TEAM LEBOB

FLL Team KOI34 - Perth, Western Australia




Dy Innovation Project

= [
Innovation Project e

STORVBOARD
- Labal wants o go fishing for atefacts
= He spends al s money on Bobel specal amn
- Ho has S500 et
Industral Grippers are bad
= Labob uses industral rpper bot It reaks

« He s now
= Explan the 4 potlems
+ Seos softsense ad
= Invesigates the product bocause hos skeptcal (00
che:

)
- Eblob (business tycoon) explains stlf o him as well a5
Oblab (tho onginser)
“s'50.

e dopth whra now WA wrocks st
jond safe ding
5% — of global ROV use s scientiic the restis

ustrial
« Explin o 4 pilrsofhe nno
" Adopive sof contact ingor (FEA mages)
ibeddod Pressuro Sencing

= Outward sploy 20069 1ot bger fems.

= Obell and Enob ae azy, 6 ot wan [0 kuep designing
uling,and tosing. Obelb used python o run FEA
Simulations o Tl teate on apiop Ghow 70+

o Thoy aiso simuialed grip i FEA (heatmap and bar
oraph,winning fexture peur) tesed dffrent grp

dosigns
o Eblob used minml lecronics. molor is aso prassure

ing print

par ato
oy i ron covr

= Obel caks his frionds,gos oudback
"W shared SontSense wih working sbsea sxpers

a o 30

dor  Giflerential-sensar options on

Ok
e 11 osdimap

parametic adapters or

.

e raach seres, cobo fanges, and 1vee BOROVZ

R > » p

1 ot beter bocauso
agest design ol came fom  singlo

CTD-4000:  our-fngr clan
i st 109, 2 rotaing

Sense: Ro-engincored a5
ooded, 3-prines, mocuar gripper wih complant Fin
 tngers — oacked by s full FEA » texiure + motor

Coupler links (Fllowers|




&

'“p -
-..

LEEBOE

FLL Team KOI34 - Perth, Western Australia

— INNOVATIONS —



Arteftacts e

Coastline: .
. Shipwreck found: 1650+
y F irst found: Batavia
e Lost1629.
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1 Dutch trading ship. * Credit: Mali
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https://commons.wikimedia.org/wiki/User:Dwi_sumaiyyah_makmur
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Human history:
Trade and
transportation.

Countless artefacts.

Cred|t WA Shlpwreck Museum.
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HecenT DevelopmenTs

AR 011) 7 e A
Multibeam sonar image of

underwater shlpwreck
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redt: Wessex Achaeolgy D | Credit: NOS/NCCOS/CCMA

“There are more known sites than there is equipment to work them.
The only way to recover something safely from 50 to 60 metres and
beyond is a robot with actuator control.” - Patrick Morrison, WA Museum Curator



https://www.flickr.com/photos/wessexarchaeology/2435580995
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Main problem

Recovering fragile artefacts underwater. Validated by experts:

e Industrial arms are rigid.
e No force feedback.
e Expensive and slow.

Most the experts we visited said this

Woodside

Tim Macdonald, Woodside, Leading in
subsea research expert Australia’s energy sector

@ O & ©

Participants Chat Reactions  Share Secr

“Major commercial systems
still lack essential features
like pressure sensing.”

- Tim




Froblems

High risk of breakage

INNO
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Poor grip on odd shapes

Since grippers are rigid, pressure
concentrated on a small surface area, causing

fractures and breakage. Broken artefacts are _ -
irreplaceable and can be lost to history @&

f

orever. /

Credit: MT Engineering via YouTube.

Limited awareness for pilots

Artefacts are often curved, tapered or uneven.

Rigid, flat metal jaws can’t adapt.
Many objects can’t be picked up or will slip.

Cost and time pressures

ROV operators can’t know how much force the
arm applies, especially in low-visibility water
where the camera feed is the only signal, leading

to breakage.

il

-

an’t control the force with feedback well.

i

High costs, due to
materials, machining
and : _l
If a gripper breaks, this =~ & -
could result in a long SR
delay. T
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Team roles PAGE 7 (1m0

Kingsley [ Brainstorm innovations collaboration, Meet with companies. Sponsorship outreach

Andre SoftSense innovation lead. FEA testing. Sponsorship outreach. Material evaluation (PA12-GF + ether-
TPU).

Sean Team brainstorm, collaboration, business outreach, material organization for innovation.

Oliver Co-owner on prototype builds vl + v2, drivetrain T_safe fix, hyperbaric pressure test.

Subesh Research lead: existing manipulator survey + case studies. Owns expert cold-email outreach and

follow-up letters. Patrick Morrison site visit attendee.

Chris Bench-testing operator: ran the 4-finger versus 2-finger trials with the bone, anchor, vase, and chest
objects, captured the 26 / 96 / 411 [/ 288 gf data.

Aaron Created diagrams to explain and communicate what we did for innovations. Put together simple
understandable summaries in the presentation with appropriate images.

Leven Owns the photo / video evidence trail across the season. Innovations team collaboration, co-ran the 4
finger vs 2-finger trials with the bone with chris, chassis design with Oliver.




GENERAL DOCS

pl-DjEE'I' plan PAGE 9-11

Season-long Trello board spanning _ - - 2 __ : : |
Sept 2025 - July 2026: 1E—= - pocumentaton = " o

Team formation + roster lock

Research: existing
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Open). o — T
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FeatTures

Soft contact fingers Rotating finger platform

Flexible TPU on fingertips.
Distributes force across
object’s surface.

Lower maximum force.
Reduces risk of breakage.

Fingers rotate around a pivot.

Allows grippers line up to artefact,
Increasing surface area that contacts the
object.

Lowers local pressure and crush risk.

Pressure sensing Modular printed kit

3D printed, cheaper cost with USD$70
. filament.

& Modular, allowing swapping of broken
modules, spares, don’t have to wait for

replacements. f‘ﬂ
And different types of kits.

Actuator measures current to calculate pressure.
Warning preventing crushing.

Accounts for ambient water pressure.

Accounts for foam compressing under pressure.

(A
F:Kt'(Imea.s_IO)'EQ'MA(P)'W

".



“Stick with cheap 3D printed parts. Anyone INNO

_ can buy filament anywhere, and the whole PAGE 34 (Inno)
" a -I- E I.- l a l 5 thing can be manufactured anywhere like a
Kit.”
Tim MacDonald, subsea engineer.
Material |Pros Cons
anodic layer
Titanium Very strong; excellent seawater | Expensive; needs machining (not
corrosion resistance printable); galvanic corrosion risk with
dissimilar metals
Anodised Lightweight; anodised layer Anodised coating can scratch/pit and
Aluminium | resists corrosion; machinable then corrodes; galvanic risk
sealed image underwater; needs machining
aluminum layer 3D printed | Cheap; printable anywhere; Lower strength than metal;
with plastic | whole gripper ships as a performance depends heavily on
buildable kit; no bought which filament; some grades warp or
Credit: Sam.wainer hardware absorb water
Nylon 12 Stiff with low creep; low water Needs a 45-60 C heated chamber;
Carbon uptake; strong choice for rigid warps and shows poor layer adhesion
Filled structural parts on the P1S; warp-prone on larger parts



https://commons.wikimedia.org/w/index.php?title=User:Sam.wainer&action=edit&redlink=1
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Fimal MatTerials

Material Pros Cons

Bambu TPU Flexible TPU for the Fin Ray fingers; | Too soft for rigid structural parts;

95A HF conforms and grips well; ether- only suited to the flexing fingers, not
based grade survives long gears or housing
Immersion

PA12-GF Stiff, low-creep and low water Glass fill is brittle - cracks instead of
uptake; the best all-round rigid yielding; not suitable for parts that
material for the seawater duty must flex, like the snap pins
cycle

PETG-HF Ductile enough for the flexing snap | Lower stiffness and strength than
pins; prints fast; it tolerates the PA12-GF; only used for the one-time
2.78% insertion strain that would snap pins, not load-bearing parts
crack PA12-GF




Pressure Sensing

Original: Pressure sensors in conductive foam.
o David Howard:

o Patrick Morrison: foam compressing, air bubbles shrink.

o

1
F:Kt'(Imeas_IU)'?Q'MA(P)"”

.

o
Already shown to Workv

Maxon, Schunk

This improves sealing, reliability, overall consistency
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We used FEA to Simulate:
e 2 families of fingers.
e Variations of designs.

e Variety of objects.

e Grip textures.

