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Welcome to the University of Kansas’s High School Design Competition 2017! Here at KU,
we’re very excited to introduce you all to the wide array of possibilities that the School of

Engineering has to offer. This year, students will be competing in teams that range from one

person to four people. Once a student is involved in a competition, they may not participate

in another one. Students will have the opportunity to compete in six different competitions that
are related to six engineering career options emphasized within the KU School of Engineering:
programming, mechanical, civil, chemical, aerospace, and Lego Mindstorms. We hope that

throughout the experience of preparing for the competition and competing against other students
that you will come to understand more about engineering, enhance your interest in this exciting
field, and learn about all that the University of Kansas has to offer engineering students!

The theme for this year’s competition is “Engineer the Eighties.” All competitions will be tied to
either eighties pop culture or historical events in the eighties. Listed below are the detailed

descriptions and rules of each competition. We at the University of Kansas are excited to see the
amount of creativity you all bring to High School Design 2017, and we look forward to seeing
how you Engineer the Eighties!
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A. Competition Descriptions
1. Programming
Each student team, consisting of 1-4 students, will be given 10 problems of varying

difficulty. Teams will not be allowed access to online resources during the competition, but are
allowed to use any printed resource they have available onsite (i.e. textbooks, notes, etc). The
primary focus of our problems will test the principles of programming logic and algorithmic

thinking. Students could expect to see topics such as for-loops, while-loops, if/else statements,

and input/output. Some advanced problems might dive deeper into topics such as data structures,
and sorting algorithms. Here are some resources that could help you prepare for the competition.
Keep in mind that the best way to learn is as simple as going out and finding examples to work
on!

● CodeAcademy
● Euler Project

● Stackoverflow
● reddit.com/r/dailyprogrammer
Because we have an automated judging system, we recommend that you use one of these three
supported programming languages: Java, Python, C++. If you would prefer to use another
language,  check HackerRank’s list of supported languages at
https://www.hackerrank.com/environment.

2. Mechanical
It is a dark time for the rebellion. Jedi Luke Skywalker, while in battle with Darth Vader,

has lost his right hand. However, the fight for the galaxy is not yet over! Skywalker must

continue the battle, but has only one option: he must receive a working prosthetic hand. So, in his
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time of need, Skywalker has turned to the competitors of the University of Kansas High School
Design 2017 competition for help.

Students will be expected to design an artificial hand for Luke Skywalker. Scoring of this

competition will be based on a combination of factors with an emphasis on design, creativity in
use of materials, and, most importantly, functionality in challenge. Students are encouraged to
modify the following design from RIT’s Kate Gleason College of Engineering to hold a

“lightsaber” for a given amount of time, as well as give a presentation to industry professionals
and University professors on their design. The student who gives the best presentation and

competes the most valiantly will win and give their design to Luke Skywalker to help him finish
his battle with Darth Vader and save the galaxy!

http://edge.rit.edu/content/P09041/public/Biomechanical%20Hand%20Activity%3AFinal%20Le
sson%20Plan

3. Civil
In the most recent report from the ASCE, the USA infrastructure received a grade of a

D+. In our current system, it is more expensive to fix roads and bridges as the maintenance falls

behind. Across the country as funds for repair diminish, innovative designs must be implemented
to create infrastructure that requires low maintenance and is less expensive to repair. You have

been tasked to design a water spanning bridge over the Tampa Bay Area. This bridge must allow
for barge traffic to pass through the area. Local safety concerns have arisen based on the

remembrance of the 1980 Sunshine Skyway Bridge collapse after a vessel collided with one of
the supports, causing a portion of the bridge deck to completely breakdown.

 In the design of a new bridge, a solution to mitigate the effect of the deck collapsing in a

similar event of support collision and weakening must be implemented. In addition, the cost of

the bridge must be taken into account. Each rod and connection used will be priced with values
of $5 and $3, respectively. The final bridge design and solution to prevent deck failure in the

event of vessel collision with a bridge support must be presented to judges before the testing of

the structure. In the presentation, which will be considered an elevator pitch for the design, a cost
analysis and the design process must be included.
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4. Chemical
The year is 1985. Marty McFly and Doc Brown made their journey back to the future
from 1955 and are working towards repairing their beloved DeLorean to travel forward in time
to 2015. Upon inspection of the vehicle, Doc notices that the combustion engine has failed.

