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2. Overview

This engineering book will describe our journey in this
VEX VRC robotic competition from the beginning till

now and we followed engineering design process to
complete this book.

Hope you will enjoy reading it.
Thanks for your valuable time.
With warm regards,

Team 15621A

Engineering
Design
Process
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3.Meet our team

1.Zainab Albloushi -

Driver of the robot, Her job is to drive the robot in the competition and also to fix the robot.

2.Alreem Alabdouli. Programmer cum engineer, Her role is to program the robot and helped engineers in fixing and creating
the robot.

3.Faiza Jassem Albusumait- Engineer cum programmer, Her job is to inspect the robot,
out the feasible solution

S

identify the issue in robot and to find

4. Fajer Khaled Alawadhi - atternative driver, Her role is to help first driver and She can act as a replacement driver

ﬁ

5. Jenan Alali- all rounder, Her role is to help everyone in the teams and report writing

“
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4 .Design Process: Brief

4.1 Overview about VRC Spin

This section provides an introduction to the VEX Robotics Competition VRC Spin Up.

VEX Robotics Competition Spin Up is not just a game because it is fun to play - it is a vehicle

for teaching (and testing) teamwork, persevering in the face of hardship,
methodology to approach and solve new challenges with confidence.

and practicing a

VEX Robotics Competition game is more than just a set of game objects worth varying

amounts of points. It is an opportunity to hone the life-long skills that will characterize the
problem-solving leaders of tomorrow.

4.2 VEX Robotics Competition Spin Up: A Primer

VEX Robotics Competition Spin Up is played on a 12'x12’ square field

In Head-to-Head Matches, two (2) Alliances - one (1) “red” and one (1) “blue,”
composed of two (2) Teams each - compete in Matches consisting of a fifteen-
second (0:15) Autonomous Period followed by a one minute and forty-five-second
(1:45) Driver Controlled Period.

The object of the game is to attain a higher score than the opposing Alliance by
Scoring Discs in Goals, Owning Rollers, and Covering field tiles at the end of the
Match.

An Autonomous Win Point is awarded to any Alliance that Owns two Rollers and has
Scored at least two Discs in the High Goal at the end of the Autonomous Period.

An Autonomous Bonus is awarded to the Alliance that has the most points at the end
of the Autonomous Period.

Teams may also compete in Robot Skills Matches, where one (1) Robot tries to score
as many points as possible.
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4.3 Field Overview COMPETITION

The VEX Robotics Competition Spin Up field consists of the following:
» Sixty (60) Discs
© Eight (8) that begin as Preloads, four (4) per Alliance

© Fourteen (14) that are used as Match Load Discs, seven (7) per Alliance
© Thirty-eight (38) that begin on the Field

»  Four (4) Rollers

»  Two (2) High Goals, one per Alliance

»  Two (2) Nets, one behind each High Goal
’

Two (2) Loaders, one in front of each Alliance Station

FIGURE 2 TOP VIEW OF FIELD




—1

wvEXx

: Not fully supported by a robot of the same colour Alliance as the Low Goal. SR
- At least partially contained within the vertical projection of the Low Goal (i.e., “breaking

the plane” of the Low Goal). |

¢. Not contacting any field tiles outside of the Low Goal.

d. Not contacting the Net.

e. Not contacting the High Goal, or any of the supporting structures underneath the High
Goal

FIGURE 4 LOW GOAL WITH DISCS

Rollers:

A Roller is Owned by an Alliance if the area between the Roller’s pointers is entirely that
Alliance’s colour, when viewed from above.
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l—:! 4.7 Specific Game Rules

i a Prior to the start of each Match, the Robot must be placed such that it is:
a a. Contacting at least one (1) of the grey foam field tiles adjacent to the field perimeter that
I 3 are between a pair of Starting Lines on their Alliance’s side of the Autonomous Line.
- : b. Not contacting any other grey foam field tiles.
' ¢. Not contacting any Discs other than the Preloads.
i ': d. Not contacting another Robot.
u e. Not contacting any Field Elements, such as the Barrier or the Net.
3 i. Contact with the field perimeter is permitted, but not required.
H 3 f. Contacting no more than two (2) Preloads.
- 8. Not contacting any grey foam tiles inside the Low Goal.
: s h. Within the required starting volume.
3
|
13

