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Introduction
• Welcome to the start of a new season.
• If you are new to FIRST, Welcome!
• If you are back for another season, I hope you can go
above and beyond the level you reached last year.
• If you have any questions, feel free to ask.

Safety
• #1 Rule – Safety First
• We work with tools that can
be dangerous if not used
properly.
• The Robot sometime can do
unexpected things, especially
earlier in the build.
• Safety Captain and Mentors
rule here. If you’re asked to
do something (or stop doing
something), you’re expected
to comply.

Design Process Overview
•
•
•
•
•
•
•
•

Define the Problem
Do Background Research
Specify Requirements
Brainstorm Solutions
Choose the Best Solution
Do Development Work
Build a Prototype
Test and Redesign
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• Read the Rules
– Game Rules
– Tournament Rules
– Robot Rules

• What do the rules explicitly allow
• What do the rules explicitly not allow
• What do the rules not say
– Don’t assume rules that applied last year apply again this year

• When in doubt, use the Q&A resource
• Avoid the impulse to start building right away
– Decide what you want to do before you decide how you want to
do it
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IDENTIFY REQUIREMENTS
In order to build a good robot we need to understand the game it will be playing. There are three
key steps to develop that understanding:
1. READ THE GAME MANUAL: You need to know the game inside-out to be able to helpfully
contribute to designing our robot. From scoring to penalties, every detail is critical. Never start
design without this knowledge.
2. UNDERSTAND SCORING: Since scoring points wins matches, knowing how to do it (and,
equally importantly, how to stop it) will help you to come up with the most effective robot. We
need to extract the maximum points in the most efficient way.
3. KNOW THE TOURNAMENT SYSTEM: The only way to win an event is to understand what you
have to do to get there. Our strategy evolves from what we must do to get to the top of the
rankings.
APPLYING YOUR ANALYSIS – BRAINSTORMING – BALANCING TRADEOFFS
With the knowledge of how the game works, we can start evaluating how difficult something is to
do versus how rewarding it is to do it. This helps the team to create a prioritized list of desired
qualities for our robot. We use this to determine how our resources are allocated throughout the
season when making design decisions. Our team has limited time, skills, and finances so we must
optimize our use of all three.
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• Execution is Engineering a solution to the problem
– Process of using science and math knowledge to develop a
solution to a problem.

•
•
•
•
•

Breakdown big problems into smaller ones
Solve the smaller problems
“Assemble” solutions back together
Can be iterative
Needs to balance tradeoffs

Fundamental Design Principles
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• Simplicity
– Overly complicated designs naturally have more failure modes than
simpler ones

• Robustness
– Most important at a competition is to demonstrate that our robot works
as we intended it to – for every match

• Quality
– Robustness is a sign of quality. It shows we understand how the game is
played and have designed a robot to play it.
– Craftsmanship is important for many of the judged awards.

• Standardization/Consistency
– Engineering is a evolutionary process. As we design solutions and
understand how/why it works, we should feel comfortable re-using the
design concept within the allowable limits of the FIRST rules.
– We want to design toward standardized fasteners.

Ideal Robot Attributes
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While the game changes every year, there are some attributes that are
always a design priority. These include:
•

•

•

•

STABLE: This means having a low center-of-gravity (CoG) so that the
robot will not tip in a collision or while climbing over things. Weight
should be as centered and close to the ground as possible.
STRONG AND AGILE: The robot should be able to get around the field
as quickly as possible while still having the ability to push other robots
or field elements. The robot should have the necessary traction and
drivetrain gearing.
PRECISE: No matter what the design challenge is, the robot should
function in a highly accurate and repeatable way. The robot should
perform as designed, with precision.
VISUALLY ATTRACTIVE: A clean, well-finished robot will not only be
easy to service but also be excellent to present to judges and function
as our team’s image on the field.

As with our fundamental principles, these attributes aren’t easy to achieve
and require discipline in design.
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• Do Background Research:
– Learn from the experiences of others
– Internet searches

• Specify Requirements: Design requirements
state the important characteristics that your
solution must meet to succeed. One of the
best ways to identify the design requirements
for your solution is to analyze the concrete
example of a similar, existing product, noting
each of its key features.

• Brainstorm Solutions:
– There are always many good possibilities for
solving design problems. If you focus on just one
before looking at the alternatives, it is almost
certain that you are overlooking a better solution.
Good designers try to generate as many possible
solutions as they can.
– Every year, we see 1,000’s of solutions to the same
problem in competition

• Choose the Best Solution:
– Compare each brainstormed solution with your
design requirements.
– Some solutions probably meet more requirements
than others.
– Reject solutions that do not meet the
requirements.
– Use a decision matrix to help make objective
decisions about each design concept

Evaluating Ideas
Sub-Teams
Attribute

Speed
Power
Score-ability
Reliability
Defense
Easy to build
Innovation
Wow
Total points

Weight

1-5
4
4
5
5
3
5
2
2

Blue
Simple robot,
known designs,
can score well
and defend OK.
Rank 1-5
4
16
3
12
4
20
5
25
2
6
5
25
2
4
2
4
112

Red

Black

Complex robot,
stretch designs, Simple robot, no
does all functions risks, using
well if they work. easiest designs.
Rank 1-5
Rank 1-5
5
20
2
8
4
16
4
16
5
25
3
15
2
10
5
25
4
12
5
15
2
10
5
25
4
8
1
2
4
8
1
2
109
108

White
Complex robot,
very risky
designs, can do
it all if it works.
Rank 1-5
5
20
5
20
5
25
1
5
5
15
1
5
5
10
5
10
110

• Develop the Solution:
– Development involves the refinement and
improvement of a solution, and it continues
throughout the design process, often even
through competition season.

• Build a Prototype:
– A physical prototype is an operating version of a
solution. Often it is made with different materials
than the final version, and generally it is not as
polished.
– A virtual prototype is a CAD model, useful for
visualizing spatial aspects of the design.
– Prototypes are a key step in the development of a
final solution, allowing the designer to test how
the solution will work.

• Test and Redesign:
– The design process usually involves multiple
iterations and redesigns
– You will likely test your solution, find new
problems, make changes, and test new solutions
before settling on a final design
– Some redesigns are relatively minor, but others
can be very costly, especially in terms of time
– This is where the upfront thinking and CAD
modeling pays off

• Communicate Results:
– Professional engineers thoroughly document their
solutions so that they can be manufactured and
supported.
– Each team should be able to communicate to
judges how the robot works and how the team
developed it.
– It’s also a good idea to share realistic capabilities
of your robot with other teams for scouting
purposes

Advertise

Thank you!
• This presentation represents information
collected over many seasons including from
other teams in FIRST. A special thank you goes
out to all of those teams for sharing the info.

