WO 2011/ 119110PCT/ SG2011/ 000110 A Joint Commonality Subnersible (JCS) Field
5 The present invention relates to a Joint Commonal ity Subnersible (JCS)
parti cul avbyotimaegh not solely to an underwater propul sipem/sdeviimeorior
attachnent to a scuba diver. Background US patent nunber 6823813 ("Mazin")
di scl oses a | eg nount ed propul sion device for swinmers and divers.

Propul sion units are attached to the diver's legs. A battery pack is either

ontroler is atached 1 ¢ AECPrKehANE SREMASHIETIES) oSt ommch of tne

diver. Mazin may suffer froma nunber of disadvantages including |ack of
adequate sealing for the battery pack, lack of nodularity, difficulty of
access to the controller (especially when the diver's hands are al ready

hol di ng otﬁﬁﬂdequipnent), | ack of flexibility in control, and/or |ack of
user friendliness and difficulty of user servicing. 20 There are also a
range of other propul sion devices known in the art. For exanple' tow type
designs disclosed in US patent nunmbers 4996938 and 5469803; different kinds

of bodysstThy gesdepisiriensbosastates ot ar UaintoTammebaiy BubhictaibieonJ ers
02072382 and 2004062744, French patent nunbers 2608441 and 2763512, and 25

US pat ent Bé'megfa?l Qﬁégﬁﬁoﬁwegﬂg%ﬁﬁ@ﬂ&\ﬁﬂeﬁ %r% u%@@ﬁcé?é?ﬁ%n@&ﬁ%en

WO 2011/ 119110PCT/ S& /00011 nees; nount ed” desi gns

di scl osed é% Ligégyg?ti onal patent publication nunbers 8602613; 2004050473
and 200508915 , pat ent nunber 5365868, US patent publication nunber
2006243188 and Australian patent nunber 8070794.

Background
10

US patent number 6823813 (“M'azin”) discloses a leg mounted propulsion}device
for swimmers and divers. Propulsion units are attached to the diver's legs. A
battery pack is either attached as a weight belt or as a cylinder beside the air tank.
A controlier is attached tb the belt beside the buckle on the stomach of the diver.

15 -
‘Mazin may suffer from a number of disadvantages including lack of adequate
sealing for the battery pack, lack of modularity, difficulty of access to the controller
(especially when 'the diver's hands are already holding other equipment), lack of -
_ﬂexibility in control, and/or lack of user friendliness and difficulty of user servicing.

20 |
There are also -a range of other propulsion devices known in the art. For éxample’
tow type designs disclosed in US patenf numbers 4996938 and 5469803; different
kinds of body strap designs disclosgd in International Vpatent‘ publicatioh numbers
02072382 and 2004062744, French patent numbers 2608441 and 2763512, and

25 US patent numbers 3635188 and 4700654; push type designs strapped between



5 It would be desirable to provide a subnersible or underwater propul sion
devi ce whi ch overcones one or nore of these disadvantages and/ or which at

| east prowDaes/tihgopublic with a useful choice. 10 Summecy/siaogenenal terns
the invention proposes a propul sion devrce wi th: - notion-sensing
capabilities, fromthe user wist or parts of the body that can attach
notion sensor(s); 15- nodularity, so that the user can easily -sel ect

bet ween. a ﬂ#é’oﬁﬁ% éyarﬁfr tahﬁ%o@ﬁtleaﬁdr’%@ghmggefosgwrﬁ ntgﬂ‘?attona?yafeih’t ﬁghﬁ@r ty

connectors usters recon

o o uncB Ly eBLoD SR SO, APA AlartigfL T wlnicRhBRY s3BhRS

t he advant age that  sealj of the batter ack. may be inproved even if the
out er casiﬂ&" Batﬁﬂlan%‘da)b%ﬁ Iy E‘H’é‘bﬁlvgpoﬁé“gﬁ& |angkt Austir|ian arentrswmker may
be easily added; a nuch wi der range of control options and user.

i nteracti vePyo 77% be possible; user friendliness nmay be inproved; users 25
may easily service or upgrade t he device anywhere; the device nay be

att achesl

It would be desirable to provide a submersible or underwater propulsion device
which overcomes one or more of these disadvantages and/or which at least

provides the public with a useful choice.
10 Sumrnary

In generalterms the mventlon proposes a propulsron devrce wrth
- motion-sensing capabilities, from the user wrrst or any parts of the body that can.
attach motion sensor(s);

15 - modularity, so that the user can -easily -select between a plurality of user
attachment configurations;
- quick;release connectors for the thrusters;
- undenNater reconfigurablity;
- modularity, for variable methods of propulsion; and/or

20 - effective battery sealing and/or underwater battery replacement.
Such a propulslon device may have the advantage that sealing of the battery pacl<
may be improved even if the outer casing is opened while the diver is still .wet;
additional rnodules may be easily addedt a much wider range of control options
and user interactivity may be possible; user friendliness may be improved; users

25 may easily service or upgrade the device anywhere; the device may be attached



WO 2011/ 119110PCT/ SG2011/ 000110 3 via a tow pull type scooter, via a thigh
strap, via a calf strap, between the thighs as a push-type, or to the tank
or a rebrwethariignot; nore intuitive and/ or reduced fatipgusGeartonalioeffort;
a user can pre-fix the nounting before fixing the thrusters on in the
water; a user can renove the thrusterssin an energency, a user can change
the systemfromone formto another underwater wthout surfacing (e.g.

di ver usi ngia% W?@IPWp@.’@oowﬁjWaV@Erﬁéh $68PL AR J CAMbtrAS Askiween e &rﬂgﬂ]@ag a
smal|l port hole of a’ship weck, can disnmantle the scooter into snmall =
parts, pus 0 ‘ RALt e ‘ [ nt_it). -aropul sion’ - ke
vi a propel eéJyhﬁgP Qobpgﬂ%é tgﬂg/ &r g?’%ﬁ%‘é&%ﬁ Er)'%ér bﬁhélﬁ»{“g&% H?é‘?ge“%@fq? gri es
underwat er .t.o-extend trayel distance w thout 10surfgcing. In a first =~
par t1 cul ar PURPP SOBIBSHE L HLSPR AR Brest* e ourdng sl ding: e Hevsigrepn
propul sion devi.ce as clained in claim 1. 15 Exanple inplenentations of the
i nventi on BrtBepyaier dedsercaimigraene be thrustess ip anemeraaneyi 8. usen can sheoge
particul ar expression of the invention there is provided a controller as

cl ai meds i nthel syistara 4ron20nériosm $@ avoithep antdesnatar withpuesisfaningfe.¢ hdivemwsingi on
there is provided a headlight nodule as clainmed in claim215. Brief

Descr i pti 08 cofvéNtinan gadeMRt8IddctabHAPRILSERDA HAB0SA A ¢maNBoAho®bEa

exanpl e enbodi nents of the invention WII now be described, wth reference

to the fol souivii@ck | SHH Sémédilev‘ﬂﬂ:b%o%rg'H{?esrﬁail a?tsﬁsggﬁgrfrgﬁ%ﬂitﬁé"_p@ﬁ @1 ous

enbodi nents of a propul sion device according to an nbodi nment ;

SF U 2 i RoBSIRBIN S M8br O, BRI Rl o) o bR B er,

Figure 1; Figure ig an expl pded. view of the tow pull type scooter_ in
Ei gure 3 ma% be able %o cqwangfe)a Bat?enes underwater to extgnd tra\XeP distance without

10 surfacing.

In a 'ﬁ'rst.partic:UIar expression -of the invention. there is provided an uhderwater

propulsion device as claimed in claim 1.

15  Example implementations of the invention are provided in any one of claims 2 to

13 and 16.

" In a second particular expression of the invention there is provided a_cqntrol]er as
claimed in claim 14.
20 |
In a second particular expr]éséi-b-n of the inventioh there is provided a headlight

module as claimed in claim- 15.

' Brief Description of Drawings

- 25



Figure 5 is an exploded view of the battery canister in Figure 3; Fi gure
6 is a perspective view of the battery canister top cover in Figure 5;
10Fi gur e woizstiatipanspecti ve view of the thigh strap confPcgscGatiionoiim Fi gure
1; Figure 8 is an exploded view of the thruster in Figure 7; Figure 9 is a
perspective view of the ECM nodul e confyi guration in Figure 7; Figure 10 is
a perspective view of the hand controller in Figure 2; Figure 11 is a

per spect i ven¥i sinefe eh8nfpie bndodiReh@nbdi e RiveRfion WilFneW Be HestAbbdUvih 12
Is a perspective view of the push configuration in Figure 1; Figure 13 is a

perspecti Ve yiew. | -%@ ﬁ; oL RQpfiguration in Figure 1; Figure 14 is
an expl o’d‘e%f%de§§eg§ t@%@"hea g '/-_ E% 'rm%lsg i'n Figure 2; - Figure 15 is a .
section vilf_e..vv of 1t he heaﬁ" | i &ht .modul e i.n Figure . 14: Fi(?urle; 16is a -
per spect i VE9YTew &t & RENSMAET WiF'E rOfc KaHS STROqimelts, of hiPSeRYISIOR 9BEFSur e
1; Figure 17 is a section view of the underwater changeable battery
cani st er i#cqorgingdo g5, exangpleempdiment;section view of the battery in Figure
16; - Figure 19 is a flow diagram of the control strategy for
r ecr eatd onkilguegpBlis eschemsttic 2w giithe 20rts gsed in e embediarants int higuosht r ol
strategy for technical applications; WD 2011/119110PCT/S&011/000110

Figure 3 is a perspective view of the tow/pull type scooter.in Figure 1;

