for tutorials/lessons
(http://www.codecademy.com/)
-Bootstrap (http://getbootstrap.com/) jQuery and CSS
frameworks/designs
-PHP (http://php.net/) the online documentation

Software Used (all free)
-for doing web programming, it is useful to download a
web development platform to my laptop for offline coding
(again more relevant when using a database, and a server
side language) such as WampServer
(http://www.wampserver.com/en/) or XXAMPP
(https://www.apachefriends.org/index.html) or you can
attempt to install the WAMP stack manually.
(NOTE: css, javascript, and html are all interpreted by the
browser, thus further software is not required when only
using those languages.)
-various IDEs can be used, such as Eclipse
(https://www.eclipse.org/home/index.php yes, it does
have a PHP perspective), or lighter weight options like
Sublime Text 2 (http://www.sublimetext.com/),
NotePad++ (http://notepad-plus-plus.org/)
-misc software: FileZilla (https://filezilla-project.org/) for
handy FTP control

Considerations
-Usability
-Consistency across various web browsers (as they each
interpret the code a bit differently)
-Accuracy in content
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Introduction to the Technologies
What follows are very brief introductions. For further
information see the resources listed above.
HTML (hyper text markup language)
File Extension: .html and .htm
This is the most basic part of web design. It consists of
elements called tags enclosed the symbols < and > (e.g.
<p></p>). They are usually paired, with one opening tag and
one closing tag.
HTML is interpreted by the browser, and informs it how to
display the structure and basic appearance of content.
Example code: (the p tags are paragraph tags)

CSS (cascading style sheets)
File Extension: .css
CSS is informs the browser of the look and formatting of a
website, much more in depth and specific than HTML. CSS can
be used with HTML in three ways: external, internal, and
inline.

12/22/2015

Page 88 of 132

The Book Of Knowledge

External: In external css, the styling code is held in a separate
file. The main html document links to this file with the code
<link rel=’stylesheet’ type=’text/css’ href=’style.css’ >, where
style.css is the styling file being linked to.
Internal: The styling code is placed inside the html document in
the head within <style></style> tags.
Inline: The styling is done individually to elements with their
own tags. An example would be <p style=’color:blue;’></p>
External and Internal allow for classes, styling that can applied
to many elements by adding class=’classname’ to an element’s
tag. This is advantageous as a change to many elements can be
done in one place rather than altering each individually.
However, if you only want to target a single element, inline css
can be used.
Example code:
General CSS syntax: selector { property:value ;}
body
{
width:100px;
height:50px;
background-color:blue;
}
BOOTSTRAP
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HTML, CSS, and JavaScript framework for responsive web
designs.
Bootstrap is not a coding language; it is a collection of prewritten designs (css classes) and JS components. These can be
incorporated to more quickly create attractive, responsive
websites. The CSS and JS files must be downloaded and linked
to in your HTML document.
Example:
the <script> tags link to the needed JS files
the classes nav and nav-tabs are examples of the built in classes

PHP (PHP: Hypertext Preprocessor)
File Extension: .php
PHP is a server side scripting language that can be used to
make dynamic and interactive web applications. It can be
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mixed with HTML to achieve this, through the tags <?php and
?>. Like all programming languages, PHP contains numerous
tools to accomplish tasks, such as loops and functions.
Variables can be used as well, created by a $ followed by the
variable name (e.g. $var1)
Example:

While Loop
runs code while a condition is true
-syntax:
while (condition)
{
code executed
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}
-example
this loop runs 10 times as well, bring the value of x as it is
decremented. If the condition were while ($x == 10), then the
loop would run forever
<?php
$x = 10;
while ($x <= 1)
{
echo "The number is: $x <br>";
$x--;
}
?>
Functions: a section of code that can be called, repeatedly, by
the name of the function.
Functions are be passed a variable to use, called a parameter.
-syntax:
function name (parameters)
{
code;
}
-example
this function is passed a variable, names it $var, adds 1 to it,
and finally returns the new value back
<?php
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function addOne ($var)
{
$var = $var +1;
return $var;
}
?>
MySQL (My Structured Query Language)
A relational database management system, can be used through
a GUI or through coding commands. PHP can use MySQL
statements to interact with databases in a website application.
MySQL has three main statements: Select, Update, and Delete.
Examples:
this selects all columns from table names
SELECT * FROM names
this updates the column name in table friend, setting all the first
names to Ben.
UPDATE name FROM friend SET firstname = ‘Ben’
this deletes, from table friend, where the column firstname is
Tom.
DELETE FROM friend WHERE firstname = ‘Tom’
Simple example in PHP:
<html>
<head>
<title>Hello World</title>
</head>
<body>
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<?php
$query = mysqli_select(‘SELECT * FROM
names’);
?>
</body>
</html>
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Chapter 13