4 Free-topology Fin Ray scan

Th|n 1. 2 mm contact beam, tapered
spine, 14-teversed-slant ribs:

5 Wrap- nptlmi atlon — cumpl iant contact hearn

LLLLLLE!




Modular

e
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FI'I".'I.I'i'l'E'El 1T

Features:
e Easily swap parts.
e 3D printed.
e Modular.
e Minimal tools required.

Saving cost: Filament and printing is much cheaper
than machining.

Saving time: Crews can carry spares and swap broken
ones. Or reprint mid-drive.

Adaptability: Mounts Reach Bravo 7 wrist, ISO 9409
cobot flanges and the BlueROV2 chassis.



PAGE 11 1ano)
Final Model i

e Single degree of freedom

e Fingers splay ~18 deg outward
as they open to fit larger items.

e The gearbox can flood and
drain to match the pressure at
the depth.

e 1.5x and 2.0x scaled variants
all generated and proven to
work. 8 '

Flooded enclosure + input drive shaft

18 deg

Blue ROV Pressure Canister
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ElecTronlics

Power, 12V supply

Operator — phone / |m.P1-nF
c¢~p‘t‘.v¢-p&r‘t«| UI or bernch &UL

Connects over Wi-Fi

Controllers W' AP / USB
Fd q i
12 V source ESP32 (qurrent) - OPt 3 LTS (prier) Bench (dev) I
35 LiPo 12.6 V / bench PSU »a5 4 Woveshare Gen-Driver i hDs‘thL‘.-l-:J.ns,maE.q Ap 1o.F'tnP -> FE-URT- Actuator IS the
AP coptive pertal | Python 180 + STS dry CHRYD SCS moster Force sensor:
= HTTP APL + WS cal ofFline mpplln.nce J,/" Pestech-tuna / SDK e Force
6.3 A slowblow fuse /] J
(15x 9.2 4 stall / ~
/ Calbrate F = arI”d+b-Ive
: / NAURFOZ + lood cell Lone-time)
Buck D36VS0F12 — only i ik 1 (ol no Fingertip electronics
source > 12 V (WS40 16.8>14.8) Feetech SCSTTL bus reacs b Melemelry =
~dunlssx el v /
halecplon - f el - 12X y Actuator tells us
currest-LIMIT (Birewnrs) = d v V+/GND Y pin gerial 7
ar protection, NOT The P 3
el ) the current, we can
/
Faetech STS2250 — 12 V swmarl serve
~50 Kyem + 1268 mag encoder - <tall 9.2 4 calculate force
att: Im?mxea XW540-T260 (Rs-4%5 / IPé%)
shatt torgque :
Frawore CURRENT-LIMIT = protection -> T_safe “0.034 Nem
crowm + pwion - areje-rp:our—&nr - F':H—Rau!r TPU Rnﬁgrg
deliverable 0.19-0.2% N / Finger Leartimited)
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wet (T2, {<=30 ~) BR &° a:‘,rfrlj.'.: canister « WLP-VP MID penetrator

T we chofl Theo Taldxd |iF aol -3 printed odogter -> 10 :D—:ouan_r
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ImpacT

Groups:
e Archaeology teams.
e Museums. -
e Marine biology.
Environmental impact.
Affordability for accessibility.

Validation:

e Tim MacDonald (subsea engineer, DSV Limiting Factor).
e Patrick Morrison (WA Shipwrecks Museum).

DS
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Hesearch & HetinementT oo

Research

Refining the problem

Expert advice

Artefact recovery.
e Needs ROV.

Breaking and crush risk.
e Pressure concentration.
e No force feedback.

Problems with ROV grippers.

e Rigid.
e Corrosion.
e Cost.

Narrowing the problem.

e Recovering artefacts.

Finding the issue.

e Crush risk.
Creating a solution.

e Adaptive fingers.

e Pressure feedback.

Researching the solution.

e Materials.
e Electronics.

Contacted companies and museums.
Material change.

e Woodside and Tim MacDonald told

us to switch from metals to plastic.

Museums explaining:

e Why artefacts fragile.

e Safe handling.
Validating the problem.
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ExperitTs and Ip51}+ujiqn5

MHMationals and PreHationals

1.Dr John McCarthy

2.Associat Professor Jonathan Benjamin

3.Chelsea Wiseman

4.Michael O’Leary (UWA)

5.Jeremy Leach

6.Ingrid Ward

7.Hiro Yoshida

8. Australasian Institute for Maritime
Archaeology

9.Minderoo-UWA Deep Sea Research
Centre

10.Western Australian Museum
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ExperitTs and In511+u11nn5

Post-—-nationals

. : . 17.Australian Nati | Mariti
1.Tim MacDonald (Inkfish) [plastic call, dstratian Nationat Farttime

: Museum
VElIEEE 1 MoVl 18.International Marine Contractors
2.Patrick Morrison (Curator of Maritime ' e
Assoclation

Heritage WA)

3.David Howard (Principal Research Scientist
at CSIRO) [depth-pressure problem]

4.Fiona Stachowiak [material risk, TRL,
reliability]

5.Woodside Subsea Team

6.Elaine Pankhurst (Fugro Australia) [sponsor
+ routed to tooling team]

7.Simon (Fugro ROV manager) [channels
opened]

19.Schilling Robotics

20.TechnipFMC

21.UWA Engineering

22.5amsung

23.Bundaberg

24, Curtin Underwater Sensing and
Robotics Lab

25.CSIRO Oceans and Atmosphere

26.Australian Institute of Marine

Science
8.Damien Singh (Total Marine Technol -
[gar;];esr;rlnie(ntzrzhi z]arlne SEnTIe o) 27.NOAA Ocean Exploration
p P 28.0penROV

9.Paul (CEO of TMT)
10.Ian Grant (Pulse Technology Hub) [sponsor
(bundled)]
11.Connel (Oceaneering)
12.WA Robotics Education
13.Fugro
14.Pulse Technology Hub
15.EFFEE On Site Robotics [bundled sponsors]
16.CP Maritime

29.Sofar Ocean
30.Monterey Bay Aquarium Research
Institute

on site robotics




Thank you for writing in. 1 am one of the maritime archaeologists here at the Museum. Congratulations on

being selected to attend the Korea Open - that is excellent news.

Would you be available to meet next week - some time after Monday? After that, | will be on fieldwork in
Christmas/Cocos until June. Either here at Shipwrecks, if your teachers are able to bring you, or | can come

into Perth Mod (I am an alumni).

| have recently worked in Tlrkiye recovering delicate material from an ancient shipwreck site, so can provide

feedback on your design.

