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F= (Preface)

BEE BRI RRAIFERARERE R, BAKTEHE(Unmanned Underwater
Vehicle, UUV) IERBIRIETDES ARG . /7 REMEREENERAL
MRSERBEEV A —REENERTA, BRSNS HERIR A =R
B (BAKTHEERMAEESIFM) .

AFMECDIGEMAVK TRIRRGMN, FEEEHENRRHESESIER
DT, FRERENE T =AERAENERER: B3EEERGEAERER &
EIVKTEASEERROV) |, ERRIEKIVEERR [BEIKTEASEHERAUV) ], LIk
EEREFEEARY [BETUKTEREHAUG) |

RTEEEEEEERK THEREFRE FMFEsT T EEE KRS
EA= ks SN AWN P W/

o SRR N RRHEEIKEEYIEIENITBRRREN SIEER .
o EERIEHRE WITERIERSGE BieRES I EERINTR FEHEK T EE

AYBES] .

- BRHERERRR: RTEEHEhISH SitSF B HENREAIRIT .
- EHIREERS: RIBERRRAIAIME BRI AREESIUER

BEEE .

- SMERMRAR BETETERAR BURERAERNBNTESHEERRE

EARHERENL .

o BAMEMEFERRME: BRI TEEEMRHE, IR FESITERERIR

.

A, RREBIE RIS, AFMFRIRERIER T80 [BEAKTHE
ERPRVEXAERER(Glossary) | . xSREBRIRM T EEPIARHRERS
imBH, MECERTERRRE S E R RIS IRE RN .

HAR IS5 I MR K TRIR BT ERNEESE TR, EEEENES
ERPIE, RARRENANKTHEERNSENHETREIRE.

it AFMAZEEER Al XHTERK.
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B—F: BAKTHEEREZONS

AEMRER T =XEREAFRNEFER, 88 BEXKTEARE ROV), BEHXKTEAS
B (AUV) IRBEIVKTESE (AUG) . IZENEER UUV RFEEEAY A RE (S8R

BHERSR. HEEREM. THIRE. BRERK. IF5RE), RIS NKRRR I EETHLE
EEHERITREF .

BIEUKTEARA BEKTEARA BERKTBAE
(Remotely Operated Vehicle, ROV) (Autonomous Underwater Vehicle, AUV) (Autonomous Underwater Glider, AUG)
#Tﬁ IIESH
} (Research Vessel)
HREER {Becrancycressel
(Onboard Computer) 4\— — S —
Teth m'.n ) ( el )ﬁ Q‘l>_:— 2 )9
(Tether / Umbilical Cable) | [Batfery) ] U=
=3I —
03 RPTATHR (Buoyancy Engine)
WRER . (Torpedo-.shaped)
(Manipulator) 2§ ATERAR

(AT / Pre-set)

§ “ 5 | R NRRR
eg’.‘;'; T < 50 9 (Mapping & Scouting)

1 EAKTHEE(Unmanned Underwater Vehicle, UUV )f&iE=EE

AEBER=AERAFRIEEER:

1. EEKTEAZHE(Remotely Operated Vehicle, ROV): EiBE4&E (Tether/Umbilical Cable)
E T {FEA(Research VesseIRIELUEENE) DE2EUR, BEFIRHMFE (Manipulator) E1TRD
AR,

2. BFRKTEAHE(Autonomous Underwater Vehicle, AUV): EiiirBEiAERST, NES
(Battery)Ed##&Ef&(Onboard Computer), AJ{KiE Al BEHITHIAZAIEEMEER.