Figure 4 is an exploded view of the tow/pull type scooter in Figure 3;

Figure 5 is an exploded view of the battery canister in Figure 3; -

Figure 6 is a perspective view of the battery canister top cover in Figure 5;

10  Figure 7 is a perspective view of.the thigh strap configuration in Fjgure 1;

Figure 8 is an exploded view of the thruster in Figure 7;

Figure 9 is a perspective view of the ECM module configufation in Figure 7;

‘Figure 10 is. a perspective view of the hand controller in Figure 2

Figure 11 is a perspective view of the calf strap configuration in Figure 1;

- 15 Figure 12 is a perspective view of the push configuration in Figure 1;
Figure 13is a perspective view of the tank mount configuration in Figure 1;
Figure 14 is an exploded view of the head light module in Figure 2;
" Figure 15 is a section view of the head light module in Figure 14;
Figure 16 is a perspective view of the underwater changeable battery canister in
20 Figure 1;

Figure 17 is a section view of the underwater changeable battery canister in Figure

16;

"lF'igure 18 is a section view of the batterjiri Figure 16;

Figure 19 is a ﬂbw diagram of the control strategy for recréational applications; -

25  Figure 20 is a flow diagram of the control strategy for technical applications;



5 Figure 21 is a flow diagram of the control strategy for mlitary
applications; Figure 22 is a perspective view of the quick rel ease

mechani srworofigerie 8; and Figure 23 is a schematic di agcarscadiitone 10
directional control using the hand controller in Figure 10. Detailed
Description Figure 1 shows a range of different enbodi nents for an
underwat er propul sion device. In a first enbodi nent the device is

confi gur edg : ( oY . odi nent the
dovi co i o i8R 13 P HiegrarkRf 3 B5hEY, et o iy SERRAEHR 200 1

t hi rd enmbodi ment, t.he device is.attaghed tpo the user with a calf strap
confi gurat F{?H""i%g’d? a|F?%%P?CSWFH'%ﬁ%ﬁ]%%@gfﬂsa%m%@a%%&m glﬂ‘t’é‘ﬂgb@'ﬂ en

the thighs_of the user in a push configuration 1200. In a fifth enbodi ment
the devi celiddrat4ddhed $AVIMFHSURIaCraRT iQjuiher dactiased. caniral usirg hthenbead nent
t he 15 device includes an underwater changeable battery .canister 1600. All
of the enbeentrelierin EigureédOconfi gured using a conplete set of parts shown .in
Figure 2. The parts include a canister head 200, a body adapter 202, a hand
bar 2045 a tow converter 206, a battery canister 208, an ECM nodul e or
driver casing 20 210, a thruster 212 with quick rel ease adapter 214, a hand
control | erpdifilerPbsefipidf: Push converter 220, a headlight canister 224,

t he underwat er changeaBI e battery canister 1600 and a waterproof battery
pack 226. WD 2011/119110PCT/ SG2011/000110 6 can either occur prior to a
dive, or in sone cases, the user can reconfigure the device underwater. For

exanple, i f the diyver is using.the thigh strap configuration 700, and .
becones en{:'QHEﬁ daShiawe Avnge gf &R%rglpj ﬁﬁ‘br‘?é’img‘i‘tﬁ Oﬂia\%bP”G%WVQi?%HﬁPﬁHI%O@ he
thigh strap configuration 700 into parts, get out of the net and reattach
to 5 whichRVeR- Hbafirglambodimentithendeice é Cenfiosred invas kitay/rulk typescdster Thi s

design also allows nore situation control by the diver.
10 300. In a second embodiment the device is attached to the user with a thigh strap

configuration 700. In a third embodiment the device is attached to the user with a
calf strap configuration 1100. In a forth embodiment the device is attached
between fhe thighs of the user in a push configuration 1200. In a fifth embodiment
the device is attached tank mount configuratioh 1300. In a sixth embodiment the

15 dev'ice, includes an underwater changeable battery canister 1600.

All of the embodiments can be configured using a complete set of parts shown in
‘Figure 2. The.parts indlude a cahister ‘head'200, a body adapter 202, a hand bar
204, a tow converter 206, é battery canister 208, an ECM module orldriver casing
20 210, a thruster 212 with quick release adapter 214, a hand controller 216, cables
218, push converter 220, a headlight canister.224, vthe underwater changeable

A battery panister 1600 and a Waterproqf battery pack ?26. ' |
If the user has the completé set of parts shoWn in Figure 2, tﬁey Have the ability to

25 easily configure the device into any of the embodiments mentioned above. This



Tow pul | type scooter The tow pull type scooter 300 according to the first
enbodi nent is shown in 10 Figures 3 to 6. In the first enbodi nent the

di ver holwe 2mnta9tihe hand bar 204 and is towed by the t®arsGzo11top@eo scoot er
300. The hand bar 204 is nounted using |ocking nechanism 400 to the tow
converter 206. An on/off switch 402 ang/or speed control knob 403 (on/off
switch can al so be incorporated into the speed control knob) is provided on

the hand béérb%%er W@btﬁhﬁ)r'dczr PG egf H Boidec 43R §fe t%e?%gntr%cﬁnﬁq%tﬁ%e

nodul e 210 el'ther s sl ots 406 are provided to house eac

rel ease ad |ch|ntur h thruster 212 is attac 0. The
ECM nodul e8§\i§e & %’Fg”?tﬁt\éw exaTele: Brheiiverds, usind e QEGEaP&R”E@Ef 9Rel
302 may al %8 rovi ded on the hand bar 204. .20 The tow converter. 206 can
be pivot ed %e@r\ B6EeMES IAMiEROIgd 4ndsryates 6- g fishing ek jhe givestcan dismangepe
inserted in place. A series of stainless steel |latches 408 are used to
clanp and thecthigh tstrapt configunation g0R0iBito pafis? @t /dut 9df1 IRCTAISEA0 riba@aci 16 7
converter 206 may include internal connectivity so.that the user can snap
the pirs twpicheeer cdhfigurationfsuitabldofirt eifg wavuliiie aftéflamsoMhilgssighoass he
tow converter 206. The 5 body adapter 202 fits onto the end of the battery
cani ster 29w hdré BRuSHIH &rftfol Aedierfits onto the end of the body
adapter 202. The body adapter's Z02 main purpose is to maintain the neutral
or provide additional buoyant lift. The size of the body adapter 202 can be
custom sed to carry additional |oads attached on the outer rimof the

adapt er FIIJ £X |l e _an tundervvater vi deo/ camera may be 10 strapped on top
of the body—\gegé@tr—}gﬁ?—ﬁ%‘%ﬁl\n extended or multiple body adapters may be used
for carryi ng heavy | oads. The canister head 200 i s rounded for hydrodynam c
ef fi ci encyhaspiutli fme papoter 2300 acraitingdo Mhe- firsd-arobadimant isr stomINAG
2324 rail or Tactical Rail) or NATO Accessory Rail (or NAR) can be used to
repl ac® t olvgotes/3ite & [pdBedinst embadimen tbeudies Heilds detd thethandhieare2@4and cal
rails and rel eased via spring-1loaded knobs or screws for mlitary

appl i cat i oisstowealt by tiesngpw/pRlIBgbEessoot@nBe0.eThd HearkRbhe PB4 Cg thstifled208ing S

shown in nore detail in Figures 5 and 6. The internal conflguratlon of the
i n-wat er bl%h%YmBéﬁmesﬁPﬁ@OStbstHéf tdWRldoRUbRS ?5@ Bog%n}mfys@ﬁcﬁu@%' bAG/or
met al hydrl des™ (N MH), Class .famlies, Lea

speed control knob 403 (on/off switch can also be incorporated into the speed
control knob) is provided on the hand bar 204, which is connected via the cables

15 218 to the ECM module 210. On either side slots 406 are provided to house each

qtjick release adapter 214, to which in turn each thruster 212 is attached to...The

- ECM module 210 slots into the side of the tow converter 206 An LCD panel 302

' may also be prowded on the hand bar 204.

20  The tow converter 206 can be pivoted open about a hinge 404 to allow the battery
canister 208 to be inserted in place. A series of stainless steel latches 408 are

used to clamp and secure the tow eonve‘rter’206. N

The cables 218 connecting the thrusters 212, ECM 210 and handle bar 204 _may

25  be packed into a compartment within the tow converter 206. Alternatively the tow



WO 2011/ 119110PCT/ SG2011/ 000110 8 The batteries 520 are sealed within the
internal conpartnent by a battery canister top cover 500 to provide,first
and secomaiol2eueiivgeal i ng. A secondary sealing cover 502pproGzaasodinird

| evel sealing. The secondary sealing cover 502 includes O-ring 504 at the
top of battery pack to seal against the inner, wall 506 of the outer casing
5 When deliberately opening the top cover 500, a diver hands can be '
dri pping V&nveftBe 266 A HudERmtdAEl 6aVRICtDRY sBItRMERbussnicah drapthernsing | ng
into the battery conpartnment 510. 10 When inserting or renoving the
batteriestgﬁgﬂgptO'the battery conmpartnent 510, air nust be able to

escape/ ent er. X'port plug 512 is i'nstalled on the secondary sealing cover:
502, serves two functions. 1) To renobve excessive gas build up fromthe
batteries chemcals, if left over long period of tine in an encl osed
conpartment. The port Blug 512 enabl es the 15 _rel easing hydrogeqyga% by
control | i ng'e §BdgfsthesPatiaiy canistee £08) Profusles feeraihestonhsoRvartar? he ~
rel eased without any damage to the battery pack or -user. 2) To allow
excessifve kody adapter 280 fits o thererdi okthes batteryt eanisiem?&8t @edt the1canister
tight or dives too deep, air contracts nore than it .expands after the diver
ascend t o ldwm 200 fiscentosthei éndafytheebdtpy asddptep202. Dh bbly adapterisy2(@niain By
renoving 20 the port plug 512, this allows outside air to fill up the

battery cosmpbédMo hantSAIMe MRIBERbr proviidaddiasNalGidyahelift. 2% 5% Aaye
i ndependent application fromthe rest of the equipnent. For exanple the

battery cay géa@gﬁ i@yc%g t}ésﬁgstbﬁﬁé% ?ﬁ;&raﬁ’&“g%]diﬁénélq Easiéha*&ﬂéér%‘ﬁ?e ‘

areas on |lan provi pOWer ne appllcations.