10
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5.1 Overview

5.2 Problem statement

..
N
- This section provides rules and requirements for the design and construction of our Robot. A VEX
.': Robotics Competition Robot is a remotely operated and / or autonomous vehicle designed and b
by a registered VEX Robotics Competition Team to perform specific tasks.
o
‘y

wvEXx
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5. Design Process: Challenge

uilt

|

i

L

e specific rules and limitations provided
he objective. This
one critical

We need to design and construct our robot as per th
in the inspection rubric and compete with other teams to complete t

construction and playing the tournament allows us toh

journey of designing,
century's workforce andin

computational thinking skills needed to succeed in both the 21st

14
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everyday life.

5.3 Inspection rules

¥
aa

Following are some rules to be follow to get green pass for the tournament

; Ei » One Robot per Team.

» Robots must represent the Team’s skill level - It must be designed and programmed by the
1 3 ‘ team members

% Robots must fit in a sizing box-it must be able to satisfy and begin each Match in a volume

T =

» Robots are built from the VEX V5 system

Limit Switch V1/V2

Bumper Switch

Optical Shaft Encoder

Potentiomater

Unrasonic Range Finde
LED Y

Yaw Rata Gy

Analog Accelerometer V10

ke

umpes

F 7 PERMISS )MPONENT

%> A limited amount of custom plastic is allowed.

11

smaller than 18” (457.2 mm) long by 18” (457.2 mm) wide by 18” (457.2 mm) tall.
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wvEXx

Decorations are allowed. COMPETITION
Motors and Pneumatics are limited.

Electrical power comes from VEX batteries only.

One or two Controllers per Robot.

No modifications to electronic or pneumatic components are allowed.

Custom V5 Smart Cables are allowed.

Keep the power button accessible.

Officially registered Team numbers must be displayed on Robot license plates

VVVVVVVY

FIGURE 8 OUR LICENSE PLATE

5.4 Design Process: Brainstorming

This section provides our strategies, robot design, autonomous code, and final design of
robot.

All our team member divided the work , finished it and did the peer review.

12
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Our strategies s

Our strategies will be explained by the following mind map-

Mind Map

Good alliance
with other
team and

follow up with

them

Fulfilling the
criteria for
inspection

our strategies

Make design
simple, by

reducing

comlexity

Organized and
dedicated

FIGURE 9 BRAINSTORMING

Why these strategies?

As we were building the robot from the basic vex kit. We experienced in the game that all
other robots are so strong and robust. So, we mainly focused on the points where we can do
our best. We chose teamwork and other strategies as mentioned above because, it enables
our team to share ideas and responsibilities, which helps reduce stress on everyone,
allowing us to be meticulous and thorough when completing tasks. This will enable us to
overcome our weak point and better performance in pressure.

13
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FUTURE
OPPOURTUNITIES

It enhances the chance
of getting scholarship in
university with lot of
opportunities

wvEXx

, ’ \ . CDMPETITION
SRR |

INTERACTION AND
COMMUNICATION SKILLS

Meeting with different teams, and
interacting with them

BENEFITS OF
" PARTICIPATING

l

TEAM WORK AND
COLLABORATION

Learn how ta work in pressure and to stay
united and follow planned strategies

IMPROVE STEM
SKILLS

Learn advance
technalogies and
enhance critical thinking

22A%

FIGURE 10 BENEFITS OF PARTICIPATION IN VEX

14
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Robot components

In the beginning, the base is in the form of an H base, and it consists of 4 wheels and two
motors, as they are connected to each other and are called the drivetrain.

Also here is the intake, which is responsible for pulling the discs from the floor to the robot

an::l drop it in the area we want as it is connected to two motors to increase the force in the
pull.

And most important at the top the roller responsible for rolling the roller in the ring during
the match and its speed reaches 200rpm

This is a motor(motor5), it spins a
small wheel with chains to pull up
the discs from the ground

This is another motor(motor6), it
spins the wheels so we can change
the color of the roller. And at the
same time it spins the top chain for
the disc to get pulled up

15
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This is the battery; it works together
Wwith the brain to power a constant
and good performance even when
the charge of the battery is low

This is the brain; it displays
information about our robot. And is
responsible for running our program
code and reading the devices
connected to the brain.

