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MOE 365 Technical Notebook Summary Page

Our Non-Technical is used to show the progress of our connect, communications, social media
and fundraising programs. This notebook contains our business plan and team bios.

We took a lot of time developing goals and a new team organization (Pages 9-11). This
became our Business Plan.

Some of our favorite Outreach events include the Blue Rocks Science Day (Page 123) where
we taught little kids about our robot and let them use demo bots. We really are trying to improve
Delaware FIRST. We've done this by hosting a Brainstorming Event (Page 129) where we helped
new teams see a brainstorming process/got ideas for the new game. We've also hosted multiple
scrimmages like the Delaware one on Page 138.

MOE has taken a lot of time to try and gain new sponsors along with sustain the ones we
have. Our brainstorming for sponsors is on page 21. Some sponsors we gained are: Burris Logistics
(Page 126), Boeing (Page 132-133), and Be Barre Fit (Page 134). We have tried to sustain our
sponsors by trying to keeping them updated on what we are doing and doing demonstrations for
them. This can be seen on page 124 where we demonstrated our robot for the company Axalta and
presented them with a 3D Printed version of our robot. MOE also received a grant for a 3D Printer
from Ekocycle. In addition, Axalta sponsored a scholarship for Delaware FTC student. The application
can be found on Page 26 and the acceptance email/plan for the printer can be found on Page 135.
For fundraising we have also sold Horsey Youth Raffle Tickets for a sports car.

MOE 365 Technical Nobebook Summary Page

Our design process began after we learned what challenges we would be facing in Cascade
Effect. We started by designing a chassis using 80-20 (p. 19) to figure out a design which would best
accommodate our needs. We had brainstorming sessions in small groups for ideas in strategy and
robot design, and hosted a brainstorming session for rookie teams to help our decision making for the
season (p. 20).

CAD is a major part of our design because it allows us to design and test ideas more quickly
than if we had to physically build it (p. 19 ). This is our second year using CAD and we are continuing
to use Autodesk Inventor because it remains a software that several of our team members are
familiar with. One of our objectives was to have a robot design based on industrial design, mobility,
and simplicity. CAD greatly assisted in this, allowing us to easily fabricate custom parts (p. ).

At the beginning of the season the Technical team made a timeline (p. 2). This helped with
time management and gave us goals to reach by certain dates.

Programming for the Mecanum wheels were completed on a prototype robot. The challenge
was to make the robot go in any direction and orient robot direction (Pg. 80). Programmer did lots of
work on testing various sensors including Ultrasonic and Accelerometer (pg 82). These will be used
later in season. Another challenge was to calibrate the encoders on the new AndyMark Never Rest 40
motors (pg 83). Our future autonomous strategies are on pg 84. We are using very simple “off the
ramp” and aim to dispense in the small rolling goal strategy for this tournament, since we do not have
time to program any more.




NOTEBOOK GUIDELINEST

NOTEBOOK INTRODUCTION

Using a Notebook to record ideas, inventions, experimentation
records, observations and all work details is a vital part of any engi-
neering process. Careful attention to how you keep your Notebook
can have a positive impact on the patent outcome of a pending dis-
covery or invention.

Following are some overall recommendations to help you keep
more efficient and accurate Notebook entries. Remember, howev-
er, that these are simply a suggested set of guidelines. Only your
attorney can supply the exact guidelines she would like you to fol-
low to satisfy specific legal requirements. That is why we recom-
mend that you consult your legal counsel.

RECORDING DATA

Your Notebook is a vital record of your work whether it is for patent
purposes, legal records or documenting drug research under FDA
guidelines. The Notebook can help you prove:

a. Exact details and dates of conception

b. Details and dates of reduction to practice

c. Diligence in reducing your invention to practice
d

. Details regarding the structure and operation of your
invention

e. Experimentation observations and results

—h

A chronological record of your work
g. Other work details

Follow a few simple rules of thumb
1. Always record entries legibly, neatly and in permanent ink.

2. Immediately enter into your notebook and date all original
concepts, data and observations, using separate headings to
differentiate each.

3. Record all concepts, results, references and other information
in a systematic and orderly manner. (Language, charts and
numbering systems should be maintained consistently
throughout.)