3. BFEHKTiBPH(Autonomous Underwater Glider, AUG) : %1312 (Buoyancy
Engine)UEILLEE, LASEEAENET(Sawtooth Trajectory)miiE, EMBIB(EFERERHE, BB

Egyﬁ o
ROV AUV AUG

AER BRGNS ARE F15EE
(Power) | (Tethered) (Battery) (Buoyancy)
5 | ALBPERER Al / FEAET BHAMIES
(Control) | (Human) (AT) (Periodic)
RIERE EREHIES TRIRKAEER REFZEA
(BestFor) | (Precision) (Scouting) (Long-term)

2 BAKTEHEUV )RS E
1



REELL T =KEEAEREIR(Power), #=H(Control) EBERAERIR FRZOER

o ROV: {MFEZHE(E (Tethered), HATLHNER, RESHPITEIBHIEE,

o AUV: {FRAEEt(Battery)iily Al / FEREIV(AI) =6, BN KEBERIPREKMER
(Scouting).

o AUG: ERiZIBEE(Buoyancy) ERE, KIEIBEAME (Periodic)iE$iEIE, RHITRIFIEEE
(Long-term){EHBHRIEEE,

Y B R
(Propulsion & Steering)

fEISEARRES
(Structural & Hull)

PEHIEEE
(Control & Computing)

EFRE
(Mission Equipment)

BRI

TR (Navigation & Sensing)

(Power & Energy)

3 BMAKTHEUUY ) FEEEREE

ANERR UUV BRE R ARSI S OEAR :
RAIEFHFERIEIBELRREE (Structural & Hull),

e HENRERIE S EERER (Power & Energy),
BEKTEHRHEEEREYE (Propulsion & Steering)
ERRR A= HIEEETE (Control & Computing) .
(EHIREEREAAYEAR RN (Navigation & Sensing) .
PITEZEMEERNERS R (Mission Equipment),
ERNRKRERETE, HEER VUV IEEEE.

o vk W=



BTE: GIRERERR

AEREREIT T EAK THEN=AYBENEREEEE: AEREREENN [BRE]. BEE
KELIRERESEEN [TIERE], RaEASEETEFIIMN [B2R] . E=ERS5rE
THEMDK RTINS EENT 2T .

— TiHEERRBE (pressure Hull)
- BEKE

EmE (Fairing)
- F#{EREAH

4 EFBEARRRE 4R (Structural and Hull System)/~E[E

REFWT 7 EAK THEN=KYIE R TEREIE:

o EM=(Fairing): BREBERINERIRGESINR, TENRRFUKTATISATREERS, =7

o MEERREE(Pressure Hull): (R ABHIERMOAEEE, Bff BkE] %t EPIRKIE
TRBHNSEIRE, RERBIEFERERHIRME.

o BZE(Skeletal Frame): WEAIRAIZEE, AERSSINEE, ESERSENORIEEYIE
R,

I =ERRET5eREE 7 SEK TR TR R S PR 2.



FTHRE

&SR (Bow) / (Parallel Middle Body)

fZ=B(Stern)

T

|
J

\
'
4

528 (Skeletal Frame)

AEED « REQRUAIRLRIZS (Sensors) SR R RSP : RIHEEENH RGP
FTHE : AT - EFIRRBFRE BR | RAEENEMIESE (Aluminum Alloy)

5 #5885t (Structural Design)~EE

AERTEAK TEHEN=BRATHRE:

o RBiRAYAEER(Bow) B ELERARAIZE(Sensors) ERIRE 2 E, WEEHERIRE,;

o Ff7rhE&(Parallel Middle Body){ERIZ/UMER, BEBWEIL. EHRRREFRME;

o EANIMEER(Stern) RIECEHEESHERERMBLURHENRE.

o, STHELHRIAEREZE (Skeletal Frame) £RFECEBHIEERAIEESE(Aluminum Alloy), FE(R
K EREIRIE PR TSE Bafi A



B=E: HERIBURR

AES IS T HERSENRRNRREAN . RIOBEERERRRISRAVEERSE, BiZk
ENRNEIREERIERE), WHEEC+FECERINCRIZRIMMEER . it ALBEERIEERR S
78, MTHESEREAIHERE

fi£(Rudder)
- P £l )