Cheers,

e

Patrick Morr -~ *-

AssistantC 1558 ¢ © @ © -+
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et Hoiidstile e e e e e s a few changes since we last spoke and would love our story and, if you have them, we alway i iy : o clase
m en:lds[l cermmics, glass, or-fragi ?rgtlmlca]_ l:r:l: Dfﬁn:ba:;:mgas ional fac your feedback again. T e A Y Lk 3 i enl] e Suns oo ctssas S 1B D EE ™ £ o i e P -
Ao ek over Squeecing anabjec, o prfe justan slen? Anyfeadbeck on e Cancept Pt ein by co e theve o b ime1oTeine. vy rough outlinefor the estof ut e gt s
greatly epp . Hles | vanied 1o ek if you might have any connections 12 = Whatwe do and where we operate s, R ges -
s students; having input from professionals ke you is invaluable 1o us, and it motivates us ar know anyone who could potentially help us with / oparations o Thanks for your email and sorry | missed you this maming, | will be in the office on Wednesday and Thursday this week so we can woul
sponsorship. We've now become fully independent = of our subsen engineers set semething up then if those days work for you. Also please feel free to send through any ether information or prospectus that
f_mm our school sinoelhe_y weren't able to supportusto  which ! thought might be a nice adjunct b you have.
. Treari 1ihe
lodern School) i Message b @ ngaging a5 poss I please don't fec| pressure to prepare anything formal. We're really looking iing edge of remaon Thanizapd| ook forend £ oty framemi
20th and hearing more about your project! Kind reqards,
neerely,
Best regards, sré Mijmar (Team | Elaine Pankhurst
Fiona Senior Proposals & Marketing Coordinator
Fugro
v, T +61 85218 2000 | E E.Pankhurst@fugro com | T Contact on Teams | W tugro.com
-com.au — A Level 1, 1060 Hay Street, West Perth, 6005, Australia
Fgre Asidrnia Fry Lid
Qops - — e . NUMAN Andre Repdy Reply all  ~7 Forward EE| ‘ HUMAN Ardme
; e |ustion for tha Fiest Lego Loagus. Our focusis making ROV arms safer for fragile N @ @ (]
ian@pulsetechnologyhub |\S} ) Ug0 Loague. B 14 W = 151128 A0 “ To, teasurer@aima-underwaterorg.au Wom T2412025 1128 AN = T joseph oyt 2T A
_ o archosclogy program, so you know the challanges of retrieving centuries-old i ether we create a safe and liveable worid
.com.au ROV's with soft, adaptive pads and pressure sensing. Intests wa'vedonaat | coqnm08 1240 P e 2
ithout chipping it - whereas a hard metal claw would likely crack it. The buili-in This el GinClucing Ay BLLahmERES] i fot s by thet intendied addressee oriy. I mary contain cengertial infimation.
wen stop the motor if it's too high. 2ar Ms. Wiseman, . § . rar Mr. Hoyt, N o e o vt el kvt b BTy Sty e Siredir by rebarm i, 4 JLIEN By Svist o Pt Pt yoxi Skt U vl e TR o o 110 i o iyt
Veothei th bwel QurFirs  m reaching out s & membar of Team LeBob (a First Lego League school team from Perth) working on on undarwaiter robotics project. We lsamed that - mcomtactingyou s n
ep the images came throUgNWeIL ;- rations (perhaps like your work on shipwreck sites or with the AE2 Ldusto  a, asan archaeologistinvolved with AIMA, might share eur interest in improving how ROVS handle frgile firnds. Our project is a soft-padded, sensor- ritage. Wi are work-
fe'ra curious about practical considerations too: for example, would soft pads im-pacd  juipped ROV gripper to help prevent breokages of delicate artefacts. It combinegs foam cushioning on the claws with prassure sensors that slert the pite  wrwork with NOAA's HnnnBSanc:uarws and projecis I:h:the Moniter Nalmcnsi Marine Sanctuary expeditions. Ommms that struckns lshmvchullen,gl
@ Boost « RCS message @ @ #_ rators would ambrace having such feedBack. or is it seen a3 adding complexity? t8 swess  ndcan even auto-stop the claw) when grip force gets toa high, We also mounted the pads on a small rotating plate so they conform o uneven shapes, miust be to recover historic amefacts intact. Cur solution i3 a soft robotic gripper for ROVE - essentially a gentler claw, it has soft pads on the grasping
sentially, wa're trying to add a gentle human touch to an industrial ROV anm. 1gars and prassure sansors that tell the pilot (or auto-stop the grip) when enough force is applied. The idea is to prevent the sccidentsl crushing of
Wa aim to ensure our student innovation aligns with what experts actually need  Tig sponsorship of
I a'd love to get your perspective as a masitime archaeelogist. Do you think such modifications would be practical in the fi
fragile  cowering something like & fragile urn or glass bottle, would & soft grippar and real-tima pressure fesdback haln? Wa'd ate  From: NIMAN Andre <andre.niiman @student.education.wa. sdu.au> actical uza in NOAA's undarwater
Kind regards, ting—fo  sting scenarios - perhaps types of artefact replicas we should try, or common failure modes you've seen wit - wreck site surveys. Hyou have any

Andra Nijman (Team LeBob, Perth Modem School)

ermmunguur
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and shipping, and continued development of the gripper.

Our sponsorships traditionally come with thie benefit of acknowledgement on promotional material (uniform, presentations, website, etc) and uj
throughout the season. We are also open to be flexible if there is anything you expect. Given TMT's focus, we'd also genuinely value a partnershig
around the SoftSense work itself with technical mentorship.
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o
s 1o be put i for travet § beici 10 tha surface aw it b 1 the nbject{s)
= Tha contsnar shouid ba cushionsd and sllowed 1o cont o {Jt
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amllrnnlndh-m ndwmuldnﬂtwwmhﬂ udbrumllrruaumunmml but the robot oo attach slings oe
Somathing parhaps 10 b taised by an sbove-watar crana
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Worcd rogardy ; &

" iIso looking for sponsorship to help co
e ether the museum might be open to ¢
Curator
SRt iow what warks for your team. The pri
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Feam: NUMAN Andte < andee msjmanisansant e ation wa ot sl
Datn: Mondsy, | Dacember 2025 m 15:28
o onE

e

"FLL Team LeBob #3230
lebob.com.au

Waannineg: Thi armadl w
it thin rnad b aate

|inkmfmwgmdunl:3ynu can pll'mda Wa'ia aagm 10 beam from professionals and ensure our solution

From: press

0.8 «presk

Sent: Mondyy, December 1, 2025 12:36 P

To: NUMAN Andre <andre.nigman @ student eduestion wa s s>
Subject: RE: Student-Developed ROV Gripper for Undenualer Antefact Recoovery - Request for Yoor Feedback

Souunts Uts you'rs doing some rmaty cool st

Everything coerodas or dogesdes in tha scaan!
" do

ht spaces), that would help us rafina ot
ik at for handling artefacts (so we can

Thanks for £aking natice of mmy work, (t's mally plessing to ses that yoi've dimen sspimtion bom &

ot and T s pires Us to pUrsue caners
Iy this i imporiant

My pararal 3o dor MANNG cpararoen i by to MineTass Bhe numEar of moang pores and fas .