Photography
A picture is worth a thousand words. This is mindset of
the Team 2530's photographer; these members are
engaged in the team’s activities, but they also have the
responsibility to document the day’s experiences. They
capture our team's year round actions, from volunteering
and community outreach to the build season and
competition. In the off season, a majority of photos taken
involve community outreach events. Team 2530 often
volunteers at the Ronald McDonald House; the memories
the team makes with the children are invaluable, and the
experiences are beautifully captured by the
photographers. These photos allow others to gain a deeper
understanding of the heart-warming impacts our team
creates and demonstrate our desire to improve our
community. Other outreach experiences are also
documented, for example, we keep snapshots of our
members bagging groceries at our local Cub Foods
grocery store and photos of our team assisting the local
boy scouts. Community involvement and off-season
photography is only a fraction of the job, though; team
photographers are busiest during the build season and at
competitions. During the build season our photographers
snap pictures of our robot's fabrication and team members
enjoying the processes of FIRST. They capture the in-themoment processes of the team from cooperative
engineering to collaborative meetings. Our photographers
are driven to capture the perfect image of our robot and
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team, and as a result there is a large amount of picture
taking during off season events and invitationals.
Furthermore during the regional competitions the
photographers go wild. Here is where the largest amount
of documentation takes place. Photographers travel to all
other team's pits at competition and record all the robots
in the competition, which is crucial to aiding the scouts.
The photographers are dedicated team members, and are
present when Team 2530 is present.
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Chapter 14

Photographs
Build Season
Build season begins with an FRC worldwide kickoff event
where each team receives their kit of parts and the game for
that year is revealed. Then robot design ideas are fine-tuned
and translated into a computer assisted design (CAD) to
make a blueprint that can be used to machine robot parts for
assembly.
Each team has a 6 week period to design, build and test
their robot before it must be placed into a bag and can only
be removed at the regional competition in the pit.
Team members in CAD Tutorial Training
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Team members from the mechanical and electrical
subgroups are assembling the robot.
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Programming the Robot
Programmers begin designing and installing computer
language that will allow autonomous and manual control
of the robot in competitions.
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Week Zero FRC “Aerial Assist” Event
Eagan MN, February 16th 2014
This was our first head to head practice against other
teams this season to see what our robot can do. This
practice game field was built by host FRC Team 2220
“Blue Twilight”, for an invitational pre Regional FRC
event. Seven FRC teams were invited to attend this
practice session so they could fine tune their Robots in
preparation for the upcoming Regional Competitions.
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FRC Team 2530 Robot, “Prince Humperdinck” on the
field in the 2014 FRC game, “Aerial Assist”.
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FRC Team 2530 Pit crew as they make adjustments to
“Prince Humperdinck” on the game Field.

Mentors provide advice and encouragement to FRC Team
Inconceivable members.
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Mechanical Pit Crew member makes adjustments to
Prince Humperdinck robot.
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FRC 2014 Milwaukee Regional Competition
Official FRC Game Field for “Aerial Assist”
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Robot Inspection
Passing Robot inspection is mandatory for all teams prior
to allowing robots to participate in FRC Regional
competitions. Weight, dimension and safety issues and
rules are addressed at the inspection station.
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Pit Crews
Team 2530 Pit Crew members prepare their Prince
Humperdinck robot for competition. Electrical and
Mechanical knowledge facilitate swift and accurate
diagnosis and repairs. Pneumatics adjustments, tweaking
and fine tuning are shown here.