Marty McFly knows that they don’t have the materials to create a new combustion engine, but
they do have the materials to make the car powered by a chemical reaction other than

combustion. Doc, being a physicist, has limited knowledge of chemical reactions that are capable
of powering the DeLorean. However, he does know that the competitors of the University of
Kansas High School Design 2017 competition are extremely knowledgeable of chemical
reactions and has enlisted their help for his daunting task.

In this competition, students will recreate the DeLorean from “Back to the Future” to be

powered by a chemical reaction other than combustion. The vehicle will be required to travel a
certain distance, and will be judged on its ability to travel this distance as well as the time

required. Points will also be rewarded for extra distance traveled. Students will be required to

submit their chemical reactions for approval before the day of the competition. The ability to go

the distance in the fastest time, as well as how much farther the vehicle travels, will decide what
team is going to help Doc and Marty escape to the future!

5. Aerospace
The F/A-18C/D Hornet is a twin-engine, supersonic combat jet which often lands and

departs from naval supercarriers. This amazing aircraft built in the late 1970’s first entered into

operational service in 1983 with the Marines and can achieve an outstanding speed of Mach 1.8.
Because the F/A-18C/D Hornet was built for defense purposes, it can carry a wide variety of
bombs and missiles to bombard its enemies with. Your design challenge is to recreate the

F/A-18C/D Hornet in the form of a model aircraft at 1:40 scale. In addition, the aircraft will only

have 10 feet of runway for take-off to simulate leaving from a naval supercarrier. Once in the air,
the aircraft will have a time limit of two minutes to try and land a “missile” in the target area

specified as well as land. The missile must be a rubber bouncy ball of at least 1” in diameter.

After the mission is complete, the aircraft once more must maintain a successful landing, this
time no length limitations are set.
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6. Lego Mindstorms
Teams will need to design, build, and program a “PAC-MAN” vehicle using a Lego

Mindstorms EV3 or NXT 2.0 kit.  The PAC-MAN’s task will be to collect as many fruits as

possible within a maze.  At the same time the vehicle should avoid picking up “ghost” objects as
they will lead to point reductions at the end of the maze.  Additionally, the vehicle should avoid
knocking-over or colliding with walls.  This will be similar to the original PAC-MAN game

released in the year 1980.  There will be varying qualities of fruit, each having certain amount of
points, scattered throughout the maze.  The challenge will be to strategize and engineer an
appropriate approach on picking up fruit in the maze within a time limit of three minutes.

Keep in mind the PAC-MAN must be programmed to run autonomously.  It is also

important to mention that the player will lose points if they knock down a wall or pickup a

“ghost” object.  If the time-limit of three minutes is met, game over.  Scores will then be judged
by the value of the fruits retrieved by the PAC-MAN.  Face your opponents at the ultimate

real-life arcade.  Travel back to the old-school arcade days to face your foes at the joysticks of
doom or of great fortune.

7

B. Rules and Criteria
Unless stated within the description and/or rules and criteria for individual competitions, rules
for all competitions are subject to change up to a week before the day of the competition. As

soon as a change in rules or criteria is made, teachers and students will be notified via email from
the official High School Design email or any of the Competition Chairs.

1. Programming
You will be given a docket describing a total of 10 programming challenges. Problems

will be arranged in ascending difficulty and you will be allotted two and a half hours, in a single
block of time, to write solution programs for these challenges. An automated system called

HackerRank provides a website interface where you can submit your solutions for judging and
receive instant feedback.  A test competition is available at

https://www.hackerrank.com/ku-hsd-programming-competition-test. Here, you can test

submitting your programs for automated judging.  Please create a HackerRank profile for your

team and sign up for the test competition as soon as possible to ensure you are prepared for the
day of the real competition.

All problems will be described uniformly: An introduction to the problem will set up the

scenario and describe what challenge you must write a program to solve. It will then describe

how the input structure which your program will accept, and prescribe how the program’s output
must be formatted in order to be read correctly. An example of input and output will be provided
for you to check your program against. Note: when your program is actually judged, different
input data will be used, but the formatting will be the same. Pay very special attention to the
section describing how to properly write your programs to accept input from DOMJudge.