" tarmy o
Warming: Thix tmall was sent fram outside of the Department of Education: Do nat cick on hiks or open attachmants unless you ane confident Angratioe ange of coach on the FIRST Australia dashboard, | have CC'd
that this email i safe. me aoes toa 3-00F fonce sanso. that would be. a th sl i » normai]

it 1 e
HiAndrd, Wou can satup the controller §0 clows further whon Wi sara
P ; irmation available at this stage, we would greatly appreciate it
Although wa haven't used onia, | believe that this &0 p i I i o plas in the past, but we d phata of tha gnpper | could ook ot

ke b0 haves somsy adaptation for ol ghippes whin wa buy one, Other wsatul
smwvay th same silt iwhich reduces visibdsty Lss than wates jata),

Tha matarial we sre most koly 1o recovor is mwau,:mw though, cemmics and stone toots. Soft grippsers would be most sutable for softorganic

matariol. Such matonial is often anc
| hope that hatps,

Kind mgards,

Jehn

Dr Jehn K. McCarthy

DECHA, Fellow anid Senior Lectares im Maritime Archseniogy
Wi trree A chmeshigy Eourse Cooibmits

ke b wmber jobs to ol silt and mil 1o hoower

iric, even Masolithic cars. G could aso host ssch matesist.

|rwmummunﬂsmrnmulammnhnlwuwmr¢m

ading about challanges in
o designad o concept to &
I1ACH SUTTACE 10 RERtY Ndurae wsrm s
amains while stiil aflowing efficient recovery.

Reply Reply

President, Austrabasian ntitole for Manteme Archasology

Conmetl bt Computer Apgacatic

Flinders Uesvesaity, Room 3115 Sacial Scences Nosth, Shatt Road, Sedford Park 5043 South Ausstrlia

P+ B B0V 216D | M +67 401 E50011 |2

¥

i gy

i Aremsaningy Aunsiaimia [CARAS Chapter we would be very grateful for your insights. In your opéniol
ict damage? Are there any known attempts of resaarch in

drawbacks - for example, could softer grippers struggle

nate about making undenvater archasology safer for the

A clos- up of IDW Dewuphon aulomyh(aaf wwatnl

1 Nijrman [Team l.eBot Periﬂ Mwern Stmoll

Feeghy

Forward
vide comments thon,

sontrolvs matarials. Thara ara differant (valid!) schools of thought on this question. | prefer focusing on the materials and using simpla, repaatabl
ol. Retyon the shape and material compesitien of the gripper to do the *heavy lifting”

are 8 faw different approaches you can use. Have you thought about somae kind of compliant linkage mechanism? Thay are light and can be
wimated using rigid elements so you can do some modetling without much difficulty. One issue with prassure sensors is thay might be aifected by
ant prassure - 0 a.g. if you diva deeper into the water the pressure goes up and the sensors give higher readings.

Hewwand, SSIEEE

Leacier - Robotic Design and Interaction
intingrahed Spokor

e S 07 3327 4714
Techmoloy Court Pratiernabe 404% QLD Autraks
Aisbeaka's Mational Stience Agandy

1T}



Meeting with Pulse, Meeting with Woodside, leading in
leading in subsea ROV systems Australia’s energy sector

SelecT
MeeTings

Meeting with Effee, Leading expertise on Induction heating and Robotic Welding
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TODO

« Fix red text
» Fix referring to page on every slide

) (o Robot Design

LEAGUE

CHALLENGE Team# Team Name Judging Room

Instructions
Teamsshouldcommunicate to the judges their achievement in each of the following criteria.
This rubric should be filled out according to the Robot Design explanation.

Judges are required to tick one box on each separate row to indicate the level the team has
achieved. If the team EXCEEDS, a short comment in the exceeds column is required.

BEGINNING DEVELOPING ACCOMPLISHED
1 2 3

How hastheteamexceeded?

IDENTIFY —Team determined which missions to attempt, explored building and coding resources, and sought guidance as needed.

Minimal evidence of mission Partial evidence of mission Clear evidence of mission D
strategy strategy strategy

Minimal use of building or Some use of building or coding @ gggﬂrlézeé ?g gﬂg(:)'g?t ?hre?rodlng @
coding resources resources mission strategy

DESIGN - Team members worked collaboratively on their designs and developed the building and coding skills needed.

Minimal evidence that all team Partialevidencethatallteam Clearevidencethatallteam
members contributedideas memb erscontributedideas members contributed ideas
Minimal evidence of building Partial evidence of building Clear evidence of building
D and coding skills in all team D and coding skills in all team D and coding skills in all team D
members members members

CREATE - Team developed original designs or improved on existing ones according to their mission strategy.

Unclear explanation of Simple explanation of Clear explanation of innovative D
attachments and their purpose attachments and their purpose attachments and their purpose
Unclear explanation of code Simple explanation of code Clear explanation of innovative D
and/or sensor use and/or sensor use code and/or sensor use

ITERATE - Team repeatedly tested their robot and code to identify areas for improvement and incorporated the findings into their solutions.

Minimal evidence of testing Partial evidence of testing their Clear evidence of repeated D
their robot and code robot and code testing of their robot and code

Minimal evidence of Partial evidence of .
@ {mp%_rovements based on @ iglﬁﬁqé/ements based on @ %ﬁ%\?é’ﬁqgﬁ‘&eo%fsed on testing @
esting

COMMUNICATE -Team effectively explained what they learned from the robot design process and celebrated their progress.

Unclear explanation of Simple explanation of process Detailedexplanationofprocess
process and lessons learned and lessonslearned and lessons learned

Team shows minimal pride or Team shows partial pride or Teamclearlyshowsprideor
enthusiasmfortheir work enthusiasm for their work enthusiasm for their work

Criteria on this page with this style of check box count dually
toward Robot Design and Core Values awards rankings
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Iterations & Goals 20

Nationals (340)
ionals (Max 545)

i Paths in rainbow order

: Paths in rainbow order 2 . 2.40 : Paths in rainbow order =.40

1 i |
L’E}fu’ : Direction of robot : 460 pts M Eggg- : Direction of robot 3 460 pts * : Dircciicn crvabon y 460 pts
LEAGUE o5 :fgp:a inspection . LEAGUE < End of run 3 :fgp:s inspaction - T _ + 20ptainspection
s co-0f ¥
CHALLENGE i CHALLENGE s e e s X +10pts co-op
i =pshmein for the rsson 5. Pt dnkonn H : Mechanism for the mission = +50pts tokens
=540 Pts +" "=: Completed missions E. =540 ptS - 4* %, Complated missions . =545 pts

|

: End of run

Link to Mission version doc



https://canva.link/d3qpeyuab65ypj9

Fimal FPlan

e Detailed plan with key. _

e Clear for all team
members.

e Multiple versions stored
In shared document.

e Uses official game board
document.

460 pts
+ 20pts inspection
+ 10pts co-op

+ 50pts tokens

= 545 pts

IDENTIFY
PAGE 2-4 (Robot)



class Motor(port, positive_direction=Direction.CLOCKWISE, gears
reset_angle=True, profile=None)

LEGO® Powered Up motor with rotation sensors.

Parameters: e port (Port) - Port to which the motor i
e positive_direction (Direction) - Which
motor should turn when you give a posit
value or angle.
e gears (list) -
List of gears linked to the motor. The
to the motor comes first and the gear c
the output comes last.
For example: | [12, represents a gear
12-tooth gear connected to the motor ar

noarn rnannartoad +n +ha Aantnot llee a 14-

Python for Introduction to
Beginners Programming 1 -

Learn to code with Python! E\/thon
Perfect for beginners of all

ages. Pairs well with
Introduction to Programming -
Python.

