
 

“Rebound Rumble” 

Engineering Notebook 
2012 Season 

Issaquah Robotics Society (IRS) 
Issaquah, Washington 

FRC Team 1318 



2 

Engineering Story 
Robots Don’t Quit 
 Engineering is about delivering an effective design and efficiently 

implementing that design. Good engineering design takes project 
requirements and considers how to apply theoretic principles and real 
world constraints to those requirements. Effective design allows for 
adaptability and change in the original design without needing 
significant changes to the overall system. This is what separates good 
engineers from great engineers – and we aim to be great engineers! 
 
Rebound Rumble is a form of basketball and the Seattle regional was 
the first half of the game for us. Like a good coach at half time after a 
bad first half, we were critical of our performance. We learned a lot 
from the Seattle regional and improved our bridge tipper,  shooter,  
vision system, control systems and our ability to see the playfield in the 
two week period between the Seattle and Spokane regionals.  
 
We were able to innovate on these key components for the game 
(shooting and bridge manipulation) in this short period because we 
originally delivered an effective design that allowed these components 
to be modular and removable from the competition robot. 
 
It’s now the second half of the game - Robots don’t quit and neither 
does IRS Team1318! 
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We used a Systems Design Approach to understand 
the game and design the hardware and software 
needed to complete the required game tasks.  A 
System Design Approach is a method where all of the 
physical and logical systems are designed together 
rather than as separate components. 

 

Our approach involved starting with the end in mind 
and agreeing upon common goals. We then 
simultaneously explored the benefits and tradeoffs of 
each of our designs, building a catalog of approaches. 

 

After brainstorming we were able to choose 
complementary approach combinations to form a 
complete system that we felt would successfully meet 
the requirements of the game.  

 

We divided into sub-teams that worked in parallel to 
build each distinct system.  Once each sub-team 
completed their designs, we incorporated the results 
into the overall design.   

 

We finished by conducting comprehensive testing that 
confirmed the cohesive design. 

 

 

Strategy and Planning  
Systems Design Approach 
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Hybrid Tasks 

Teleop Tasks 

Rebound 
and Collect  

Shoot Pass Ramp 

Locate Ball Locate 
Hoop 

Locate Alliance 
Member  

Tip 

Move to Ball Move  
into 
Position 

Move to Alliance 
Member  

Drive up 

Collect Ball Take 
Shot 

Transfer Ball Balance 

Shoot Two Balls Win Tip Off 

Start in Shooting 
Position 

Recognize Starting Position 

Locate Hoop Move back four feet 

Delay  Tip Ramp 

Shoot 

Strategy and Planning  
Required Game Tasks 
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Shot Type Made Missed % 

Swish 14 15 50% 

Bank 9 20 30% 

The Issaquah 
basketball team 
helped with a 
simple shot type 
experiment. 
 
We also calculated 
the ball trajectory 
equations. 

Strategy and Planning  
Ball Trajectory Analysis 
 

Conclusions 
• Go for the swish  

• Field tests identified 
bank shots also useful 

 
• Fixed launcher, angle is ok 

• Simplifies design 

 
• Math says use 55 degrees 

• Field test adjusted to 
60 degrees 
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Shooter 

Ball Collector 

Driving 
Ramp Operations 

cRio and 
electronics 

Vision System 

Weight Reduction 
Holes 

Hardware Design 
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Turret 



Planning 

Proposed Sketch Original Prototype 

We need the turret to be 
at 55 degrees. 

Graph of the shot analysis taken 
from various places. 
.  

Hardware Design 
Turret / Shooter 
 

Original Ideas 

Needed Would Be Nice Don’t Need 

Shoot consistently Swivel independently Adjust height 

Shoot from many 
places 

Load ball while swiveling Shoot from other 
side of field 

Side Mount Turret Shooter Dunking Ramp 

Hard to aim Allows for aiming Potentially illegal 

Hard to load Independent  Hard to load 

Single Function Single Function Used for ramp 

Removable Design Defendable 
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Hardware Design 
Turret / Shooter 
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Planning 

Originally Proposed Sketch Original Prototype 

Hardware Design  
Ball Collection 
 

Original Ideas 

Needed Would Be Nice Don’t Need 

Loading balls Dual bay Direct shooting 

Transfer to turret Polycord secured 

Sturdy design Lowers bridge 

Front Bay Only Dual Bay (L/R) Dual Bay (F/B) 

Breakable More Room High storage space 

Not failsafe Failsafe Less room 

Could get in the way 

Poly Cord 
• Less elastic  
• High friction 
• Easier connections   

Surgical Tubing 
• More elastic 
• Low friction  
• Harder connections  
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Hardware Design  
Ball Collection 
 We replaced the surgical tubing with polycord 

to transport the balls better.   
At first we used an open flame to melt the 
ends.  We ended up with inconsistent lengths 
and joins. 

