
FIRST® Tech Challenge Mentor's Guide

Safety for FTC®

Note: In addition to the safety guidelines below, review the general Safe Practices Guide in the TETRIX® Getting Started Guide. 

One of the first things a team should review is safety. Introduce the topic at the first meeting and mention that each person will 
be responsible for both team and personal safety. Stress safety at each meeting and post a list of safe practices in the meeting 
area! 

Some teams come up with a system for monitoring team safety and use a checklist to document both good work habits and 
the safety blunders of team members. This information can be included in the team’s Engineering Notebook.

Note: Ensure students have at least one partner at the work location, while traveling, and at the events. This way, if an accident 
or problem occurs, there is help nearby. When traveling to events, make sure students also have the Mentor's contact 
information and room numbers.

Supervision
• Adult supervision is required at all times, especially when power tools and electrical systems are used. 
• Students should be trained on the proper use of tools and pass a safety test before using them. This includes simple 
hand tools, as well as power tools. 

• Mentors cannot be everywhere at all times. Students should speak to Mentors if they observe other students acting 
unsafely. 

Apparel
• From the first meeting, make sure all members have ANSI-approved non-shaded safety glasses. Rose, Blue, and Amber 
tints are FIRST® approved, but reflective lenses are not, because participant’s eyes must be clearly visible to others at all 
times. 

• Make sure that each person: 
• Labels their glasses with their name and team number, and has a specific place to store them. 
• Wears them at all times when working on the robot or when in the vicinity of someone working on the robot. 
• Wears the required side shields. 
• Wears safety goggles over corrective eyeglasses, if they are not polycarbonate or a similar safety material. 
• Is especially careful when near grinding or machining equipment. 

• Wear close-toed shoes. These are required at all FIRST events and should be required at all team meetings. 
• Wear appropriate clothing when working. Do not wear loose clothing, dangling jewellery, or other items that could be 
caught in the machinery. Long hair should be tied back for the same reason. 

Note: FIRST has a strict requirement for non-shaded safety glasses/goggles use in the pit area and on or within five feet of the 
playing field. Safety glasses are required at all FRC® and FTC® competitions. Without them, students will not be allowed 
onto the playing field. 

The Workspace
• Keep a first aid kit in the workspace at all times, including disinfectant and bandages. Bring it to events. Any accidents 
should be reported immediately to Mentors. Make sure there is a telephone in the workspace at all times, in case of a 
more serious injury.

• Be sure to have a fire extinguisher in the workspace, and that everyone knows where it is and how to use it. 
• The workspace should be kept clean and uncluttered. Cords should be kept out of walking paths and tools and 
materials should be kept in a designated storage area when not in use. 

General Safe Practices
• Encourage students to be aware of their surroundings at all times. Walk through hazards in the workspace and ensure 
students understand the necessary precautions for dealing with:

• Stored energy hazards, electrical, mechanical, and pneumatic springs, chains and gears, batteries, pneumatic 
cylinders and lines, extended “arms,” bound joints, and lifted weights. 

• Hazards of the autonomous mode.
• Electrical hazards. 
• Pinching and crushing hazards.
• Trips and falls prevention. 

Getting to Work
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• Horse play of any kind cannot be permitted in the workspace. Even small motors and mechanisms can be dangerous. 
• Always turn off the “kill switch” or unplug the external battery before doing any repair or adjustment to the robot. 
• Inappropriate emotional or physical behaviors/actions cannot be permitted. Establish a reporting procedure for this type 
of harassment and discuss it with the group. 

Planning
Use the tools below to challenge students to think ideas through in a constructive and positive way. 

• Project Maps are detailed timelines. Creating a visual project map is helpful in identifying tasks team members will need 
to accomplish.

• Mind-Mapping is a visual writing and note-taking brainstorming process that can help teams break through creative dry 
spells. This works well with flip charts or sticky notes placed on a wall and separated into categories.

• Cause-Effect Diagrams to help teams brainstorm, discuss, and diagram the cause and effect of each situation on the 
list. This is a helpful tool to use before the season begins.

• Problem Identification and Multiple Solutions will encourage creative team thinking. Teams identify the problem and 
create more than one solution to it. 