Y2 hEsE (Propeller)
-EEHED

(Encoder) A ESAERERE

BEBREEREE
R B O] AR B

& EZ (Propulsion Motor) #3833 (Thruster)
- ERIE R EZ (Brushless DC, BLDC Motor) - #BhZ shisEh

6 HEEEEREELE(Propulsion & Steering)/~E[E

RERT 7 EAKTEEREEI N R RIBRAM

IO ENREZR B HEERSIZ (Propulsion Motor), BEHRAERIEREEZBrushless DC Motor, BLDC
Motor), HAEBECfE4miEeS(Encoder) LURMIBERNEIRE( EREEIR, FiZMRENE D RIENER
(Propeller) EEAEREHEN, WHEECTFECERINE(Rudder) RIZFIRAMERER), L5, RAIEECERIEE
2(Thruster) RIGSiEEZaiEE), MFHEEEMK NRETEESER TSRS,



— ~ AUV EHEERREE

SR hE R LEWER FIEfESR PEK R HEIRAMEIE RS
(Conventional Propeller) (Ducted Thruster) (Vectored Thruster) (Water Jet) (Rim-driven /
TE BE4R hiEsE Hubless Thruster)

O

(Fixed Pitch
e [
i D
1 /A ‘
3 ‘ 2=/ ’
SEARNEE EIREE >

(Controllable Pitch {REIREE  (KEIGINIEAH

Propeller, CPP) BEHE RIEBRHIEIK BERAEE
I/ RR/ER BE B[ BESG smehd > (EIREIELS
= ~ AUV e R EE
BEpEes SMETRIRIEE S s A iE

(Tunnel Thrusters) (External Thrusters) (Jet Thrusters)

FRAEPEBERMIPEIE - R KPR LIRHIMEBIESE » 4ESEEANKX RAMEIR A RIBH - FEER AR
7 #EERESE(Types of Propulsion)~EE

AERR AUV NSIERAEINERE:
FHEESE(Main Thrusten 83
o [EHiFIRLEEE T (Conventional Propeller), 43 % B (Fixed Pitch Propeller, FPP) E2 %t kR
(Controllable Pitch Propeller, CPP)
o FAEREREEEDNEERESR(Ducted Thruster), TIREAENREHEERS(Vectored
Thruster)
o BERKIAEERIIEXHEERS(Water Jet)
o {RIpmEchEhRYMEERIS A HEIESE (Rim-driven / Hubless Thruster),
BIHEEES(Lateral Thrusten)@5:
o [ERSFREEAIR/ /K IBRYE B EEERS (Tunnel Thrusters)
o REFHNEBRIFMHTURIEHEESS (External Thrusters)
o FREE LRSI HRIESTTUAIREERS (et Thrusters),



4p& (Shell
ot \ EF (Stator) | Coils

P ———y #F (Rotor) | Permanent Magnets
/7 #8533 (Encoder)

~ RPM Feedback /
FEEIER

8 HERIEREZE(Brushless DC, BLDC Motor) ==&

AEFERER EiRSEBrushless DC Motor, BLDC) RINEREERE, WEREIIE FIEHIERESR
iR, BfERRERSHIVHE.

B EREIAR OB &INERIFNR(Shell) RRAYIEFE AERRIEF(Staton)feim4RE (Coils)
VABEEERIZ F/ORVE T (Rotor) HK AR (Permanent Magnets)igpk, #7132 B FRMBEENIEES
REmRIEE T 4wises(Encoder), BBERIRHRAISHEIVEIEMIE(RPM Feedback), LIBREEENERSR
=i,



FMNT: TBHEEEFERGR

AERBRNMETENKTHENNEEES KR KEEN [FHED] QEEE!MD). FIREiEKE
BERRN [EFKE]. ERSRUBEREBEEZNN [SIRRER / S/BRUIFREER], LK
EPFIERERNERERMTESEEN [RBHEE] .