An introductory course using
the Python programming
language. Pairs well with
Python for Beginners.

Python
Python

® 8-15 hours

m Q_qﬂl hnlln("

\

to tair.n.2020 -

Hellg,

Tair Nazar
o me -

nd thisis ou

IDENTIFY
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H ;- a b L 8] a ° revilDull > B =
Collision Snap Gnd Render Stability Inatructio L] Mosaw
| GeaboxCAD® . COLOR PALETTE T
INSERT REPLACE
e - B Lighn Gray
"
& Main ~ Favorile Colors
-+
= Content Col
L ] L]

STEPLIST  COLOR VALIDATO

&, Modified

Man Model
a Ye
Step 1
o me
Buick (B81)
e
Ia
e
Brick 1x1 Brick 1x 1x [ ]
Brick1x1x Brick1x 1x
Brick1x2 Brick 1x2 =i

Brick1x2x.. Brick1z2x 1 tatal parts

It aims where you look

My LEGO turret now ., My LEGO robot aims , I just sat through ., I'm Flying To FLL .
tracks my face &.. ° where I look (no .. = the FLL Worlds .. " Worlds 2026 — .. " Helped Set an ..
30K views 3.3K views 1.4K views 1.5K views 10K views

- AL B This
5 F Fia :'.;1‘_\ seosons N
: IE._ u_nqss‘I :
el R

! i .
FIRST LEGO League Line % I Just Saw The Future ¢ FLL Robot Keeps + How We Beat the ¢ FLL Unearthed- How To
Following on BIOGLOW O0f FLL- Here's What's.. Drifting? Here's Why . HARDEST FLL Mission: . Deliver The Artifacts.
362 views - 1 day ago 4K viems + 1 month ado 2. 4K views + 3 month 9K wviews « & me 5 A 16K ows + 9 monthe ac







Key/Importance

Team Holes s«

Main
Secondary
For Robot, Innovations and Documentation Other
]Name Programming Mechanical [ Innovations MediaDocs
|
Sean
]
Subesh
iKlngsley
Aaron

Leven

chris .
Oliver
ZAndPe




FrotTotTypPeri1ng

e Prototyping allowed us to test different mechanisms
and mission approaches.

e Helped us compare ideas, evaluate effectiveness, and

refine designs through testing.

After exploring multiple options, we discussed them as

a team and agreed on the most reliable and efficient

solution.

DESIGN
PAGE 8-10 (Robot)




LontTlicTs

Order |Example

1 Uneven workloads and communication issues.

2 Some members left out, others felt that some
members weren’t doing any work.

3 Win internationals, so everyone had to contribute.

4 Last time we just let them be, which we decided was a
bad idea since less work would be done.

5 Making it more clear to all team members about work
assignments and more discussions.

6 More follow-up is needed after discussions, members
could forget.

DESIGN
PAGE 8-10 (Robot)

Practice Judging with
experienced seniors




UOrganisaTion oAGE 526 (Rabot

We a ls O u S e d Lebob Robotics v i».:i_ # announcements This is for Announcements/Latest Updates Sorry you can

17/05/2026 9:43 PM

..;‘3‘ 23’ + & Search Lebob Rebotics Q

e
g Events

I re l |.O fo r rO b Ot & Membe | Since we are approaching the competition day, could everyone start checking and reading annoucements more as important things
- embers

are now going to be sent more often.

® Server Boosts
d . ROBOT GAME PLAN @Mechanical @Programming
e S I g n ® # announcements & Today is the end of the week, from today to taking off for Korea we have about & weeks.
Ideally 3 weeks should be allocated to practicing full runs, innovations and presentation work.
& R
# todo So we have 3 weeks, from 18/05 (start of week 5) to 7/06. (end of week 7)
H sessions This is INCLUDING exams, which means we will still be having sessions on weekends during the exam period. An announcement of

the sessions for the next few weeks will be sent soon.

Schedule (Deadlines for robot game)
Week 5:

v o1 205000 o @ USE@ dISCOrd to communicate with

S T P P I et , : » People on board decided, with what s
1 Ourtrea T e i ext channels -+
Competition Milestones I . Loglstics 12 ‘] ch 1 Dosumentation - "?'| Anovations W ShDu[d be g@ttlﬁg : [ °
e e | [ e team, including parents an
laek-in {Sep) EontacTs pre-ragional] seribe, all & members) (Sep- week 6: ,
() Nationals istralian | o] I Now-Dec) July ”
ehampiong] (Apr) &y AN b att-tani . . -
. 3 Mutia J phoes capture ’ 4 ) Prgionats Innowation Doc draft T -H-l-f- Lo H c L Robot game COmpLEtEd [mISSIOr'I '51 & {
) Korea Opan Invisational, Ssoul ACToss thi season {Oct-Jil) ) Expart rollew-uge  thank- Dee | l .
ot I 0 you lattars {Jan-Fab) o8& 0 H bhot-spam » Full runs, practicing runs
s =1l © Toam wiebists I © Robeceslgn dournal v » Refine robot game while practicing

»® {lebots com,au) initial bulld "\ () Woodsids subbea team ] (Ragionale) Due)

» ”»
{Dec-Jan) fresting {20 A En @ LAl
@ x on
D) Natienals Innovaton Doec draf
- = [ Regionals bosth setup - = () Sponsorenip pipaline: Pulss / | AR

H pictures-and-videos

’ » |f we are above time, start cutting run () SeSSIOnS

F website Week 7:
matarlals (Dae) Rotaty f Samsung {Ape- T R @
May)

b HiiaRcs « NO MORE CHANGES IN THIS WEEK F

: N e Attendance
¢ Communication
e Updates

e Todo Lists

() Mationals Main Documentation
IMar)

(e g

@
-~ - ) Team walsts maintenancs

« contant updates [Jan-Jul) () Fugre meeting (Etaine

m = T Parkhurst, 23 Apr)
AN
() Mationals booth setup +
o == display board (An " (O TMT mesting {Damien

(0) Robot Design Jowrnal v
{Nationals) (Mar

m <] oL LA iy~
Qo s Singh, 23 Apr) ) Robot reliablliy run «
AN () Horea Innavations Do {this ) Tim MazDronald eall + batiery ealibration (Apr
C) Vibaapchcathons + travel decument] (hiay-Jul) rriatesials reframe Lian) m & 4:“;, @
- - papersork (Mayl () Pulgs Hubwisn (Tan Grant) . A @ i) M

{hpr () Post-Matienals Fobot

-l

(03 Flights = accemmodation @ AN 3C [0} Korea presentation deck - B O FinRay finger FEA campaign refactor (May)
Bocking (May) reshaargal flun-Jul) {wave 1) {Jan-Feb) ‘ - o &
- - @ ) Fugre tooling team feadback @ Ll
: loop {Simeon) (May] ) Korea prep robaot uning «
: ) Team shirt deslgn « sponsar AN & Adda card .:'. Grip-tesmare sirm: 7 famdlles, dress rehearsal {May-Jun)
F | 4 LR P e T .. AR Coamte dF ek Ml

+ Addacard

+ Addacard + Add s card

+ Adda card




Buirilding Skills PAGE 19.15 (Robo

e Every team member contributed to the
attachments for the runs.

e Fach attachment was tested and considered
before choosing to use or not use It.

e We collaborated to make sure attachments fit
the robot properly and were useful in the runs.

e For example, the robot design was created by
Oliver and Kingsley, but it was modified by
Sean and Subesh.