A
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These 2 motors are our drivetrains,
they are connected to a wheel

which is connected to 2 driving ‘
wheels. For the robot to move in all
directions

h
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Maths formula which can be useful COMPETITION

Diameter, d, Measurement of a straight line across the centre of a circle,

d=2r

r=radius of the circle

Circumference, C, The total distance around the outside of a circle,

C=nd

Mathematics of Turning 360, Calculation of distance

Distance = Circumference * Turns

Wheel Speed Formula, Wheel speed commonly refers to the instantaneous tangential
velocity of a wheel at a specific diameter that is rotating at a constant RPM.

The following formula is used to calculate a wheel speed.
S=2*[PI*(D/2)] * [RPM/60]

e Where S is the wheel speed
¢ RPMis the rotations per minute
e Disthe diameter

18
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Programming Shippet

vex.h - Notepad
File Ednt Format  View Help

/I

/ Module: vex.h

! Author: Vex Robotics

o Created: 1 Feb 2019

Y b Description: Default header for VS projects
/l

/'

//

#include <math.h>

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#include "v5.h"
#include "v5_vcs.h"

#include “robot-config.h"
#define waitUntil(condition)
do {
wait(5, msec);
3

s while (!(condition))

#define repeat(iterations)

for (int iterator = @; iterator < iterations; iterator++)

FIGURE 11 CODE SNIPPETS

¢ main.cpp

19
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< e main.cpp

competition Competition;

plta ge
SCALE = 120;

set_intake(int input) {
intake.spin(fwd, input * SCALE, voltageUnits::mV);

set_rol(int input) {
rol.spin(fwd, input * SCALE, voltageUnits::mV);

FIGURE 13 CODE SNIPPETS

Drivetrain.drivefor(reverse, 9, inches);

intake.spinFor(reverse, 200, degrees);

20
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r speeds[] = {@, 127, 115, 118};

speed = @;
usercontrol( ) {

hile (1) {

if (Controlleri.ButtonRl.pressing()) {
set_intake(127);

FIGURE 15 CODE SNIPPETS

if (Controlleri.ButtonRl.pressing()) {
set_intake(127);

} else if (Controlleri.ButtonR2.pressing()) {
set_intake(-127);

} else {
set_intake(9);

}

if (Controllerl.ButtonRl.pressing()) {
set_rol(127);

} else if (Controllerl.ButtonR2.pressing()) {
set_rol(-127);

} else {
set_rol(Q);

}

wait(20e, msec);

21
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Astomatically Generated Code - Enable “Expert Robot Configuration™ to manually edit
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troller Controllerq =
mator rol = motop

Jtor(PORT10, ratio1s 1, );
or(PORT1, ratio18 1, );

Drivetrain = driye

train(LeftDriveSmart, RightDriveSmart, 319.19, 17.52
intake = motor(

PORT3, ratio1g 1, )i

(ontr\aller(prinary);
(PORTS, ratiolg 1, )i

FIGURE 17 CODE SNIPPETS
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6. Design Process: Test
(Tournament)

6.1 Overview

VEX Robotics Competition Qualification and Elimination Matches are played in a Head-to-
Hefsd tournament format. Qualification Matches are used to rank Teams based on Win
Points (WP), Autonomous Points (AP), and Strength of Schedule Points (SP). The top-ranked

Teams then form Alliances to participate in Elimination Matches and determine the
tournament champions

6.2 Terminology

» Autonomous Points (AP

) - The second basis of ranking Teams. An Alliance who wins
the Autonomous

Bonus during a Qualification Match earns ten (10) Autonomous Points. In the event

‘ of a tie, both Alliances will receive five (5) Autonomous Points.

# Autonomous Win Point - One (1) Win Point (WP) given to an Alliance that Owns two

(2) Rollers and has scored at least two (2) Discs in their Alliance-coloured High Goal

at the end of the Autonomous Period.