FRC Team 2530 Pit Crew members making adjustments
to the robot ball lifter elevator.
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Drive Team
FRC Team 2530 Drive Team waiting in the que just
before they take Prince Humperdinck out onto the on
deck area which is prior to entering the game field to
compete in their alliance qualifying match.
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Drive Team strategizing game tactics on a white board.
The drive team will coordinate strategy with the other
teams on their alliance in each qualifying round. Teams
change alliance partners for each qualifying match.
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Playing Aerial Assist Game
Aerial Assist blue and red alliances composed of three
teams each, compete in qualifying competition rounds.
FRC robots are positioned in the ready for the start of 15
second autonomous mode where the robots are precisely
positioned and preprogramed for set maneuvers to shoot
balls through the goals before human drivers can take
manual control.
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Prince Humperdinck and red alliance robots shooting
aerial assist balls through upper goals for points in
autonomous mode. Each ball scored through a goal in the
autonomous mode through gains extra points.
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Prince Humperdinck shoots an aerial assist ball over the
truss for an extra 10 points.
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Scouting
FRC Team 2530 Scouts are a critical element in the
success of the team. They scout all other team’s robot
strengths and weaknesses, and report their results to the
drive team so the drive team can prepare the correct
strategy in qualifying and playoff matches. In the playoff
rounds, scouting is absolutely essential to be able to select
strong alliance team partners or lobby for your team
selection by a playoff alliance captain.

12/22/2015

Page 113 of 132

The Book Of Knowledge

Scouting Captains
Scouting Captains work together tabulating and
processing scouting reports. They meet with the Drive
Team and mentors to discuss and develop the game
strategy.
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Team Spirit
All team members join in cheering on the drive team and
robot in the stands during qualifying and playoff
competition matches with banners, decorations, costumes
and other assorted props. A Team 2530 member will yell
out 5…10...15…20, then the whole team responds by
yelling loudly in unison with, 2530.
These three photos exhibit tremendous team spirit.
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2014 FRC “Team 2530 Inconceivable”

2014 FRC Team 2530 Inconceivable Pit Crew
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2014 Minnesota State High School League
Championship FRC Competition
FRC Team 2530 “Inconceivable” placed 2nd at State.
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Minnesota State Fair
Team 2530 was invited to the Minnesota State Fair along
with other FRC teams from greater Minnesota High
Schools, to demonstrate STEM in action for fair goers,
with the robots they built.
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Roseville Invitational
Alliance Teams precisely position their robots on the
practice game field to obtain critical advantage.
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Chapter 15

Robotics Terms
This document contains terms and definitions useful to the members of team
2530.
Please add terms, fill in blanks and fix any mistakes you come across.
All team members should have general knowledge of most of these concepts.
80/20

name of the company which makes the aluminum
extrusion channel material from which a majority of
FEZZIK is built

Alliance

group of three FRC teams that play cooperatively. Two
alliances compete against each other in each match.

AutoCAD

software application for 2D and 3D computer aided design
and drafting produced by Autodesk.
Use this URL to obtain a free student educational copy:
http://www.autodesk.com/education/freesoftware/inventor-professional

Autonomous

first ten seconds of match. Robot is operating using it's
own onboard programming and sensors with no human
interaction

Athena

motor controller, new as of the 2015 season

C++

the programming language that the team used in 2014;
object-oriented version of C

CAD

Computer Aided Design is the use of computer systems to
assist in the creation, modification, analysis, or
optimization of a design. CAD software is used to increase
the productivity of the designer, improve the quality of
design, improve communications through documentation,
and to create a database for manufacturing. 3D (3
dimensional) models and 2D (2 dimensional) drawings can
be created from CAD.

Captain

experienced student team member who

Chief Delphi

the website for all things FIRST; chiefdelphi.com hosts
forums where FIRST participants can communicate
between teams. Some teams post updates on their robots
and teams periodically, and many people ask technical
questions. Unofficial announcements on rules and rule
changes can be found on the site.
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Chairman’s Award

the most prestigious award that may be won at a
competition. It honors the team that best represents a
model for other teams to emulate and best embodies the
purpose and goals of FIRST.

CIM Motor

the large black motors that are commonly used for
powering wheels and the drivetrain.

Coach

student or mentor who coaches the drive team both during
and out of matches; watches for anything important that
drivers might not notice during a match and often plays a
part in organizing strategies to suit the abilities of alliancemates.

