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e Parts that have been modified or added for the 2021 season have been updated with a 2021 part number (e.g.
the SHIELD GENERATOR was updated from GE-20000 to GE-21000). Modified parts and assemblies have
revision tables that detail specific changes.

S BRI 2021 E I A AR SE R 1R S CHLandrUE R AR AR g 5 . GE-200000 A2 %, | GE-
210000) .
B 0 ) A A e A A TRl R SR AR W AR B4R
o Iz mAFRICE ( Layout and Marking Diagram ) ££2< SCRS b4 v ) 58 S0HT 2 2 56 3.
o I 5EEX M HIELL ( Field drawings — season specific ) & T a0 5 ik
o PERAER (GE-21000, 2 HijE GE-20000):
I FURIHL T ORAT T PR R BRI T T A
» PPEIFR ERL AR L T A T G R SE 4 i B R
o ¥4 (GE-21100, Z fi /& GE-20100):
o CREIR IR HER Dy T RS AT AT S I 1T BE T
o HEHIh (GE-21200, 2 Hi & GE-20200):
o PR O AR TR R DU R R R BE ZE AR
o FeHE (GE-21300, Z 1 /& GE-20300):
» FREECA T A TN n] SR AR B B IR AR R L B AR
o feEHM (GE-21500, 2§l /& GE-20500):
»  HOFON FIRST AR AT RE A S ENE L SRE A .

EVENT MANUAL FHIUGFMH

SR DY) T WHERTEF N 2021 I MHfIAE 26 T ZeMIIHgE A 22 55T

GAME MANUAL L EF M

LREEFMEL T H N 2021 IR FREE. T A R B #E & 7E 2020 £ 3 H 10 HAr tb 2 F M (updated on March 10,
2020 [Team Update 17]) FIFEmE 8 S SR

o JESTEIA M “BEHEEIRFHN Kk HBET”

w INFINITE Team Update 00
noeTe RECHARGE

COMPETITION


https://www.youtube.com/playlist?list=PLZT9pIgNOV6bIlv1dR5Mv0WmTFFGimpc2
https://www.youtube.com/watch?v=I77Dz9pfds4&feature=youtu.be
https://www.firstinspires.org/robotics/frc/playing-field
https://www.firstinspires.org/robotics/frc/playing-field#FIRSTDrawings
https://www.firstinspires.org/robotics/frc/playing-field#FIRSTDrawings
https://firstfrc.blob.core.windows.net/frc2021/PlayingField/LayoutandMarkingDiagram.pdf
https://firstfrc.blob.core.windows.net/frc2021/PlayingField/2021FieldDrawing-SeasonSpecific.pdf
https://firstfrc.blob.core.windows.net/frc2020/Manual/2020FRCGameSeasonManual.pdf
https://firstfrc.blob.core.windows.net/frc2020/Manual/2020FRCGameSeasonManual.pdf
https://firstfrc.blob.core.windows.net/frc2020/Manual/TeamUpdates/TeamUpdates-combined.pdf

2021 FIRST Robotics Competition

o XUAEEK T 2021 FEZERR
o JSIHSH TR 2020 MUK T 2021 b
o HROIE R BT LASN 2021 FE2 R Hh ) Bk
o {EHIBATEHT 00 FR HH i 5 S A ]
o BET T (J) M LREHR CINSEFIAEH 00 Hi51124)

Section 1 Introduction £—ENA KXzh

B—FOLANT L2021 FEERINFMER, BS5EARMPEEF M+ At Home Challenges Manual FIN . E—FFIHZF
FCARMPOEF M FE -SR], BT 1.6 7 1.9 7 CRHBREEFMAMA N .

o fhT 2021 LIRS ENE, EIEHWRFHFHRZ T OBGE.  EFSEFEYEAE 2022 ERIKSITH
SIRESE.
o L.8WHIBNE R HIANEF M A RA K, HF 2021 F2 A2 HEM . WRGLFEFWHUE, 2B
F 181 A B R B B AR 7 A
o L9711 Autodesk BEBNIIIAZ RSG5 1 ATBRIEATSAR N 7 ASM T8 A 5 LA S VRECBL 1) @l iny SOgTZH 4. (Al “FRC
999997 F 7 H i 17 £h G BE RG FRE R R AL, 3K S ) Al — B AT 5 BAEL AT %
o 1.9 " ARG MR A R AL ELBE T ik

Section 2 Game Overview F -2 HEEY %z

12021 = TC PR 7T AE 3 M — ik R
Section 3 ARENA == %1%

3.1 FIELD

The SHIELD GENERATOR consists of the structure, the GENERATOR SWITCHES, the BOUNDARIES, and the fleor
protection RENDEZVOUS POINT.

PIERESA Tt g, YRR RIS, TR, LA, LG AR,

3.2 Zones and Markings

RENDEZVOUS POINT: a5 6 ft. 6 9 % in. (~376 208 cm) wide, 12 ft. 63/4 in. (~383 cm) deep, infinitely tall volume formed
by the ALLIANCE colored BOUNDARIES, ALLIANCE colored tape, and the black BOUNDARY pair that divides the RED
and the Blue BOUNDARIES. The RENDEZVOUS POINT includes the ALLIANCE colored BOUNDARIES and ALLIANCE
colored tape.

JC& & (RENDEZVOUS POINT) : 6 JER 9% i~ (£ 208 JEK) %, 12 JER 6% i) (£ 383 JHK) KK, 7% (B v B2 G PRI X 35
1% D R e T B R il A2, BB B BT, A BRAL W T 1 A SR il LR TR R . TE A S TR AR A A T B B
BB .

3.3 SHIELD GENERATOR

The SHIELD GENERATOR is a 14 ft. 1% in. (~431 cm) wide, 15 ft. % in. (~459 cm) deep, and 9 ft. 6%z in. (~291 cm) tall
structure located in the center of the FIELD, oriented at a 22.5 degree angle relative to the guardrails. The SHIELD

GENERATOR has one (1) GENERATOR SWITCH per ALLIANCE. Black BOUNDARIES divide the floor of the SHIELD
GENERATOR into two sections. Spaces between BOUNDARIES include flooring protection to prevent floor damage. Al
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flooring-between-The RENDEZVOUS POINTS (including ALLIANCE colored BOUNDARIES, ALLIANCE colored tape,
and floor protection) are-is-part of the SHIELD GENERATOR.

P& K E#S (SHIELD GENERATOR) & —Ji 14 Hi U 1% Ji~f (£ 431 JHK) 95, 15 JER % Ji~f (£ 459 JEK) K, 9 R 6% 9¢
P 291 JEOK) RS, CEE R R g, R R AESRAERA 22.5 ERZE. PERKAERES 2 NET & A BE R
JEFF K. R FLRIEITH 7 5 T AN X 38, U SR B i X s b e B R BP RE EB B b T AR . IS (LSRR B
JE AL AL, B TR e e A R R D AR AP E R AR AR R

3.3.3 BOUNDARIES

BOUNDARIES are 3 in. (~8 cm) wide, 1 in. (~3 cm) tall steel barriers that divide the area inside the SHIELD
GENERATOR into feur{4) two (2) equal sized rectangles areas that are 5 6 ft. 3 9% in. (~162 208 cm) wide by 5-12 ft. 10
#8 ¥ in. (~180 368 cm) deep. BOUNDARIES are secured to the carpet using hook fastener which increases the height to
approximately 1%, in. (~3 cm). The Red and Blue BOUNDARIES feature 1-in. (~3 cm) diameter holes spaced every 1 ft.
4% in. (~42 cm) forstagingPOWER CELLS. A pair of black BOUNDARIES divide the Red and Blue RENDEZVOUS
POINTS. Each truss base has two shorter steel barriers, black with ALLIANCE colored tape, mounted to them it. These
barriers are ALLIANCE colored BOUNDARIES.