Each correct problem is worth 10 points, with partial credit awarded for solutions that

satisfy portions of the test cases for each problem, so whichever team completes the most

problems out of 10 will be designated the winner. In the case of ties, time (as marked in seconds,
running from the beginning of the competition) will be used as a tiebreaker. So if more than 1

team completes all 10 problems, the first team to have done so is the winner. You may submit
8

your solutions for judging as many times as needed and there will be no penalty for wrong
answers. Teams may consist of up to four students.

You will not be allowed use of the Internet except for access to the DOMJudge web

interface, but any physical resources you bring about your programming language may be used

during the competition. On the day of the competition, your team will be allowed one computer.
All of these machines run Windows 7. Software which students may use to write and test their

programs will be uniform, and submission to the HackerRank system for judging is done through
an Internet browser.

1.1 Assignment and Arithmetic
All languages have some manner of giving names to data and doing basic operations on

that data. You should be familiar with how your language declares variables and assigns values

to them. You should also know how your language performs arithmetic operations, like addition
and multiplication. In particular, you will want to be familiar with ‘Modular Arithmetic’, an

operation that works by finding the remainder when you divide one integer number by another.
Other useful math functions are Ceiling and Floor, which round decimals up or down to the
nearest integer. You should also know about all the different ‘primitive’ data types your

language has. Most languages can natively represent strings of characters, single characters,

Boolean values (true and false), integers, and decimal numbers. But for some languages, 3 / 4
may not be the same as 3 / 4.0. Knowing little quirks about your language keeps you from
running into odd errors.

1.2 Conditionals
Conditional branches allow you to evaluate logic – in particular, they allow your program

to change the instructions it will execute depending on the kind of data your program was given.

The most common way to represent conditional choice in a program is with if else statements. In

general, when your program reaches a conditional block of code, it determines whether or not the
condition following the if is true. For example, in Java:
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Here, we let our integer x be 4. When we reach our conditional, we check if x equals 5. If

it does, we’d print out “x is five! ”, but in our case, x does not equal 5, so instead we would

evaluate the else portion and print “x is not five, bummer”. Most languages will also let you
chain several if else statements together,

Above, we use Java’s special equals method to check if a string is the same as another

string. So there are lots of things that can be used to create a conditional statement in an if else

block. And on top of that, you can put together several conditionals using logical operators || for

or and && for and. For 4 example, if (x * 2 == 4)||(x >= 10) reads as if x times 2 is equal to four
or, if x is greater than or equal to 10.... So for conditionals, you should know how your language

writes if else blocks, what methods or operations can check if something is true or false, and how
conditionals can be linked together using and and or.
1.3 Loops
Loops let you repeat a block of code again and again either a certain number of times, or

until some condition (remember those?) is met. The basic loops for Java, C, and C++ are for,
while, and do while. Python and Ruby have loops named the same, but they look and work
slightly different. Review for your language what loops you have and how they work.
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1.4 Data Structures
When we say Data Structures, we really just mean containers. Common containers in

Java, C, and C++ include Arrays, Lists (or Vectors), and Hashmaps. Arrays and Lists are the

simplest. Arrays are like a line of cubby holes, they have fixed length, and can be filled up with
only one type of data at a time, like an Array of integers or an Array of Strings. Lists work

similarly, but can grow in length. Both of these structures let you check what value was assigned
to a particular index, and they let you assign values to indices. Hashmaps (also sometimes called
Dictionaries) let you give pair a value to a keyword so that you can look up values if you know
their keywords, or you can check if a value is in the hashmap. Arrays, Lists, and Hashmaps all

have different ways of being used, and are useful at different times. You should be familiar with
what Data Structures your language has and the ways they can be used. Arrays and Lists though
will be your bread and butter for most problems at the competition. Note: In Python and Ruby,
Lists are usually preferred to Arrays for the sake of simplicity.
1.5 Functions and Methods
All languages have special commands that either return specific pieces of information, or

transform data in some way. For example, in Java, if we want to know the length of a string in

the variable ourString, we could use int stringLength = ourString.length();, which would give an
integer representing the length of the string. In Python, if we wanted to know the size of a list

ourList, we could use listLength = len(ourList). All the methods and functions of a language are
described by the language’s Standard Library. The list of total methods and functions in the

Standard Library is often quite large, but it’ll be fine if you just get familiar with those related to
your language’s data structures and Strings. Most languages will also let you define your own

methods and functions elsewhere inside your program. This can help your code keep clean if you
find yourself repeating some pattern of operations multiple times, and knowing how your

language declares and uses them may be helpful. In particular, you will want to be familiar with
methods or functions in your language that work with strings and arrays (or lists for Python and
Ruby teams).