Tt kTt

(Sealed Batteries) (Magnesium-seawater Battery)

Flow Plate
Current Collector
Membrane

Electrode Assembly

SUREHE th (Hydrogen Fuel Cell) 1%8hH¥EE (Nuclear Power Plant)
SBARSIESAPREIEh (Al/H,0, Semi Fuel Cell) - BiBRARFEFR (Strategic Application)

9 BEIRIELA(Type of Energy)~ElH

AERENENKTHENNEETESIRIER:

o ZIJEith(Sealed Batteries): EIFLAFERAIEEE HB(Li-ion Battery)&fl, EBEaIxZEERMH
FREARIfERES .

o XK EB(Magnesium-seawater Battery): —1&F Sk EABRARETICER B ES
ERERUIT A,

o  SRIEI(Hydrogen Fuel Cell) / f8/iBEMEHHARIEIB(AI/H,O, Semi Fuel Cell): B
ARSI St (Fuel Cell Stack), ZERslREIA(H: Input) 18, KLHESMAE(Membrane
Electrode Assembly), &&#x(Current Collector) R &EitR(Flow Plate)E1TRE, REELES
& (Power Output),

o 1ZENFIEEE (Nuclear Power Plant): BEiRMtBEREEREREMD, BPIRRERKRKER
(Strategic Application),



A 89
-+
DC o=t DC Mo =
Input Output —
+—h - HAWE SR BURI2S/ BT fi
| (DC-DC Converter) (Sensors/Electronics)

i
e
-

[
i
b

7 4 [— N
-+
B e ATy R
(Battery) (Voltage Conversion Module) T SREE
(Inverter) (AC Motor)

10 BHETREREEHE(Power Management and Conversion)RE[E

AERNEASENEBNERSEE, RANVIREFEREE it (Battery), HEHAIEREELE
ENZONE RS54 (Voltage Conversion Module)EfTEEHiRERETE, B, SH2KERE
RIBHIRASEE KD BMIGEEERIEE:

o ENHERE. BEEEREERE#RER(DC-DC Converter), #FERBA(DC Input) EiAE

EERNERMT(DC Output), LIREMEGRRIZS/ B M (Sensors/Electronics)iEfE,
o MBI S o EmBmARFBYEER (Inverter) a3 A H (AC Output), FLEE
BRERXRBHIRIMSEIEAC Motor),
ICEEREEIRHIRER 7 B BN SRS A A ReR B L BISENENME.



FhE: EHEERR

AEREREINT TEAK TEHENSRRORREEFIZRE, FHERRERRRTEmmAEEE
B: BB [REK] RESEERRARE [HWEERK], URESEKRERS. HEITEHSSH [zt
#RET (MCU)l. EMERGEE R ELERSEEBESTEF .

P
(Onboard Computer)
Al ARE - BETEBAS (IPC) ©
SRR GRS MR ERE -

MIEHIZZETT
(Microcontroller Unit,
MCU)

B RERITH > B s
WRBIBLHTES - 1

11 ESFEHIEEETE (Control and Computing System)~E[E

RERT T EAKTHE AP ARRERISHIZEE, SENERRERIRREEmmAEEZO
4HR%:
o HEE(Onboard Computer): {FEEERERAN [, AEPEST IHEER(Industrial
Personal Computer, IPC), TE&EREEABBMIERRER, METSMRAMEFRFRE,
o f{AizHIRSEETT(Microcontroller Unit, MCU): BERGRIEERRS, EIEFEREICEMEIR, It
HEHNTHRE ST ENSIEREEIFES.
EMERGH TREERERE, SalEESRKEFEREHITEAS, BRSEREEMATKT
RIEPETRE R BERYEE.

il

& 15

HiR@mA bRk S8 ARSI 3 MITENE
(Data Input) (Communication Hub)  (Fuzzy Logic Controller) (Action Execution)