• Logic Trees are also useful for brainstorming. Diagram vertically or horizontally, using boxes and arrows. Brainstorm for a 
solution, being sure to include sub-problems and solutions to each. Logic trees assist in handling of problems by:

• Facilitating clear definitions using a visual representation of the problem.
• Clarifying contributing factors and their interactions and effects.
• Partitioning problem solving into sub-teams, without losing sight of the whole.
• Improving communication between sub-teams. 
• Assessing various obstacles, such as expertise, materials, and time constraints.

Developing Strategy
Developing an effective strategy for game play is part of the FTC® experience and is vital to a team’s success. As a team builds 
and programs its robot, it is important to make decisions about strategy and incorporate them into the design of the robot. One 
key consideration is the balance between offense and defense. 

A robot geared towards a more offensive approach may be built for speed and agility. It may be smaller and lighter so it can 
move around easily to pick up game elements or to avoid or overcome obstacles on the playing field. This robot will also be 
more easily moved around by other, larger robots. 

A robot geared towards a more defensive approach may be larger, heavier, and more stable. This robot may not move as 
quickly or pick up as many game elements, but it may also be less likely to tip or be moved out of position by other robots. The 
focus would be on scoring a few valuable points and preventing other robots from matching one’s own efforts. 

Teams should brainstorm strategic ideas and carefully discuss the advantages and disadvantages of different approaches.  
See the table on the following page for an example of this.
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Strategy Possible Results

Defense

Turn an opponent away from its 
scoring position.

• This strategy focuses on preventing the opponent from scoring.
• It also takes time away from one’s own scoring ability. 
• Make sure not to be overly aggressive or to pin the other robot. 
These actions are not permitted in FTC®.

Occupy an opponent’s 
preferred scoring position.

• This can be easier than trying to move another robot out of 
position. 

• This takes time away from one’s own scoring ability. 
• Make sure not to be overly aggressive or to pin the other robot. 
These actions are not permitted in FTC.

Offense

Focus on one scoring element. • This strategy allows for very specialized or focused robot design 
and operation. 

• It may limit scoring ability if opponent plays successful defense 
or if one scoring mechanism on the robot fails. 

Focus on several different 
scoring elements.

• This strategy increases the likelihood of scoring, even if 
an opponent plays successful defense or if one scoring 
mechanism on the robot fails. 

• It requires extra training and quick thinking to switch between 
strategies. 

• If one scoring mechanism fails, another approach can be used.

Build

Make the robot heavy. • This makes the robot harder to push around on the playing field. 
• It also gives the robot better traction on the field surface. 
• Unfortunately, this strategy may also make the robot more 
difficult to maneuverer. 

Make the robot large. • This strategy helps the robot effectively occupy strategically 
crucial space on the playing field, which means that other 
teams cannot use it. 

• It may make the robot harder to push around on the playing 
field but also more difficult for the driving team to maneuverer.

• It may make the robot more likely to be selected as an alliance 
partner for defensive purposes. 

Keep the centre of gravity as 
low as possible.

• This saves time and effort from righting the robot because 
tipping will be far less likely. 

• This can be an advantage when stability is important for games 
with ramps.
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Brainstorming 
Before moving into approaches for a game challenge, it is important to make sure everyone understands the rules, compliance 
restrictions, and has read the game manual carefully. Clear up any questions or confusion about these things before moving 
into the brainstorming process. 

Effective Brainstorming for FTC®

• Discuss general strategies for achieving different game objectives without referencing specific mechanisms. 
• Discuss strategies without deliberating on how a robot would actually achieve that strategy (e.g., shooting the ball 
through the air, elevating the ball without shooting it). 

• There are many different mechanisms to do each of these tasks, but do not talk about them yet. Note any ideas 
for mechanisms if they come up, but keep the conversation focused on big ideas because talking about the 
mechanisms too early may lead a team to overlook the best solution. 

• Nothing is rejected unless it is clearly impossible, or clearly against the game rules. 
• List specific mechanisms that can implement each strategy. 

• Again, try to be comprehensive and do not reject any ideas that are not impossible or against game rules. 
• For each big idea, try to think of every possible class of mechanism that could implement that strategy. 

• Document all ideas in the Engineering Notebook. They may be useful later. 
• Evaluate alternative designs. Evaluate the advantages and disadvantages of each possible mechanism. 

• Think about speed. Will this mechanism generally be faster or slower than others?
• Consider accuracy. How consistently does the mechanism achieve the desired result?
• Complexity is an important consideration. Will the team be able to build it and keep it working and properly 
adjusted?