Both Alliances can earn this Win Point if both Alliances accomplish this task

Strength of Schedule Points (SP) - The third basis of ranking Teams. Strength of

Schedule Points are equivalent to the score of the losing Alliance in a Qualification

Match. In the event of a tie, both Alliances receive SPs equal to the tied score. If both

Teams on an Alliance are Disqualified, the Teams on the not-Disqualified Alliance will

receive their own score as SPs for that Match.

» Win Points (WP) - The first basis of ranking Teams. Teams will receive zero (0), one
(1), two (2), or three (3) Win Points for each Qualification Match. Unless a Team is
Disqualified, both Teams on an Alliance always earn the same number of WPs.

* One (1) WP is awarded for completing the Autonomous Win Point task(s).
* Two (2) WPs are awarded for winning a Qualification Match.

* One (1) WP is awarded for tying a Qualification Match.

* Zero (0) WPs are awarded for losing a Qualification Match

23
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6.3 Tournament rules
Here are some tournament rules which we need to follow for smooth conduction of game-
. 4 ici i he
~ The Head Referee has ultimate and final authority on all gameplay ruling decisions during t
competition. . et
# The Event Partner has ultimate authority regarding all non-gameplay decisions during an ‘
» ATeam'’s Robot and / or Drive Team Member should attend every Match.
» Robots at the field must be ready to play
#  Fields at an event must be consistent with each other
-6.4 Match Grig
Qualification Match List
VRC Spin up Pre-National Event - Al Ain / Ajman
Um Al Mo’mneen 8irl's school (1562154)
S -
Match | Time Red1 | Red2 Blue 1 Blue 2 Red Blue Winner “
score score :
_\'\_ -
Q3 Sat4-2-23/ 413188 | 55655C | 15621 90054A | 68 69 Blge
1:50 PM
— 1 250PM |
R S T A T EVe T o 15621A | 47 27 fiedl
2:24 PM
——1 £24PM | ot L
Q4 sat4-2237 | 15631n 38603A | 147018 | 44233A | 17 61 Blue
3:12 PM
 EE——— ——
Q17 [5at4-223/ | 15671a [ 43510% 443324 | 41318A | 42 74 Blue
3:32PM
Q25 Sat4-2-23/ 556558 | 44233A | 15621A 555478 | 111 24 Red
4:20 PM
Q4 Sat11-2-23/ [ 93644F | 147018 | 44235A 15621A | 65 65 TIE
1:54 PM |
Q11 Sat 11-2-23/ 15818A | 15621A | 83661A | 55655A | 45 83 Blue
1:54 PM B
Q1 Sun12-2-23/ | 15818A | 147018 | 770308 15621A | 45 48 ue
2:04 PM Bl
Q6 Sun12-2-23/ | 15621A | 442338 | 1198A 11982C | 75 96 ue
2:46PM o=
Q10 Sun12-2-23/ | 11982A | 66636A | 15621A | 80286A 90 49
3:14 PM
I
Q16 Sun 12-2-23/ | 15621A [ 90054A | 44332A | 44233A | 58 75 Blue
4:19 PM
Blue
Q19 Sun12-2-23/ [ 15621A [ 80286B | 90736C | 44235A | 64 89 J
4:43 PM
24
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7. Daily Entries

The day when we registered for the competition

When we 8ot the information from th
super excited and nervous too, that w

XV
)

e principal that we have this competition, we were
hether we will be the part of the team or not.

A%
L Wi L L

Thankfully, our teacher dig the survey
and choose the students who already

We got the confirmation from the principal, and we started to work on one principle —
“Team work”

about the participation in the previous competitions
have participated in the competition.

n
—
o 25
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COMPETITION
Sunday, November 5, 2022

¥' We went to Hamad Bin Mohammed Al Sharqi School, Fujairah to know more about
the competition

v Mr Ahmed Matar briefed us about the competition

FIGURE 19 TRAINING ¢

26
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Saturday, November 12, 2022

anv
4

Ahmed Matar,
¥' This day we divided our role with the help of the supervisor.

anr amv
L=y =~

-
5
o

o,

(£, 4

‘F-ﬁ-— =
iy

FIGURE 20 TRAINING

£/
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Sunday, November 27,2022

v" Went for the training in Dubai.
v Venue- Ahmed Bin Sula

v Learnt about the field, kits and robot.