Competition

See Regional

Coopertition

working with other teams during one match and being able
to compete against them in the next match

cRIO

Compact Reconfigurable Input-Output module--central
microprocessor of the robot

Digital Side Car

Expansion module of cRIO--provides digital interfaces,
such as PWM, digital input-output, relay outputs, and an
I2C communication header

Disabled

state in which a robot has been commanded by the driver
Station to deactivate all outputs

Driver/Operator

student team members who are responsible for operating
and controlling the robot

Drive Team

group of two drivers, one human player, and one coach
who control the robot during matches

Driver’s Station (DS)

Piece of software on a computer that connects to the robot,
allows driver/operator to enable/disable operation, and
includes diagnostics for the robot. Also can refer to the
physical board on which all of the controls for the
driver/operator are

Drivetrain

A type of design assembly used to move the robot's
wheels. The drivetrain can consist of items such as gears,
pulleys, belts, motors, shafts/axles, wheels, etc.

Dropbox

website used for sharing and syncing files
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Edmodo

website where members of the team post updates, organize
events, and ask questions

Encoders

Discs that can be used for position and speed feedback for
wheels

Field

area of gameplay, usually bounded by low walls

FIRST

For Inspiration and Recognition of Science and
Technology. The organization encourages interest in
sciences among young people. FIRST’s mission is to
inspire young people to be science and technology leaders,
by engaging them in exciting mentor-based programs that
build science, engineering and technology skills, that
inspire innovation, and that foster well-rounded life
capabilities including self-confidence, communication, and
leadership.

FLL

FIRST Lego League. This is an organization for grades 4-8
which introduces younger students to real-world
engineering challenges by building LEGO-based robots to
complete tasks on a thematic playing surface.

Foul

penalty assessed by a referee which credits the opponent
with a number of points (20 or 50) depending on the
severity of the foul

FRC

FIRST Robotics Competition. Under strict rules, limited
resources, and time limits, teams of 25 or more high school
students are challenged to raise funds, design a team
"brand," hone teamwork skills, and build and program
robots to perform prescribed tasks against a field of
competitors.

FTC

FIRST Tech Challenge. This resembles a miniature FRC
for students in grades 7-12, FTC teams are responsible for
designing, building, and programming their robots to
compete in an alliance format against other teams. The
robot kit is reusable from year-to-year and is programmed
using a variety of languages.

Game

Changes from year to year. It is revealed during Kickoff in
January.

Game Piece

prop used in the game (balls, frisbees, and inflatables etc.)
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Github

website/application programmers use to share and sync
robot code, which includes version control

Gracious Professionalism

kindness and professional behavior within the team and
towards other teams. With Gracious Professionalism, fierce
competition and mutual gain are not separate notions.
Gracious professionals learn and compete like crazy, but
treat one another with respect and kindness in the process.
Knowledge, competition, and empathy are comfortably
blended.

Human Player

drive team member who manages game pieces off the field
and loads the robot with game pieces

Inspection

process through which an inspection official approves a
robot for competition use, making sure that it meets all
parameters

Jaguar

Digital Motor-controller with serial-interface capability
(CAN interface), limit switch inputs, PID control, and
other features

Kit of Parts (KoP)

basic collection of parts needed to build a robot robot
distributed by FRC to all teams

LabVIEW

Laboratory Virtual Instrument Engineering Workbench;
system-design platform and development environment for
a visual programming language from National Instruments

LED

Light Emitting Diode; two-lead semiconductor light source
that resembles a basic pn-junction diode, except that an
LED also emits light

Lettering

Receiving an academic award in recognition for
achievement on the team; also see Lettering Requirements

Lexan Bender

equipment which heats flat-sheet plastic so it is pliable and
can be bent/formed into useful shapes

Kickoff

event on the first Saturday of January when the year’s
game is announced

Manual

comprehensive document including descriptions of the
field, rules, game pieces, and allowed robot components

Match

a two minute thirty second period during which two
alliances compete in one round of the game

12/22/2015

Page 126 of 132

The Book Of Knowledge
Mecanum

conventional wheel with a series of rollers attached to its
circumference; allows for speed and omnidirectional
movement

Mentor

adult who advises, teaches, and guides students throughout
the season

PID

Proportional-Integral-Derivative; a type of control loop
that factors in current system error, error over time, and
change in error

Pit

10’ by 10’ by 10’ workspace allotted to each team at
competitions

Pit Crew

group of about five students who work to construct,
maintain, and fix the robot in the pit at competitions

Pneumatics

system which operates using compressed air to provide the
force necessary to do the desired work

Polycarbonate (Polycarb)

type of plastic which is fairly popular to use for structural
designs; "Lexan" is a trade name (from Sabic Industries)
for their line of polycarb materials

PWM

Pulse Width Modulation; a means of representing an
analog voltage for digital circuitry; used to interface with
motor controllers and servos

The Princess Bride

movie which team 2530 (inconceivable) draws its name
from

Radio (Wireless Bridge)

The WiFi router on the robot used for communications
from Driver’s Station computer to robot

Rankings

depict which teams’ alliances have scored the highest
number of points total. Many teams use only rankings
when determining which teams to choose as alliance mates
for finals, but this has disadvantages as occasionally teams
land high in the rankings through sheer luck.