• Think about the size of the robot. Will this design fit in the robot’s required dimensions?
• Consider programming requirements. Does this mechanism require sensors and programming that might be difficult 
to integrate?

• Rank each mechanism according to how likely it is to be the best solution. Consider how each mechanism will help to 
score points in competition. 

• Try to solve all of the problems. Explore all possibilities. 
• There are time limits, so always consider speed when evaluating different designs. 
• Start with a basic, solid design, and then improve it incrementally, using sensors or refinements. 

• Start simple, test and take measurements, think about ways to improve it, make those changes, and then test again. 
• There is always the option of sticking with or going back to a simpler design. 
• Test thoroughly. 

• Avoid single points of failure whenever possible! Always consider what the result would be if one single item on the robot 
failed. Would this take the robot totally out of action, or just be a minor irritation? If there is a single point of failure, check 
it constantly and make sure it can be quickly repaired by the pit crew if necessary. 

Designing a Robot
 It is important to remember that design is an iterative, ever-changing process and that effective design involves making 
compromises. In general, it is best to keep design simple whenever possible. Simplicity of design is a key component to 
a successful outcome and student involvement. In the engineering world, simple solutions are much more desirable than 
complex ones. The complex solution has many more places to fail, is more difficult to repair, costs more, and its operation is 
less intuitive. 

Note: Students are sometimes drawn to complex solutions. Keep reinforcing the principle of simplicity. Ask the team to distil 
its ideas down, to make the solution as simple as possible. Driving and operating a robot can be challenging with a 
variety of obstacles on the playing field. At times like this, a simple robot is far easier to use than one that requires many 
complex steps to perform a task.

What? 
Think about what the robot will need to do, what it can do to win the game, and what kinds of objects the robot will need to 
manipulate. These discussions all involve trade-offs and compromises, as it may be impossible to do everything at once. Teams 
will need to decide what is most important. 
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How? 
Once it has been decided “what” the robot will do, it is necessary to figure out “how” the robot will do it. This is often more 
difficult. It is easy to decide “We need the robot to pick up a parking-cone,” but it is difficult to figure out a feasible way to do it 
within the FIRST® Tech Challenge restrictions. This is where experimentation is important. 

In general, FTC® robot design can be divided into two major categories: drive train and mechanism.

Robot Drive Train Design
One of the major systems of the robot is the drive train, the system that moves the robot around on the field. There are many 
different drive train configurations, but they all consist of: 

• One or more motors 
• Some means of transferring their torque/motion to the floor (a wheel, etc.) 
• Some means of steering 

The most traditional drive train configuration is called “skid-steer,” sometimes called “tank drive.” This is a system in which 
each “side” of the drive train is powered independently, turning is completed by running one side forward and the other side in 
reverse. 

There are many options and drive train design is often a matter of personal preference. It does not matter what the drive train 
looks like, as long as it is capable performing the following specific tasks: 

• Moving the robot at a “reasonable” speed without overloading the motors. 
• Turning/Maneuvering at a “reasonable” rate without overloading the motors. 
• Overcoming any required field obstacles. (Climb stairs, etc.).

The team ultimately determines what defines an acceptable performance. Experiment and determine what works best. There 
are ways to tweak the drive train to enhance performance in several areas, but like most aspects of design, trade-offs and 
compromises will need to be made.

Robot Mechanism Design
In addition to moving around the playing field, an FTC robot has to manipulate various objects. Manipulation is perhaps the 
hardest aspect of the FIRST Tech Challenge, especially for newer teams. What looks simple to humans can be extremely 
difficult for a robot. Reality quickly sets in after the team begins to experiment with the game and begins to understand the 
difficulty involved. Try to create an elegant system that effectively utilizes the available resources to accomplish as many tasks 
as possible. 

Most years, the FTC games include several different methods of scoring. Each team must decide which methods of scoring 
are most important and how they will accomplish them. It is often impossible to design one system to do everything, and this 
is where every team must make design compromises. It is important to help teams prioritize robot functions, design as many 
options as possible, and attempt to build mechanisms that perform multiple tasks. 

Note: It is often better to be very good at one thing than mediocre at everything. 

Once the team has decided what to do, it must figure out how to best 
accomplish the task. The biggest challenge with mechanism design is the 
team member's lack of experience. 