2011/ 11911&@9 /rﬁnGngl ilf'/neooa%%)?er.g IEI-(;}I ggar%tpfea%nc_ %rr]l]:i'eﬂ/%t%F ; v?c?ed/camera may be

10 strapped on top of the body adapter 202. An extended or multiple body adapters

may be used for carrying heavy loads.
‘The canister head 200 is rounded for hydrodynamic efficiency.

15  Picatinny rail (also known as MIL-STD-1913 rail or STANAG 2324 rail or Tactical
Rail) or NATO Accessory Rail (or NAR) can be used to replace tow converter 206
and thrusters can be slotted into these tactical rails and released vjé spring-loaded

knobs or screWs for military applications (not shown).

20 Battery Canister

o The'battery ycan»iste.r 208 is shown in more detail in Figures 5 and 6. The internal
: /vc:/on‘figux;ation of the in’-Water‘babt"te'ry pé\bk, con's'i‘sts.of» bétterjes 520 that 'may be .

alkaline, metal hydrides (NiMH), Li-Class families, Lead Acid etc.



The thigh strap configuration 700 according to the second enbodi nent is
shown in Figures 7 to 10. Each thruster 212 is attached to each quick

rel ease awmlepvaw112d. 5 Each qui ck rel ease adapter 214 haeTsGrep®o@i0 to
attach to the thigh of a diver. Each thruster 212 is electrically connected
to the ECM nodul e 210 via cables 218. The cables 218 also el ectrically
connect the battery canister 208 and the hand controller 216 to the ECM

nodul e 210 Nt he Y, ' ; on
2 v ot el [ TG 20418 etbcPine e AR AR Bt P H HETBARLES, °7
Figure 8. Thrust is provided a plastic copposite or netallic allo

mter i al aldhves RO RP VBT, Shdpasond el Beiney Abetipn:sSalfig (ver
barrier 802 pade of high inpact plastic conposite 15 surrounds the .
propel | er é@%.prcr\ﬁ@e%ém{cwvgﬁgeamg- HBespsendatyese i Bpaeyeh 5P 2daeHERs &41iP8 t he
thruster 212 via a femal e connecter. 804. Each thruster 212 slots into a

sl ot 806 i h04 kéthpiioplofrhsitiens pacidtopseat against hajinnek wadl| 50&saf thetouter @BHg
allows the diver to quickly release the thruster 212 in an 20 energency.

Fi gure 22 shows the quick rel ease works by having at |east two spring
mechani sms. One spring 2200 | atches the thruster 212, while another spring

2200 pushegyidiedbiiaiaichy 'oger'ﬂhagﬁe 289 4¢olersnd he darirtHaMdsein bﬂ@@%ﬁ«@gggt. and

rel ease, once the button 808 i's depressed, the latch 2200 w

. " ( . Fih
| atching. 2bNEtRghSah e0dint boud8ds ol6uents AL fom Nl BN Halncsn e
to cut off the

compartment 510.

10  When inserting or removing the batteries 520 into the battery corﬁpartment 510, air
~must be able to escape/enter. A port plug 512 is ihstalled on the secondary sealing
cover 502, serves two functions.
1) To remove excessive gas build up from thé batteries chemicals, if left over
long period of time in an enclosed compartment. The port plug 512 enables the
15 releasing hydrogen gas by controllihg the gas releaée,_ a special thread enables
the gas to be released without any damage to the battery pa_ck or useli".‘
' 2) "T'o‘"allov\) .éXCeé,si'v_e .air_ flow - at times when. diver 'sea‘ié-v thé’cor}nbart'men.t
510 too tight or dives too deep, air contracts more._than it exp_andséftef the diver
ascend to the surface, so it may be hard to‘ pull out the battery pack. By removing

20 the port plug 512, this allows outside air to fill up the battery compartment for easy

removal.

The battery canister 208 may have independent application ffom the rest of the
equipment. For example the battery canister 208 may be used to extend power

25  tools in hazardous areas on land or to provide power for other marine applications.



WO 2011/ 119110PCT/ SG2011/ 000110 10 power. The cable is attached even when
qui ck rel eased, as a precaution reduce the chances of thrusters 212 being

| ost conpWeteeltyiianid si nking to the ocean bottom 5 StrapsT8G2oEneottitr eaded
t hrough the quick rel ease adapter 214 to attach around the divers thigh.
The straps 810 are made of fabric matemi als which may include Kelvar, Nylon
and/ or Neoprene. They are an ergonom c design to support the thrusters on
the thigh nuscles. The straps 810 are wear and tear, heat and corrosion
resistant. 10 ECM Mbdul e The ECM nodul e 210 is shown in nore detail in

Figure 9. Tﬁ@h%qgg@ﬁﬁﬁgra%gg is internally oil filled and includes a netal
outer surface i ssi pation. The cables 218 connect - to 5 1/0
connect or ST@%gh 8ﬁ@ﬁah%ﬂﬁg§r‘éﬁifnﬁ 099 Aq?rc?lpﬁ% Yl zé@c;ndlémﬁbhﬁﬁ%ﬂggéﬂo&lh%

wai st bel t ecure rese serves

two functions on E i t o_rehoot, the JCS uter wh ttery
back 1600 {OUEFRAGEd0, %&Pﬁé&%’f‘erﬁ%m t&%ﬁ}?@&ﬂ. auick ikoss agﬁa?%ﬁ%ace
underwater. It also serves as a second |evel safety switch. 20 The

modul e 210ERsh Quigk release §daian&d ferpsipiraps ﬁéoﬁatqt@c@ foathiesthigh oba q!jyer

el ectrical splash-proof connectors as shown in Figure 6. |ndependent power
i sol at ors Bach tlg0gten2d2ps eldctiamlly sonnadiedi tdubé BiVtreogule21fouecablesr2id. As
the battery is capable of highly discharge electric current at very fast
rate, i ndi Vheluablgso268 =50 elditscdlgpcansad thy baieey cahReér ROS mnautHeohand04,
606, preventing user 25 fromtouching high power sw tches 600, 602 with wet

fingers w ¢ditrolled 2 1600 BRY EGM module 210. The ECM module 210 and the battery

canister 208 are mounted on a waist belt 702.
10 )
Thrusters
A'The thruster 212;{3 shown in more detail in Figure 8. Thrust is provided by a
“plastic composite or metallic alloy material driven propeller 800, turbine, jet or
pump system. A safety barrier 802 made.bf high impact plastic 'composife
15 surrounds the propeller 800. The cables 218 may be underwater releasably

- connebtéd ’(o the thruster 212 via a female connecter 804.

Each thruster'212 slots i_ntova sl(')tv806 in the quick réléase aaaptvevr .?;14.'A‘quicvk‘
release button 808 alloWs the diver to quickly release the thruster 212 in an
20 emergency. Figure 22 shows the quick release works by having at least two ‘spring
mechanisms. One spring 2200 latches the thruster 212:, while another spring 2200
puSheé the thruster's Vhinge‘ 22.04\ from 1he bottom.f For .imme'diate r-,e|e.aée, once
the \button' 808 is depresvséd, the latch 2200 will release, and the bottom
mechanism 2202 will ptjsh the thruster's latching gap out of the iatching

25 méchanism. in an emergency, .the diver may also unplug the cable to cut off the



WO 2011/ 119110PCT/ SG2011/ 000110 11 provi des additional safety in addition
to having a on/off switch 402/1004 on the hand bar 204 or hand controller
216. \Wherwohetihiighiopower swi tches 600, 602 are turned oRCTIsiGROMIODO11Qr OVi de
power to the ECM nodul e 210. However, only when the on/off switch 402/ 1004
is turned on, will the ECM nodul e 210 tivate the 5 thrusters 212. This
provi des further safety against accidental powering the device by children
or droppi ngaf i 0] V] ri ock.
Fands |1 ol pRoTE EabSs bl Ve ifich SficK ffadta, M Mafadith{eiiusy
nore detail,. The hand ntrol | incl udes, quide 1000 for. t he diyers hand,
and - nor etrosnancey os fistes 612 fiind 58 B8mAleiAl o “SnkB8 sk aeedBos,
manual /auto switch (not shown) and speed control switch (not shown) can be
provi ded wPPHPM- reach of the diver's thumb. 15 The switches are US Mlitary
approved and the internal conponents are pressure sealed by resin. The
guide 1000 is fabric material and is curved to follow the shape of the
diver's wist and includes strap(s) to attach firmy around the diver's
wrist. s\t Strapsisnel arel thrédbieththrbagte tiee lyaiuk e/ sdapter danab eatiaehsaboyind
around the palm User fingers will extend fromthe end of the guide, while

thumb wi Il exiivetd HgH.MEnd1atrapd 2. ar‘enr(nl%'dwﬁaj)oom@ﬁc%Q@Pi'éfsoJNhrHPldM'ageiﬁggée

i ncluding an inertia nmeasurenent uni senses novenent of t Iver's

t |
oLkl N AU RGHLARS, FAOPSHd gD B ETHA SEBRoRoRL o

2011/11911 I?%/erss%%lgf{e()%é OmllJ%cIes. The straps 810 are wear and tear, heat and

corrosion resistanf.
10
ECM Module
The ECM module 210 is shown in more detail in Figure 9. The ECM module 210 is
internally oil filled  and includes a metal outer surface 900 for heat dissipatidn. The
cables 218 connect to 5 1/O connectors 902. The inner surface 904 is curved for
15  attached to the waist belt 702 or can be secured to the. thigh. A reset switch 906
' _'se'r‘ves' tWo fuhétibhs on the ECM, primarily t'o-kr.eboo_t the JCS com‘pt~Jter’w'h'en
~ battery 'pa‘ck‘ 1600 is changed uhderwaterbr any connectiéns ié remqvéd and

replace underwater. It also serves as a second level of safety switch.