BEAEMEMSIMNRE  FERMEIEREE 5t
BB BB RENRCAMHETNE »
BRI ©

12 $4|ERSTE7RFE (Control and Computing Process) <& &

10



FAEERTENKTHEERKIECIEESFIERFRER, SRR HIZIE®m A (Data
Input) FWSIERAIENEES, BREMNSENENESRR(Communication Hub), LEETTIES
BENEMEA RN ERHERIEIA,

BE, mUERXHEMEFIES(Fuzzy Logic Controllen)fZiE; CHRAIHRIEEER L, #efEHE

STEHEERNCAREENR, FHEEENERKTMERIVKRENL &R FRSERERELAE
FRASBITENE(Action Execution), EiXBEENEERRFRIABTTAMERAVERNE.

11



B\E: SRRERBMERR

AES|EHD R F HEEPITEBRRARRRN=AROEERR: SEEHmEEREES
B [BRREEEN] RR. KIESNEDCEREEEREREEEREN RN R, URBMIERE
FYIEEIREY [CFE] REAEAE .

BTN o— — IRIBEREN
« INS, AHRS, DVL, e Sonar (SSS, FLS,
Pressure, HPR MBES), Optical

* CTD
& 13 EfneaR(Navigation & Sensing)~EE

AERRT7TENAKTHECH TERR, HRSREAN=XNZORERR:

1. BfnEazEfZ(Navigation & Positioning): #EREEPEE, S4FNAEEHEEIZIERE
B iEREES TIEMEREZES (Inertial Navigation System, INS), ZBREfRE 2% R4
(Attitude & Heading Reference Systems, AHRS). #B MN&EHEE(Doppler Velocity Log,
DVL). EEE&RIES (Pressure) LARKEEM RS (Hydroacoustic Positioning Reference,
HPR),

2. IRIEREFI(Environmental Sensing): BCEREEMEEB(EIS), BERIEREK NMRIZEEE,
FEKFEEBAN(Sonar) =218 WIEIFEER4N(Side Scan Sonar, SSS). BiIfRE4K(Forward-Looking
Sonar, FLS), ZiEGUELREN(Multibeam Echosounder, MBES), i##LAY¢E2=%AI28(Optical)
ETRAG .

3. /K3ZHFHE(Hydrological Characteristics): LASMIMEABRIFZ R EIRIEER, BT RERE
(Conductivity, Temperature, Depth, CTD), EFIREREANLIE G FIRERYIRETS,

12



EEIRET (IMU) < SiR@HaESRE WA WS RN
INERTIAL MEASUREMENT UNIT (IMU) DATA TRANSMISSION & NAVIGATION COMPUTER

NAVIGATION INFORMATION
OUTPUT

—\ PREPROCESSING
( = E \ \\ - >
(0 ewm ) ;®1 £RE / Attitude ggm:\g
&), itc
Gyroscopes v 45‘ = c|_ E’f,’.,‘ﬁ
S =3 wen
S > | miEm — A4
Angular ik (0 ammz Lo
—— Velocity Filtering Navigation Algorithms l\ R / Velocity ﬁt'?ﬁ%
| Measure Angular Velocity | it e > EERE (e - L85 | HEER y = io[;,];!;
S Compensation COmPenstio Uml:rocess Data Calculation, [1]1]4] East Vel.
Al = gration, Geenon, Info / -
10 Ijﬂlsilg.':l' /TR (A/D) Coordinate Trans.) —= ?ﬁ\}i%ﬁ
Accelerometers N /D Goruersion p.Vel.
//’f | HIERE ~ U mEmm {iL8 / Position gy
g = Acceleration 2 : Error Compensation - Latitude
T 1 70 EIERSRE {6} Longitude
 Measure Linear Acceleration | o’ | o Correct Sensor Errors (x] BE
\L JJ & /) L Altitude 5
4 \