— - DESIGN
MeeTing MinutTes oAGE 75 84 0ocs
e Over the season we had many S Rate
sessions for our team. Andre Nijman |46 / 49 93.90%
e We recordeo! attendance to Oliver Liu 146 / 49 93.90%
show commltment,.tear.nwork, Sean Chan 46 /49 93 90%
and workload contribution Kingsley Wong |45 / 49 91 80%
®
Showos that every team member Chris Wang |44/ 49 230 80%
contributes research, building, Subesh
. . 48 / 49 98.00%
coding, and testing. Sukumuran
Aaron Zhang |45/ 49 91.80%
Leven Shi |45/ 49 91.80%

&

. o
b




Coding Skills PAGE 13 (Rebot

e School and personal projects. (Python
simulations, games)
e Experienced members taught less-
experienced members. o e Smnmes 8L [+ D03 @

<» Code (5) lssues 14 17 Pullrequests 2 & Agents O Discussions () Actions [ Projects [0 Wiki (U Security and quality |~ Insights & Settings

|} Chezz.com  Publi @Watch 1 = | % Fork 1
P main - ¥ 4 Branches © 0 Tags Q to f Add file - ¢ Code = About
> Chezz.com is a pygame clone of
|t} prawny-bay Merge pull reque: from prawny-boy/sean-work @ bk rths ago (1) 93 Commits chess.com, basically chess.
B Assets vt
B _pycache_ m
Hr
EADME md
chess.py
guipy
""""""" Py
tings.json Contribut
tings.py { ] pppppp boy

[Tl README &

Welcome to Chezz.com™—the premier destination for all things chezz-related. Please read the following disclaimer
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>

Public (open source and open license) Lebob-Unearthed [ A
i Teanw Lelbcab's FLL Code for this year's challenge, Unearthed. We will be competing in South Korea for M A

so that other FLL teams can view and et

. . . . @pPython Y7 5 Iﬁj}.ﬂ.pache 200 ¥ 0 () 1(1issueneedshelp) 171 0 Updated 1 minute ago
get inspiration from our coding

. Lebob-Website | Public
p rOJ eCtS . Website for team LE h
Experienced programmers created a i W2 W Qb D Gt

gulde so all team members know how to
use the code, how to run it, and how it | .
You need a SPIKE Prime hub (a Robot Inventor hub works too) running PyBricks. To flash the firmware, open

WOr kS . https://code.pybricks.com, click Install Firmware, and follow the steps.

Running it

Then either load and run it from the PyBricks IDE (open src/main.py , connect to the hub, hit Download and Run), or

Lebob Robotics GitHub to organise our skt over Blliet oty
repositories into a single account.

pybricksdev run ble src/main.py =

LEbOb RObOtiCS If the hub has a name, add --name {Name} .

A team of determined and inspiring builders, FLL team #3236 Lebob, .
Using the menu

A 4 followers & http:/flebob.com.au

On start, the hub light turns blue and the display shows a mission number.




Eummi+5

ssion 3-4 progress
feature: mission 1 progress
{el prasny-boy committed 2 weeks ago

docs: rewrite README in plain prose and fix inaccurate claims =

. AndreNiiman committed 2 weeks ago

-0 Commits on May 3, 2026

Merge pull request #18 from Lebob-Robotics/sub/update_readme = =

o | Commits on May 2, 2024

Commits over time

fix: updated README and removed deprecated features that were mentioned.

Using GitHub commits meant that we . S
could see what, who, when and why code — —
was changed, allowing for iteration and
seeing improvement over time ~= =
e Conventional commits to standardise
and ensure commits were clear. P y— =y [P
e Branches so multiple people could |

work on different things, for 0 oo || o o oo ITERATE
collaboration. PAGE 17-19 (Robot)




Contributors

Commits over time

_Loding
ContTributTion L

Every member contributed to a part in our code, =
shown by our GitHub contributors stats. These are
the contributions to main.

e Andre: 61

. AndreNijman
| Commits

e Sean: 51 -

e Aaron: 44
e Chris: 28 @
e [even: 26

e Oliver: 26

e Kingsley: 26 1 J

e Subesh: 26 ITERATE
PAGE 17-19 (Robot)



Part 3

CRERITE



CREATE

_Lode Planning

Coding

Python: Flexibility and Familiarity.

PyBricks: Robot control.

Organisation: Object Oriented Programming.
e Classes for types.

e Objects for instances.

Class: e Organisation.
DriveBase

e Reusability.
B

Plan

1.Classes, methods.

Function: Mission 2.Functions.
Selection . .

3.Mission decorator.
————




ImporTs and DB Class

#1/usr/bin/env pybricks-micropython|

from pybricks.hubs import PrimeHub

from pybricks.parameters import Button, Color, Direction, Port, Side, Stop Im po rti ng: AI_[OWS CO ntrOl fo r CO m po n e nts

from pybricks.pupdevices import Motor
from pybricks.robotics import DriveBase

from pybricks.tools import wait, StopWatch fro m pyb ri CkS (d riVi n g, rOtati n g m Oto rS) o

DRIVEBASE_WHEEL_DIAMETER = 62.4
DRIVEBASE_AXLE_TRACK = 130

LebobDriveBase(DriveBase):

def _stop_with(self, then): eXte n d S th e b u i l.t i n

self.stop()
if then == Stop.HOLD:

R DriveBase class, but adds extra functionaility.

elif then == Stop.BRAKE:
1d.brake()
rd.brake()

°

def _wait_until_stalled( C t f t .

; se?w{,E g:;g;d_iﬁer‘:nce: = 0, turn_tolerance: = 0, then=Stop.COAST us Om unc Ions'

):
"""Wait until the robot stalls based on tolerance thresholds. * * *
The detault DriveBase class had limited

épeed_tnlerance: Max drive speed (mm/s) to copsidev stalled. 0 uses default stalled(). . .
- toternce M fur rave (iegle) o coneider sialled, 0 vees pefait 0. () nctlonallty when we wanted to do

e something until stalled. These were useful
.. for when the robot needed to drive up to

PAGE 13-15 (Robot) something.



SetTup and

ub] Defining hub:For configuring buttons

108  # Hi
hub = PrimeHub() . .
and lights for the mission selector.

Motor(Port.D, positive_direction=Direction.COUNTERCLOCKWISE)
Motor(Port.C, positive_direction=Direction.CLOCKWISE) &

1d
rd

Functions

class Motor(port, positive_direction=Direction.CLOCKWISE, gears=None,
reset_angle=True, profile=None)

LEGO® Powered Up motor with rotation sensors.

Parameters: e« port (Port) - Port to which the motor is connected.

1bm = Motor(Port.F, gears=[12, 208])
rbm = Motor(Port.E, gears=[12, 20]) €
db = LebobDriveBase( # DriveBase

d,

—e[positive_direction (Direction) - Which direction the
motor should turn when you give a positive speed
value or angle.

rd,

whee'l._cliameteP:DRIVEBASEAWHEEL&DIAI"'EETER, Defining motors: For Controlllng motors

axle_track=DRIVEBASE_AXLE_TRACK,

) used documentation to specify the
positive direction and the gear ratio, so
we didn’t have to update numbers when

db.use_gyro(True)

MISSIONS = [] .
changing gearbox.

def mission(func_ptr):
"n""Register a mission function in menu ordep."""