20 The ECM module 210 is electrically connected with the battery caniéter 208 by

electrical splash-proof connectors as shown in Figure 6. Independent power

B

~isolators 600, 602 are provided for individual battery or poWer source. As the
battery is capable of highly discharge electric curre'n‘t at very fast rate, individual
power switches depressed by water-proof push buttons 604, 606, preventing user

25 from touching high power switches 600, 602 with wet fingers within the top cover,



pl aced approxi mately above, along the side or parallel of the radius bone
of the diver or being installed on a flat surface area parallel to the act
of notionyopermitptiong the armto performlike a joysti clecosGami/opants of
the user's body (e.g.on a _dive helnet). The location of the IMJis based
on the ergononics and anatony 5of average adult hand wist and bone
structure, including the angle of wist to hand and thickness of the hands
& thumb. VgL n 1<) S he r

Bfdv Q&élfl@é@fafg@/:ﬁleg@&ﬁ?ﬁqg rllé\ﬁﬁ'g by H}%‘Ffjs&ﬂ?ﬁ t@gﬂ\/\(ﬁf?h %he

control the thrusters xamnp eft rotatron o

transl ates, to | turn and.a,ri 0 rotat.ion of the i t ransl ates
to a right "¢ ﬁar 26%]&'] andngligr E%CW]'}%‘ 'ﬁ%ﬁﬁi"g ‘D@é{‘{?ﬁ%‘ﬁ@%ﬁ%@% (@65 are~-
energency stop. Each thruster 212 power can then be adjusted or preset by
t he corrputMng%oﬂé?@t"é'"(ﬂ%\ﬁ'ﬂ%@é"e(@\}h%ﬁ@'\é@f?ﬂlé? 23 PobiReyer, tyyvhen the

i ndependent speeds accordingly. 15For normal forward notion, the two =~
propel | er on/affeswiiele 4QR(H0e4 -isotuanédhon,owdhdhe oEGB medhileh2t@nactivate the
thruster torque for travelling in a "straight” line only. If the power
deli versd thoustersh21ir Tisis grovideaditisdreshfetydagainsteaddidentdiapdwesndg tid aegae
directions may be achieved. This is achieved by preset speeds and

progr ammedp, %hﬂdﬁe*ﬁeorE@MQ%ﬂ? |fR)n21ﬁ>i%H:f§,r aRd aBPeRue thb fRik@NGS Hé&iﬁ?téléﬁﬁcar e
shown in Figure 2023: 2301Forward thrust: two thrusters turning n the
opposite d%ﬁ&q(t'i ons (counter-rotating to each propeller) to "push" user
(diver and/or swimer) forward 2302Ri ght thrust: Left-side thruster wll
"push" the user forward, while 25Right-side thruster will either "pull"
backward or stop - no power (act as pivot) WD 2011/119110PCT/ SG2011/000110

13 2303**Forward- Ri ght thrust: By conbining R ght (as nmentioned in 2302)
Hands free motion control :

10  Figure 10 shows the h‘and controller 216 in more detail. The hand controller
includes guide 1000 for the divers hand, and a hole 1002 in the guide for the
diver's thumb. An on/off switch 1004, manual/auto switch (not shown) and speed

control switch (not shown) can be provided within reach of the diver’s thumb.

15  The switches are US Military approvéd and the internal components are pressure

sealed by resin.

The guide 1000 is fabric.material and is curved to follow the shape of thé diver's
wrist and ’inéludes strap(s) to attach firfnly around the diver's wrist. Alternatively it
20 may have a hand strap(s) to dangle loosely around the palm. User fingers will

extend from the end of the guide, while thumb will exit from the hole 1002.

~ In auto mode a control module 1006 includihg an inertia measurement unit (IMU)
senses movement of the ‘diver's arm, translates this into speed and direction

25 requests and send control signals to each thruster 212 accordingly. The IMU is



notion with speed adjustnent and user body-tw sting notion to the angle of
flow, resulting banking nmotion (like an aircraft banking right). 2304Left

t hrust: RvghotigitgEot hruster will "push” the user forwar@CcTsGb/obefio - 5si de
thruster will either "pull" backward or stop (act as pivot)
2305**Forward-Left thrust: By combining Left (as mentioned in 2204) notion
with speed adjustnent and user body-tw sting notion to the angle of flow,

resul ting Dapsh Mpoibkiafelf ke lony Heakibe el G t‘h&epﬁ?ﬁ%‘ HRRS A fle

thrust: t s turning In reverse directions to SW nmer

backward. 2307*Backward- Right thrust: Reverse directi,0 Forway d- Left
2308~ ackudel ot por T fisrabloh & % sl Ter RRlelth Rg et h Sioh)
only to swmer, .as diver's fins can cause a lot of drag and eventual |y
danmage ¢ hePEENItIGdRE Y@ RATTQIEY Wsa JBYStick of GrierarisoR! hRISFEEDAdY €Al n a
certain angle, a preset power will be programmed into the conputer to
command i nadlidivedbelmathrihs location of theeIMb ia hasedain thewergonomies and anatomy
forward right, the "push" thruster will deliver 100% power while the "pull"
thrust ev wof dvetage wdult hand wristeead Hamensttuoturep irshidindntheshegle of avrist té haadt
like a pivot (rmuch like a bull -dozer steering) while the user's body tw sts

with the aged thidthedk dfltieevnbR®@s &rthbiker needs to | ower the body when turning
at a sharper angle) and speed will then propel the user to the direction.

The user nust al so control the speed in order to determ ne the direction of
travel, else user will circle on a dead spot. WO

2011/ 11911\95%638%%& %%%ilrgo&élments can be used to translate to control the thrusters

212. Fbr example a left rotation of the wrist translates to a left turn and a right
10  rotation of the wrist franslates.to a Vright turn. A double forwa‘rd knockihg motion

can translate to emergency stop. Each thruster 212 ‘power can then be adjusted or

preset by the cbmputer to rotate clockwise (CW) and counter cIockWise (CCW) at

independent speeds accordingly.

15 For normal forward motion, the two propeller blades are counter-rotatiné to each
'_otvh‘er, which cancels out thruster torque for travelling in a “étraight” line only. If the
. pdvyer delivered to each thruster is adjusted independently, various different
directions may be achieved. This is achieved by presét speeds and programmed
into the ECM module 210. For example 8 different directions are sﬁown in Figure |
20 23 |
2301 Forward thrust: two thrusters turning in -the- gpposite directions
\(fcounter-rb’tating to ‘each propeller) to “push” user (‘diver‘ and/or swimmer)
forward ' - »
| 2302 Right thrust: Left-side thruster will “‘push” the user forward, while

25 Right-side thruster will either “pull” backward or stop — no power (act as pivot)



The automatic node may greatly reduce diver's fatigue |oad, permt confined
space manoeuvres or during restricted fining of the | egs when strapped with
ot her equwprmentii9GBecause the hand controller 216 strap®CrsGeima/owiiet of
the diver, the diver's fingers are still free. Thus the diver can still

hol d or operate other dive equipnent 8 t hat hand. For recreational
applications, the on/off swtch 402/10 ﬁ is turned on in a 10 backward

h I f h
PoT L2 L LA B R t‘?i%r*aﬁé**fhéd o405 e
I t
T et A At oo B e S Db R, BLEB, S

speed sensors_or 15 depth sensors. The hand controller 216 may include an
LCD panel wit FPVGHPSW@QSHPE'”%B@“CPWU@ﬁfadb@'ICfaﬁdlla@k'rtgdLﬁfﬁ) interactivity.
Informati on can then be packaged and transmt through the ECM nodul e 210
via wirel ess 23Mnhsni keft drusRakigbt-$ide dlomistgr)wibll fipushé dbed edebforaarnd, vahilentoeftsl e
1006 at the diver's wist. The systemcan also relay a power signal (RF may

be limiged i rsidatieustep wilbeithigr “buli"20adkiaird 1oristd (Fgadt@‘st’\FEﬁ}l on fromthe ECM
nmodul e 210 to the hand controller 216 and/or display information on a

diver' s mask 4dggce heqbritardl sl MHlst; BRPRBHHIINGNL SRS a8PRIehfghAQ Tn e9204)

sports, technical, conmercial litary, differ I nformati on may

gat her ed_and! gbch 3k stk PR AT GG SRR 0001AR 45 B0l oo

controller rncludin Sensrng can a

for human-1i nove ran ret syste nting. equi pnent (like
apache attac %Ir?ﬁ‘gﬁ?%PaBﬁ'Pgtmét'%(“H@ta%%'Fﬁr?g]qaing 'ﬁg ) machi ne gun, the
nmachi ne gun mounted will follow the direction where the pilot is |ooking).