4. It is acceptable to make your entries brief. Always, however,
include enough details for someone else to successfully dupli-
cate the work you have recorded.

5. Label all figures and calculations.

8. Never, under any circumstances, remove pages from your
notebook.

Remember to treat your Notebook as a legal document: It
records the chronological history of your activities. The following
guidelines should help you maintain the consistent and accurate
entries needed for future legal purposes.

1. Start entries at the top of the first page, and always make
successive, dated entries, working your way to the bottom of
the last page.

2. After completing a page, sign it before continuing to the next
page.

3. Make sure that you record the date of each entry clearly and
unambiguously.

4. Never let anyone other than yourself write in your Notebook
(excluding witness signatures, discussed later).

5. Never leave hlank spaces, and never erase or remove mate-
rial you have added. Simply draw lines through any blank
spaces at the same time you are making your entries.

6. Do not erase errors. Just draw a single line through any erro-
neous entry, then add your initials. Enter the correct entry
nearby.

7. You can supplement your entries with supporting material
(e.g., test-result printouts and other documentation). But you
must permanently affix the material onto a page in its proper
chronological location.

8. Never rely solely on any supplemental attachment. Always
include your own entry describing the attachment and add any
conclusions that you might draw from its substance.

9. Occasionally, secondary sources might be too large or inap-
propriate to attach directly to your notebook. In this case, you
can add all secondary sources to an ancillary record main-
tained precisely for this purpose. However, always remember
to write a description of these secondary sources, clearly and
unambiguously, in your notebook.

DOCUMENTING PATENT ACTIVITIES

A primary purpose of your Notebook is the support of documenting
work that may be patentable. To support patent activities, it is nec-
essary to provide clear, concise, chronological entries with specific
dates. To rely on these dates, you must have at least one non-
inventor corroborate that the events actually happened and that he
or she understood your invention by signing and dating the
“Disclosed to and Understood by" signature blocks.

Your Notebook should help you document and prove:

1. Conception Date—The date that you knew your invention
would solve the problem.

2. Date of reduction to practice—The moment that you made a
working embodiment of your invention.

3. Diligence in reducing your invention to practice—Diligence
refers to your intent and conscious effort to make a working
embodiment. You are not required to rush, or even to take the
most efficient development strategy. But your Notebook must
include details relating to your diligent activities. These are
dates and facts that show what activities you have conducted
to reduce the invention to practice, and when such activities
were conducted. Since you may still be diligent despite peri-
ods of not working on reducing your invention to practice,
always remember to provide reasonable excuses for these
periods of inactivity by supplying facts relating to why there
was no activity during the period in question. (e.g., unavail-
ability of test conditions or equipment).

4. How to make and use your invention—provide documentation
details sufficient to teach a colleague how to make and use
your invention.

5. The best mode of practicing your invention—document the
best way to practice your invention.

A non-inventor colleague should corroborate each of these
events/facts by signing the “Disclosed to and Understood by” on
the relevant pages.

t BookFactory provides these sample guidelines "AS 15" without any
warranty.

[EPRIL-168-LGS-A v04 May-2011]
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M BT OF NATER

FTC Robot Bill of Materlal

Team Number:

365

Please list any non-TETRIX® or non-MATRIX® parts and provide this list to the hardware inspector.

(Tip: make two copies, keep one in your Engineering Notebook, bring the other to Hardware Inspection).

Part Description

EXAMPLE: QTY4 Anderson Power Poles
EXAMPLE: QTY 3 prefabricated joining plates

Mechanum wheels <vexrobotics.com> part # 276-1447

Miniature mounted bearings <http://www.mcmaster.com> part #
Servo Blocks <servocity.com> part # 637110

extruded aluminum corner bracket part #

Steel axle

Plastic Chain, 1/4" pitch <http://www.servacity.com

80/20 T-nuts <http://www.mcmaster.com> part # 470657233

80/20 Braces <http://www.mcmaster.com> part # 5537781

80/20 <http://www.mcmaster.com> part # 55377101

Clear Polycarbonate <http://www.mcmaster.com> part # 8574K63
Angle bracket <http://www.mcmaster.com> part # B982K36