We realized we could use a soldering iron to heat a razor blade and use a 
piece of 80-20 metal to guide the cord, push it on both sides of the razor 
blade and remove the razor blade to fuse the sides together.  
 
Rapid manufacture of precise length loops with smooth joins enabled the 
conveyor system. 
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Original Ideas 

• Can translate and rotate at the same 
time 

• Can provide driver oriented steering 
using a gyro 

• Has 45 degree rollers and uses vector 
addition to translate  

• Has PID controller to help with accurate 
motion  

• Uses a camera for driver to view field 

Mecanum wheels are made of 
rollers rotated at 45 degrees 
relative to the central axis. 
They allow  for maximum range 
of movement which is a key 
component of our strategy.  

Planning 

Hardware Design  
Driving 
 Needed Would Be Nice Don’t Need 

Must be stable Precision control Crosses the barrier 

Must be 
maneuverable 

Multiple speeds 

Traction 

Mecanum Drive Helicopter Tank Drive 

Supports dual inputs Impractical High traction 

Crosses bridge Expensive Hard to cross barrier 

Low Traction Faster 

Maneuverable 
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Hardware Design  
Driving 
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Holonomic drive with Mecanum wheels 



Includes:  

• Ramp tipper 

 

• Ramp fine 

 

• tuned motion 

Planning 

Cardboard Prototype 

Hardware Design 
Ramp Operations 
 

Original Ideas 

Needed Would Be Nice Don’t Need 

Tip ramp Doubles as two 
parts 

Crosses the barrier 

Sturdy Mode toggles  

Pulls robot on ramp 

Separate Arm Ramping Device Collector Flips Out 

Adds extra weight  Robot would shoot 
over barrier 

Multi-use part 

More coding Might not work 
well or consistently  

Polycord could 
break if not 

modified 

More stable 
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The outer roller 
has a tread 
surface, so the 
roller can drive the 
robot. 

Hardware Design 
Ramp Operations 
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Right bay conveyor 
doubles as a tipper. 



Planning 

Hardware Design  
Electrical System 
 

Original Ideas 

Needed Would Be Nice Don’t Need 

Flexible connection to 
turret 

Well organized 
Compact 

All digital interface with 
motor controller 

Reliable connections, 
insensitive to vibration 

Low Center of Gravity 

Wires protected from 
damage 

Turret wiring inside outer 
frame 

Shower Curtain Turret  Wiring All Digital (CAN)  
for motor control 

Protects wire Fewer wires 

Difficult to build & maintain Encoder software more complex 

Not enough space 

•Wire bundles for robot CNS 
 

• Distribution of electrical 
components to avoid 
intruding on ball collection 
area 
 
• Software constrained the 
number of encoders on the 
digital side car requiring 
additional wiring 

 
• Numbering of wires and 
wire lists to allow quick re-
assembly  
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Hardware Design  
Electrical System 
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Wire bundle for the turret: 

•  Ethernet cable for camera 
• Six wires for motors  
• Flexible Wet Noodle wires with 1660 strands 
• Power wire for camera 
• Power wire for Camera LED 
• Two encoder wires for top shooters 
• Braided sock to hold wires together 



•Sticky notes on a whiteboard: a 
programmer’s best friend.  They 
allow us to map out how our 
modules connect and interact. 

•The Path to Victory- a list of tasks 
compiled from the sticky notes that, 
when completed, result in a complete 
software system. 

•Another main reason for our 
success: automatic unit testing. 
When we make a change, with a 
click of a button we can check to 
make sure we didn’t break anything 
else. 

•Our real-time telemetry allows 
us to accurately determine in a 
real-world test whether or not 
our code produces the right 
results 

Software Design 
cRio Software 
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User Inputs 

•X and Y directional 
movement 

•Run ball loaders 
•Tip ramp 

This is ALL of our human 
inputs.  All of them have been 

automated to a point. 