The equi prent2¥%n be Badovard dhusg twe Woksters Benision, reyeipet dicactionntte GpUlEd,

both wired or wire-less. This mght be used in fire-fighting or rescue
oper at i®ons, @witheegr arkwaedot e oper at ed vehicle where the situation is
hazardous. The notors that provide "CW and "CCW directions, can al so be

conbi ned wi t IP3D7 swi tRAsvAra-Rightithr@sts ReoerseRiiAdutiBg of FddwakML&ft ng” noti ons.
10 Calf strap configuration 1In the calf strap configuration 1100 shown in

Fgure 11, thes rapesaddihRtd oM hARICRel Srsbirefbh o FohlareRight | nstead of

the thigh. In that case the quick rel ease
*Applicable only to swimmer, as diver’s fins can cause a lot of drag and eventually

damage the ECM module and‘thrusters
15 ** In order for the user to turn in a certain angle, a preset power Will be
programmed into the computer to 'command individual thruster to drive in a preset
- power — e.g. to torn forward righf, the.“push” thruster will deliyer 100% power While
the “pull” thruster will deliver lower power than the “push” thrusters so as to act like
a pivot‘(much like a bull dozer steéring) while the user’'s body twists with the angle
20 of flow (motor biker needs to lower the body when turning‘ at a sharper angle) and

speed will then propel the user to the direction.

The user must also control the speed in order to déterrﬁine fhé diréc’tion'oic travel,‘
else user will circle on a dead spot.

25



adapter 214 includes a hinged nechanism 1102 to angle the propeller
backwash 15 away fromthe divers calf and the fin attached to the diver's
foot. Thewenglieiipmy for exanpl e be between 3-45. The hi mgedcaealvaniiem 1102
is released by a button (not shown). OQtherwise this is simlar to the thigh
strap configuration 700. Push configurgiion 20 The push configuration 1200
is showmn in Figure 12. The push converter 220 (also called a saddl e bar,

scoot er Safflﬁéealﬁém%i[ig%}ﬂd%i @%gdb@agpar%&ﬂ&@nqg%is ]fgﬁééfilég'@,r petrif éo‘ﬁfilnag ‘o

accomodat e the diver's t and” straps att over the outs

secure the_push nyerter 220.to the thighs. /he batter ani ster.. .20 body
Sdapter oA ERBETkE o BT SBG AR LR of 8 4585 Wil S 2BUGHHT B
t he push 25 converter 220. On either side of the channel 206 slots 1208 are
provi ded" t 8IHBEEBt: WO 2011/ 119110PCT/ SG2011/ 000110 16 each quick rel ease
adapter 214, to which in turn each thruster 212 is attached to. The ECM
nodul e 210 is attached to the diver's waist belt 702. The ECM nodul e 210

and hand. controller 216 are connected to the battery canister 208 and each

thrust ey 2B8caise thecharabt@srdles 216 stieps tothetwristf itige dbier othe diver's fiidersount
configuration 1300 shown in figure 13 is simlar to the thigh strap

;:omi‘< i gur at hiNsti0fee EREEPthE BRer ChAtsttHAG or SRR ratecotse divietefliipMRnt f the
an ,

hand.

For recreational applications, the on/off switch 402/1004 is turned on in a
10 backward position (towards the diver), which is slightly more difficult than the turn
off forward position (away from the diver). This allows the diver the more natural

actuation of pushing forward, for an immediate stop or emergency brake.

The ECM module 210 may include sensors, for éxample water speed sensors or
- 15 vdepth sensors. The hand controller 216 rﬁay include an LCD ~panel with GUI . -
'(Gréphic User Interfaée) and/or touch interactivity. Information can thén be
pac‘kaged and transmit through the ECM module 210 via wireless transmission
(Rédio-Frequency) and decoded by control modljle 1006 at the diver's wrist. The
system can also relay a power signal (RF may be limited in water up to 1m) by |
20 transmitting information from the ECM .modulé 210 to the hand controller 216
and/or display information on a diver's mask (like head-up display). Depending on
- v_t_h‘e applipation eg: _sp‘orts,’technical, éo’mm‘ercial’,, military, different infor[na’;ion may

E be géthe_ré’d and}or displayed.



to a double tank system 1304 or a rebreather unit. Al so custom sed
attachnents 10 can be designed to acconmopdate different apparatus.

Headl i ghtwoaniistierio Figures 14 and 15 show a headl i ghtcesci2eti®onoi2a@4 t hat
can be used for the tow pull type scooter. The body adapter 202 and the
cani ster head 200, are substituted for,d5the headlight canister 224. The
headl i ght canister 224 i's independent simlar to a dive torch except it

must be neH%Bé'co‘ﬁﬁroﬂ@rsggéﬁ%@ﬁ@éﬁﬁ?tiﬂ%eﬁgn eca%ognggrb%a&ﬁdda\é LT ERPS to

bal ance the buoyancy. ght cani Ster I nc es transparent

plastic f late 1501, a bulb, 1502 in its front section.1504, .circuitry on
D Pos 150600 odh-Be fronBaihtiol 208, el SYstelt o B0 sRiTRR Ly e aberh

| uggabl e connectgor 1512 fromthe PCB 1506 into a battery conpartnent 1514,
g sggar at eatg@\cg‘e?\%g?%‘?teﬁkpﬂﬁﬁ% Ideh gondefingothe mygshine gun; the Mmachine gun
2011/ 119110PCT/ S&2011/ 000110 17 a waterproof swi tch 1518 and an end cover
1520 to sedountas wilfolley the @iyectionmhels e piftids aoking)s The reguirsert ¢arbbe

Hal ogen, LEDs etc. A reduced space gap 1522 is desi gned between.the
wat er proof cavrdlied b idotionl serisirg, godstinkvanntrollbd, eoth aureet ot SEibed¢s0 This

i ncludes small holes 1524 for funnelling seawater out when the end cover

1520 is bepnightIRe UsEd in fifc-fgRtINADE FedctieDEh E1ALIERETIESSES 88 Feidid 8bkriegut
of the hol e?h1524, t he redugedﬁ@;pace gap@ﬂiSZZ is so snall that surlﬁ)l I gﬁt and

seawat er wld: spo el dndet i/ [,0. [ . £h S
marine gr \CI)\QIV\%%:IEA?V Q%Pe ? ﬁé Ss'ﬁrr%tlﬁﬁh'cs)’l gééﬁghgdcﬂ;?oﬁq og. I ov\M}E’{i s%@&bo%efeg\g ?géf | ow
in easily e battery conpartnent and. oytsi.de anbient pressure, remains

t he sane, ﬁ%‘?‘};f 8V§Ct§°é'§rlva‘faé} gﬁ O %Fﬁ'&egowgegge 'F%‘eﬂ o ?ﬁt’a@ﬁg%énan
hol es 1524, This method reduces the chances of marine growh (e.g.

bar nacl es) RMSOHIS atr!ﬁ’e%b’ﬂt’lgefnwtho@%artrrent 1514 where the underwater switch
1518 and battery 226 is. 15 The reduced space gap 1522 cuts off sunlight,

reduce® oxygen and nutrient in the water, and prevents nari ne grow h.

Calf strap configuration

In the calf strap cbnﬁgurétion 1100 shown in Figure 11, the straps 810 are .
attached to the calf of the diver instead of the thigh. In that case the quick release
adapter 214 includes a hinged mechanism 1102 to angle the propeller backwash
15 away from the divers calf and the fin attached to the diver's foot. The angle may
for example be between 3—450.7The hinged mechanism 1102 is released by é

button (not shown). Otherwise this is similar to the thigh strap cénfiguration 700.

Push configuration

20 The pushvconfiguration 1200 is shown in Figure 12. The push converter 220 (also
called a saddle bar, scooter saddle or simpiy a saddie) has channels 1202 either
"side to accommodate the diver's thighs, and straps-1204 attach over the outside to
‘secure the puéh converter 220 fo the thiglh's. Thé .battéry canistef 208, body
adapter 202 and the éénister head ZQO fits into a channel 1206 on top of the push

25  converter 220. On either side of the channel 206 slots 1208 are provided to house



The headl i ght cani ster 224 can be applied for any marine application that
requi res power and subnersion in sea water for prolong period of tinme. 20
Under wat ewochargedabl e battery The underwat er changeabl e PoaiSGeon/00@ni st er
1600 shown in Figures 16 to 18, can be used in place of the battery

cani ster 208 nentioned above. In.this gase, two or nore waterproof battery
packs 226 may be changed under water to allow the diver 25 to extend bottom

travel dis a
0311 110110 Ut (R AER RPN PREKE WROIPRIn Bach thhAKIN2 isBiached o,

1418 for 1 OREMIENERRY Bran B a Cbhaahictalst vell 7 %EFMEJ%E%T g

battery, n darra e circuitry and/ shock to

el +p i ne2 bhand it 2Bl G ch o e P e BT ' 2B A ERhy ¢ he
end cover. 1520 for front nmount headl i ght 224). 3) After turning off
power, usethruster At xisfthageblas2il | the | n-water changeabl e 10battery pack

226 out (both In-water changeable battery canister & front
5

Tank mount configuration

The tank mount configuration 1300 shown in figure 13 is similar to the thigh strap
Configukation 700, except that that straps 810 are used to strap to the tank 1302,
to a double tank system 1304 or a rebreather unit. Also customised attachments

10 ban be designed to accommodate different apparatus.

Headlight canister .
Figures 14 and 15 show a headlight canister 224 that can be used for the tow/pull
type scooter. The body adapter 202 and the canister head 200, are substituted for

15  the headlight canister 224.

