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%1 7m /K K 12— (Deep-Sea 10,000m Underwater Drone) Bilingual Japanese / English Specification

I [3BED%FR] Title of Invention

(2] Bk Fo—>

[English] Deep-Sea Underwater Drone

I [#:%l798F] Technical Field

(0001] AFEIZ, KPEREZEEBEICBE L. FIGEEERE FTH 515 X — PUVROTEHICE N T, B R LE30H)
i, AEHIE, BXOREBRZZEITT 5KP Fo— 2T 5,
The present invention relates to an underwater exploration apparatus, and more particularly to an underwater drone capable of

performing autonomous attitude control, landing control, and various observations in the deep sea at a depth class of 10,000
meters under an ultra-high pressure environment.

[E&#547] Background Art

(0002] TERDTEBREIIBNTIR, MEBRPEIMEZHZ 2D DD, WIEKEFEICE T 2 BHLEMERLEEEIEEED
AtaThHh, BENOEHRISER S 2MKDBENERLHEL Lo Tk, £, HEERMORBIMAMES, MR
BRIE NICBT 2 SRELRBIHBEN OHIZBEVLTS, AL LTdEORISKEIN TV,

Conventional deep-sea exploration vessels are equipped with pressure hulls and buoyancy materials; however, their attitude
stability near the seabed and soft-landing capabilities are insufficient, making damage to the vessel caused by landing impacts a
critical problem. Furthermore, there remains room for improvement in terms of the long-term durability of propulsion
mechanisms and high-precision observation capabilities in extreme environments.

| [5458#SCiR] Prior Art Documents

(0003] [HFRTCik1) ##HA2015-78598
[Patent Literature 1] JP 2015-78598 A

I [READIIE] Summary of Invention

I [READEERL &S5 & T 5588] Technical Problem

(0004] AFEHAIZ. JBESLRIBEREE N ICB W TR D REN R REEE 2 HERF TR UTOEBR A 7K P
n—rERHETs e 2HNE T 5,

An object of the present invention is to provide an underwater drone equipped with the following elements in order to maintain
long-term, stable exploration activities under harsh deep-sea environments:

o NTHIBE(AD) 1 & 2 BRIVZZHITE / Autonomous attitude control using Artificial Intelligence (Al)
WS R BT 28838 X R SAHIE / Weight and buoyancy body control to achieve soft landing
s EMAEEZET 2 A7) 2 —HEERE / Highly durable screw propulsion mechanism

o EKE EE B2 / High-precision observation equipment
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I [(FRREAZ R T B7-HDFER] Solution to Problem

[0005) AFEFBHOKH Fo—2id, LURIORTERZE#E 53,

The underwater drone of the present invention is characterized by the following configurations:

(1) T FERE5E (Pressure-Resistant Structure)

F 2 v EBBIRIRMNERR. ARCERIRTER DAVE 2 HE T 2FRPEB XU Y X 7 F v 7 7 4 — A, M NSREPFRDEEL
fEIATICilR 2 4. MG ZANC & D EIRFEEHR ST 227 -,

A titanium alloy spherical pressure hull, an FRP layer and syntactic foam coating the outer circumference of said spherical

pressure hull, and strain gauges arranged at multiple interior locations to constantly monitor structural stress via Al.

(2) HEHEREHE (Propulsion Mechanism)

WEFIAFE, EAEGMREE, BiEANREDOFFEN OB A7) a— XAYXYEY R IA4 7 H—KR(DLO)A—T 4 ¥
ZHiL72F R BRI ) 2 -, 2 APV LA AVRSEEIC & 2 IR o AEME e -4 —. BXUE
7K & HIFCDLCE DAMEIC & D TR S L 2 (REERESZ

A total of 8 screws consisting of 4 vertical, 2 lateral, and 2 longitudinal units; DLC (Diamond-Like Carbon) coated titanium screw
shafts; a non-contact rotation transmission motor structure using magnetic coupling with neodymium magnets; and low-friction
bearings formed via seawater and the DLC layer.

(3) #5 ISl fH%R% (Landing Control Mechanism)

5T #E(600kg) & IF /11K (300kg) & DA X 2 BJEGIEIME, BAAIC X 2GRS L O'n v FEMEZHAS D
VDB, WS H X TAILE DIRZ TG SIFEAOESLZ AL, A2 ) 2 —[EiK e #EOE FREL ) 7
NRA LCHIEL THOEREZ B S 2 AT 27 4,

A landing control structure combining a conical weight (600 kg) and a buoyancy body (300 kg); a weight release mechanism
combining electromagnetic release and rod mechanisms; and an Al control system that detects seabed approach from Camera
A footage and controls screw RPM and weight descent velocity in real-time to achieve soft landing.