C Channel <http://www.edconsteel.com> part # ALCHN.40.20.2
Green toggle Switches <http://www.surpluscenter.com> part # 11-3286-G
Anderson Power Poles <http://www.powerex.com> part # PP15-25

Game Rule / Forum Reference
Game Manual Pt 1: <R03.n>

Forum: Robot Parts and Materials post #5
<R02.a.1>

Game manual Pt
Game manual Pt 1: <R04.c>

Game manual Pt 1: <R04.c>
Game Manual Pt 1: <R04.c>
Game Manual Pt 1: <R04.b>
Game Manual Pt 1: <R04.b>

Game Manual Pt 1: <R04.c>
Game Manual Pt 1: <R05>

Game Manual Pt 1: <R04.a>
Game Manual Pt 1: <R04.e>

Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R08.d>

Game Manual Pt 1: <R03.n>

Anderson Power Pole Distribution Hub <http://www.powerex.com part# ps-8
Pvc tube <http://www.homedepot.com> part # 1610

Zipties

Servo City Hub Adapter <http://www.servocity.com> part # 545456

Spiral Cut Wrap 1/4" <http://www.mcmaster.com> part # 7378K426

Wire 16 Gauge

Tetrix servo wire extenders <http://store.talentcenter.com> part #

Poly Foam <http://www.netsolhost.com> part # polyfoam8236

Wheel Adapters

Goal Grabber

Game Manual Ptl: <ROB.q>
Game Manual Pt 1: <R04.a>
Game Manual Pt 1: <R06.d>

Game Manual Pt 1: <R05.d>
Game Manual Pt 1: <R08.t>

Game Manual Pt 1: <R08.r.i>
Game Manual Pt 1: <R08.r>
Game Manual Pt 1: <R04.a>

Game Manual Pt 1: <R07>
Game Manual Pt 1: <R0O7>

Hinges Game Manual Pt 1: <R04.c>
Hose Claps Game Manual Pt 1: <R05>
Green Gaffer Tape Game Manual Pt 1: <R05>
—
4 i
| | \
7 7
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1 Check Battery Voltage

6 Check Strings for Ware or Tares

8 Check all Collars and Hubs

Checklist

| 2 Check Chassis Motors and set screws
: 3 Check the Wire Routing and NXT and Samatha wires
4 Check if the Lift is Working and Operating Correctly and the screws on the sliders

5 Check gears and Chain if Gear is on Chain and Check Master Link (good tension)

7 Check the Harvest Belt and Plastic Tabs

9 Check if the tube is secured on lift.

Spare Parts List
1 Rubber Bands

2 Chain (Plastic and metal)

3 Kevlar String

4 Motors and Servos

5 Plastic tabs

6 Steel/airline cables
7 Screws and nuts

8 Corner brackets

9 Axles

7110 Tape (duck Tape)

11 Extra wires for servo and motors
.., 12 Batteries, NXT Batery, Tetrix Battery

13 Hubs for Axle

~ | 14 Velcro

| 15 Zip Ties

116 Crimp
.| 17 Crimpers

| 18 Spare NXT and Samantha

- |19 DC Motor Control

T 21 Extra 80 -20

7120 L Brackets

-} 22 Extra Links and treads for the harvestor belt
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Please list any non-TETRIX® or non-MATRIX® parts and provide this list to the hardware inspector.

(Tip: make two copies, keep one in your Engineering Notebook, bring the other to Hardware Inspection).

Part Description
EXAMPLE: QTY4 Anderson Power Poles

EXAMPLE: QTY 3 prefabricated joining plates

Mechanum wheels <vexrobotics.com> part # 276-1447

Miniature mounted bearings <http://www.mcmaster.com> part #
Servo Blocks <servocity.com> part # 637110

extruded aluminum corner bracket part #

Steel axle

Plastic Chain, 1/4" pitch <http://www.servocity.com

80/20 T-nuts <http://www.mcmaster.com> part # 470657233

80/20 Braces <http://www.mcmaster.com> part # 5537781

80/20 <http://www.mcmaster.com> part # 55377101

Clear Polycarbonate <http://www.mcmaster.com> part # 8574K63
Angle bracket <http://www.mcmaster.com> part # 8982K36