Use real world examples for design inspiration. Look at past FTC 
robots (http://www.TETRIXrobotics.com/Competitions/Gallery/default.
aspx?aid=39) or take field trips around the community to look at machines 
and mechanisms that are used to accomplish tasks similar to those 
required for the competition, such as forklift trucks or cranes. If the team 
meets in a library, look through books or conduct online research into 
different machines and their functions. 

Take those ideas that apply to the task, and work to convert them to the 
challenge. After the team researches mechanisms for a while, brainstorm, 
then prototype the ideas the team selects. 
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Do not waste time trying to get a perfect working model right away. What is learned from the quick and rough prototype may 
completely change a final approach. Try to get multiple sub-teams working on various solutions simultaneously. Competition 
and learning can be effective motivators.

Notes: 
• Try to minimize the weight and complexity of manipulators. Large, heavy accessories bog down the robot, waste 
batteries, and cause navigation to become less predictable and repeatable. 

• The more complex a design is, the more likely it is to fail during competition. Design elegance is a difficult thing to 
achieve. Encourage the team to look for simple solutions that will work consistently at the event and be better in the long 
run.

3-D Modelling Software
Another option for design and prototyping is the use of 3-D modelling or CAD (Computer-aided Design) software. This kind 
of software uses computer technology to design and document design. Elements can be modelled and assembled in the 
software to test and observe their efficacy. The FTC® Competition kit includes an install CD and a one-year team license for 
PTC’s CREO Elements 3D CAD/CAM design software. This software is provided via a generous donation by PTC.

While learning to use these types of software can take some extra time, it is a valuable skill for students to learn, of great 
benefit when designing and prototyping a robot, and an excellent experience for students interested in drafting and design for 
future careers. 

The TETRIX® Getting Started Guide and TETRIX Getting Started Guide: FTC Extension includes sample 3D models and building 
guides that were created using PTC’s ProE software. 

3-D modelling options for FTC include applications created by:

• PTC
• SolidWorks
• AutoDesk 

Prototyping
The FTC® Competition Kit provides for an infinite number of design possibilities. It is easy to build something, test it, and then 
rebuild it into something else. Brainstorm a multitude of ways to accomplish the team’s goals, and then test them to see what 
works best. This is called prototyping. 

Once there is something with which the team is comfortable, do not be afraid to modify it so it works better -- and then do not 
be afraid to modify it again! 

Note: Design is an iterative, systematic process. Emphasize to students that it is okay to try things again and again to improve 
the machine and increase results. 

Students, especially new team members, should spend some time simply playing around with the parts. This can take place 
before the new season’s game is announced, and it is vital for students to develop an innate understanding of what the parts 
are capable of doing or not doing, how they fit together, etc. After the game is announced, experimenting with parts with the 
game goals in mind can still be useful for visualizing solutions. 

Note: Check out the TETRIX® Getting Started Guide for open-ended Challenges and practice ideas.

During initial prototyping, do not worry too much about size or material limitations. Focus on getting something that actually 
works to solve a game problem. Once a concept has been proven, teams can focus on reducing the size or coming back into 
materials compliance. 

Try multiple prototypes for each sub-system and worry about hooking it all together later. 

Note: Use two-dimensional corrugated cardboard plastic, or foam models to quickly determine feasibility and dimensions. 
Cut everything to scale. Once precise dimensions are determined, use the prototype parts to trace for cutting the real 
material. Keep these templates to be used as “cut sheets” in hardware inspection. If new templates are made, be sure to 
mark the old one “OBSOLETE” to prevent confusion. 

Objectively evaluate the prototypes before deciding which mechanisms to use. Often students and adults get emotionally 
invested in ideas or directions. To get the best mechanism, set aside those feelings and use objective evidence as the only 
criteria for judging one design versus another. Document all prototyping and testing carefully. Even if considerable time is spent 
and a mechanism is rejected, this provides a valuable real-life engineering experience, and demonstrates sound decision-
making and innovation to the judges. 
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Building 
Once planning, brainstorming, design and prototyping are completed, building the robot for the game challenge can begin. 
Each year, the FTC® competition challenge will become available to teams at Kick-Off, in September. Be sure to check material 
limits, types of materials, dimensions, and building strategies for compliance with FTC rules. Ensure that the team is very 
familiar with these rules, and that they are checked regularly for updates. 

Notes: 
• From year to year, the minimum required parts and compliance standards will change, so make sure to consult the most 
current game manual for details. 