(4) BINZEE (Observation Equipment)
ARXTA: F— b T+ —HAEBHEEER - LV VR, @GREA T - X T, BLUAKy FLEDIRE, & X JB: [
VYR, BT7—=H A5, BIXULEDRHH, Ko RCH 7 74 74 7 RAEDMMEIHR,

Camera A: Super-telephoto zoom lens with auto-focus, high-sensitivity color camera, and spot LED illumination. Camera B:
Wide-angle lens, color camera, and LED illumination. Pressure-resistant optical windows made of sapphire glass.

(5) &> > > 7 - ji@fE (Sensing & Communication)

TIT4 TV FIC K IECNESE. BXUANUCKZ2EN - £ - BBAF—&ZD Y 7R A LfEHT,

Self-position detection via active sonar, and real-time analysis of pressure, strain, and attitude data via Al.
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I [#BHD%hR] Advantageous Effects of Invention

[0006] ZARFEHAIZ XAUX. U FOENLREET S,

According to the present invention, the following advantageous effects are achieved:

« GEE1H X — M UVROEBEKIERE RICBWT S, W TRE L LI TRE L 72 %,
Extremely stable attitude control is rendered possible even in ultra-high water pressure environments at the 10,000-meter

deep-sea class.

* AIBREINC X 2 WOEFERIENC X D BHEROERZHEM L, KOG EZHEIHIET 2,

Al-driven soft-landing control mitigates impact upon seabed contact, reliably preventing damage to the vessel.

*DLCa— 7 1 7 %M L -8iRMIEIC X D, KBRS N CORMIMAEDSHERE N2,

The DLC-coated bearing structure ensures long-term durability in seawater environments.

BT 7 A THMER L BREA X7 OFENC X D, MRERE N ToERERBIAL B XCAN X 2 RBED3RTT
(BD)~ v THEENTFIREL 72 5,
Operation of sapphire pressure windows and high-sensitivity cameras enables high-precision observations in extreme

environments and Al-driven 3D mapping of the deep seabed.

[RBE% EHET 3 /-DDAHE] Description of Embodiments

(0009] M1id, AEMGEICHRZ KT P e -2 OB BN EZ RL TWd, ZRMOTTEMZF 8Ny 7
U—., AULEAPCE XU X £V —%E, WX ICHEREL. 17X — M ERBOBEEKEDL SIi#ET 2720, BEfE1Im.
RIESecmD F- & > &SRR ER ZHLaE L T\ b, £z, HEICHERTFS1(300kg) Z1HIRT 2 72, RiFCERIR 7
OHNENES YR I F v 7 75— LBEEK L., X 512 DIVEEFRPEMETRIL 7 2 2 F v 7)) O (R H N —(JE X 2cm)
THEL TV,

FIG. 1 shows the detailed structure of the deep-sea underwater drone according to this embodiment. To protect a redundant
dual-system battery, an Al processing PC and memory device, and a power distribution board from the ultra-high water pressure
at a 10,000-meter depth, a titanium alloy spherical pressure hull with a diameter of 1 m and a wall thickness of 5 cm is arranged.
Furthermore, to secure the buoyancy (300 kg) required for exploration, a syntactic foam layer is formed around the outer
circumference of the pressure hull, coated further with an outer FRP protective cover (2 cm thick).

F & AR RERIRT RO B EKE IV THERINEZHER L Tn 200 2Bt T 2 7, RZERIKT ik D N EET I
BEBOES — I HBHEFMCHiff 2 Tn 3, BEHINZALL, Chee2ToESF -V EREHR L. RTNiRE
DEREFI X D ERKHEITE L 7 Il L 22358103, BREAICE D IRFF ST IS sE % Bl At < &, B2
FEy—r o 22877 %,

To monitor whether the titanium alloy spherical pressure hull maintains structural integrity under ultra-high pressure, multiple
strain gauges are affixed across the inner wall surface. The onboard Al constantly monitors output from all strain gauges; if it

determines a critical risk level due to localized strain increases, it immediately releases the conical weight held by
electromagnets to initiate an emergency ascent sequence.