A layer of & in. (~3 mm) thick hardboard is installed on top of the FIELD carpet and covered with another layer of carpet
to protect venue flooring. This flooring protection adds approximately % in. (~10 mm) of height to the this area between
the BOUNDARIES. The floor protection features 1-in. (~3 cm) diameter holes used for staging of POWER CELLS. Holes
are placed in a rectangular pattern with 2 ft. 7% in. (~81 cm) wide by 1 ft. 8 in. (~51 cm) deep spacing, as seen in Figure
4-2,

u‘%éﬂam 3 9EsF (29 8 JHOK) B8, 1 9T (29 3 JEOK) sl bEks (LK 3-11 B A R4 04 & AR RS T 5 1 X ek oy ik 2

SRR, XHRT 6 98 9% Je~ (29 208 JEK) B, 12 JER % ge~t (£ 368 JH oK) Ko 12 528 I BE ARG S 05 7 Hb B
L FITCAS AR ) 16 D1 (20 3 JEK) . ALHE IO 2019 1 TER 4% Ji~F (2 42 JEK) b &8l — N EAR 1 95 (29 3 JE2K) 1Y
FLA CA 22 i RE B Lt s — %o B 0 43 SRR Xk o0 1) R 7 Y B s RN 0 r e BT 28 T SR S A ) B B, s
T B AT B B (P e s o IR S B A K AL T J g ) i R 2k

— 2% 9 (2 3 JEOK) B RRERR 23 g 3 R b, JF SRR T R SRR I TE IR . IR IR ORI i I L9 i AR
# PRI T WX IO T RZT % 960(4) 10 220K). MR IRSIRE BT T 1 365 (3 KD EARMSLARZIRAER -
o FLEALE L —A> 2 R 7% (481 HAK) K 1R 8 5~ (¥ 51 HXK) WHFHRIREEHS], WK 4-2 Prx

3.4.1.3 POWER PORTS (2021 ¥ NEETiEE, 2020 PR NREE D)

A Phillips Color Kinetics LED light string around the OUTER PORT indicates CAPACITY progress. The string fills from the
top center toward the side bottom left and right nodes symmetrically, as shown in Figure 3-17.

seetrens4hated4#er While the node pattern dlffers dependlng on the GAIQAGFDLef—the current Stage as defrned in Table 3-
1, the bottom four nodes on either side of the OUTER PORT always fill at a rate of one node per POWER CELL scored. A
node map is shown in Figure 3-18.

M INFINITE Team Update 00
noeCrics RECHARGE Bt

COMPETITION



2021 FIRST" Robotics Competition

Table 0-1 Node pattern per CAPACITY

Stage 1 Stage 2 and 3 nodes
CAPACITY nodes ON ON

1 14-17 15--and-16

2 11-13-and-18-20 14-17

3 9-10-and-21-22 14-and-17-13-18
4 7-8-and-23-24 12-19

5 5-6-and-25-26 13 and-18-11-20
6 4-and-27 10-21

7 3-and-28 12 and-199-22
8 2--and-29 8-23

9 1--and-30 7-24

10 N/A 11 and 206-25
11 N/A 10 and215-26
12 N/A 9 and 22 4-27
13 N/A 8-and-23-3-28
14 N/A Fand-24-2-29
15 N/A 6-and-25-1-30
16 N/A 5and26
17 N/A 4-and-27

18 N/A 3and 28

19 N/A 2and-29

20 N/A 1and-30

Table 0-2 Additional POWER PORT light states

\ Light State Criteria ‘
Off Outside of a MATCH: FIELD is MATCH ready
In MATCH: current Stage not ACTIVATED
Green Head REFEREE has determined FIELD is safe
for humans
Green with white Head REFEREE has determined FIELD is safe

for humans. See TIMEOUTS for more details.
ALLIANCE color with | Stage has reached CAPACITY, but not
yellow chase pattern | ACTIVATED

Entire light string is All Stages ACTIVATED

ALLIANCE color

TEANERE O BIE — N CFE s )7 LED 4T 4 SR AW i B o AT 4% M A 3 Tty [r) 224G AN EA R S K852 555
K 3-17

H T S e MR B %, W3R 3-1 FR A S, AN DR AR 2R IA 10 4 Sl DT — SRR L aiss — 4T i3
R, Mool 3-18

REEHRMm | BrB1

REE RO%S

1 14-17 15-16
2 11-20 14-17
3 9-22 13-18
4 7-24 12-19
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5 5-26 11-20
6 4-27 10-21
7 3-28 9-22
8 2-29 8-23
9 1-30 7-24
10 N/A 6-25
11 N/A 5-26
12 N/A 4-27
13 N/A 3-28
14 N/A 2-29
15 N/A 1-30
=1 IR ) §
A LEFEFTUGHT: HHAE R LT UG LLEE T
FeZErh: YETEY B RS
Ff FHAKCEM N4, TP
FEMEA HHRKELFIADZE 2, A[LUH A,
UL ZRE 12 Error! Reference source not
found.
FTBBEEMNEATATE 2R YA B RmAsE RS, |
BRI R B B TS
BT RTBEREN | A B LEWTE
Bifa,

Section 3.5.1 Control Panel

A swatch of identical material and colors to those on the CONTROL PANEL is in each-Black Gray Tote of the 20261
Kickoff Kit. The CONTROL PANEL is attached to the TRENCH via a 12 in. (~30 cm) Lazy Susan Bearing (Triangle
Manufacturing PN: 12D10346). An identical Lazy Susan Bearing is in each-Black Gray Tote of the 20281 Kickoff Kit.
Teams that participated in the 2020 season received these items in the Black Tote of the 2020 Kickoff Kit.

A ) [52 AH FR P EA FRI AR — B EARORE 1 2021 JHBHE S EF (2021 Kickoff Kit) AR EHE 1o 2 [l il il —

AN 12 TEsF (49 30 JEK) “Lazy Susan” #liZk  CHilli&E TS Triangle Manufacturing 275 4 PN: 12D10346) ZHUAESEE Lo AHIEHY
—A~ “Lazy Susan” FAWEKEFE TRl LIERE]. 200 2020 ZE£Z=FIHENEAE T 2020 4F Kit K2 EAFE T .

3.6 POWER CELL

INFINITE RECHARGE is played with POWER CELLS. A POWER CELL is a yellow 7 in. (~18 cm) diameter Medium
Bounce Dino-Skin foam ball. The FIRST logo is-may be printed on each ball in black ink. The ball is made by Flaghouse
(PN 1892 YEL) and sold by AndyMark (PN AM-4200a) without a FIRST logo. A-Three (3) POWER CELLS is-are in each
Black Tote of the 20201 Kickoff Kit.

“TIRFeAE” BOEELLIEE BEONAEE I (POWER CELLS) . AEEHIME —NEM 7 Jif (X 18 JHK) EAAH BA Rk
TIPSR/ R R BR . A ERTTRESENE RO FIRST ks (D . #kk Flaghouse (PN 1892 YEL) il
i, H AndyMark (PN AM-4200) 5%, 7F: AndyMark hiz e & H it A2 FEEIA FIRST Ani. 2021 Kickoff Kit [ 3 46 144
A 3 EeE I
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3.7 Vision Targets

Vision targets made from 2 in. (~5 cm) wide strips of 3M 8830 Scotchlite™ Reflective Material are located on the POWER
PORTS and LOADING BAYS. On the POWER PORT, they target the location of the INNER and OUTER PORTS and
trace the bottom perimeter of the OUTER PORT. The target has an overall height of 1 ft. 5 in. (~43 cm), and a width of 3
ft. 3% in. (~100 cm). The bottom of the target is 6 ft. 9% in. (~206 cm) above the carpet. AAn 8 ft. (~243 cm) strip of 3M
8830 Scotchlite™ Reflective Material is in each Kickoff Kit and additional strips are available in FIRST Choice.