C Channel <http://www.edconsteel.com> part # ALCHN.40.20.2
Green topgle Switches <http://www.surpluscenter.com> part # 11-3286-G
Anderson Power Poles <http://www.powerex.com> part # PP15-25
Anderson Power Pole Distribution Hub <http://www.powerex.com part# ps-8
Pvc tube <http://www.homedepot.com> part # 1610

Zipties

Servo City Hub Adapter <http://www.servocity.com> part# 545456
Spiral Cut Wrap 1/4" <http://www.mcmaster.com> part # 7378K426
Wire 16 Gauge

Tetrix servo wire extenders <http://store.talentcenter.com> part #
Poly Foam <http://www.netsolhost.com> part # polyfoam8236
Wheel Adapters

Goal Grabber

Hinges

Pullies

Kevlar Sting

Game Rule / Forum Reference
Game Manual Pt 1: <R03.n>

Forum: Robot Parts and Materials post #5
<R02.a.1> |
Game manual Pt

Game manual Pt 1: <R04.c>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R05>
Game Manual Pt 1: <R04.a>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R08.d>
Game Manual Pt 1: <R03.n>
Game Manual Ptl: <R08.q>
Game Manual Pt 1: <R04.a>
Game Manual Pt 1: <R06.d>
Game Manual Pt 1: <R05.d>
Game Manual Pt 1: <R08.t>
Game Manual Pt 1: <R08.r.i>
Game Manual Pt 1: <R08.r>
Game Manual Pt 1: <R04.a>
Game Manual Pt 1: <R07>
Game Manual Pt 1: <R07>
Game Manual Pt 1: <R04.c>
Game Manual Pt 1: <R04.e>
Game Manual Pt 1: <R04.e>
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Lol For autonomous, we have a switchboard that determines what we will achieve:

2l ; %
s !" e -_L

s
/ : 1. “RAMP” Determines our starting position. 1 £

/ f On: says we’re starting on the ramp [ [

/ i : / Off: says we’re starting in the parking zone

2. “CTRGL” Determines if we drive to and score in the center goal. i

On: Calculate center structure position and score high goal

Off: Do not move

3. “KICK” Determines if we knock down the kick stand.
On: Drives to kickstand from current position and knocks it down
Off; Do not move
4, “RGSCR” Determines if we drive to and score in the 60cm rolling goal. y
On: Drives to 60cm rolling goal from current position and score in it e
Off: Do not move ' : e /
5. “RGMOVE” Determines if we drive to and drag the 60cm rolling goal to the parking zone, 7 = £
On: Drives to 60cm rolling goal and drags 60cm rolling goal to parking zone A
Off: Do not move /
These switchboard settings are read by a single master autonomous program, which then moves the | / ?
robot in multiple ways depending on the settings. Therefore, we do not have to upload multiple /
programs into the NXT brick, one for each possible route. Also, selecting between the various paths /
becomes very simple; all one has to do is select the proper switch settings, in consultation with our ,’/ : .
~alliance partner, at the start of the match. N S— /[
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To figure out what position the center structure is set in, we use two ultrasomc sensors. Each one takes
..} a distance reading when they ping a signal off the structure. Two close signals mean that the structure is
in position 1. Mid-range signals mean position 2. Position 3 is found when both ultrasanic sensors do not —

| read anything, and just return a fully maxed out signal. . /

The diagram below displays what paths the robot would take if all switches are on: 7 /

'/: _/ |
7 e R
Lo | —
. o
/ 1. “RAMP” Circle : ,/ :
/ 2. “CTRGL" Lime Green lines AT

/i 3. “KICK” Orange

ril B 4. “RGSCR” Purple J
// 5. “RGMOVE” Cyan 7
/| /

R s We use mecanum wheels which allow us to move in any direction. Because of this we usea /|
. “Field Centric” teleop program. This makes our robots movement relative to the driver instead of the
robot itself, allowing easier control when the robot cannot be seen. This requires a coordinate
\transformation between field-centric and robot-centric coordinates, The relationship between field
kentrlc coordinates (x', ¥') and robot-centric coordinates (x, y) are:

P

x'= xcosf — ysin@ /
§ S AL Y o / o / / 7 Continued to page
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/ y' = xsin@ + ycosf

\\
\

- For this coordinate transformation to work, we must know the orientation of the robot (6) with ... . /. . .