A )
i

1 e
s b PES

17
iads

27

yem School which is an official training centre.

v EX

COMPETITION

R v we started getting training on assembling and disassembling the robot with Mr.

7 QA )

|
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wvEXx
From November 27 to December 27,2022 ST |

Got the VEX kit
Started designing and building the robot
Alreem Alabdouli started working on sketch of the design

Zainab, Fajer and Faiza started building the robot after everyone passed the design
done by Alreem

Jeenan was helping building team and sketching team

< < « <

‘

28
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Tuesday, December 27,2022 COMPETITION

v’ went to Ahmed bin Slyam School for another training
Wwe got to know that our robot is not suitable for the competition
Shocking moment for us

v
v
v’ Again started it from the scratch.

FIGURE 24 MR AHMED TA

29
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Wednesday, December 28, 2022 skt

v' learnt more about programming from Mr. Ismail

FIGURE 25 Rogor

AFTER PROG RAMMING

30
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= Nuary
]. \ v We started building the new robot
) v we started the programming also.
~ ¥' Below mentioned is our role
9 v' The robot were fixed by Zainab and Fajer as per the requirements.
= v' Programming were done by Alreem and Faiza.
| \ ¥' Jenan was working as helper to both the team.
a ¥ Allhamdullilah, we completed the robot on time.
v
- -
d

b |

N KK X

dwa

j 31

Saturday, January 21, 2023 (Robot inspection day)

vEXx

WORKING ON ROBOT

FIGURE 27 cUTTING EXTRA PARTS

It was the first step to enter the competition.
We went to Zayed educational complex, robotic clinics in Dubai
At the beginning, we got yellow pass as it did not complete all the criteria

P we started searching for the equipment and by Allah’s grace we

Passed all the criteria and got the green pass in the end
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Saturday, February 4, 2023 (First com
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FIGURE 29 74

We were anxious and overwh

another team
Firstly, in the inspecti

wvEXx

COMPETITION |

NAB WITH ROBOT

Petition Day at Al Ain) '

elmed as it was the first time when we played with
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Saturday, February 11, 2023 (Competition Day at Ajman)

v' We passed he inspection and we went for

ourmatches, today there were only two
Mmatches

v
v
v

In our first match, it got tie up with 65 points each team,

In our second match, unfortunately we lost but it taught us many things.

Today we went back without achieving any award byt we got motivated and
€motional from the words of Mr Ayman and MS Amina Almomari. ,
Today we learnt failure Is the key to success, whatever we are doing , we are doing

for our future we are doing for our nation.
Hope to win in next match.

FIGUR 330\;?9\0;1")]'

34
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FIGURE 33 MATCH GRriD

Sunday, February 12, 2023 (Competition Day 2 at Ajman)

It was good day, we had m

vEXx

coMpETIT’ON

-

We played 5 matches, wo
We took autograph from

N NSNS

35

Lastly, we won powered gj

eeting in the morning with the t
nlandlost4

Mr Ayman and Ms Amina

€am and our supervisor
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11:32

Q1

20apm

Q6

246 pPm

Q10

3rapm

Q16

419 Pm

Q19

423 py

—
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COMPETITION
2s5c m

15818A

|

147018 45 @ !m II‘\

41235 75 96 19836

eeiea 90 49 Jsean |
J

S6054x 58 75 |
|

assaa 64 89 51 |

E 34 GAME GRID
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FIGURE 35 Winn NG MOMENT

From February 13,2023 to February 17, 2023

During these days, we tried to work on our performance

We changed the wheels of the robot

We added omni wheels

We added traction wheels

We made quite changes in the robot

We changed some pProgramming

We planned some extra activities for more interactions and entertainment

AN SN %S

37
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Random memorable moments
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Sunday Februar 19, 2023 (Zayed, Corrlex, Dubal)

a—

—

=~ Lt wac seond day at Du;-

~We Played T matches today. i

= First majen was Q2 -

T WNe were plye-

fl d‘vj Started with a lost -

B Ne did \ie prachee a{;’efwa»ds-
Our second makch was Q% -

= We won -this match, Allahamdulfitah!