FF AL S B0 H AR 2 9~ (4 5 JE2K) 95 B9 3M 8830 Scotchlite™ SOGZ&MM . MEFERE B2 IR Hoh . REERED
() 626 MEAE AR 32 I JES S8 LU L AN 7R AN R D AL E . OB gk s 1 JE R s Ji~F (29 43 oK), Bk 3 TR 3% 3
P (#9100 JEK) . RIGFFMERARAL B m T HUES 6 T8 R 9% Je~f (29 206 JEK) » —45 8 Je R (4 243 HUK) K1 3M 8830
Scotchlite™ OG KM IMAE Kickof £ Kit H1, ZAMHIAI#E FIRST Choice F1#tHkik

Section 4 MATCH Play

4.1.1 POWER CELLS

Forty-eight (48) POWER CELLS are staged as follows:

A. five (5) POWER CELLS in each of the two (2) TRENCH RUNS
i. two (2) POWER CELLS are placed on each of the TRENCH baseplates further away from the center of
the FIELD.
i. three (3) POWER CELLS are placed centered in the width of each TRENCH RUN, spaced at 3-ft. (~91
cm) intervals. Small rings are used to keep them in place prior to the start of a MATCH. Rings are % in.
(~3 mm) thick, 1% in. (~4 cm) diameter O-rings (McMaster Iltem#: 9452K63). Rings are secured to the
carpet by tape.
B. five (5) POWER CELLS placed on the BOUNDARIES floor protection inside each ALLIANCE’S RENDEZVOUS
POINT as shown in Figure4-2.
5 /MREE IR E 2 BB B A R R i R E B R E Az B, LA 4-2 (Figure 4-2)
C. five () POWER CELLS on the racks in each ALLIANCE STATION’S LOADING BAY,
D. each of the three (3) teams may preload up to three (3) POWER CELLS in their ROBOT, such that they are fully
and solely supported by that ROBOT, and
E. remaining POWER CELLS (zero (0) to nine (9) per ALLIANCE, depending on decisions made in D) inthe-heles-in
the BOUNDBARIES-Hn inside the corresponding ALLIANCE’S RENDEZVOUS POINT as shown in Figure 4-2.

FRABREAR FAVREEER ML (KIEHLES A LRORE RSB MECE, N 0F] 9 4) #IRE 4-2 (Figure 4-2) MR E/%
III:E% a H%JEJE_ El O E.
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Figure 0-1: POWER CELL setup
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Figure 0-2: POWER CELL setup en-BOUNDBARIES inside RENDEZVOUS POINT
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4.4.2 SHIELD GENERATOR Scoring

Table 0-3: SHIELD GENERATOR ACTIVATION requirements

Stage \ CAPACITY ACTIVATED when...

1 9 nine (9) POWER CELLS
are scored & TELEOP
has begun
2 2015 twenty-(20) fifteen (15)
POWER CELLS are
scored in Stage 2 &
ROTATION CONTROL is
complete
3 2015 twenty-(20) fifteen (15)
POWER CELLS are
scored in Stage 3 &
POSITION CONTROL is
complete

B WA TR R BadE &Mt

1 9 1T 9 e it BT shr
Boef&Iten
2 15 FFERAT 15 AR I 58
JSTE A 47 il
3 15 FHIRAS 15 M EEE I 58
B B 1

4.4.5 Point Values

Table 0-4: Point values

Awarded for... AUTO TELEOP Qual.

INITIATION LINE exit the infinite vertical volume 5 - -

created by the corresponding
ALLIANCE’S INITIATION LINE any
time before the end of AUTO (per
ROBOT)

POWER CELLS scored in BOTTOM PORT 2 1 -
scored in OUTER PORT 4 2 -
scored in INNER PORT 6 3 -

CONTROL PANEL ROTATION CONTROL - 1015 -
POSITION CONTROL 20
ENDGAME Points HANG (per ROBOT) - 25 -
PARK (per ROBOT) - 5 -
LEVEL with 1-3 ROBOTS HANGING 15
(per ALLIANCE)

w INFINITE Team Update 00
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SHIELD earning at least sixty-five (65) 1 Ranking

GENERATOR ENDGAME points Paint
OPERATIONAL

SHIELD Stage 3 ACTIVATED - - 1 Ranking

GENERATOR Point
ENERGIZED

Tie completing a MATCH with the same - - 1 Ranking
number of points as your opponent Point

Win completing a MATCH with more - - 2 Ranking
points than your opponent Point

4.6 DRIVE TEAM

A DRIVE TEAM is a set of up to five (5) people from the same FIRST Robotics Competition team responsible for team
performance for a specific MATCH. There are four (4) specific roles on a DRIVE TEAM which ALLIANCES can use to
assist ROBOTS with INFINITE RECHARGE. Only one (1) of the five (5) DRIVE TEAM members is permitted to be an

adult mentor. 0. #IEAEK 5 MNP R ROEFE LA REAN

Table 0-5 DRIVE TEAM roles

. Max./ .
Role Description DRIVE TEAM Criteria

. Pre-college student or adult
a guide or 1
advisor mentor
Must wear “COACH” button

COACH

an operator and

DRIVER controller of the Pre-college student

Must wear one (1) of the

ROBOT 3 p »
HUMAN 2 POWER three (3)thtRIr\1/E TEAM
PLAYER | CELL manager uttons
a resource for
ROBOT Pre-college student or adult
troubleshooting, mentor
TECHNICIAN | =" otup, and 1 Must wear “TECHNICIAN”
removal from button

the FIELD

4.7 Other Logistics

An ARENA FAULT is not called for MATCHES that accidentally begin with an incorrect number of, incorrectly positioned,
or damaged POWER CELLS. Damaged POWER CELLS are not replaced until the next ARENA reset period. DRIVE
TEAMS should alert the FIELD STAFF to any missing or damaged POWER CELLS prior to the start of the MATCH.
POWER CELLS are expected to experience wear during events and may be repaired using the guidelines detailed in this
POWER CELL Guide . #8l: REE FMAE LIPS B, B 7k kA B b

Once the MATCH is over and the Head REFEREE determines that the FIELD is safe for FIELD STAFF and DRIVE
TEAMS, they or their designee change the LED lights to green or green with white and DRIVE TEAMS may retrieve their
ROBOT.

YHBRER, BHKIARBDHTLOEARZSEN T, SHERE AR LED AT EEE 8 i b (M LED T#ESH
HISNEREE O A) GBS HR2E A T RE I A3 HUE T AU ALER A
In addition to the two minutes and thirty seconds (2:30) of game play, each MATCH also has pre- and post-MATCH time

for setup and reset of the ARENA. During ARENA reset, the ARENA is cleared of ROBOTS and OPERATOR
CONSOLES from the MATCH that just ended. The ROBOTS and OPERATOR CONSOLES for the subsequent MATCH

m INFINITE Team Update 00
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are loaded into the ARENA by DRIVE TEAMS at this time. FIELD STAFF also use this time to reset ARENA elements-and
POWERCELLS.
T TAEN G (i34, R IR W 5, S e b .

Section 5 Safety Rules

S2. Wait for the green lights. Team members may only enter the FIELD if the POWER PORT LEDs are green or green
with white, unless explicitly instructed by a REFEREE or an FTA.

BAAL A 5% R BE S REVRTE AR (1) LED AT A2l sl ity I (2 Ja A RERE N3, BRARECH K FTA BT 7
BEA

Violation: Verbal warning. If repeated at any point during the event, YELLOW CARD. If egregious, RED CARD.

Egregious violations of S2 include, but are not limited to:

a. pushing past the FIELD reset person blocking an open gate to get on the FIELD
b. ignoring a warning to not go on the FIELD

Section 6 Conduct Rules

C7.Be prompt/safe when coming to and going from the FIELD. DRIVE TEAMS may not cause significant or repeated
delays during the event to the start of a MATCH, the FIELD reset after a MATCH, or continuation of MATCHES after a
TIMEOUT.

Violation: If prior to the MATCH, the offending DRIVE TEAM’S ROBOT will be DISABLED. If after the MATCH,
YELLOW CARD.

DRIVE TEAMS are expected to stage their ROBOTS for a MATCH, and remove it from the FIELD
afterwards, safely and swiftly. Examples of violations include, but are not limited to:

a. late arrival to the FIELD (including across different MATCHES and after a FIELD or ALLIANCE
TIMEOUT)

b. failing to exit the FIELD once a MATCH is ready to begin (indicated by the green LEDs have turned
off)

c. installing BUMPERS, charging pneumatic systems, or any other ROBOT maintenance once on the
FIELD

d. use of alignment devices that are external to the ROBOT (e.g. a DRIVE TEAM could bring and use a
measuring tape, as long as there is no delay to the MATCH by doing so)

e. failing to remove OPERATOR CONSOLES from the PLAYER STATIONS in a timely manner

At the conclusion of a TIMEOUT, ROBOTS are expected to be staged on the FIELD prior to the timer

displaying zero (0) and ready for the MATCH to start.