1.6 Rules
We will not tolerate and form of plagiarism or cheating. If caught cheating, you will be

issued 1 warning before being removed from the competition. Cheating includes but is not
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limited to: accessing any website other than HackerRank, looking at other team’s work, or using
your cellphone to look up or ask someone for help. To ensure your team does not get

disqualified, we recommend you avoid doing anything that would make us suspect you are
cheating. Stay off your phones, don’t have any other tabs or windows open other than
HackerRank, and don’t look at other teams’ screens.

Written material will be allowed in the competition. Documents such as code language

textbooks or notes are some of the approved items. Using the internet to access any of these

materials is considered cheating. The material that you bring must be able to fit in a standard file
box of 15″ x 12″ x 10″ or 1,800 cubic inches. Note: you do not have to bring your items in a file
box, this is just what we are basing our measurements on.

If you have any questions on what is or isn’t allowed please feel free to email us. A good

rule of thumb is to remember that this is a competition and cutting corners shouldn’t be your

focus. The best way to win is to spend your time practicing and come prepared rather than trying
to find loopholes.

1.7 Going Forward
To best learn and practice the concepts listed above, we recommend you check out the

websites http://www.codecademy.com or http://www.codingbat.com. They’ll give you lots of
simple challenges and tutorials that will introduce you to the languages supported by the

competition. Each of them have lots of examples and even videos to help you learn the basic

concepts in writing programs. Note: although these resources will help you learn aspects of your
chosen language, we strongly encourage you to install an IDE (Integrated Development

Environment) and grow familiar with how to write programs using it. Closer to the competition
date, we will send out a test competition for registered teams to test solutions and get familiar
with our judging system.

For each language supported by the competition, there are several popular IDEs, and the

computers provided to you to write and submit your solutions will have many available. The

most common is Eclipse, which has great support for Java and C/C++. For Python, there’s Idle,
and for Ruby, there’s Aptana. All of these IDEs are freely available. Naturally, you should use
whichever you feel most comfortable with. If you would like to ensure your IDE or text-editor

will be available to you, feel free to email the Programming Co-Leads or the Competition Chair,
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whose emails are located at the end of this packet. We’ll see if your requested IDE is already
installed, or if it can be.

2. Mechanical
2.1 Competition
The main competition will be based on the ability of the prosthetic hand to hold the

lightsaber independently for ten seconds. Independently will be defined as being able to hold the
lightsaber without a team member holding the lightsaber or “fingers” of hand device directly.

Competitors will be given five minutes to setup and test their design before their presentation
and the lightsaber test. For this competition, a lightsaber will be defined as a single piece of

standard 8.5x11 inch printer paper rolled along the 11 inch side to have a 2.5 inch inner diameter.
This test will be performed at the conclusion of the 10 minute design presentation. The prosthetic
hand can be made out of any material, but the use of pre-made prosthetic kits (i.e. electronic toys
that could function as a prosthetic hand) and a direct copy of the design inspiration provided in
this packet will result in a 100% deduction of Design Ingenuity points. Failure to hold the

lightsaber independently for the given amount of time will result in zero points awarded for this
portion of the competition.

2.2 Design Ingenuity
While a design inspiration will be provided, points will be awarded for creativity of the

design. Half of the points will be awarded based on the materials used. A detailed bill of

materials utilized is required to be submitted to display management of budget in the material
procurement at least two days before the competition. The other half of these points will be

awarded based on design functionality. Does the product work? How is the product powered? Is
the design complex or simple? The design of the product must be unique, and the use of an

assembled kit or exact copy of the design inspiration will result in a 100% design ingenuity point
deduction. Materials should be submitted here.
2.3 Presentation
The remaining points will be for the presentation of the designed product, and will be

divided into four subsections of general presentation procedures. Students will be expected to

provide a quality visual aid for their design, including images and a description of their design
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process. This design process will also be a major component of points awarded in this category,
which includes evidence of research, brainstorming, prototypes, and an explanation for their
thought and design process throughout the various stages of the project. Additionally, the

presentation will be judged on the speaker presentation and a display of understanding of their
project. Notable presentation skills will include engagement of all team members, use of eye
contact, and confidence of team members. It is expected that all team members will be

knowledgeable on their contraption, it’s components, and how and why it functions. The

presentation portion of the competition will conclude with the lightsaber test. 10 minutes will be

allotted for the presentation and lightsaber test. If students choose to use a powerpoint, they may
submit it in advance through the submissions document listed earlier or may provide a computer
for their use along with a storage device.
2.4 Points
100 points total will be awarded for this competition. The lightsaber test will account for