HRZKA P a— 13, FiECEED IEE S NIRRT B W TIEHIB00kg D IEDFENZAL 5 X O KT SN TS, THITH
L. HE600kgDMfFHEZHE T2 2 IC& D, ADFNZR/THEANL TS %, LB, ARLEOINZ MR
FHCRGRBULL BN e T2 2 ek b, FiRiieEm L., dudz @itz algEe LTuw b,

The underwater drone is designed to produce a positive buoyancy of approx. 300 kg when the weight is detached. Conversely,
attaching the 600 kg conical weight provides negative buoyancy to rapidly dive toward the seabed. Shaping the weight into a
downward-pointing cone reduces hydrodynamic drag, enabling swift descent.
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oK P o —2icid, BESANCAE, EAAANCE, BiRAMIC2EDRED R Y 2 —2fF I TWE, £
7V a—#3FEVETHD, ZORMIIDLCI—T 4 Y IDEEINT VD, BRENIE— X —13F & Y BOBEHER
WIS, R 27 ) 2 =Bl e OBICIRN R A F 2D LA Z MAELE L 2RSS E (R 72y YAy 70 v )EdEx
FRLTWS,

The drone features 8 screws in total: 4 vertical, 2 lateral, and 2 longitudinal. Each screw shaft is made of titanium deposited with
a DLC coating. Drive motors are isolated inside sealed titanium housings, employing a magnetic coupling structure with
powerful neodymium magnets arranged oppositely with the external screw shatft.

B, ALXI X ZADSHLNE Y 7R A ABYRICHE S W THEANOELZ BRI L. 22V 2 —0EEERB LU
SEDYE THE 2 mdadili s 2 2 2T, HROLVIREREEZ BT 2, BIEOB. %17 L CEBIKICHEZE U - MR
LORINCE D, vy PRI LAEN 2 Z 2T, BBIC 7y ZEOBEB @RS, SEL B h 25
WERoTWb, £z, Al 5 OBEBSMIESIC & D BRA O % HEKr 3 2 —HE oSBT ERGH 2 A Tw»
%,

During descent, the Al automatically detects seabed approach based on real-time video from Camera A, cooperatively
controlling screw RPM and weight descent velocity to achieve an impact-free soft landing. Upon touchdown, reaction force from
the conical weight pushing into the seabed drives a rod mechanism into the hull, mechanically disengaging the hook and
releasing the weight. An electrical override disengages the electromagnet upon Al command as a redundant backup.

(455F5RRDEEH] Claims

[(83KIE1] Claim 1

ANTHIBEADFIEL =y b2 A . BEEIRICE KRS X CEEOBIE 2 175766 U gk z 75 Kkh Fa—r
THoT,

HiRLKA o =3, F&2 o EEROBRAMER. 3B X ORI ERR DIVE 2 8 5 2FRPJEZ A L. HiLERIK
MR DNENCER E N8 r — 224 L TSI 2 HIRREN T 2 X oMl .

EHIT, RAWRXKXAVYEY RFIA T H—KRYDLC)A—T 4 Y ITZ2MELTF R VERIY 2 -, BIXIAFI DA
A2 W AREIC X 2 EimEME 2 M A -2 2 ) 2 —HEEEMZ G L.

MO, 774 T7H 7 AMOMHENFEEZN L THES N SEES X 7B LURHEERZ MR, FERE N TD
EAEEE B, I CIRIBIRD3TT Y v TOERE X CEERETO e 2R E T4, K-,

An underwater drone comprising an Artificial Intelligence (Al) control unit configured to perform soft landing by
cooperatively controlling operations of a buoyancy body and a weight upon approaching the seabed,

wherein said underwater drone comprises a titanium alloy spherical pressure hull and an FRP layer coating an outer
circumference of said spherical pressure hull, configured to constantly monitor structural stress via strain gauges disposed
inside said spherical pressure hull;

further comprising a screw propulsion mechanism having titanium screw shafts coated with Diamond-Like Carbon (DLC)
and a rotational transmission structure utilizing magnetic coupling via neodymium magnets; and

comprising high-sensitivity cameras and lighting devices arranged through sapphire glass pressure-resistant optical

windows, configured to execute high-precision observation under deep-sea environments and generate and record three-
dimensional maps of the deep seabed.

Page 4/5



[E#ZE] Abstract

(FRE] TERDOTRIBREKII LB ZENPMAE LMD T+ TH D BEROHRIZ L 2 RABREIFETH - 1,

[Problem] Conventional deep-sea exploration vessels suffer from insufficient attitude stability and soft-landing performance,
leading to damage caused by impact during seabed contact.

TR  ARRHEDKF F -2, O)F X ESERKMER B -1 X A1 b L AEHME, (2)DLCa—
TAYTFR U XA DT AEKFEE T A T8RED A 7 ) o —HEERNE, Q)M & ATHIENC X 2 ERERE - BEOH
M, DY 774 T7THERE BEED X 12X 53D~y THFHEREZHZ 5,

[Solution] The underwater drone comprises: (1) a titanium alloy pressure hull with Al strain monitoring via internal gauges, (2)

an 8-screw propulsion system featuring DLC-coated titanium shafts and neodymium magnetic couplings, (3) a conical weight

soft-landing/release mechanism managed by Al, and (4) 3D mapping capabilities utilizing high-sensitivity cameras behind
sapphire optical windows.
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