There are no rules that prohibit use of hand tools (including battery operated tools) while setting up and/or
removing ROBOTS from the FIELD provided they do not cause significant delay or safety concern.

e AR E T TR (R&iibhIkzh TR STEM/EMNI EHGENLES N, R X
T RANE 1 BE 1R B 22 4 ]

Cl11. Don’t trick the sensors. Teams may not interfere with any automated scoring hardware.

7 C11: AEFHPALRER . DUEASTIER B 3hit 7 R %
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Violation: RED CARD for the ALLIANCE. #/477: #2114

7 Game Rules: ROBOTS

7.1 Before/After the MATCH

G1.Know your ROBOT setup. When placed on the FIELD for a MATCH, each ROBOT must be:

A. in compliance with all ROBOT rules, e-has-passed-spection{forexceptionsregarding-Practice
FFE T ST HLEs AR S TCome
s LIRS B B TS ( . lisibil ls)

B. the only team-provided item left on the FIELD by the DRIVE TEAM,

C. confined to its STARTING CONFIGURATION,

D. positioned such that its BUMPERS are intersecting the infinite vertical volume created by the
corresponding ALLIANCE’S INITIATION LINE, and

E. fully and solely supporting not more than three (3) POWER CELLS (as described in Setup.)

Violation: If fix is a quick remedy, the MATCH won’t start until all requirements are met. If it is not a quick remedy
the offending ROBOT will be DISABLED and, at the discretion of the Head REFEREE, must be re-inspected.

Teams are encouraged to position ROBOTS such that it is clear to REFEREES that G1-D is not violated.

If a ROBOT is BYPASSED prior to the start of the MATCH, the DRIVE TEAM may not remove the
ROBOT from the FIELD without permission from the Head REFEREE or the FIRST Technical Advisor
(FTA).

G2. Teams may not enable their ROBOTS on the FIELD PAMAASBEFEZ LA JB 3188 A . Teams may not tether to the
ROBOT while on the FIELD except in special circumstances (e.g. during TIMEOUTS, after Opening Ceremonies,
before an immediate MATCH replay, etc.) and with the express permission from the FTA or a REFEREE.

Violation: YELLOW CARD.

FMS will not enable ROBOTS after the conclusion of the MATCH.

Teams are encouraged to consider rule C7 when developing their ROBOTS.

. BATEBMIAED A AL & NI 225 R 2R C7.

Tethering includes any wired or wireless connection used to electrically energize and/or control elements
on the ROBOT. The safety of teams and volunteers in close proximity to ROBOTS and ARENA elements
on the FIELD is of the utmost importance, therefore ROBOTS or ROBOT COMPONENTS may not be
enabled in any way on the FIELD once the MATCH has concluded.

ROBOTS need to be safely transported off the FIELD and back to the pits after the MATCH, and there
may be bystanders, doorways or height restrictions along the route.

7.2.3 Zone Specific Restrictions

G11. Give opponents some space. An opponent ROBOT may not contact a ROBOT whose BUMPERS are
intersecting its TARGET ZONE or LOADING ZONE, regardless of who initiates contact. ROBOTS in violation of G10
are exempt from this rule.

L3, INFINITE Team Update 00
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Violation: TECH FOUL per instance.

The initiator of the contact is not a factor when determining violations of this rule.

Teams should take note that they are putting themselves at great risk for TECH FOULS if they choose to
approach an opponent ROBOT intersecting its TARGET ZONE or LOADING ZONE.

G10 violation example G11 violation example

)
2S SOLIDWORKS

ol

No G10/G11 violation

. rr

o0

G10 violation example

%
DS SOLIDWORKS

Figure 0-3 G10 and G11 examples

G12. Leave the opponent’s CONTROL PANEL alone. During TELEOP, a #il: F3hiir B A-ROBOT may not contact
the opponent's CONTROL PANEL, either directly, or transitively through a POWER CELL, if

A. the opponent ROBOT is contacting that CONTROL PANEL, and
B. the opponent’'s POWER PORT has reached CAPACITY

Violation: In Qualifications MATCHES, opponents are awarded one (1) SHIELD GENERATOR ENERGIZED
Ranking Point if not completed at the conclusion of the MATCH. In Playoff MATCHES, TECH FOUL.

7.2.5 ROBOT to ROBOT Interaction

G25. Damaging other ROBOTS, not allowed. Regardless of intent, a ROBOT may not initiate direct contact inside
the vertical projection of an opponent ROBOT'S FRAME PERIMETER that damages or functionally impairs the
opponent ROBOT.

ROBOTS with BUMPER gaps are at their own risk regarding damaging contact in these areas by ROBOTS that

remain completely inside their own FRAME PERIMETER, other than BUMPERS, % il: 1 A2 (- K: AL as they are
not in violation of this rule.

Violation: TECH FOUL and YELLOW CARD.
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Some examples of violations of this rule include, but are not limited to:

an extension damages a COMPONENT inside an opponent ROBOT’'S FRAME PERIMETER

an extension powers off an opponent’s ROBOT

an extension relieves an opponent’s ROBOT’S air pressure.

a ROBOT that unintentionally extends outside its FRAME PERIMETER while tipping and damages a
COMPONENT inside an opponent ROBOT'S FRAME PERIMETER

At the conclusion of the MATCH, the HEAD REFEREE may elect to visually inspect a ROBOT to confirm
violations of G25 made during a MATCH and remove the violation if the damage cannot be verified.

aoop

For the purposes of G25, “initiate direct contact” requires movement towards an opponent ROBOT.

In a collision, it's possible for both ROBOTS to initiate direct contact.

8 GAME RULES: HUMANS

8.2 During the MATCH

H8. This rule has been renumbered as C11. HN% 5% T C11
H9. POWER CELLS, recycle. During TELEOP, an ALLIANCE may not have more than fifteen{35)-fourteen (14) POWER
CELLS in their ALLIANCE STATION.

Violation: FOUL per POWER CELL.

If the POWER CELL count exceeds fifteen{15) fourteen (14), excess POWER CELLS must be introduced
into the FIELD immediately.

As soon as a sixteenth fifteenth POWER CELL arrives in the ALLIANCE STATION, the ALLIANCE should
be making a concerted good will effort to enter any extra POWER CELLS back on to the FIELD as quickly
and as safely as possible.

There is no intent to issue penalties for delays due to DRIVERS or HUMAN PLAYERS having to move
around their ALLIANCE partners while attempting to clear surplus POWER CELLS or because TELEOP
began with more than fifteen{15) fourteen (14) POWER CELLS in the ALLIANCE STATION due to
scoring by opponents during AUTO. However, if a team is perceived as lagging in the judgement of a
REFEREE, they will be issued a penalty.

It is the HUMAN PLAYERS' responsibility to be aware of their surroundings.

H10. POWER CELLS go on the rack. POWER CELLS must be stored on the LOADING BAY racks. An ALLIANCE
making a concerted, good-will effort to transport POWER CELLS from the CORRAL to a rack or Chute is not in
violation of this rule.

VIOLATION: FOUL. If repeated, TECH FOUL.

The LOADING BAY rack holds fourteen (14) POWER CELLS and enables teams and REFEREES to
count POWER CELLS in an ALLIANCE STATION. An-AEELANGEheMng—the—ﬁ#eth—P@WER—GEH_—is

H10 means that POWER CELLS may neither be stored in the CORRAL during the MATCH nor are they
required to contact the LOADING BAY rack before entering the FIELD.
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As G4 prohibits using the rack during AUTO, an ALLIANCE that removes POWER CELLS from the
CORRAL during AUTO and waits to place them on the rack until the start of TELEOP is making a
“concerted good-will effort.”

Teams are encouraged to make it clear to REFEREES that H10 is not violated.