40 all or nothing points. The design ingenuity will account for 20 points. 10 of those points will

be based on the materials used, and the other 10 will be based on the design functionality. Exact
replication of the provided design inspiration or use of pre-designed kits will result in a 100%

design ingenuity point deduction.  The presentation will account for the remaining 40 points. 5 of
those points will be based on the quality of the visual aid, 10 of those points will be based on the
presentation skills of the speaker, 10 of those points will be based on the display of

understanding from team members, and the final 15 points will be based on the design process.

3.Civil
3.1 Structural Requirements
The structure must be constructed with only approved K’Nex pieces, and no adhesives

will be allowed in the design of the structure. The structure must include only two bridge pier
supports across the span. In addition, the ends of the deck will be supported the day of the

competition by supports outside of the design structure along with clamps on the bridge deck.

Additionally, the deck of the bridge must be level and capable of allowing for a single point load
across the middle span. The bridge loading will be tested with a tied on bucket filled with sand.

Therefore, a point on the central part of the bridge must be designed to attach or tie on a rope to
apply an initial 1 lb live load which will remain in effect during the weakening of the pier
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support. Additional loading, with sand, to the bridge will then be added until the point of

collapse. An example of a point where an applied load could be attached is shown as the central
red rod in the picture below.

·         Dimensions
o   Minimum Height for Barge Clearance: 1.5 ft
o   Maximum Height: 3 ft

o   Minimum Central Span Length Between Two Pier Supports for Barge Clearance:3 ft
o   Maximum Central Span Length Between Two Pier Supports: 4 ft

o   Minimum Overall Deck Span End to End: 5 ft (this length does not count the
additional overhang length of the bridge)

o   Maximum Overall Deck Span End to End: 6.5 ft

o   Note: ends of the deck will be supported at the approximate height of the two designed

supports. A minimum bridge overhang of 3 inches for each end will be enforced. Also for
barge clearance, a 1.5ft tall by 3ft wide box will be used to determine the minimum
clearance requirement.
·         Plan Sheet

o   A 3D model of the structure created using AutoCAD. A side view of top view of the

bridge must be included. Side view and top view shall be printed out on competition day
and model files shall be sent in two days prior to competition.

·         Cost Effectiveness

o   Cost Analysis including the number, type and cost of each rod used in design must be
included along with total structural cost.

·         Support Weakening
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o   Pier support will be weakened through a randomized process of removing a

determined range of K’Nex pieces. The number of pieces removed will be randomized
for each team and removed by the competition leads.
3.2 Judging Criteria
Competitors will be judged on the quality and success of the following criteria: plan

sheet, AutoCAD drawing, cost effectiveness, design solution and pitch, and results of the

structural test after unknown support weakening. These criteria, aside from the pitch and

competition results, must be submitted at least two days prior to the day of the competition.
Materials should be submitted here.

3.3 Approved K’nex Pieces
When considering what pieces are available for use, please note that color is not as

important as the length and type of the piece. For example, the image of the standard gray rod
attached is black rather than gray but is considered a standard piece and is the correct length.

While we understand that the pieces used may be different colors, the judges and competition

co-leads reserve the right to measure any piece that is suspected of not being approved if it is a
different color.

Standard gray rod (7 and 1/2 inches)

Standard red rod (5 and 1/8 inches)

Standard yellow rod (3 and 7/16 inches)

Standard blue rod (2 and 1/4 inches)
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Standard dark gray connection

Standard red connection

Standard blue connection

Standard white connection

Only the pieces shown and other color variations are allowed for this competition. As

well, only the standard collection of all pieces are allowed. Any competitor that uses pieces from
the Micro collection, the Flexible collection, etc. will be docked points on the day of the

competition if the piece can be substituted with one of the approved pieces provided onsite.
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These pieces are in limited quantity for all competitors, and favor in distributing these will be

given to repairs and other issues in approved pieces before substitutions for unapproved pieces.
If a substitution cannot be made or if unapproved pieces are used, the competitors will be
immediately disqualified.