{respect to the field in real time. We use a HiTechnic Gyro sensor to constantly measure our rotational |
speed, or angular velocity (w). From calculus, we know that if you integrate your angular velocity, you
| are can obtain the instantaneous orientation of your robot.

a() = Ltw(t)dt

{ Hence, we use an integration program running in the background to continuously track our robot’s
| instantaneous “heading,” or the amount it has turned since the beginning of the match. The HiTechnic :
| Gyro sensor is not very precise, and it returns a small, but random, angular velocity even when the robot

/1 /s perfectly still. Hence, we employ an if statement in the integration program that only accepts angular
" /’ || velocity values if they are larger than some threshold value.
. |
i | Using the two coordinate transformation equations above, we can now calculate how much

ower we need to feed to each robot’s wheel. We treat each driver input power as a vector, and the
obot’s final movement direction as the resultant vector. The coordinate transformation accounts for 1
: e robot’s heading, and the robot executes whatever direction that the driver pushes on the joystick.
/ For example, no matter how rotated the robot i 15, when the driver pushes right on the joystick, the robot 1

moves right with respect to the driver. This happens even if the robot is rotated 180 degrees, in which
case the robot’s right is actually left according to itself. This greatly simplifies driving as the driver does
not have to mentally rotate his/her heading continually as the robot turns. vy

Programming Work in the Technical Notebook
Feature Page
Mecanum Programming Development | 80-81 T : /
Sensor Work 82 1 S S
/| Encoder Calibration 83
4 {| Autonomous Strategies 84
,,f' || Field Centric Teleop Programming 85
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Autonomous Routine #1 (AutonomousRamp)
*#Startat Green Square, Green Circle indicates ball being scored™*

1. Forwards from ramp to grab 60cm goal (~85 inches) (20 poil

(5]

Strafe left to move away from wall (~8 inches)

3. Tum right 90° and drive into wall to align 60cm goal in robot (2 - 3 seconds)

4. Score pre-loaded small ball in 60cm goal (30

5. Back away from 60cm goal (~6 inches)

rn left 45° to face 90cm goal

7. Forwards to push and align 90cm goal (=3 seconds)

8. Score pre-loaded large ball in 90cm goal (30 poinis)

9. Pull 90em goal out of corner for easy start in TeleOp (~25 inches)

Total: 80 points

94

Strengths:
*  This routine works about 90% of the time, scoring 80 points very reliably,
At the end, our robot is ready for TeleOp, controlling the 90cm goal,

*  This routine complements a pariner rebot which has a strong parking zone routine,

Weaknesses:

This routine can be easily defended by an opponent blocking access to the rolling goals.
*  The exact alignment (rotation) of the rolling goals can, on rare occasions, affect how we
grab the goal and knock us slightly off course.

Strategic Choice:

*  We increased the speed of the robot as it travels down the ramp. Though this may cause a
slight misalignment at the base of the ramp, it mitigates the risk of an opponent blocking
us from reaching the goals.

* We decided to avoid pulling the 90cm goal back to the parking zone, becauss other robots
tend Lo be in the pinch point between the ramp and center structure.

wunnued w page
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A

utonomous Routine #2 An::c:e"z::mﬁg?.._.v

&

2,

e

8.

Q.

art af Green Square, Green Circle indics

ties ball being scored =
Use a Lego® Ultrasonic Sensor to dete y

rmine rotation of center structure
Raise lif Siti {
[ifi, and based on Pposition, move forward a specific amount

Turn towards center goal
Move forwards to line up with center goal

{ jel pi to score
Rotale obot 1 MH ttoa 121 disper sing tube w th center WDN_ m correct positio S

Release pre-loaded autonomous balls into center goal (60 poins)
Back away from center goal
Rotate robot to aim toward kickstand

Drive forward and knock down kickstand (

I points)

Continued fr

Strengths:

= This routine is designed to score 90 points while allowing our partners the opportunity to
score around 50-80 points from the ramp.