Section 9 Robot Rules Section

9.1 Overview

There are many reasons for the structure of the rules, including safety, reliability, parity, creation of a reasonable design
challenge, adherence to professional standards, impact on the competition, and compatibility with the Kit of Parts (KOP).
The KOP is the collection of items listed on the eurrent-seasen’s-2020 and 2021 Kickoff Kit Checklists, distributed to the
team via FIRST Choice in the edrrent-2020 and/or 2021 season, or paid for completely (except shipping) with a Product
Donation Voucher (PDV) from the eurrent 2020 and/or 2021 season.

BN AR RR 2 7T, BE e, TR, EM, PRREER I IaEYE, X AR IR, S
20, 5 KOP (Kit of Parts, ) MIFIHeA k. KOP KN AL 2020 1 2021 FEZE K #E A, FIRST Choice 2
fi17] 2020 F1/8% 2021 FEZEMY, MoK E 2020 Fl/8k 2021 2257~ 4827 (Product Donation Voucher,

PDV)

Teams may be asked to provide documentation proving legality of non-2020 or 2021 KOP items during Inspection where
a rule specifies limits for a legal part (e.g. pneumatic items, current limits, COTS electronics, etc.).

AL AT e SRR BESCAFRAE BT AR 2020 B 2021 KOP Wi Ik, FSRATURSE A IR (e 802 15 4% & A S L E MR
il CEan<zh¥dh, R H], COTS HU &)

9.3 ROBOT Safety & Damage Prevention

R9. ROBOTS must allow removal of game pieces from the ROBOT and the ROBOT from FIELD elements while DISABLED
and powered off.

ROBOTS will not be re-enabled after the MATCH, so teams must be sure that game pieces and ROBOTS
can be quickly, simply, and safely removed.

Teams are encouraged to consider rule C7 when developing their ROBOTS.

. BATEBMIAES A AL & NI 225 R R C7.

9.4 Budget Constraints & Fabrication Schedule

R11. This rule has been removed for the 2021 season. 2l K 2021 FEZ= (114271 P 110 4k I B

R12. No individual, non-KOP item or software shall have a Fair Market Value that exceeds $500 USD. The total cost of
COMPONENTS purchased in bulk may exceed $500 USD as long as the cost of an individual COMPONENT does
not exceed $500 USD

Teams should be ready to show inspectors documentation of Fair Market Value (FMV) for any
COMPONENTS that appear to be in the range of the $500 USD limit.

The Analog Devices ADIS16448 IMU MXP Breakout Board does not have a published Fair Market Value
(FMV). This device is considered to comply with R12 regardless of its true FMV.

The FMV of a COTS item is its price defined by a VENDOR for the part or an identical functional
replacement. This price must be generally available to all FIRST Robotics Competition teams throughout

M INFINITE Team Update 00
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the build and competition season (i.e. short-term sale prices or coupons do not reflect FMV), however
teams are only expected to make a good faith effort at determining the item price and are not expected to
monitor prices of ROBOT items throughout the season. The FMVis the cost of the item itself and does not
include any duties, taxes, tariffs, shipping, or other costs that may vary by locality.

The FMV of COTS software is the price, set by the VENDOR, to license the software (or component of
the software) that runs on the ROBOT for the period from Kickoff to the end of the FIRST Championship.
The FMV of software licensed free-of-cost, including through the Virtual KOP, for use on the ROBOT is
$0.

The FMV of FABRICATED parts is the value of the material and/or labor, except for labor provided by
team members (including sponsor employees who are members of the team), members of other teams,
and/or event provided Machine Shops. Material costs are accounted for as the cost of any purchasable
guantity that can be used to make the individual part (i.e. the purchasable raw material is larger than the
FABRICATED part).

Example 1: A team orders a custom bracket made by a company to the team’s specification. The
company’s material cost and normally charged labor rate apply.

Example 2: A team receives a donated sensor. The company would normally sell this item for $450 USD,
which is therefore its FMV.

Example 3: A team purchases titanium tube stock for $400 USD and has it machined by a local machine
shop. The machine shop is not considered a team Sponsor but donates two (2) hours of expended labor
anyway. The team must include the estimated normal cost of the labor as if it were paid to the machine
shop and add it to the $400 USD.

Example 4: A team purchases titanium tube stock for $400 USD and has it machined by a local machine
shop that is a recognized Sponsor of the team. If the machinists are considered members of the team,
their labor costs do not apply. The total applicable cost for the part would be $400 USD.

It is in the best interests of the teams and FIRST to form relationships with as many organizations as
possible. Teams are encouraged to be expansive in recruiting and including organizations in their team,
as that exposes more people and organizations to FIRST. Recognizing supporting companies as
Sponsors of, and members in, the team is encouraged, even if the involvement of the Sponsor is solely
through the donation of fabrication labor.

Example 5: A team purchases titanium tube stock for $400 USD and has it machined by another team.
The total applicable cost for the part would be $400 USD.

Example 6: A team purchases a widget at a garage sale or online auction for $300, but it's available for
sale from a VENDOR for $700. The FMV is $700.

VIR
7N N HE % TR ARG Y 53 FE AT AR BLT-7E $500 38 7T BRATE FEl P ) B0 PR F T 3 (. (FMV) ST

i % % ADIS16448IMUMXP & A AR A F i EFMV) . ZEBEHIANTFE R12, TwHEIED
FMV.

— A~ COTS HiH i) FMV ZE R, BBt T B0 R DU RE B e 3o XM il W iR 4y
B FRC BABLAE BN BRI 5 4245 (b o JE 39140 5 A A BRI T2 A Bk FMV), - (ELBAAF R 75 72 A 5 T H
ks T3 A B S ), MAEAERA T RIS NI . %2 FMV 2ITH A SRR, NS
FEATORBE. B, KB MTIE B AR AT e B8] 1 s 5 ) AR

O
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COTS M) FMV & F LN 5 %2 NS, DAIRBUENLER N _LIB 4T A (BRI, TR
B FIRST MR ZELET, RGFHRFHM AL FMY, G5B ER KOP, £ ROBOT F{Hf, A 0.

S AW RERAER) FMV RN BT 3 A, EBME SRR (RSB A B A T« HAt FHBA
J3 53 AN B B SR S AL & 7 5 SR AL M 55 B ST BR Ak o MOREBA A DA AT T D SEHCR B RRAs, i] il A
T F A (B G mT I SK R SR A B T A 93 o

Al 1 BATCARAE BT AR T I 2 = 45 (K B 8 SR 2 ®] O RESCAS AL F O N T2 R &
B 2: —ABAEERARIE LIRS . 2 A FEH DL 450 KT RN, FIHIXRE FMV.

Al 3: —ANBIBALL 400 STl SKERE FEAE, It LS RSN Lo HLES 22 1a Al ekt — A BATL A%
B, (B4R TP/ 553 RS . BT AELAE AL T 57 3 I IR R AR, B SIA A HLAR R R, F
e NFIEAASE 400 SETTHIBEAL LA

il 4: —ABIBALL 400 ST SKERE A, I i i) — RKHLAR R 00 L, 20 )5 & % B BA A 2 A B
o QRAUBIMRAL A BILR 5, ATTE 57 3 AN E . %8870 & A 2% FH S 806 400 7t

5 RATRES BH L LR R TG/ NS — i BUM iR o [ AR sl £ 18 55 A0 B 5 4L 23 7E b AT T 4 14
BA, BN TE 2 M N RIH R RS — K. AR A FRZBIARI SO AR 7, RS, BMER
BANZ 5 R EE R E RT3

A~ 5 —ANBAMLEL 400 eI SLERE FEAE, B —ABMEI T . &34 RS A 5 SEUR A 400 3%
TG

Il 6: —ANBAMELAE 300 3 G 17 i A4 S BAE £k 40 S TR A SE— AN /N AR, Be T DANEERI AR L, &
N 700 £ 56, FMV R 700 78,

If a COTS item is part of a modular system that can be assembled in several possible configurations, then
each individual module must fit within the price constraints defined in R12.

If the modules are designed to assemble into a single configuration, and the assembly is functional in only
that configuration, then the total cost of the complete assembly including all modules must fit within the
price constraints defined in R12.

In summary, if a VENDOR sells a system or a kit, a team must use the entire system/kit Fair Market Value
and not the value of its COMPONENT pieces.