= Tt booskd our confidence o loF

- Al +Of+her; e Won three maithes -’coge-vnel/-

- In Skills‘ INe 90-{- 26 score, Not 300d obvwvsl“

= Thig Gore is tegs -Hran the lagt one .

=~ By} we learnt where we meed o work.

= N ordexed —food from McD and alc after e i ched
all +he matehes

— wWe discussed our chatggies and Temsm for loosimg Hae
matthe dunng our lwnch.

—~ We +alked to Ms.Ameena /She mohvated ug -

— We algp saw Other team matthe, to cheg Hiom vp
and Ho lear  fyom them .

= finally , W& was ceremony me, We were Shorked ound
Curprised *p S0€  OUr Mame M e awand Listis

~ We wWon *D€£iqn Prward”. )

— We all were ¢p excited a{;HV Hais

= T4 wac liBe areal courte oF mokivation for whole team

L2 ()‘Verall' H hecome a reason Hfor our happiness -

o hewme G A
- Dddm this award, total awor ‘ |
-~ ?rw -n:z“' come Yage¢, You Wil $md  our match grid and

Y3 many Other Hhing s

—

-

—
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OUr Pavorite feam 1S (Sailovs team). They stoodl ovt
10 Us  the most.we loved tHheiv Jeternivation and

COoPerative thes ave. They o wovking ag one hanef
and It ghsws n their work. And what attvacied 1n
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Makch Grd  (Sebroary \a, 2%23)
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\/\QSSOLC]E from  #Girl Our Inspiration
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Things We leunt Fom Vex Vee So dar

~ Vex ‘kaujh* ug many %l'nﬂs,
e unexpressable word¢

- First thing Whith we Larnt 15 CompetiHm spirrt | How to
atept e recult, Hon {o Cheerour competitons

= We leamt how 4o deal in pressure:
- We leamt how to Work Wrh He teasm

~ Secondly, we algp \earrt how o communi cate with other
*eam) CU\C‘ posses e 800d Mlnﬂﬁ from e

S @i Lt §32

ng

R Moyl it ! b abluo 2570

~This compedition become the part of our lite

~Tt gave us a path for ourfudure-

- T4 boosted us to pushing forward clunng ’mugh Hme

- T4 enhances our SKills-

- e learnt befler understanding how to del with
confichng  opmm and 1deas-

- e leamt collaborahive, ond ¢TEM axills -

= Oveall, +hi¢ journey wag amazing Aull of ynohvah ),

\eam"nﬂ A !

= e to yafe Lt o Pnal | Dnsha Alan !
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Catardasy, February 1§ 2023 - (Zayed (orafies, Dubal
)/

> Today W Plajcd 6 matches -

= Our-first madelr number Wad 82 s

> Unforumetty, we lat first makch by 23 poin

= Im Setond Mateh, we won,MIa,hamcLu”iLaJ« ;

¥ AR Played really well n our Sewnd match -

= We did hree rollers and our automomous worked -
= In <Kills, e got Jood Scores-

> We cowdn't blay +he +hird madch -

2 A, We wene doing skill test, So we missed -Hard maich,
~ In our fourt mateh, our alliance didn't Come

— SO, wW¢ losk third aund fourth mater, 1 a row.

:_!/\k made friends, Team SAILOR e interathed i o

In -Fo-\LHw ™Match, N6 WON bg hu.ﬂe_ OlLH—W“

:hOur Score WU BC  ond o+Hher +eom SCoVe Wag 3| -
In our lagt match e Loct b ud -failwce 1s He Key +o
Sueeess - INe learnt alob .

~Hinlly we Won “Tawnovative Award” .

~ Overall, T+ way gresd dasy for us. o

= Hco, ’l‘oc!ouj e avmngcd gome. exm%lfgﬁ LKe ‘
Cookiey, our name 109 teapund (anvas ‘o wnit something

From oHwwr teoum -

= We are full mokvaked , and Focussing on he final
now

=3 Pt il Fp‘ﬂ(' you Con find  Som-< 8J|MP<C O‘F‘

Jcodajcmd ok grid

— WorHny for He Fnal -
Ho




Mateh Girid ( February 1€ 2023)
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