The maximum number of pieces allowed to be used for each type of piece in the

competition is listed below. Please note, although these are the maximum pieces allowed, a cost
analysis will still be enforced to ensure a cost efficient bridge design. As noted before, the cost
for each rod used in the design is $5 and the cost for each connector piece used is $3.
Blue rod

110

Yellow rod

200

Red rod

200

Grey rod

100

Red connector

100

Grey connector

205

Blue connector

205

White connector

150

All pictures of pieces were found on the official K’Nex website.

Please note that, if students do not have access to AutoCAD, then a hand drawn isometric

drawing may be provided, or an isometric drawing done through SketchUp. If submitting a

drawing done by hand, please scan the design for submission. This drawing may be done on
three separate sheets of paper to accommodate for the relative dimensions of the bridge.

SketchUp offers a free month-long trial that students are encouraged to take advantage of if they
decide to use SketchUp.

3.4 Construction/Transportation REquirements
Each Team will be given a 1 hour time slot on the day of the competition to reconstruct

or rebuild their bridge in exact accordance with the specifications and dimensions of their

AutoCAD model. The hour time slot may be shortened to the discretion of the competition

judges on the day of the competition. Therefore, it is highly advisable for students to bring a

constructed bridge or portions of their bridge to be easily reconstructed in the time allotted on
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competition day. If students so choose, they can build their bridge on site, under the

understanding it must be built exactly to their AutoCAD model specifications and also in the

time given to them by the judges. Each bridge must not only meet structural requirements listed
in 3.1, but must also be built exactly as modeled in their AutoCAD Design.

Failure to meet structural and AutoCAD requirements in any case will result in the

disqualification of that team. KU School of Engineering and its affiliates are not responsible for
any damage caused to the bridge or its pieces in the transportation process of the bridge.
Replacement pieces may be offered on competition day.. Continually, if the School of

Engineering does not have any replacements for a broken pieces, an exemption may be made to

in a team’s inability to meet the structural requirements and AutoCAD model specifications due

that broken piece. In this case, all final decisions on any exemptions will be made by competition
judges and competition leads through the School of Engineering.

4. Chemical
4.1 Proximity to Target Distance
The objective of this competition is to use a non-combustible reaction to drive a

self-made car as close to 10 feet as possible in a timely manner. All distances will be graded

relatively, with even spacing from 0 to 40 points awarded. Additional points will be awarded if
the vehicle travels further than 10 feet, with a runway of up to 15 feet long, accounting for 5
extra feet for extra points.

4.2 Presentation of Reaction
Presentation of the reaction will be comprised of a pre-submitted write up detailing the

reaction of the vehicle, how it works, why it works, and why the reaction was chosen. This

pre-submission presentation must be submitted to the chemical competition co-leads two days in
advance, leading up to the day before the competition. Students can use any format they would

like for writing this submission, as well as making the submission the length they feel covers all
of the information requested. Before this is submitted, the reaction itself must be submitted for
approval at least one week before the day of the competition. Points will be deducted if the

reaction is not submitted ahead of time, with deductions to the discretion of the competition

co-leads. Students may use any chemical reaction to power their vehicle so long as it does
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not put any students at risk of physical or chemical harm. This portion of the competition
will be worth 30 points. Materials should be submitted here.
4.3 Speed and Time
20 points will be awarded for how quickly the vehicle travels. These points will be

awarded based on time intervals that correspond with a certain amount of points. For example,

vehicles that require 45 to 60 seconds to travel 10 feet will be awarded 5 points out of 20. These

time intervals and point correspondences are subject to change based on relative time intervals of
other competitors the day of the competition.
4.4 Vehicle Aesthetics
The aesthetics of the vehicle will be judged by a panel of students, volunteers, and

industry professionals. This portion of the competition will be worth 10 points, and points will be
awarded based on uniqueness of the design, and will be subject to those who are viewing the

vehicle. Points will be deducted if it is found that the vehicle was made using a pre-made kit.
4.5 competition rubric
Criteria

5 points

10 points

15 points

20 points

Proximity to
target distance

Travels less than
4 feet

Travels between
4-6 feets

Travels between
6-8 feet

Travels between
8-10 feet

Presentation of
Reaction

Points awarded
on judge’s
discretion

Points awarded
on judge’s
discretion

Points awarded
on judge’s
discretion

Points awarded
on judge’s
discretion

Time

Reaches distance Reaches distance Reaches distance Reaches distance
in 45-60 seconds in 45-30 s econds in 30-15 s econds in less than 15
seconds

Vehicle
Aesthetics

Using a kit with
no modifications

Using a kit with
modifications

No kit used,
Non original
design,
Little effort put
in

No kit used,
Original design,
Obvious effort
put into design
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5. Aerospace.
5.1 Design Guidelines
1. Aircraft should not perfectly represent the actual F/A-18C/D, create something that looks
similar and hits on the design requirements specified.