B ERTEEEMAES (Inertial Navigation System, INS)RUIE(FLEE, ERERETHDBIETE
BESES: :

1. {BMERIEE Tt (Inertial Measurement Unit, IMU): R#&R9 O RGEIE, B SFEI2(5%(Gyroscopes)
AR RIEMIEE (Angular Velocity), LIRILEEET(Accelerometers) FRSRIEARINEE (Linear
Acceleration),

2. BUR(EEEETARRIE(Data Transmission & Preprocessing): B¢HIZSEHAYRIREHR (Raw Data)
ZRIEIERK (Filtering), ##{E(Compensation) R iEE#EE(Analog-to-Digital, A/D Conversion),
I BEES STEH PR MR ASERL L SR SREE R B AR SR BT s B A E A8 =X

3. BfinztE#(Navigation Computer): #ZOREE, BEMAZMER:

o Bf&ix(Navigation Algorithms): ¥EREENEIRIEITIES (Integration) B2 EEiTEEH
(Coordinate Transformation),
o REMHE(Error Compensation): $tE¥IRLAIZSERZEEITRIRHELE, LIFERETE &M
4. BpSE#H (Navigation Information Output): 4% HFEHERIETE S S (Calculation Info),
HE=XKBZE:
o ZRE(Attitude): BEFMA(Pitch), HERMA(Rol)EREH(Yaw),
o JEE(Velocity): EfitdbmA. RERERRE.,
o {E(Position): B&4EE (Latitude), LR (Longitude)EaE=EE (Altitude),

13



IREEERZRE (Attitude) » BIEFNA (Pitch) ~ #EA (Roll) FfEA (Yaw) o
#EfX(Heave)
Z

B ( Kiti&(Pitch)

Y 1##3(Sway)

£t¥% (Surge)

15 A& (Attitude and Heading Reference System, AHRS)/~EE

BlthiRiRHE B =4S a0, B R (Six Degrees of Freedom, 6 DoF) JEEikAE:
1. FESSIEE]: ZRE(Attitude): EFPLAEEINSTEER N REHIBENRIERE(Attitude) B1L,
o FRROoll): #&F X w(FIEHE) e, A EAGIERATARE.
o HMEPItch): #£F Y Hh(AGE e, RI—MRATERAVEIAE(Pitch Angle), HEAEERSE/
WEG=s TR,
o {WiT(Yaw): &ZF Z #h( LT iE8E, TEAEMAEA(Heading), IREHEITENS (L
2. BAREED: fIfB(Translation): EFPLABREEEERRESED=EERRIBAR:
o HtR(Surge): G X EHRIERZE].
o ftE®(Sway): if Y HIAARE.
o i2fA(Heave): & Z #h E TEERE,
BEARHNEE. REIBEAKEZHEE, RIFEREILRHEEENERENR (Navigation
Information), LUEHFTHEEEEZ ST,

14



BIRERIATS AR - WHIAFKENRERE (B10AREINNIARE) o

Z & 8hiR%{% (Doppler Velocity Log, DVL) REREIZE (Depth
_Y o Sensor ) / B#5t

= Om /1 atm

| <
<

'

B i 10m/ 2 atm

P=P,+pgh
‘ £10m = +1 atm

Transmitted

Frequency (f) / ¢ 20m/ 3 atm

d@Dp < 2w
PRESSURE: 3.01 atm

Received
Frequency (f)

A ERF AR IOEEEERE

16 EREERERA(Velocity and Depth Sensing)~EE

HhERBAEEM E OB ER -
1. ZE#AIEZ(Doppler Velocity Log, DVL)
REAR, FIRZEEE(Doppler Effect) FIRIE(F, RRMBRENINEERR, EHE
2 IHI3EER (Transmitted Frequency)E2[Bl{E 2 1Z WS8R (Received Frequency) Z BRVE K SETS
(Frequency Shift), FRiEHEETEEEBEIERAYEHHIERRE (Ground Speed),
2. RERAIZR(Depth Sensor) / Bt
fInsEGRl, FIBEKESI(Hydrostatic Pressure)3ELRE.
o TKEOARSENXKA 1 KRE(1 atm),
o [MEEREIEN, 8T 10 2R, BHLOEM 1 KEE(1 atm),
o FEHRAIERIREEN, RAschIiFEEsETEIEESE/RE (Altitude/Depth)&:f.
EMIESIREERIARERRENGES, BT K TEEEMAYEIRER,