• It is also a good idea to keep receipts and document any parts that have been purchased for use that have not been 
provided in the FTC Resource Set. These can be helpful to have if questions come up during inspection at tournaments. 

In addition to the tools provided in the FTC Resource Kit, additional tools may be required to assemble the model, customize 
elements, and modify the robot as required. Review safety practices and safe tool handling with students before anyone gets to 
work. 

Note: Use colored tape or small labels to identify small hex keys that are not marked clearly with their size. Ensure students 
know which hex key size or color is used with particular elements. 

Before beginning construction on the robot, ensure students have had time to play with the elements and get used to how they 
are assembled. Remind students that the design they are building may not be the final design. Part of the engineering process 
is determining where problems are occurring and finding new solutions for them. A robot design may not work out as planned, 
or may not work well for the objectives a team is trying to reach. 

Teams should not get locked into continually trying to improve a bad design. Sometimes it may be necessary to step back, 
rethink, tear down, and rebuild a robot. Times like these are great opportunities to return to the engineering notebook to 
investigate other concepts and strategies that were recorded during the brainstorming, design and prototyping stages of the 
development process. 

Modifying Parts:
Metal (non- electric) parts can be drilled, cut, or otherwise modified to create customized elements for each robot. This 
provides an excellent learning experience for students, but also requires a little extra caution. Try not to cut metal parts unless 
it is absolutely necessary. Remind students that building supplies are limited, so they should always measure twice and cut 
once. Students who are unsure should have a partner or Mentor help them double-check their measurements and angles until 
they are confident doing it independently. 

Note: When customizing metal parts, it is important to smooth or cover any sharp edges. These precautions should be taken to 
avoid injury, but also to prevent damage to wires and other components as robots compete on the field. 

General Building Best Practices for FTC
• Consult the TETRIX® Getting Started Guide for general best building practices with TETRIX. 
• Design to facilitate easy repair. Make sure that every part is accessible and easy to fix for quick and painless pit repair. 
• Build the robot for competition. Consider the outcome of different types of collisions and add guards and bumpers in the 
design to minimize impact. Protect wires and position motors so that the end of the wire is inside the robot body. 

• As screws, nuts, and washers are removed from the robot or from early prototypes, check them for damage and discard 
or mark parts that are no longer perfect. 

Recommended Tools Additional Power Tools Helpful Supplies

• Allen Wrench, 7/64" 
• Allen Wrench, 1/8" 
• Wrench (open end / box end), 5/16" 
• Wrench (open end / box end), 1/4" 
• Hacksaw, 32 tooth blade 
• Hand Files (flat and round) 
• Wire Strippers 
• Wire Cutters
• Needle Nosed Pliers

• Soldering Iron
• Jigsaw
• Drill
• Heat Gun
• Extra Vise Grip

• Shrink Wire Wrap 
• Electrical Tape
• Black, Red and Green Wire 
• Small Zip Ties
• Blue Lock Tight
• Fuses for 12 volt battery
• Gear and Axle Lubricant
• Extra Fuses for 12V Battery
• Cable Ties
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• Keep drive wheels symmetrical. Asymmetrical wheels will make the robot behave differently when turning in one direction 
or the other, which makes it more difficult for the drive team. 

• Investigate and experiment with gear ratios. 
• Investigate and experiment with traction. 
• Make sure that only flat metal or plastic elements are under or around the battery mounting position. Sharp objects, 
screws or nuts are dangerous in this location. 

• At the end of each build session, unplug all chargers. 
• Always double-check to make sure that fuses are matched exactly in type and amperage, and never use anything other 
than the correct fuse to bridge the connection because batteries can overheat and catch fire if too much current is 
drawn. 

• Reroute wires through channels where possible, for safety, and to prevent entanglement. 
• Position the kill switch where it will be least likely to be accidentally tripped during game play. 

Programming
Software
There are two programming software options that teams can use to program robots for competition in the FIRST® Tech 
Challenge. These packages, LabVIEW™ for LEGO® MINDSTORMS® and ROBOTC®, vary in functionality and cater to users of 
different levels. Teams will need to determine/select a programming package based on personal preference. 