2. The design of the tail can be chosen by your team (conventional, H-tail, V-tail, T-tail,
etc.).

3. Aircraft must have ailerons, elevator, and rudder (hint: use servos) otherwise aircraft is
disqualified.

4. Missile must be rubber bouncy ball at least 1” in diameter otherwise no target zone points
awarded.

5. If aircraft doesn’t land or drop target in the zone in the two-minute time frame, the
aircraft will be disqualified.

6. The aircraft needs to have team identification on it which can be seen by the judges and
event coordinators otherwise the aircraft will be disqualified

7. Only the design team may handle the aircraft in the competition field otherwise the
aircraft will be disqualified.

8. NOTE: Tolerance of ¼ inch will be given for all
5.2 Scoring Guidelines
·         Correctly manufactured root chord to specified length within tolerance (10) RC
·         Correctly manufactured tip chord to specified length within tolerance (10) TC
o   Don’t worry about the missiles at the end of the wings

·         Correctly manufactured length to specified length within tolerance (10) LE

·         Correctly manufactured wingspan to specified length within tolerance (10) WS
·         Successfully launched target into the target zone (up to 30) TZ
-

The target zone will be split into 3 zones of different diameters to determine how many
points, out of the 30 points possible, will be awarded.
-

1 ft Target Zone: 30 points awarded, if plane lands within the green circle

3 ft Target Zone: 20 points awarded, if plane lands within the yellow circle
5 ft Target Zone: 10 points awarded, if plane lands within the red circle

·         Successful take-off within 10-foot runway (30) TO
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·         Successful landing (10) L
·         Deductions:

o   If a kit is used, points will be taken off the design (10) K

·         Extra points will be awarded to the best design overall determined by the judges
Design Score:

Score = (RC+TC+LE+WS)*2+(TZ+TO+L)-(Weight)*5-K+BONUS

Tie-Breaker Situation
-

If for some reason a tie is to occur, the winner will be determined by whichever team has
the lightest aircraft. Because weight is already factored into the design score, this should
be easily determined.
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6. Lego Mindstorms
6.1 Vehicle
Teams will build their vehicle using parts from a single Lego Mindstorms EV3 or NXT

2.0 kit, plus one additional light sensor (Lego Shop item 9844 ‒ compatible with both the EV3

and NXT bricks, although it must be programmed as a raw sensor block for the EV3). Vehicles

will be subject to an inspection on the day of competition, and any additional motors or sensors
may warrant disqualification. Other additional parts are allowed as long as they are not
electronic. For example, parts such as rubber bands may be used.
6.2 Arena
A visual diagram of the arena is provided at the end of this document. The arena will be

in a rectangular maze that is approximately 10x10 feet. However, be aware that while the design
is to scale, the exact measurements of the arena could be subject to change before competition

day. The vehicle will start on top left corner of the maze and traverse along a path to the center.

The black line is the path the vehicle should follow to successfully complete the maze. The maze
will be completely flat, although there may be some “ghost” objects the player vehicle should

avoid picking up and touching.  Picking up or touching a ghost will only lead to a point reduction
if the ghost is still being touched at the end of the time limit.  Fruits will be located alongside the
black maze paths.

6.3 Competition
Each team will be allowed three separate rounds to attempt the challenge. After the teams

get to the Mindstorms room after opening ceremonies the teams will be allowed 12 minutes
before any testing rounds start. Within each round, the vehicle will have 3 minutes to

autonomously traverse the maze and collect as many fruits as possible.  To get the full points of
the fruits, they must be moved to the center of the maze otherwise they are only worth half as
much. 15 seconds will be allowed to set up the vehicle in the arena before the 3 minutes to

complete the task starts. The PAC-MAN vehicle will start at a green starting line right outside

the maze opening.  The vehicle must then follow a black line to the third tier, or outside layer of
the maze. Getting to each layer of the maze is worth points. After the third layer of the maze the
vehicle can still follow the black line and should be collecting fruit along the way, while not
collecting the ghosts.
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Fruits will be colored balls 1/2 inch in diameter.
Ghosts are made of solid blocks of wood, 2 inches in length and 2 inch in width. The first

ghost is 1 ball, placed along the path the vehicle must go around or move the ghost out of the
way to continue along the black line. There will be 3 more ghosts along the path.