« This routine is most reliable when Center Structure is in Position 3 with center goal
facing the parking zone. 1t is about 90% effective in that position, and about 75%
effective in scoring in the other two positions.

= This routine complements a partner robot which has an autonomous routine that runs off

the ramp.

Wealnesses:

+  This routine is about 75% effective in Positions 1 and 2. There are many field variables
that can affect this routine.

« It can be defended if an opposing team drives directly into the center goal before we
dispense our balls. Teams that just aim for the kiclstand can disrupt our routine,

+ Our robot ends up near the kickstand and in a lot of traffic.

Strategic Choice:

= We decided to avoid moving our robot toward the rolling goals at the end of the routine to
avoid the potential risk ol interfering with our partner’s autonomous routines.
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##8tart al Green Square, Green Circle indicates ball being scored**

1.

2

3,

4

Drive diagonally forward from parking zone across field to grab 90cm goal
Push 90cm goal into corner to align it into robot

Score pre-loaded autonomous balls into 90c¢m goal (30 poir

Drag 90cm rolling goal back to parking zone to complete autonomous (20 points)

Total: 30 poinds

96

Strengths:
«  This routine is designed to score 50 points from the parking zong while allowing our
partner the opportunity to score around 50 points from the ramp.
«  This routine complements a partner robot that has an autonomous routine that runs off the
ramp, but only scores in the 60 cm tube or no tube at all,
+ The routine is very reliable as long as our partner robot does not use same route.

Wealnesses:
¢« There is minimal room for error in navigating the field, so alignment is very important.
= This routine can interfere with our partner’s routine.
= Qur route can be disrupted by balls on the field if the kickstand is knocked over by
opponents. This can increase the risk of tipping over the 90 cm goal.

Strategic Choice:
= This is our least-used autonomous routine because it fetches a lower point total, as well as
the greater risk of getting caught in pinch points between the center goal and the ramp.
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Driver Controlled (TeleOp) Features o .
. g o
Sensors Field-Centric Drive System E =
We hav Joved ber of g We use Mecanum wheels which allow us to move in any direction. Because of this we use a ﬁm V||
e employ g P i Figp y ¥ . .
: _ H_%w@ i e S robot’s capabilities: “Field Centric” TeleOp program. This allows our robot’s movement to be relative to the driver, r i o
; TS0 sor: This cate iti 5 I v . o :
o R .@ﬂé._ - This is used to locate the position of the center structure for instead of the robot itself. The system allows for easier control when the robot cannot be seen | _Aln
" . ou:c:.%f:m s,._:wm *M., We have found that the ultrasonic sensor is more accurz (behind center structure, across the field, etc). This requires a coordinate transformation between | L
ha ; < asoni s e s ‘ : = ; : . ; » —
[ di MH © ) _mo_mch 9_ s ﬁmm_r.ﬂra ultrasonic sensor has enough sensitivity to field-centric and robot-centric coordinates. The relationship between field-centric coordinates o
istinguish betw e iti ith suffici s i . ) . e e
i guish between the three different positions with sufficient reliability. {the modified wheel powers: x', "), and robot-centric coordinates (the joystick powers: x, y) is: W
2. Encoders: Encoders on the drive motors were calibrated to determine the distance [
traveled per tick. This is very helpful in programming the robot to move forward x = x'cos8 — y'sinf . o o
given distance, y = x'sinf + y'cos8 M
i NV 9 i P % = 3 . i i - - 2 ,
3. HiTechnic NXT Gyroscopic Sensor: The gyro sensor is used in two ways: We use trigonometry to perform a coordinate transformation on the robot’s wheel power, !
| e It is used for accurate tumns during autonomous routines. using the two equations above. We treat ¢ach driver input power from the controller as a vector,
T — and the robot’s final movement direction as the resultant vector, The coordinate transformation
s etermine the instant: i y [0 ¢ 4 . . S : .
W centric oneration during T H.wW:E:aowa heading of the robot to enable field- takes into account the robot’s heading, and projects whatever direction the driver pushes on the
o eration dunng Tele X 1 2 § 3 5 " 5 . .
‘, . = L joystick onto the robot. For example, irrespective of the robot’s actual heading, when the driver
m pushes right on the joystick, the robot moves right with respect fo the driver. This happens even
) if the robot is rotated 180°, in which case right for the driver is left for the rebot. The diagram
below illustrates the coordinate transformation from robot-centric (x,¥) to field-centric (x’, y")
coordinates:
¥y
u‘\ A m
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For this coordinate transformation Lo work, we must know tl
with respect to the field in real time. We use a HiTechnic NXT Gy
measure our rotational (angular) velocity (w). From physics, we know that integrating angular
velocity with respect to time results in the instantaneous orientation of the robot, We use this
method to obtain our robot’s “degree heading,” which is the total number of degrees our robot
has turned since the gyroscope was set to 0. The integration calculus is shown:

he orientation of the robot {
rOscopic Sensor to constantl

(4
meu% w(t)dt
0

As soon as TeleOp begins, our drivers orient
them, and zero out the degree heading. At this point,
field-centric mode,

the robot so that it is facing away from
the robot is fully enabled to function in

Unfortunately, the HiTechnic NXT Gyroscopic Sensor is not Very precise
returns a small, but random, angu

Hence, we employ an “if*
valu

because it
lar velocity reading even when the robot is perfectly still.
statement in the integration program that accepts angular vel
es only if they are larger than some preseribed threshold value, In addition, the ro
degree heading can be reset at any time to eliminate
inaccuracy of the gyroscopic sensor,

ocity
bot’s
“drift,” or accumulation of error due to the

Our drivers find the Field Centric drive system much simpler to use than the standard
Robot Centric system in conjunction with our Mecanum Wheels, It

1s more intuitive to control,
and eliminates confusion and complication in the heat of a tough m

atch.
Intelligent Use of Servos
Our robot employs a number of servos for various tasks. These include:

. Orienting the Dispensing Tube: The balls are collected by the Ball Collector and fed into
the Dispensing Tube by the Harvester. The Dispensing Tube is mounted on a servo lo

allow it to rotate to provide additional freedom while scoring into goals that may not be
perfectly centered in the robot’s Goal Grabber.

397

Dispensing Tube Gate: This servo is used to keep the Dispensing Tube Gate closed
while the balls are being loaded, and while the tube is being raised into scoring position.
[t then opens the Gate for scoring, The servo can open the Gate partially to allow only
one small ball to score, and fully to score large balls. This feature is used during

Autonomous Routine #1 1o score two balls in two goals (small ball in 60 cm goal, and
large ball in 90 cm goal).

L

Goal Grabber: This servo is used to secure the goal
transported across the field while slaying continuall
to collect and score balls rapidly during TeleOp.

into the robot $o that the goal can be
y in scoring position. This allows us

11

goal ca! L the cort the field, o 1<
1 e stuck in he ¢ er of I T IN& be bloc ed
(o Y

ich 1 cam
o to activate our Goal Peg which is & long Ur. R
oals away from cormers and obstacles.

Goal Peg: Sometimes a "

by other goals/robots. We use this serv oaant
ith a hook at the end that can reach out and p

W

jer tournaments we
i as a late improvement o our robot. In nm_.:.n_ e
i B f our Dispensing Tube as it was being raise o
the back end of the
i s added a small servo at

ierky motions. So we ad : e
S balls in the tube and prevent loss of balls out the ket

- atures that minimize demands on the drive

Ball Retainer: T
would lose balls out the back end o
scoring due :

i ing Tube tain
Dispensing Tube to 1€ ; !
This servo has two special programming fe
attention:

i > whenever
the Ball Retainer to accept balls into the tube whenev

activated. As soon as the Ball Oo:wr,ﬁg and
¢s the Ball Retainer

o It automatically opens -,
B d Harveste
he Ball Collector an . "
“Fmémmﬁa stop after the balls are loaded, the servo m
ically losed position. .
automatically to the ¢ | "
pensing Tube Gate is opened by the driver, the Ball Re

« ‘Whenever the Dis push the balls forward, ensuring no Lo

automatically rotates even further to
remain stuck in the tube.
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