For those who have some experience with the software, but little experience applying it within the context of a FIRST robotics 
competition, sample programs, programming guides and video tutorials have been provided with the online activities for in the 
TETRIX® Getting Started Guide and the TETRIX Getting Started Guide: FTC® Extension. Resources have been provided to help 
teams get up and running using either LabVIEW for LEGO MINDSTORMS or ROBOTC. For more information, visit  
http://www.usfirst.org.

Note: Occasionally, a software vendor might make changes to their programming package. Make sure to check the usfirst.org 
web site for software update advisories and software update links. Programming software information can be found at 
http://www.usfirst.org/roboticsprograms/ftc/content.aspx?id= 

Programming 
It is always a good idea to have more than one team member responsible for the programming and to have all team members 
familiar with it. A good way to achieve this is to assign each team member a tutorial to present to the rest of the group. 

• Create a Flowchart to make the programming more of a team effort, and to keep with good programming practices, 
have the team create a flowchart of the program as a group effort. Keep the flowchart simple and only outline the 
major steps of the program as blocks. Leave it to the programming team to fill in the details of each block, with the 
understanding that if they get stuck on a block, they can, and should, ask the rest of the team for assistance. 

• Test and Archive once the programming team is ready to test the program, have them prepare a simple set of 
instructions and turn the testing over to a testing team. 

Note: It is better to have team members who are not intimate with the code do the testing, following only a simple set of 
instructions.

Field Control System:
The Field Control System (FCS) is software used to establish communication between one or two game controllers and the 
robot. Essentially, the FCS serves as a translator. This occurs when the FCS software receives data from the game controllers, 
converts the data into a form the NXT Brick can understand, and then sends the data to the NXT Brick on the robot. The FCS is 
available for download from the the FIRST website at: http://www.usfirst.org/samantha-resources.

Note: It is a requirement of FIRST that all FTC teams use the FCS during FTC competition.

Samantha Module:
The Samantha Wi-Fi module is a wireless USB adapter designed for use with the LEGO NXT Intelligent Brick and the TETRIX 
Robot Kit. It is used in FIRST Tech Challenge to reduce problems and delays in communication between the LEGO Mindstorms 
NXT Brick and the robot.  

Note: Participants in FIRST competitions are required to use the LEGO Mindstorms NXT brick to control their robot’s functions. 

Prior to each match, each NXT Brick must be associated with the Field Management System (FMS) responsible for game play. 
The goal of the Samantha Module is to provide ready and reliable connectivity from the FMS to the NXT Brick. More information 
about the Samantha Module can be found on the FIRST website at: http://usfirst.org/samantha-resources.
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General Programming Best Practices for FTC®

• Always back up programs before the start of each programming session. A copy of the last working version should 
always be available, in case of a broken program. 

• Create flow charts of code and include them in the Engineering Notebook. 
• Comment the code, right from the beginning. This helps with debugging, or if another programmer needs to step in and 
take over the role. 

• Avoid cryptic names. Variable names are much more readable and less likely to be forgotten over time. (“MotorLeftFront” 
is much more descriptive than “mtr_S1_C1.”) Give multiple variables that belong to the same physical structure or 
concept the same prefix. 

• By the time autonomous programming begins, structural changes to the robot hardware should be complete, in 
particular, anything that has to do with wheels and drive train. After any significant hardware change, the autonomous 
programs must be tested and re-adjusted if necessary. Remember that a simple thing like changing wheel size will 
change the robot’s speed. 

• Do not try to accomplish all of the tasks for the entire Challenge at the same time. This is especially true for the 
programming team. Working through each step individually may be less exciting for students, but is a more accurate and 
efficient approach to the problem in the long run.  

• Allow some settling time after a motion or turn. Allow about 100 milliseconds to let the robot finish all of its movement 
actions before beginning again. 

• Daisy chain controllers to conserve sensor ports. 
• Design repeatable tests for all major subsystems. Document baseline tests in the Engineering Notebook. Compare 
improvements with the baseline and document them as well. Track how well the autonomous mode works at different 
battery levels, so there are no surprises. Test light sensors under different lighting conditions.

• Make small changes and test frequently. If several things are changed at once and something does not work, it can be 
hard to figure out where the problem is. 

• Make sure to practice using the same version that will be used at the competition. The final practice before any 
competition should be run using the latest software, so there is time to address any new problems that the changes may 
introduce. 

• Think about all the ways a system could fail and conduct trials to determine them. Figure out which failure modes are the 
most prevalent and concentrate on fixing them first. 
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