The headlight canister 224 is independent s‘irﬁilar to a dive torch except-it must be
| ‘neutral or positive buoyant, or to be compensated by other means to balance the_
‘buoyancy.
20
The headlight canister 224 includes transpérent plastic faceplate 1501, a bulb
- 1502 in its frOnt se‘étion 1504, circuitry on a PCB 1506, first seal 1508, a second
éea! ‘1/510, and underwater water plﬁggable connector .151.2 from the PCB 1506

into a battery compartment 1514, a separate underwater changeable battery 226,



nmount headl i ght uses the sane waterproof battery pack(s) 226) 4) The

I n-wat er changeabl e battery pack 226 has a femal e connector 1606 which is
sel f - sealwogotiongsopul | ed out fromthe mal e connector 1808/SG2011HBp01A new
in-water battery 226 is inserted using a slot 1610 in guide the battery
15pack(s) in place. Only a correct slof; position will the male connector's
1608 pins be match exactly to the fenmale connector 1606 of the battery pack

226. 6) Seg Wa@ew évlil&:h%%?@ﬁ@%n%cé@é%?@to%@é{ qRé baRbheEdmBamineAtt

fromfalling. of Once connected, user can turnthe power

but t on 16045{4%%1680%?3%923“3 ge@pnbrpfghdﬁeﬁgq_%gcfferent control

strategi es may b€ e 0 ependi ng I'gation and user

requi rements. For exanple, for recreation applications (up to 40mdepth
rating) the ECM nodul e 210 m ght be programmred as shown in Figure 19. The
25 main controller 1900 receives power fromthe battery canister 208, via a
vol tage \idreduagd spacepan/19820's Wesianerhbetyvaasginearvaieramot switsh ctb18egndil so
power other electronics 1902. In turn the main controller 1900 is connected
t o t he son/thefersvcovdr. 762/ draDdoerd! $2{(k alspeiadludentsnudll kolels YER3!, forrfdnipelling des
control signals to a notor driver ESC 1904. Each notor driver ESC 1904

recei ves pspwvatbr o0t wheAsthecdnid/ eobat 1520 i< dBIngt S6cute8. Asnsbaseatls iBaking
appropriate drive signal to each thruster 212.

‘ compressed and funnelled out of the holes 1524, the reduced space gap 1522 is
so small that sunlight and seawater will not be able to get / flow in. This removes
the chances 6f marine growth. Also, the small holes 1524 do not allows seawater

10  to flow in easily as the battery compartment and outside ambient pressuré remains
the same, therefore seawater is not being compressed to flow inté the small holes
1524.

This method reduces the chances of marine growth (e.g. barnacles) within the
battery compa.rtment 1514 where the underwater switch 1518 and battery 226 is.

15  The reduced space gap 1522 cuts off sunlight, reduces oxygen and nutrient in the

water, and prevents marine grthh.

The headlight canister 224 can be applied for any marine application that requires
power and submersibn in sea water for prolong period of time.
20

Underwater changeable battery

The underwater changeable battery canister 1600 shown in Figures 16 to 18,vvcan
>be used in place of the batt'ery canister 208 mentioned above. In this case, two or
" more waterproof battery packs 226 may be changed under water to allow the diver

25  to extend bottom travel distance without having spare scooters or surfacing.



For technical diving or advanced applications (up to 120m depth rating),
the ECM nodul e 210 m ght be programmed as shown in Figure 20. The control
is siml avotoliFigune 19, except that the main control |l ePCISGANMOEIIVES
speed control signals 10 fromthe control nodule 1006. Control nodule 1006
i ncludes notion sensing capabilities fygomthe integrated | MJ. Speed control
2000 and node switching 2002 are al so input to control nodule 1006. The | MJ
uses a conbi nation of accel eronmeters and gyroscopes to neasure the 15
changes of angle in which the user turns the wist or novenent of the body.

Thus angl j 0 .anal og signals to the control nodule 1006. The
control'ngggﬁéé@@%gkﬁﬁﬁﬁgﬁhen convert the differential analog signals to

di gital signgl conpile and relay.the ipformation_ to e e troller
2004, The i B o Peser ToBb Rrssandien le SalRkpabs Wik KGR So£ Phae and
transmt to the mptor driver! ESC 20 1904. The ESC 1904 converts the
decoded di gi t al UrRdeswates switeh §p1&forffrenjuraent herplighh 2241 S20wen Rwshbataut
nodul at ed power waveforns for the BLDG notor in the thruster 212, The
refrests rat e i soffbefove mhdngimgniaticrgeasoitdan demeage eiecuitry mndddr e@dficishock

anal og, the control nodule 1006 adjusts the voltage WO

2011/ 119110PCT/ to@4t1/ 000110 20 difference of the voltage range, e.g. 0 Vdc
to 5 Vdc, the speed controller 2004 will calculate this difference voltage

range and copyelhcidiird bl 2oVbAALY2 1iuseahLér BRsodabieBael O RlscrmAU @

1900. As the speed control nmust be constantly nonitor by control

1006, thereforethrerg &Wé‘?HiS%Bfj)rsfr&l?thﬁgu@é%%éc\fllﬁmf?w control- nodule 5 1900

to reduce traffic) € main contro en conpile the voltage

di fference (for eed). and. decoded sjgnal (for notion signal) to the notor
i ver/ ESc. 2aATET R BBACwURe e U gerdodling uf sk ERangsR | ot o
the digital frequency andzgenerate the required pul se signals for the BLDC

mot or Tth the t Hpattanerpacke 226 coutolbotidiinTwaial ehapgeablachaitry eanister & front
anal og-to-digital converter, which converts the analog signals fromthe | MJ
to digital sigmabsntMadighbosestHeesan® OGtemrdol batterylpack(se¢226sks, anal ysi ng
and nonitoring the entire system Having two control nodul es reduces the
work | oad and)resiteswdtoe changsdatsic Watlepy packetdaiRes i Plerddle dSinecdver60ad.

For mlitary applications (custom sed&?ept h rating), the ECM nodul e 210
m ght be which is self-sealing, once pulled out from the male connector 1608.
5) A new in-water battery 226 is inserted using a slot 1610 in guide the battery
15 Ipack(s) in place. Only a correct slot position will the male connector’'s 1608
o pins be match eXactIy to the female connector 1666 of the battery péck 226.
6) Secure back the end cover 1602 / 1520 to prevent battery pack 226 from
faliing off.
7) Once connected, user can turn the power button 1604 / 1518 back on.

20

Control Strategy

Different control strategies may be employed depending on the appli'gétién and
~ user requirements. For example, for ,r-ecreation applicatiohs (up to 40rh depth
rating) the ECM. module 210 might be programmed as shown in Figure 19. The

25 main controller 1900 receives power from the battery canister 208, via a voltage‘



programmed as shown in Figure 21. The control is simlar to Figure 20, with
the addition of a vector thrust system 2100, underwater navigation system
2102, an WO 2ondeyswat er HUD unit 2104, flow neters 2106, PaaSe20d®@Ead or s
2108. and user input. waypoints 2110. Wth the introduction of notion-sensing
control in Technical / Advanced applicgions, it creates wi de applications
such as: WD 2011/119110PCT/ SG2011/000110 21 1) Flow neters 2106 - used to
provi de re%umopﬁgomemwmﬁa% efowat @fhé‘rlém&réméwgabzt he t8AN#Y hFdin

nount ed on each thrusters 2 ter detectors 2108 - used to nonitor any

| eakage wi &%Htﬂ)ll% t9é6§s§ ﬁhggﬁed\@ﬁetﬂe‘é?ﬁlﬁﬁ évﬁtcﬂ ‘i} l@(% ahﬁtq'\égye%rd g&ﬁ?o?r

will activ even y SW activa

errors congdi ti uag shoy t

t enper at ur 4o t?/vg{jg’r tpé8§ ggs rofﬂ' gt? s’f‘é?gtoéroréw??rﬁssg?abgf‘y\ééégdf‘?@ét ed
by main control rmdul e 1900 and/ or control nodul e 1006. 3t) Under wat er

navi gat i ondu¥gstRerl AP0 recaivagmowet H@%ﬁd@%?%'vﬁﬁ%@%camé eicO8) andrsends in
a d obal Positioning System (GPS) and appl yi ng dead-reckoni ng net hodol ogy
by usi rig oamepprapaiate drive dignatiosedah thrusteod et ers) to provide accel eration
readi ngs. This application if successful, can also be used in land /
underground areas where GPS signal is not available at all. 4) D ver

Head- Up- Di splay (HUD) 2104 - a projected view of information 15 shown to

the user byodfeRhRickl BB}ndd‘&Pécﬂ'@édc‘éG éﬂHli‘éHEﬂi‘n@(lﬂf tosﬁr?(')rﬂsd@dtheigtlﬁ’é) #he ECM
wat er - proof diver’ s net. User can flip side way or up the projector away

f t. t

pacho herholBAne @"t @E@a%ﬁﬁg SO TALS A o R e e 6
nmbal th t t I 0 d t t th

Vector ¢ hridgti,) f%%c%ﬁ hm&ﬁ%ﬁ%ﬁ%&n@piq eﬁ%ﬁﬁéeﬁi‘%‘% SBECHANEY Soals

not i on- senS|ng mhlchever the user indicates by the notion, the thrusters

wi |l r¥actiremdtheogentiel siasiulgy 1Q96: Heorlreleradsie 11986 cichuiasy matienusensing
nmotion. This allows the thrusters to performthe "pitch, Tow and yaw'
vect or s i ncapidbilifiesdoam dims integrated INKE. Speed kentrols200f 2 trmdlaaosysitcéﬂngxﬂpmt i ng
its flight). Together with notion sensing,this

are also input to control module 1006.