Red Card

penalty awarded for strategic or prolonged fouling
behavior; awarded when team or robot actions endanger
people’s safety; results in disqualification

Regional Competition

competition where teams compete for a chance to go to the
World Championship. Fifty four regionals took place
around the world during the 2014 season.
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Router

See “Radio”

Safety Captain

member of a team who enforces safety regulations and
ensures general safety, particularly in the pit

Scout

team member who participates in scouting and works to
determine the best alliance partners for our team.

Scouting

observing how robots function at competition and
recording data to use strategically. Over half of the team
participates in scouting at competitions.

SmartDashboard

runs on the Driver Station computer and allows for the
viewing of robot data that is displayed as program status as
the program is running. It also allows for the viewing of
sensor data and operating of actuators in Test mode for
robot subsystems to verify correct operation. This is the
program that drivers use to view the robot’s systems during
matches.

Spyder

scouting app which analyses match scores and has multiple
rankings by total points, autonomous points, and assist
points. The app allows one to view results of matches as
they are released.

State Competition

competition within Minnesota held after World
Championchip, similar to state for other athletics, the top
thirty teams in the state compete against each other

STIMS

Student Team Information Member System. This is the
online system through which students register as official
members of their teams. Students must re-register and
receive parental permission via STIMS each year. You
must be registered on STIMS to attend a regional.

Swerve Drive

drivetrain in which all drive wheels are independently
driven and steered; this allows for high maneuverability
and pushing force

Tank Drive

set of four or six wheels allowing for forward and
backward movement. Usually, these wheels are provided
in the kit of parts. This is the standard drivetrain.
also mode of dual joystick operation in which each joystick
controls motors on each side

Team

group of students, mentors, and advisors who work
together to build a functioning robot
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Team Numbers

major part of team identity; they represent the time of a
team’s creation (i.e. Team 2530 is 2,530th team founded)

Team Spirit

feelings of camaraderie among members, enabling them to
work well together; this involves cooperation, positivity,
enthusiasm, and the promotion of team image

Technical foul

penalty assessed by a referee which credits the opponent
with 50 points; technical fouls are awarded in instances of
extended or consequential fouling behavior

Teleoperation (Tele-op)

remainder of match after autonomous; humans are allowed
to control the robot during this period.

TIMS

Team Information Management System; used to register
new (rookie) teams, re-register existing teams for the new
season, and update critical team information such as team
name, contact information, and event registration

Victor

basic motor controller, allows for speed control of motors

WindRiver

software used to program the robot in C++ (Install media is
included in the KoP.)
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YES, I want to order the book,
The Book of Knowledge: An Insider’s Guide
to FRC Competitions
You have talked about this fabulous tool so many times in
this book I have just got to get my hands on another copy
for myself and additional copies for my friends who
want to form a Robotics Team in the very near future.
Today’s Date
Order Quantity
Name
Address
City, St. Zip Code
Phone
Fax
Email
Credit Card Type

____ Visa
____ Amex

____ MasterCard
____ Discover

Credit Card
Number
Credit Card
Expiration Date

Month

Year:

CSC Code
Signature to
authorize
payment(s)

Fax this entire completed page/ to XXX-XXX-XXXX
OR go as an alternative you may go to
www.xxxxxxxxxx.com and order on line
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How to Contact the Authors

The Best and in fact the ONLY way to contact us, the
authors of this book directly and get a question
answered is to use the following email address.
There is no other way to get in touch with us directly
as we are all tied up with the next Robotics season
and are all spread out across the state of Minnesota
and the Midwest attending school. We promise,
however, the best person on our team will get back to
you with the answer to your unique question,
promptly.
Send your email to: info@frcteam2530.org
Put Book of Knowledge Question in the SUBJECT of
your email so we know you are a reader of this book
and we can respond to you as a priority customer.
Thank You,

The Authors
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