MISSIONS.append{§func_ptrd
return func_ptr

def reset_robot(): for each mission into a
db.reset()
hub.1iImu.reset_heading(o)
1bm.reset_angle(0)
rbm.reset_angle(0)
db.stop()

LOK. SEOpL) measure an angle,
rbm.stop()

or stop the robot.

Mission decorator: For organising our
missions, we used a decorator to put a pointer

gears (list) -
List of gears linked to the motor. The gear connected
to the motor comes first and the gear connected to
the output comes last.

For example: [12, 36] represents a gear train with a
12-tooth gear connected to the motor and a 36-tooth
gear connected to the output. Use a list of lists fof
multiple gear trains, such as | [[12, 36], [20, 16, 4B]] .

When you specify a gear train, all motor commands ang
settings are automatically adjusted to account for
the resulting gear ratio. The motor direction remaing$
unchanged by this.

Reset robot: A helper function to reset the
robot whenever we needed to reset to

CREATE
PAGE 13-15 (Robot)



Mission (eg. I e

@Emission
180 def mission_3():]

E;"ﬁﬁiﬁ:hﬂ‘ggg?“ el Documentation and clarity: Docstrings for what missions this function does, and
db.turn(-45)

e o) comments for what each line is for. So all team members knew what was happening.
rbm.run_angle(380, -140,|then=Stop.COAST, wait=False)| |#_Arm down onto the platform|

wait(800)

rbm. stop () Wait=false: Motors running concurrently to save time.

db.setti (straight_ d=100) . .

db.iipaﬂﬁii?E?” i Time scarcity: Last robot

bm. 5 le(400, 150 t=False) # Raise .

;bmszgglzgg(eéﬁ) Pufi.wai ac?e up at the same time game at natlonals, We l-OSt

db.settings(straight_ speed 488}

db.straight(88) # Let go of T points due to running out of
Go To pan

# G time, so we focused on saving
rd.run_time(

400, 1000, then=Stop.COAST time and optimising missions.

) 'n left by only moving the right wheel, and knock the scales
db. turn( 50) . .
db.straight(110) Arc: Also saves time, shorter distance.

ﬁb arc(131, lbiﬂ

o Strant (D) Duty cycle: We found this in the documentation, allowing

rbm.run_angle(400, -160) # Arm down to hit pan

wait(200) us to use 100% power through the motor, for when a lot

rbm.run_angle(600, 120) .

db.straight(-110) # Take pan out of force was required.

db.settings(straight_ speed 189@) de(duty)

db.turn(-95)

db.straight(60) Rotates the motor at a given duty cycle (also known as “power”).
db.turn_until_stalled(tolerance=20, then=Stop.HOLD)

1bm.dc(160) Parameters: duty (Number, %) - The duty cycle (-100.0 to 100).
rd.run_time(-50, 1500)




Innmnovative Code

STORAGE_OFFSET = @
Mission Autosave: This uses the

hub’s non-volatile storage to save the det! loadlsaved in sssontindex )

next mission index before a run ki £ |
_ data = hub.system.storage(STORAGE_OFFSET, read=1)
begins, so the robot can be ready to if len(data) ==
run the next mission if the code ends PeEurn datalo] % Jen(MiSSIONS)
. . except Exception:
forcefully. This saves time so that pass

return ©

technicians don’t need to reselect it
from the mission menu.

def save mission_index(index):
try:
hub.system.storage(STORAGE _OFFSET, write=bytes([index]))
except Exception:
pass

CREATE
PAGE 13-15 (Robot)



I Blple R = -I- j_ L= E ‘W EI = PAGE 13-5 (Robot)

Using PID (Proportional Integral
Derivitive):
e To create smooth and accurate
movements of arms, wheels etc.

e Uses the built-in gyro in the spike
to account for errors on the mat,

such as dust build up anc
random slippage.

Centreto run the mission.

Automatically times how long the mission takes,

mglly B
int{f"Time Elapsed: {timer.time()}ns"” |

L"'-—_I.“—."——-".":‘ __________________________

mrsermey| Automatically goes to the next mission.




CREATE

Eng j_nEEI'-j_ng PAGE 11 (Robot)
Frinciples

For each attachment we based each of them on 3
engineering principles:
e Simplicity
e Efficiency
e Reliability



_

ATTachmentT Une

Innovative Mechanism #1 (Chungus)

This mechanism is for run 1.

It does these missions:
e MO5: Who Lived Here?
e MOG6: Forge
e MO7: Heavy Lifting

CREATE
PAGE 12 (Robot)




r" : -l
RATTachmenT T'uo
Innovative Mechanism #2 (Sheet Metal)

It does these missions:
e M08: Silo

CREATE
PAGE 12 (Robot)
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— ol | O
ATtTachmenT ThrEE

Innovative Mechanism #3 (Cerberus)

This mechanism is for run 3.

It does these missions:
e M10: Tip the Scales
e M09: What's on Sale?

We used the video from Robotics Rules
Competition to create the one way gate.

CREATE

PAGE 12 (Robot) 'J ‘% _
- N 4
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= AtTtTachment Four
‘_ Innovative Mechanism #4 (Pitchfork)

-

This mechanism is for run 4.
It does these missions:
e M03: Mineshaft Explorer
e M04: Careful Recovery

=
CREATE

: PAGE 12 (Robot)




ATTachmenTtT Fiuve

Innovative Mechanism #5 (Dimentionally
Transcendent Plasma Forge Dissection Apparatus)

This mechanism is for
run b.

It does these missions:
e MO1: Surface
Brushing
e M02: Map Reveal

CREATE
PAGE 12 (Robot)




VS . s

ﬁ++achmen+ 51H CREATE

PAGE 13 (Robot)
Innovative Mechanism #6 (Giraffe)

It does these missions:
e M12: Salvage Operation
e M11: Angler Artitacts
e M15: Site Marking 1/3

One motor controls the main movement
of the arm, while the other rotates a set of
gears on the arm to trigger more actions.
Has multiple passive elements that don’t
require motors to function.




RN
ATTachment Seuven

Innovative Mechanism #7 (Vomit)

This mechanism is for run 7.

It does these missions:
e M13: Statue Rebuild
e M14: Forum
e M15: Site Marking 2/3 3/3
e Opponent’s Minecart

i
i
I---._

CREATE
PAGE 12 (Robot)
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Falke RobotT

We built a skeleton bot so we could
keep coding on the main robot with the
attachments already installed, while
also developing and improving new
mechanisms for other missions at the
same time.

CREATE
PAGE 13 (Robot)




Part 4

LTERATIUON




&
ITeration Timelapse‘!

| Da

As we Iterated on code and
mechanisms for robot design,
we made many logs about
what happened each time we
ran the robot.

E.g. 13:16:33 —run 2. We fixed
the gearbox and ran it, but it
misaligned with the mineshaft

ITERATE
PAGE 9-78 (Docs)




HRoboT Fixes

Issue

Inconsistency,
lack of
control

Strength

Flexibility

Cause

Wheels were thin,
and raised the
centre of
gravity.

Motors were
upright.

Gearbox was not
stable enough.

Attaching
mechanisms to
motors only
allowed them to
move along a
single axis.
Aligning the
robot against the
back was
inconsistent.

Fix
Lower centre of
gravity.

Lower centre of
gravity.
Increase
mechanical
advantage.
Increase
attachment
strength.

Use gears to
change direction
of motion.

Add a flat
surface at the
back.

Action

Decrease wheel
size, and 1ncease
width.