Example 1: VENDOR A sells a gearbox that can be used with a number of different gear sets, and can
mate with two different motors they sell. A team purchases the gearbox, a gear set, and a motor (which
are not offered together as an assembly or kit), then assembles them together. Each part is treated
separately for the purpose of BOM costing, since the purchased pieces can each be used in various
configurations.

Example 2: VENDOR B sells a robotic arm assembly that the team wants to use. However, it costs $700
USD, so they cannot use it. The VENDOR sells the “hand”, “wrist”, and “arm” as separate assemblies, for
$200 USD each. A team wishes to purchase the three items separately, then reassemble them. This
would not be legal, as they are really buying and using the entire assembly, which has a Fair Market
Value of $700 USD.

Example 3: VENDOR C sells a set of wheels or wheel modules that are often used in groups of four. The
wheels or modules can be used in other quantities or configurations. A team purchases four and uses
them in the most common configuration. Each part is treated separately for the purpose of BOM costing,
since the purchased pieces can be used in various

O
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R13.  This rule has been removed for the 2021 season. A<#1 I Kl 2021 F&2=[p 4Rk 1 1 4 I
R14. This rule has been removed for the 2021 season. A< I Fl 2021 F&Z= {0k 1 T 1 e
R15. This rule has been removed for the 2021 season. A< I Fl 2021 2&Z= {40k 1 T 1 e

R16. During an event a team is attending (regardless of whether the team is physically at the event location), the team
may neither work on nor practice with their ROBOT or ROBOT elements outside of the hours that pits are open, with
the following exceptions:

A. OPERATOR CONSOLE ¥ {: ###%

B. BUMPERS (a protective assembly designed to attach to the exterior of the ROBOT and constructed as
specified in BUMPER Rules), 8%: {REGAT (—MORPALIE, Wt TIERRZINLEE ARSI, I B8 AR GAT
FRIU B R E 1D

C. battery assemblies as described in R5-B, ;iU R5-B f#id i H i 2 4

D. FABRICATED ITEMS consisting of one COTS electrical device (e.g. a motor or motor controller) and
attached COMPONENTS associated with any of the following modifications

AN > COTS /BB (B0, kel Sk 2 i 4%) M 4L 5 BL AT IE S ok

i. wires modified to facilitate connection to a ROBOT (including removal of existing connectors)
{EeheB%, LIGEERS| ROBOT (WiEHREBNA ERL)

ii. connectors and any materials to secure and insulate those connectors added (Note: passive PCBs such
as those used to adapt motor terminals to connectors are considered connectors)

BRI RE, AR B S EEER AR (1 - BEBNENRI AR, anFRee F Tk By ik i 1 3G RO&E
Pean AR EHER)

iii. motor shafts modified and/or gears, pulleys, or sprockets added
ke /s inge, B, SEREI

iv. motors modified with a filtering capacitor as described in the Blue Box below R56
LiMMEL IR BAAR, A0 T i R56 AR AAERTIR

E. COTS items with any of the following modifications: 5 LA N R &2 () COTS Ti H

i.  Non-functional decoration or labeling JEZfj HE 4 5 1 B Uk b
ii. Assembly of COTS items per manufacturer specs, unless the result constitutes a MAJOR MECHANISM
as defined in 11 &FMHEE A% ) COTS B H ZHEE, FRARSS RAIRE 11 € S 3= 2L

F. Software development
G. Batteries may be charged during the designated Load-in time

For the purposes of this rule, official events begin asfollews: at the start of the first designated Load-in
period, according to the Public Schedule. If the Public Schedule is not available or the Public Schedule
does not include a Load-in period, the event begins at 6 AM local time.

BFEGTHE DA B REREILE ARARE B (Load-in) . MEANIFHIHBERARH, #&H

BRI ARARSE B, NEFFG/EYHATE R L6 miffin
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Examples of activity prohibited by R16 include:

a. Working on the ROBOT at the team’s shop after Load-in for the event has begun
b. Working on ROBOT parts at night at the team’s hotel.

Note that E8 and E20 impose additional restrictions on work done on the ROBOT or ROBOT materials
while attending an event.

One purpose of R16 is to increase equity between teams with significant travel to an event and those
nearby (close teams would otherwise have an advantage by being able to work on their ROBOT, in their
shop, until it’s time to go to the event).

9.5 BUMPER Rules

R21. Each ROBOT must be able to display primarily Red or Blue BUMPERS to MATCH their ALLIANCE color
TR IR B 21 64 B R G R RIS AT R AL ) LE ZR B /3 B B RO BX BE B4, as assigned in the MATCH

schedule distributed at the event (as described in MATCH Schedules). A BUMPER is considered primarily Red or
Blue if all displayed BUMPER surfaces other than corners (i.e. everywhere the BUMPER is backed by the FRAME
PERIMETER) displays the appropriate color. Any visible fabric other than the primary color must be a solid color. See

Figure 9-4. 41 R R VU M AT FITAT Al LAY DRI AT 3 1 A o 20 (Bl 0 38, X AMRISATBOA N E B

s, (RBTCIEMEHLI ORI ATER H AMEINEZE S %), BRI E ISR AT LR e At . W]
9-4 BUMPER Markings visible when installed on the ROBOT, other than the following, are prohibited:

A. those required per R22,

B. hook-and-loop fastener or snap fasteners backed by the hard parts of the BUMPER, and

C. solid white FIRST logos between 4% in. (~12 cm) and 5% in. wide (~13 cm) (i.e. comparable to those
available in the 20202021 Virtual Kit.

The FRAME PERIMETER facing surfaces and short perpendicular “ends” flfE EEAY “RifE” of
BUMPERS are not “displayed” and thus R21 does not apply.

Bumper sections backed
by Frame Perimeter =%
must be Red/Blue

\

Bumper end faces
may be any solid

«— Robot Frame C]"‘"

Perimeter

Corners may be
any solid color '

Figure 9-4 BUMPER color example
R24. BUMPERS must be constructed as follows (see Figure 9-7):

A.
B.
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C.

D. be covered with a rugged, smooth cloth. (multiple layers of cloth and seams are permitted if needed to
accommodate R21 and/or R22, provided the cross section in Figure 9-7 is not significantly altered).

Silk and bedding are not considered rugged cloths, however 1000D Cordura is. Tape (e.g. gaffer’s tape)
matching the BUMPER color is allowed to patch small holes on a temporary basis.

It is expected that there may be multiple layers of cloth as fabric is folded to accommodate the corners
and seams of BUMPERS.

The cloth must completely enclose all exterior surfaces of the wood and pool noodle material when the
BUMPER is installed on the ROBOT. The fabric covering the BUMPERS must be solid in color.

BUMPER corners and “ends”, shown in Figure 9-4, must be solid in color, but do not need to be the
same color as the rest of the BUMPER, as described in R21.Z1E 9-4 Fir7r, BUMPER ff1 “&” &4

TURSELAIE @, (EAREEEH A BUMPER fHFEIRIELE, #1n R21 Fik...
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9.6 Motors & Actuators