Computation 
•Mecanum kinematics 

•Vision System 
•Hybrid Period 

•Many, many others 

Actuators 
•Launcher Wheel 

Motors 
•Mecanum Wheel 

Motors 
•Turret Motors 

•Many, many others 

Sensors 
•Turret Encoder 

•Camera 
•Mecanum Wheel 

Encoders 
•Gyro 

•Many, many others 

The Real 
World 

Software Design 
cRio Software 
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Characterizing the Launcher 
700 test shots 

Software Design 
Vision System Basics 

Analysis of Vision Range Data 

 Networking Camera 

Determine range and angle, then 
correlate range to launcher speed. 

We developed two 
independent vision 
control methods: 
- Human-in-the-loop 
- Auto-aim 
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Software Design 

 Human-in-the-Loop Vision System 
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Composite of Training Data 

Human Driver Actions 
1. Line up green-lit backboard 

rectangle (from LED ring) with 
the pre-calculated overlay.  

2. Select the appropriate shooter 
speed given the overlay range 
value (in feet) 

3. Move the turret to align the 
center of the rectangle with the 
overlay centerline 

4. Shoot the ball 

Physical Overlay 

Electronic Overlay 



• Ring of LED’s placed around 
the camera reflects off of the 
retro-reflective tape on the 
backboard, allowing us to 
isolate the backboard. 

• Anti-distortion 
program removes 
the distortion 
caused by the lens, 
enabling accurate 
range values. 

• Hue, Saturation and 
Value (HSV) extracts 
and sharpens 
rectangles from image  

• Result depends on 
Hue bands. 

• Multiple bands 
needed to cover entire 
field as reflection falls 
quickly with distance. 

• Auto-sharpen feature 
finds correct band. 

Software Design 
 Automated Vision System 
 

Rectangle 

Range 

Launcher 
Speeds 

Turret Aim 
Point 

Image 

Center 
line offset 

Lookup table 

Lookup table 

Java/OpenCV program 
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Image  
co-processor 

Δ PIXELS X 

Camera Co-processor cRIO 

Shooter 
 Motors 

Turret  
Motor 

Range 

images 

Encoders 

Software Design 
Automated Vision System 
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Working Scale Version of  
Automated Vision System 

After the Seattle regional, we 
revisited this automated 
system choice.   
 
Instead, we: 
1. Implemented the Human-

in-the-loop approach. 
2. Developed a standalone 

scale model to test the 
automated system. 



We made the bumpers so that 
we could fold the cloth one way 
for one color and the other way 
for the other color. This way we 
can change the color of the 
bumpers without removing 
them from the robot.  

We cut out numbers to iron 
onto the bumpers so they 
would be clearly legible. 

When we first finished 
our robot, it was too 
heavy. We solved this by 
drilling 1000 holes in the 
frame to reduce weight.  

Teamwork and Support 
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Bumpers 

Weight 



When we first got back from 
kickoff, we got into group and 
discussed ways to accomplish 
the task.  

We split into groups and 
came up with ideas, 
then presented them to 
the entire team. 

Teamwork and Support 
  
 

We decided to keep our 
shooter post season and 
continue to do fine-tuning 
with the vision. 

We decided to use a 
Wii remote based 
scouting system on a 
laptop. 
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Final Design 
Testing and Fine Tuning 

• Created for the purpose of testing the competition shooter 
and working on the backup vision system 

• Used to verify the programming to test PID controls 

• Used to create look-up tables of known basket-making wheel 
speeds for both bank and swish shots 

• Used to measure pixel height of the highest rectangular goal 

• Uses encoder ticks to attain distance associated with certain 
images 

• Supports the shooter at the correct height on a stable base 

• Has encoders to measure distances, range & necessary speed 
for shooter 

• Named because his big green shining eye reminds us of Mike 
Wazawski. He was really bright! 
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We created a test robot for 
fine tuning post build season, 
called Mike Wazawski, named 
after the character in 
Monsters Inc.  
 



Completed Robot 
Final Design 
Completed Robot 
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The Game 
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Sponsors 
  
 

With generous contributions from: 
 

R. and S. Wang    N. Teeuwen    
J. Troy                 D. Rosenstein 
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