Put large motors
on the bottom.

Use gear ratios.

Use pins on
gearbox frame
from many points.
Make gearbox able
to house larger
mechanisms and
attach via gears.

Make back bumper
for the wheels.

ITERATE
PAGE 9-78 (Docs)




Base RobotT Design ot

Movement:
e 2 medium motors - wheels

Attachments:

e 2 large motors with gears
Features:

e | ow centre of gravity

e No hanging cables




Gearbox FProb 1err|5 pAGE 3 (ot
[teration example #2 = s o s A
e The gears weren’'t meshing when placed
perpendicularly, leading to the gears
skipping and the mechanisms not
actuating.

e \We temporarily fixed this by adding
locking beams that attach to the
drivebase, however this increased
attachment change times.




ITERATE

Mew Gearbosx poTERATE

e Fasy attachment switching
and no gear slippage, on
every attachment

e Our new gearbox has gears
that mesh in plane with each
other

e \We use 4 tooth gears for
perpendicular transmission.

e \We used Bricklink Studio 3.0




COMMUNICATION
LEARM IMG
An important part of FLL is learning, so we want to share
what the most impactful thing we've learnt from the season!

Sean - PID Aaron - CAD, mechanical Subesh - CAD

Kingsley - CAD Chris - Mechanical

Andre - FEA Leven - Programming Oliver - simplicity
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on site robotics

Meeting with Woodside, leading in
Australia’s energy sector

Meeting with CP Maritime,
leading in subsea ROV systems
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Chris the butlder






	TEAM
	LEBOB
	217410
	Four identified problems Talking to working archaeologists and subsea engineers, we pinned down four specific failure modes that the standard industrial gripper forces onto fragile recovery work: High risk of breakage. Industrial grippers apply force with no feedback channel back to the pilot. Thin pottery, coral, bone fragments, and delicate shapes could crack if they're held too tightly. Poor grip on odd shapes. Flat metal jaws can't adapt to curved, tapered, or uneven artefacts. Items slip out, or can't be lifted at all. The grippers in service today were designed for cylindrical T-bar handles on industrial tools, not for amphorae, bones, or coral. Limited awareness for pilots. ROV operators can't feel how much force the arm is applying, especially in low visibility water where the camera feed is the only signal. That leads to unforeseen accidents. Cost and time pressures. Getting archaeology equipment to site costs millions of dollars. A broken gripper or a missing tool means days of delay while they get a replacement. These failures slow missions down, push costs up, and can permanently destroy cultural heritage that has waited centuries to be recovered.
	Innovation Project
	4 innovations Each innovation answers a specific way the standard industrial gripper fails fragile recovery work. We built every one, and a working expert reviewed every one. 1. Soft-contact fingers — Compliant Fin Ray TPU fingers wrap and spread grip force over ~10× the area of a rigid jaw. → kills BREAKAGE 2. Pressure sensing — Per-pad force readout + auto-stop, with an ambient-pressure sensor that stays honest at depth. → kills BLIND PILOTING 3. Rotating platform — Pads self-align to the artefact's angle, growing true contact area and forgiving ROV aim. → kills POOR GRIP ON ODD SHAPES 4. Modular printed kit — ~AUD 100 in filament. Carry spares, swap a broken module in the field, even print on deck. → kills COST & TIME
	BEGINNING 1
	DEVELOPING 2
	ACCOMPLISHED 3
	EXCEEDS 4
	IDENTIFY
	DESIGN
	CREATE
	ITERATE
	COMMUNICATE

	italics = proffesional
	STORYBOARD
	Lebob wants to go fishing for artefacts
	He spends all his money on Bobel’s special arm
	He has $500 left :(
	Industrial Grippers are bad
	Lebob uses industrial gripper, but it breaks :(
	He is now broke
	Explain the 4 problems
	Sees softsense ad
	Investigates the product because hes skeptical (too cheap)
	Eblob (business tycoon) explains stuff to him as well as Obleb (the engineer)
	• 5–60 m+ — depths where new WA wrecks sit, beyond safe diving
	• ~5% — of global ROV use is scientific; the rest is industrial
	Explain the 4 pillars of the inno
	Adaptive soft contact finger (FEA images)
	Embedded Pressure Sensing
	Rotating Finger Platform (assembly picture)
	Cheap, Kit based, and modular (actuator lineup)
	Include some random serious photos for literally no reason (for lols)
	Outward splay 20deg to fit bigger items
	Obell and Eblob are lazy, did not want to keep designing, building, and testing. Obelb used python to run FEA simulations to fully iterate on laptop (show 70+ comparison)
	They also simulated grip with FEA (heatmap and bar graph, winning texture picture), tested different grip designs
	Eblob used minimal electronics, motor is also pressure sensor
	Eblob lazy, did not want to buy new parts, decided to make everything printable. (assembly gif) front cover just clips on.
	Finger is scalable, minimal changes in mechanics
	Obel calls his friends, gets feedback:
	We shared SoftSense with working subsea experts and acted on what they told us.
	• Tim MacDonald — "Make it a cheap printable kit; time is the cost." → We dropped the metal frame for a modular 3D-printed body.
	• David Howard — "Ambient pressure will fool your sensor." → We added a body sensor that cancels ambient pressure in code.
	• Patrick Morrison — "Foam compresses with depth." → Oil-fill / encoder / differential-sensor options on the 1:1 roadmap.
	Designed to mount on common place manipulator arms.
	7 parametric adapters for
	• Subsea standard D-handle, manipulator arms like the reach series, cobot flanges, and three BlueROV2 mounts
	ITERATION:
	Our first concept got better because we put it in front of experts. The biggest design pivot came from a single phone call.
	• Regionals — CTD-4000: A four-finger claw — EPE-foam pads, pressure sensors with auto-stop, a rotating platform — on a titanium / anodised-aluminium frame.
	• Expert call — Tim MacDonald: Drop the metal. Make it a cheap, printable kit anyone can manufacture and carry spares of. Time is the real cost.
	• Nationals → Korea — SoftSense: Re-engineered as a flooded, 3D-printed, modular gripper with compliant Fin Ray fingers — backed by a full FEA + texture + motor study.
	Eblob
	Obelb

	OBELB


	EBLOB
	Innovation Project
	BEGINNING 1
	DEVELOPING 2
	ACCOMPLISHED 3
	EXCEEDS 4
	IDENTIFY
	DESIGN
	CREATE
	ITERATE
	COMMUNICATE

	LEBOB

	INNOVATIONS
	Underwater shipwreck’s engine
	Underwater video monitoring
	Multibeam sonar image of underwater shipwreck
	Artefacts in a museum
	Marine biology - Coral
	Internationals
	Regionals
	Nationals
	DEMO
	Robot Design
	Instructions  Teamsshouldcommunicate to the judges their achievement in each of the following criteria. This rubric should be filled out according to the Robot Design explanation.
	Judges are required to tick one box on each separate row to indicate the level the team has achieved. If the team EXCEEDS, a short comment in the exceeds column is required.
	TODO
	Fix red text
	Fix referring to page on every slide
	BEGINNING 1
	DEVELOPING 2
	ACCOMPLISHED 3
	EXCEEDS 4
	IDENTIFY
	DESIGN
	CREATE
	ITERATE
	COMMUNICATE


	LEBOB

	ROBOT DESIGN
	Thanks to Our Sponsors!
	THANK YOU
	Meeting with CP Maritime, leading in subsea ROV systems
	Chris the builder