To win the game, the center of the maze must be reached within three minutes. The

moment the vehicle stops inside the center of the maze, the timer will stop and the game will be
over. This means that as many fruit must be collected as possible via dragging or carrying and
brought to the center of the maze to earn maximum amount of points.

The vehicle’s task is to navigate through maze layers, collect as many fruits as possible,

and reach the center of the maze. All of this must be completed before the 3 minute limit is over.
Anything that the vehicle does after the 3 minutes will not count towards the score. The same
applies for once the vehicle enters the center of the maze. After 3 minutes the scorer will

determine and record the team’s score for that round. Rankings will be determined based on a
team’s highest individual round score.

Between rounds of competition, teams will be allowed 10 minutes to make repairs and to

modify the vehicle’s design and/or program. Teams must be ready to begin their next round at
the announced start time. If they are not ready, the scorer may start the 3:00 timer before the
vehicle actually enters the course.

6.4 Point Distribution
Teams will be awarded points based on layers reached, fruits collected, and reaching the

center of the maze. If all the layers are reached, a maximum of 70 layer points will be awarded.

Competitors are encouraged to collect as many fruits as possible, but be strategic about what fruit
types are collected if it is not possible to get them all. There will be at least one fruit in the maze
and the player will have to strategically pick up the most expensive ones to get a maximum

amount of points. Fruits are only worth half as much if the robot does not make it to the center of
the maze before 3 minutes.

At the end of a team’s round, the point totals will be calculated by an appointed scorer. A team’s

score will be the sum of the layers reached, fruits collected, and score from reaching the center of
the maze. The scorer will then report the team’s score to a central database. Teams will be
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ranked by their highest individual round score from the three rounds of competition. Ties will be
broken by using the second highest score from the three rounds, and then the third.
Layers Reached:
Note: If all layers are reached, a maximum of 70 layer points will be awarded.

Points for Reaching Each
Checkpoint

Layer 3

Layer 2

Layer 1

Reaching
Center

10

15

20

25

Fruit Point Values:
Note: Collect as many fruits as possible.
Item

Color

Points awarded for fruit

Cherry

Red

10

Orange

Orange

20

Pretzel

Brown

20

Pear

Green

20

Banana

Yellow

30

Deductions:
● Outside Influence

○ Point deductions will be made for any incident requiring an outside influence

from team members. If the vehicle exits the course boundaries, a team member
must place it back at the last checkpoint the vehicle was at. A deduction of 5
points will be applied for each time this occurs.

○ Alternatively, the vehicle may experience an irrevocable malfunction within the

boundaries (for example, the vehicle may tip over and be unable to move). If the
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appointed scorer determines that an outside influence is necessary for the vehicle
to continue toward its goal, then a team member may correct the issue with the
minimum influence possible. A deduction of 3 points will be applied for each
time this occurs. Other than these incidents, the vehicle must be entirely

autonomous, and any unnecessary influence from a team member may result in a
disqualification.

● Knock Down Wall or Hitting A Ghost

○ Point deductions may also be made if the vehicle knocks down a wall or carries a
ghost to the end.  Each time an occurrences like this happens, the player will be
deducted 5 points.
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6.5 Arena Diagram and Dimensions
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Please read all rules thoroughly before competing on the day of the competition. While creativity
is strongly encouraged for all competitions, there is a fine line between bending the rules and

cheating. This line will be defined before the day of the competition, but may be debated in a

case-by-case manner. That being said, any competitor that is considered to be cheating will be

immediately disqualified from that competition with zero points awarded, even if the team has
already competed. Due to issues with cheating in previous competitions, any debate will most
likely be leaning towards cheating rather than bending the rules.

Questions about High School Design should be submitted to highschooldesign@ku.edu or

through the link listed on the High School Design homepage. These will be directed to the proper
contact.

There have been issues when sending response emails to student accounts provided through

school districts. If using a student school district email, please provide an additional email that a
response email can be sent to.
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