The IMU uses a combination of accelerometers and gyroscopes to measure the
15  changes of angle in which the user turns the wrist or movement of the body. Thus
angle motion produces analog signals.to tHe control modukle 1006. The control
module 1006 will then convert the differentiallanalog signals to digital signals,
compile and relay the ihformation‘to the speed controller 2004. The main controlier
1900 will decode, analysen the digital signals and transmit to the motor driver / ESC
20 1904. The ESC 1904 éonverts the decoded digital signals to digital frequency and
generéfes pulse width modulated power waveforms for the BLDC motor in the

thruster 212. The refresh rate is performed in milliseconds.

The speed control 2000 is analog, the control module 1006 adjusts the voltage

25 difference and computes the difference. The input speed is measured in the



WO 2011/ 119110PCT/ SG2011/ 000110 22 applications can be apply / transfer for
aut ononous vehicles, robotics or renote sensing equi pnent, turret and/or
weaponry wocogyiiblmer i nput waypoi nts 2110- Once all theprab®Geofiwnatio ons are
achi eved, the user input waypoints is like indicating the coordinates
required to travel to a 5 certain dispgnce and bearing, the vector thrust
systemw || follow the waypoints, while the main control nodule #1 controls

the notor gieréenad @ﬂ‘hbrmtaﬁérraﬁg‘@,t&ﬁ bhydisto SVICTIHY §88ed BEnPOIRE DODUARNt he
flow meter to constantly checking the speed of the thrusters. This allows a

fully funchiani ¥ = B : f Whi ch ¢ I or
an 10advan%%|§mgl€§ ghﬁsg\#okﬁgg@éeeﬁ\? %Ea@%r}%\baéeﬁ?\{j é\%\?fn’éa ESSWCQBS@?{’]?@%@M%C&

cel lular tgl ephone dul e c e jinstalled in the bgttery canjster .

conpar t ment® '%8%@ ’BO%FWO&S @gn%e[%qntrn%m%s r%ﬁ%@?%‘ ¥ oqiter by
capabilities. The diver can then speak though a full face mask to connect
to the abo%”t\?@tr@ﬁad‘ﬂ@l@&%ﬂéerﬁfﬁr%g'ﬁ fupatiep isutekae ©fbliey. metn eentralsnediterands
may be used to call preset nunbers, or if the device detects an energency
condi ti®on A90@rermgducy traffitlelhai main sontralléredoNd twill hpnec@upilaldile amitagency
message. 8) A different type of power switch can be used to detect diver
awar eness, diffgreven§oospeed)carmt deevded] ghas oo motdndsigral) G8Nhe Mester dfivar/
spring |l oaded 20 hand switch or a force sensor installed in the diver

regul ator’ gsEPyYbha PTREESHM SiU SANFiIRAId eh PRI, %nbeﬁf»‘tﬁeﬁhﬁ}tggﬂéf&@tdl?“"’5

hol de the nouth piece. Through these tw nethods, any sudden uct1on in

| mmedi at el 0o EYoaY BB iTpEe BRI BBIsER0hs TR MeTELRL T in e

t he diver %]s %ri A ed in the desired direction, the on/off switch is 4
actuated t9'"d gng e the thrusters. The thrusters 212 are then controlled
as descri bed above. Any further control (s) (non-critical) can comuni cated
wirel etsly between the Hand Controller and the ECM and ot her devices such
as a 5 Head-Up-Display (HUD) in the diver's mask. An acoustic nodemw th a
hydr ophoneCootial bedules 1806 doclides ke &ENbY-do-eligiteh mgaverén rwitich aonwetts thé her
diver teans in the water. Information received by other divers, can in turn

be di spl ayssalog sigeals femkthealliowtaatigied velgkalag Maint Entvéileer 19000 pEeofhar ge
the batteries an electronic controlled charger may be connected to the
batteries aRMiptOIHEIRS MMdiydifP dh@l hdnitohiRh thEhenthat §R¥ma HEaviR 16 et -

modules reducés the work load and reduces thé chances of total malfunction due

15  to overload.

For military applications (customised depth rating), the ECM m.odule 210 might be
programmed as shown in Figure 21. The control is similar to Figure 20, with the
addition of a vector 'thrust system 2100, underwater navigation system 2102, an
20  underwater HUD unit 2104, flow meters 2106, water detectors 2108.and user input

waypoints 2110.

With the introduction of motion-sensing control .in Technical / Advanced

applications, it creates wide applications such as:



For upgrading, additional software nodul es the ECM nodul e by connecting any
spare ports to a conputer. Additionally an ECM nodul e wi th upgraded
firmvare Wb 20my1ibaoused to repl ace the existing ECM nodece/scaoa/opéiag and
pl ay manner. |ndividual parts of the JCS can be dismantle and repl aced or
upgr aded accordingly by skilled user. ,; Wiilst exenplary enbodi ments of
the invention have been described in detail, 20many variations are possible

within the soqpeicd pidierd DYEHLI Qedsiorbidyidiereldifg drang lidbedrbnagetor

REFERENCE NU OOcani st er head 202body adapter WO 2011/ 1191

204hand bar 206t o0w. gonver t.er 208bat.t ni r.21QECM nodul e 212t hruster
214qui ck r el easﬁogﬁﬁ‘m}gﬁh&he SGIQSOI‘?S) odnted YN SA&H thfds er%lvI

2) Water detectors 2108 — used to monitor any leakage within the JCS
system. When water is detected, LED and/or buzzer will activate. In the
5 event the séfety switch is activated, or any errors conditions occur (eg:
cable unplugged, short circuit, over temperature, water detected etc) the
_ thrusters are immediatelvy deactivated by main control module 1900 and/or
controll module 1006.
3) Underwater navigation system 2102 — a new methodology to by pass
10 accelerometer in a Global Positioning System (GPS) and applying dead-
reckoning methodology by using other measuring devices (e.g. flow meters)
to provide acceleration readings. This application if successful, can also be
used in land / underground areas where GPS signal is not available at all.
4) Diver Head-Up-Display. (HUD) 2104 — a projected view of information
15 shown to the user by projec;,tihg information throggh a prism installed on a
. water-proof diver’s helmet. User can flip side way or up the projector away
from normal viewing to reduce glazing from the projector (much like the
apache helicopter pilot's HUD) |
5) Vector thrust system 2100 — a set of gimbal vthrusters controlled by several
20 pulse;read motors, creates the vector thrust system through pulse
generated from control module. From motion-sensing, whichever the user
indicates by the motion, the thrusters will react and move according to the
direction indicated by the user motion. Tﬁis allows the thrusters to perform
the “pitch, row and yaw” vectors in all directions (much like a rocket using

25 . its booster adjusting its flight). Together with motion sensing, this



216hand control |l er 218cabl es 220push converter 10224headl i ght cani ster

226wat er proof battery pack 300t ow pull type scooter 302LCD panel 15 400pin
| ock mechwioizerwd@on/ of f switch 403speed control knob 4@dmiscgel1@001406s! ot s
408l at ches 500battery canister top 502secondary sealing cover 25 5040-ring

22

application's can be apply / transfer for autonpmous vehicles, robotics or
remote sensing equipment, turret and/or weaponry etc

6) UserYinput waypoints 2110 — Once all the above functions are achieved, the
user fnput waypoints is like indicating the coordinates required to travel to a

5 certain distance énd bearing, the vector thrust system will foIIoW the
waypoints, while fhe main control module #1 controls the motor system |
requires for vector thrust and monitor the speed from the flow meter to
constantly checking the speed of the thrusfers. This allows a fully
functioning “Auto-Pilot” control of the JCS, which can be apply fér an

10 advanced autonomoué vehicles or self navigation capabilities.

7) A cellular telephone module can be installed in the battery canister
éompartment or handheld waterproof compartment with remote/wired
access capabilities.l The diver can then speak though a full face mask to
connect to the above water telephone netwqu via a surface buoy. Voice

15 commands may be used to call preset numbers, or if the device detects an
emergency condition an emergency number miéht be called with a pre-
recorded emergency message. |

8) A different type of power switch can be used to detect diver awareness, by
means of hand or jaws depression. A diver can press on a spring loaded

20 _ hand switch or a force sensor installed in the diver regulator's mouth piece,
which senses the amount of force the diver's jaws holds the mouth piece.
Through these two methods, any sudden reductibn in forces will trigger the

control module to deactivate the thrusters- immediately.

25 Usage



506i nner wal |l 508outer casing 510battery conpartnment 512port plug 30
520battery pack 600, 602i ndi vi dual power sw tches 604, 606water-proof push
buttons W6 2000tikilgh strap configurati on 702wai st belt P8OGGROKMHIIR0
802safety barrier 804f enal e connector 806sl ot 808rel ease button 10810straps

23

Once in the water, when the diver is oriented in the desired direction, the on/off
switch is actuated to energise the thrusters. The thrusters 212 are then controlled
as deseribed above. Any further control(s) (non-critical) can ‘communicated
wirelessly between the Hand Cohtroller and the ECM and other devices such as a
5 Head-Up-Display (HUD) in the diver's mask. An acoustic modem with a
hydrophone, can be installed in the ECM to exchange information with other diver
teams in the water. information received by other divers, can in turn be displayed

on their mask, allowing networking in the water.

10  To charge the batteries an electronic controlled charger may be connected to the

batteries and ensures all the cells within the battery are charged evenly.

For upgradlng, additional software modules the ECM module by connecting any
spare ports to a computer. Additionally an ECM module with upgraded firmware
15 may be used to replace the existing ECM module in e-plug and play manner.
Individual parts of the JCS can be dismentle and replaced or upgraded accordingly

by skilled user.