Team Update 00
January 9, 2021
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R27.  The only motors and actuators permitted on 2021 ROBOTS include the following (in any quantity):
Table 0-6 Motor allowances
Motor Name Part Numbers Available
AndyMark 9015 am-0912 AndyMark 9015
AndyMark NeveRest am-3104
AndyMark PG am-2161 (alt. PN am- am-2194 (alt. PN am-2766)
2765)
AndyMark RedLine Motor am-3775 am-3775a
AndyMark Snow Blower Motor am-2235 am-2235a
Banebots am-3830 M5 — RS550-12
M7-RS775-18 RS550VC-7527
RS775WC-8514 RS550
CIM FR801-001 PM25R-45F-1004
M4-R0062-12 PM25R-45F-1003
AM802-001A PMR25R-45F-1003
217-2000 PMR25R-44F-1005
PM25R-44F-1005 am-0255
CTR Electronics/VEX Robotics 217-6515 19-708850
Falcon 500 am-6515 am-6515_ Short
Current/former KOP Automotive | Denso AE235100-0160 | Denso 262100-3040
motors Denso 5-163800-RC1 Bosch 6 004 RA3 194-06
Denso 262100-3030 Johnson Electric JE-PLG-149
Nidec Dynamo BLDC Motor am-3740 DM3012-1063
Playing with Fusion Venom BDC-10001
REV Robotics HD Hex Motor REV-41-1291
REV Robotics NEO Brushless REV-21-1650
REV Robotics NEO 550 REV-21-1651
VEX BAG 217-3351
VEX Mini-CIM 217-3371
West Coast Products RS775 Pro | 217-4347
Electrical solenoid actuators, no greater than 1 in. (nominal) stroke and rated electrical
input power no greater than 10 watts (W) continuous duty at 12 volts (VDC)
Fans, no greater than 120mm (nominal) size and rated electrical input power no greater
than 10 watts (W) continuous duty at 12 volts (VDC)
Hard drive motors part of alegal COTS computing device
Factory installed vibration and autofocus motors resident in COTS computing devices
(e.g. rumble motor in a smartphone).
PWM COTS servos with a retail cost < $75.
Motors integral to a COTS sensor (e.g. LIDAR, scanning sonar, etc.), provided the
device is not modified except to facilitate mounting
One (1) compressor compliant with R79 and used to compress air for the ROBOT’S
pneumatic system
For servos, note that the roboRIO is limited to a max current output of 2.2A on the 6V rail (12.4W of
electrical input power). Teams should make sure that their total servo power usage remains below this
limit at all times.
Given the extensive amount of motors allowed on the ROBOT, teams are encouraged to consider the
total power available from the ROBOT battery during the design and build of the ROBOT. Drawing large
amounts of current from many motors at the same time could lead to drops in ROBOT battery voltage that
may result in tripping the main breaker or trigger the brownout protection of the roboRIO. For more
b= INFINITE
FIRST
ROBOTICS RECHARGE

COMPETITION



2021 FIRST Robotics Competition

information about the roboRIO brownout protection and measuring current draw using the PDP, see
roboRIO Brownout and Understanding Current Draw.

AndyMark PG Gearmotors are sold with labeling based on the entire assembly. Assemblies labeled am-
3651 through am-3656 contain legal motors specified in the table above. These motors may be used with
or without the provided gearbox.

9.10 OPERATOR CONSOLE

R88.  The Driver Station software provided by National Instruments (install instructions found here) is the only
application permitted to specify and communicate the operating mode (i.e. Autonomous/Teleoperated) and operating
state (Enable/Disable) to the ROBOT. The Driver Station software must be revision 20-821.0 or newer.

Teams are permitted to use a portable computing device of their choice (laptop computer, tablet, etc.) to
host the Driver Station software while participating in competition MATCHES.

Section 10 Inspection Rules Section

16. This rule has been removed for the 2021 season. A<¥i | Kl 2021 FE2= )45 ik 1 4

Section 11 Tournaments

Each 2021 FIRST® Robotics Competition event is played in a tournament format. Each tournament consists of three-two

sets of MATCHES called Practice- MATCHES (not-necessarily-played-atall-District-Events); Qualification MATCHES and
Playoff MATCHES.

Qualification MATCHES allow each team to earn Ranking Points which determine their seeding position and may qualify
them for participation in the Playoff MATCHES.

Playoff MATCHES determine the event Champions.

11.2 REFEREE Interaction

If a DRIVE TEAM needs clarification on a ruling or score, per C9, one (1) pre-college student from that DRIVE TEAM
should address the Head REFEREE after the ARENA Reset Signal (e.g. FIELD lights turn green or green with white).

IR — L) T A R [R5 2 ) W e AR R RAE S M B ELAE 5 AT sl 2 i (HPAME 2 1 A9 AT R 4000 1)A DRIVE

TEAM member signals their desire to speak with the Head REFEREE by standing in the corresponding Red or Blue
Question Box, which are located on the floor near each end of the scoring table. Depending on timing, the Head
REFEREE may postpone any requested discussion until the end of the subsequent MATCH as necessary.
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All YELLOW CARDS are cleared in FMS at the conclusmn of Qpaeuee—Quallflcatlon—and—Dmenﬁlayeﬁ MATCHES The

FEHSFRRERBE NG, AL TIF2TE R,

o

11.4 Measurement

At each event, time permitting, the ARENA will be open for-atleast-thirty (30)-minutes prior to the start of Qualification
MATCHES, during which time teams may survey and/or measure the ARENA and bring ROBOTS on the FIELD to
perform sensor calibration. The specific time and duration that the FIELD is open will be communicated to teams at the
event. Teams may bring specific questions or comments to the FTA.

B[R o VF, MU E RS TR AanT R4 305340 i, EILIIE], BAME W] LOBE R/ 80N &7 (£ 37 b cE HLEs A LA
PATIR A ALUE, L ZRID I e BN B AN R SR S T (& R 28 B I, BAEL AT LA FTA $iH BRI 8 R DL,

11.5 Practice MATCHES

Information about Practice MATCHES has been removed since One Day Events will not include them. This section will be
populated iffwhen appropriate for the 2021 season, via a Team Update. For more information, see the FIRST Inspire Blog,
specifically “Update: 2020-2021 FIRST Season Extended.”

W AR “AIEE7 ME R CHMER, FOVER HZRFHAAL AT, ARTTIAE 2021 FEZ=H00E 215 00 T a1 BA 5ok
7. BRI FIRST % FIRST Inspire Blog, JUH A& “FE#H: 2020-2021 FIRST #£Z=4 R HEC” “Update: 2020-
2021 FIRST Season Extended.”

11.6 Qualification MATCHES

The Qualification MATCH schedule is made available as soon as possible, but no later than ene-hour thirty (30) minutes
before Qualification MATCHES are scheduled to begin. Teams receive one (1) hard copy and it is also available at the
FIRST Robotics Event Results site, except during exceptional circumstances. Each Qualification schedule consists of a
series of rounds in which each team plays one (1) MATCH per round.

FMS assigns each team two (2) ALLIANCE partners for each Qualification MATCH using a predefined algorithm, and
teams may not switch Qualification MATCH assignments. The algorithm employs the following criteria at events with 24 or
more teams, listed in order of priority:

FMS /\ﬁzﬁg%ﬁ*w{ftiﬁtt%ﬁﬁt 2ABENE (BAEKE 3R, MRS BRI L, 24 SR LL ERMERY
‘E, R LL TRk

maximize time between each MATCH played for all teams

minimize the number of times a team plays opposite any team

minimize the number of times a team is allied with any team

minimize the use of SURROGATES (teams randomly assigned by the FMS to play an extra Qualification MATCH)
provide even distribution of MATCHES played on Blue and Red ALLIANCE

provide even distribution of MATCHES played in each PLAYER STATION number.

oukwnpE
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At events with fewer than 24 participating teams, the criteria are similar, however criterion #5 is changed to minimize the
number of times a team swaps between the Blue and Red ALLIANCE rather than an even distribution.

e A2 E5ERDT 24 MRS, SRAERFRLINY, (BRARIE 5 # SO R/ MU BRAE BE ta Fn £ (L BR TR W2 [B) SZ R Uk B
;MRS AR

All teams are assigned the same number of Qualification MATCHES, equal to the number of rounds, unless the number
of teams multiplied by number of MATCHES is not divisible by six. In this case, the FMS randomly selects some teams to
play an extra MATCH. For the purpose of seeding calculations, those teams are designated as SURROGATES for the
extra MATCH. If a team plays a MATCH as a SURROGATE, it is indicated on the MATCH schedule, it is always their third
Qualification MATCH, and the outcome of the MATCH has no effect on the team’s ranking. YELLOW and RED CARDS
assigned to SURROGATES, however, do carry forward to subsequent MATCHES.

The scheduling algorithm works to minimize teams playing in back-to-back MATCHES. However, due to the limited
number of teams permitted in the One Day Event structure for the 2021 season, back-to-back plays may occur. If any
team is scheduled to play in back-to-back MATCHES, the Head REFEREE will issue a FIELD TIMEOUT unless a longer
break is already scheduled to occur (e.g. lunch.) See TIMEOUTS for details.

e W BEENER R R B WA SRS EN LR, SR, BT 2021 BFRAAHEHP GRS E, HHEY
MLBRIE RS KA, MR LTI ZHER] T RN LR, BRIFCEZHE T FRKMKRERB(FIIFE) , MREHKSME
Wlasrs, BARIEE 2207 ] Error! Reference source not found.