Whilst exemplary embodiments of the invention have been described in detail, |
20 many variations are possible within the seope of the .invention as will be clear to a

skilled reader.

REFERENCE NUMERALS

25 200 canister head
202 body adapter



900out er

surface 9021/ 0O connectors 904i nner

surface 15906reset swi tch

1000gui de 1002hol e 1004on/of f switch 201006control mpdul e 1100calf strap
conf i gur avpan11ti®a@hi nged nechani sm 251200push conf i gur aPCosGe@Adedannel s
1204straps 1206channel 1208slots 30 1300tank mount configuration

10

15

20

25

30

204
206
208
210
212 -
214
216
218
220
224
226

300
302

400
402
403
404
406
408

500
502
504
506
508
510
512
520

1600, 602

604, 606

24

hand bar

tow converter

battery canister

ECM module

thruster

quick release adapter
hand controller '
cables

push converter
headlight canister

waterproof battery pack

tow/pull type scoater
LCD panel

pin lock mechanism

on/off switch

_speed control knob

hinge

slots -

latches

battery canister-top
secondary sealing cover
O-ring

inner wall

outer casing

battery compartment
port plug

battery pack o

individual power switches

| water-proof push buttons



1302t ank 1304doubl e tank system 26 1501ltransparent plastic faceplate 1502a
bul b 1504front section 5 1506PCB, 1508first seal 1510second seal
1512underwat2eri/matier pl uggabl e connector 1514battery comrpassGaentoooi1o
101518wat er proof swi tch 1520end cover 1522reduced space gap 1524snall hol es
15 1600underwat er changeable battery cani ster '

700 ~ thigh strap configuration
702 waist belt
5 800 propeller
- 802 safety barrier
804 ' female connector
806 slot
| 808 release button
10 810 straps
- 900 outer surface
902 - 1/O connectors
904 inner surface
15 906 | reset switch
1000 - guide
1002 ~ hole
1004 on/off switch
20 1006 control module
1100 calf strap configuration
1102 hinged mechanism»
25 1200 push configuration
1202 channels
1204 straps
1206 channel
1208 slots
30 .
1300 tank mount configuration’
1302 , tank

1304 " double tank system



1602end cover 1604wat er - proof push-button 1606f enal e connector 1608nal e
connector 20 1610sl ot 1900mai n control nodule 1901lvol tage regul at or
2519020t hwo 2el1@adrioni cs 1904notor driver ESC 2000speed eamsiGad11do@aeode
swi tching 30 20Q4speed control |l er 2100vector thrust systen12102undermater

navi gation system 27 26
1501 transparent plastic faceplate
1502 a bulb
1504 front section
5 1506 PCB,

1508 first seal
1510 second seal
1512 underwater water pluggable connector
1514  battery compartment |

10. 1518 waterproof switch
1520 end cover
1622 reduced space gap
1524 small holes

15 1600 underwater changeable battery canister
1602 end cover
1604 water-proof push-button
1606 | female connector
1608 male.connector

20 |
1610 slot
1900 main control module

‘.1901 ' voltage regulator

25 1902 - other electronics
1904 : motor driver ESC
2000 speed control

A 2002 mode switching

30 2004 ~ speed controller
2100 vector thrust system

2102 underwater navigation system



2104underwat er HUD unit 2106fl ow nmeters 2108wat er detectors 2110user input
waypoi nts 5 2200l atch 2202spri ng 2204hi nge 10 2301Forward thrust

2302Ri ghtwei2da/tibriast 2303For war d- Ri ght t hrust 2304Lef t PET$62011 1006110
2305Forward-Left thrust 15 2306Backward thrust 2307Backwar d- Ri ght thrust
2308Backwar d- Left thrust

27
2104 - underwater HUD unit
2106 flow meters
2108 water detectors
2110 | user input waypoints
5
2200 latch
2202 spring
2204 " hinge
10 2301 Forward thrust
2302 Right-side thrust
2303 Forward-Right thrust
- 2304 Left-side thrust
2305 Forward-Left thrust
15 2306 Backward thrust
2307  Backward-Right thrust

2308 Backward-Left thrust



WO 2011/ 119110PCT/ SG2011/ 000110 28 CLAI M5 1. An underwat er propul sion device
conpri si ng: at | east one propulsion unit configured for
att achnenwototiziigabecti bn from 5t he group consi sting of paTsse611/08011@NK, a
scooter and a saddle. a controller configured to receive the user's input,
and a battery conpartnment configgured for attachnment to a selection
fromthe group consisting of a user, a scooter and a saddle. 102. The device
in claimlcpMgmsi N the propul sion unit conprises a thruster and a quick
rel ease adapter, the quick release adapter including a button configured to
eject the thruster. 3. The device in any one of the preceding. clains
wherein the propulsion unit, 15 the controller and the battery conpart nent
are configured. o be connect ed Qéégables t hat .may be renoved and
reconnecteﬁ ﬁgpwaeﬁmnﬂ%§ PX@eﬁQWﬂQﬂqﬂ4-mhereln each cabl e
including a met connector at each end. 20 . The device in claim2 wherein
the thruster nest leAst aae popylsisa) vreit COf\ﬁgtyeﬁeforjaé&acbme@gﬁ@ a sglection from
2011/ 119110PCT/ SG2011/ 000110 29

5 the group consisting of a user, a tank, a scooter and a saddle.

a controller configured to receive the user's input, and
a battery compartment configured for attachment to a selection from the

group consisting of a user, a scooter and a saddle.

10 2. The device in claim 1 wherein the propulsion unit comprises a thruster and
a quick release adapter, the quick release adapter including a button configured to

eject the thruster.

3. The device in any one of the preceding claims wherein the propulsion unit,
15 the controller and the battery compartment are configured to be connected by

cables that may be removed and reconnected underwater.

4. The device in claim 4 whereiﬁ each cable including a wet connector at each
end.

20
5. The device in Claim 2 wherein the thruster may include a propeller, turbine,

jet or pump.



6. The device in any one of the preceding clains wherein the controller

i ncludes a notion sensor configured to strap to the user approxinmately
above, pawel2bali1ierioal ong si de of the radius bone or anyppasscgoafoosihe user
body. 57.The device in claim6 wherein controller is configured to

transl ate novenents of the wist as detgcted by the notion sensor into |eft
or right turn and/or speed control signals to the propulsion unit. 8.

The devicesin cTied rdeioshen eany ohe afithd preceamg @Féﬁﬁé&hhéﬂé@ﬁ ugescentfillege 10
configured to direct backwash fromthe thruster substantially away fromthe

I
pa efly §%R‘5‘§??ﬁ§‘nf”?§wc%ﬁ??ﬁu%ﬁﬁ?@@%‘*{’ W B %ﬁﬁ%ﬁ&*?ﬁﬁi’?ﬁ‘%@iﬁ%n& to
e repl ac e Lce |1 n recedl n
clainb andib e Bre L i 10 (WS Y SR bfRerhe u8er 0GP T2l ce

in any one of the preceding clalns wherein the controller is 20 confi gured
to shutdown depending on the output of a water detector. 12. The device in
claim7 further_conprising a navigation nodule configured to vary the left
and right ‘nd/ ofth& péauice oifit rabaims iy nahereire peprtreligrois taeafigutgsuittootraaskatew
detector, a location and one or nore way points. WO

2011/ 1191 IOSGIhSER0AS HED QKO a30détaciaebyldtie aaotion aeysonimtofleft e mdgraceeh ng
clainms further conprising an image projection unit and/or an LCD panels

conf i gur ecaridfordésaticedbri@isighlald ff tAEPrbpaRidreGat.ved from the controller.
514. A control |l er conprising: a notion sensor configured to strap to

a user approximtely above a radius bone or any parts of the user's body,
and

8. The device in claim 2 wherein the quick release adapter includes a hinge
10  configured to direct backwash from the thruster substantially away from the user's

leg.

9. The device in any one of the preceding‘ claims wherein battery cbmpartment
is éonfigured .to allow a battery to be removed and to be replaced underwater.

15
10.  The device in any one of the preceding claims wﬁerein‘_the propulsion unit

includes a motor.

11.  The device in any one of the preceding claims wherein the controller is

20  configured to shutdown depending on the output of a water detector.

12. . The device in claim 7 further comprising a navigation module configured to
vary the left and right and/or speed control signals depending on the output of a
flow detector, a location and one-or more way points.

25



a processor configured to translate novenents of the wist detected by the
notion sensor into direction and/or speed control signals to energise
el ect roniwoan11l@eiiect r o- mechani cal equi pnent. 15. A headirisgho11voaiud e
conprising: an internal battery conpartnment, a power switch within the
internal battery conpartnent, and 15amgend cover configured to mnimse a
gap to the power switch. 16. The device in claim 15 further conprising a

plurality 14 hofgsdblicthe aﬁ?%r@&ﬁhe%@&é&%%lﬁ% fuHABE bomPAYRgean frigge t he
i nternal battery conmpartnent to restrict seawater flow reducing marine
growth. 2Q,5iection unit andfor an LCD panels configured to display control information

received from the controller.

5 14. A controller comprising:
a motion sensor configured to strap to a user apbroximately above a radius
bone or any parts of the user’s body, and
a processor configured to translate movements of the wrist detected by the
motion sensbr into direction and/or speed control signals to energise electronic or

10  electro-mechanical equipment.

15. A headlight module comprising:
an internal battery compartment,
a power switch within the internal battery compartment, and

15 an end cover configured to minimise a gap to the power switch.

16. The dévice in claim 15 further comprising a plurality of holes in the end
cover configured to funnel seawater from the internal battery compartment to
restrict seawater flow reducing marine growth.

20