11. 7 Playoff MATCHES

In the case where the Quarterfinal-or Semifinal MATCH scores for both ALLIANCES are equal,
WSy — L2 o e B o N B 455 #H [R] the Win is awarded to the ALLIANCE per criteria listed in Table 11-3. A

DISQUALIFIED team, as determined by the Head REFEREE, causes their ALLIANCE to receive zero (0) MATCH points
in a Playoff MATCH.

o All references to eight (8) ALLIANCES being formed have been changed to four (4) ALLIANCES.
o Playoff MATCH Bracket has been updated.
o Playoff order has been updated.

Each team chooses a student team representative who proceeds to the ARENA at the designated time {typically-before
the-lunch-break-on-the final- day-of the-event) to represent their team.

F S BAMIIER R — 4 F A AMEAREIE R E N E A fr—= KA Rah— X0, The designated student
representative from each ALLIANCE in a Playoff MATCH is called the ALLIANCE CAPTAIN.

o Allreferences to Quarterfinals have been removed and/or changed to Semifinals.

This section has been moved to 11.8 and has been updated for One Day Events. AT E&E 11.8, B H#HAE H# H
PR,
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11.8 TIMEOUTS

A TIMEOUT is a period of up to six (6) minutes between MATCHES which is used to pause Qualification or Playoff
MATCH progression. If circumstances require any team to play in back-to-back MATCHES, the Head REFEREE will issue
a FIELD TIMEOUT to allow teams to prepare for the next MATCH. FIELD TIMEOUTS are the same time duration as
TIMEOUTS.

During a TIMEOUT, the ARENA Timer displays the time remaining in the TIMEOUT. Both ALLIANCES enjoy the
complete six (6) minute window. During Qualification MATCHES, if the ROBOT(S) who are playing in back-to-back
MATCHES completes their repairs before the ARENA Time expires, the team(s) are encouraged to inform the Head
REFEREE that they are ready to play. During Playoff MATCHES, if i an ALLIANCE completes their repairs before the
ARENA Timer expires, the ALLIANCE CAPTAIN is encouraged to inform the Head REFEREE that they are ready to play.
If both all ROBOTS/ALLIANCES are ready to play before the TIMEOUT expires, the next MATCH will start.

WEREILFRZBIWTLA — &% 6 oW EIEE, MRS IHE L ZE S| TRA LR, MARBIFRE, ML
EHEFILED, BHRRE - AEE, RFAMLA T L RMES, DS SRE SR RAAFE,

FEHFREENRGE, FAUTNIFSERRREFE, XM AR rT LRI 6 2ty EiFitiE, EHRKZRLIE,
MRAEWFT LTS, A NMEEIENBISREMERTEEE, AN M@ MBI RN E LR LR T ; EilkEE
HiE), anR—ABRRAEEIENES R AR TSR, BT s B i AR S s bR e R 4 T, AR BGHLER A/
BXUAAE ST IS B R Ao TR, IR LTk L ZTF a6,
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GENERATOR
SWITCH Clear
Signal

FIELD TIMEOUT (if back-to-back matches)

BACKUP Coupon Window
(Section 11.7.5)

Team TIMEOUT
Coupon Window
(T2)

BACKUP Coupon Window (Section 11.7.5)

Y

0 1 2 3 4 5 6 7 8
Time (minutes)

Figure 0-4 TIMEOUT and BACKUP Coupon Timeline

The GENERATOR SWITCH Clear Signal is indicated to teams with a change in the POWER PORT lights from green with
white to fully green, as seen in Table 3-2 and Figure 3-19. FIELD STAFF will manually trigger the GENERATOR SWITCH
Clear Signal after all ROBOTS have been removed from their GENERATOR SWITCH.

N P ETFR B RS 5 2 H AR AT NGt B (AR il s B R IR TR R G 1B, sk 3-2 FE] 3-19 iR 1E
FrENLE N B EAT BT ST KRG, S TAEN 5L T3l k37 & T OERRE 5 .

Teams are expected to have their ROBOTS staged on the FIELD by the end of the TIMEOUT. Teams
that cause a delay to the start of a MATCH after a TIMEOUT are at risk of being in violation of C7.

Each ALLIANCE in the Playoff tournament is issued (1) TIMEOUT.
FERRFR AR BR R TR  — I,

T3. If an ALLIANCE wishes to use their TIMEOUT, the ALLIANCE CAPTAIN must submit their TIMEOUT coupon to
the Head REFEREE within two (2) minutes of the GENERATOR SWITCH Clear signal preceding their MATCH. If
there is no preceding MATCH, the TIMEOUT coupon must be submitted no later than two (2) minutes before
the scheduled MATCH time. The TIMEOUT will begin two (2) minutes after the GENERATOR SWITCH Clear
signal (i.e. at the end of the Team TIMEOUT Coupon Window depicted in Figure 0-4)

| A request presented outside the defined parameters in T2 will be denied. |

There are no cascading TIMEOUTS. If an ALLIANCE calls a TIMEOUT during a FIELD TIMEOUT, the FIELD TIMEOUT
will expire two (2) minutes after the GENERATOR SWITCH Clear signal and the ALLIANCE’S TIMEOUT will begin.

If an ALLIANCE wishes to call a TIMEOUT during a FIELD TIMEOUT, it must still do so within two (2) minutes of the
GENERATOR SWITCH Clear signal preceding their MATCH, per 0.
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TIMEOUTS are not transferrable between ALLIANCES, meaning an ALLIANCE cannot hand their designated TIMEOUT
coupon to another ALLIANCE to use, however an ALLIANCE may use their own coupon for any purpose they wish.

If a Playoff MATCH is replayed because of an ARENA FAULT which rendered a ROBOT inoperable, the Head REFEREE
has the option of calling a FIELD TIMEOUT.

11.9 Advancement Through the District Model 77 &% 2 & 7

Information about advancement through the District Model has been removed. This section will be populated ifiwhen
appropriate for the 2021 season, via a Team Update. For more information, see the FIRST Inspire Blog, specifically
“Update: 2020-2021 FIRST Season Extended.”

BR “HITFRE AR EE OHEMER . AT 2021 FE=HE 4150 T @S B E R kA 78 . BARTVENS W, FIRST 1
% FIRST Inspire Blog, 32 “FE#i: 2020-2021 FIRST HEY EMIFL” “Update: 2020-2021 FIRST Season
Extended.”

11.10 Advancement to the FIRST® Championship /i FIRST i v 2% i) & 1F

Information about advancement to the FIRST Championship has been removed. This section will be populated if/when
appropriate for the 2021 season, via a Team Update. For more information, see the FIRST Inspire Blog, specifically
“Update: 2020-2021 FIRST Season Extended.”

AR “ZIN FIRST BRFFMFA” HIE R CHMER. ATRAE 2021 FEZHE L1500 T @ BIAE# R4 e . BARTER I
FIRST {#% FIRST Inspire Blog, JiH 2 “¥#: 2020-2021 FIRST #EJ BRI “Update: 2020-2021 FIRST Season
Extended.”

11.11 FIRST® Championship: Additions and Exceptions FIRST k%€ i 54 4

Information about additions and exceptions for the 2021 FIRST Championship events has been removed. This section will
be populated ifiwhen appropriate for the 2021 season, via a Team Update. For more information, see the FIRST Inspire
Blog, specifically “Update: 2020-2021 FIRST Season Extended.”

f% “FIRST k38 FSHIAN 115 B OWMER. AT 2021 FE7 0038 2 0 T Bt N EF A 75 . BRI I
FIRST {#% FIRST Inspire Blog, JiH 2 “F#: 2020-2021 FIRST EEY BHIIEL” “Update: 2020-2021 FIRST Season
Extended.”

Section 12 Glossary

The Glossary has been updated. Terms that are no longer referenced in the Game Manual have been removed.
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