15



F AR AR Z S FEE 2% (Transponder) » 125 ERFEFEERIELE o

BIERIR R REQRG

(Ultrashort Baseline, (Long Baseline, LBL) TSRS

" \ (Seabed Transponder)

TEERMEESS
BREE R
(Seabed Transpopdgr) (Seabed Transponder)

o -

- (Seabed Transponder)

17 K TFEBEEMEZRS(Hydroacoustic Position Reference, HPR)RE[E

PRI R AR E T e RS R R/ N ERAE R EE LE :

1. BREEEZR A (Ultrashort Baseline, USBL)

MEERIFR, BREERFUSBLEBHELEIKEMERES. RIFMAISSEREESREESTE
—(EREERIRCRIEET, EERIEKT BEE HAVE KR EZIRERAVENIZE (Phase Difference), FHEH
BB ERVIEREERS (U, WRGZEDME, BSARIEH ROV SBRE,

2. RE4RZR S (Long Baseline, LBL)

MEARIFTR, REGRFR(LBLEFIERAYEKHEZ(ESKEESSS(Seabed Transponder)4H
FRBETl, KT ATESEIRRELEEEENELS SETEREN, FIA=Z2HERPESBSEERE
#i{iE (Absolute Position), EEREMRIBSFEARERBNE THEEIEERER.

BIBELEE RS (TranspondeniRUAIINEEE S, SEAME B EMARIEREEENRER
=, EREHERIINPERNEIE (External Navigation Correction),

FREEZERE > BRRPARTEOFRAFE

i@ %84k (Side-Scan Sonar, SSS) Bt &4 (Forward Looking Sonar, FLS) B KR IFFM(Multibeam Echosounder, MBES)

Field of View BI75 EAEER - s ’fﬁiﬁlﬁ;ﬂum

SRR - AR
R

18 BHNZ L (Sonar Systems)~E[El

Bl ErK R TSN =IE T EEBN RS (Sonar Systems), HISYAIEESIERE, BiRRST
(Acoustic Reflection) FARSIHRABZOFER:

1. {A3EER4M(Side-Scan Sonar, SSS)
16



UREE BRAEHEMAIEST TERRIERIbAHESeabed Mapping) 82 B 15 (Target
Identification), BEELRBRAIISBETEBRT R, BRESTMHER,

2. BIfRE#A(Forward Looking Sonar, FLS)

REd, BRAESERS B EREE, BEREEEEIRE(Field of View, FOV), £ZEIEE
B BiERAI(Target Detection)B2iE#f&E (Obstacle Avoidance), HE{RITESERRK TIRIEIIR
£,

3. ZIEFEIRRE(Multibeam Echosounder, MBES)

UREA, EBREENZERBKATINERR, ETKEEBKRE Wide-area
Bathymetry), EREIEHERIENRIEH = ErtR S ERE,
BURGHLEER T HENRERER, FHEERENRESPRARETHITEZARANER.

ITEERE B IR ELENHE - MRS A TR ARRAS

HBHERGR
(Optical Imaging Syste

Active Optical

Sensor Data \"_
8
¢ i F L

(Dual-lens Camera)

uuv

19 iaBEYEH(Close-Range ID)REE

BEsRBAESCRERIVK NIRIES, HBFERR(Optical Imaging System)EiEpiEHE EIEHIB!
RIRASE:

1. ADtRwE

HRRERIEBERERE Rfw/aicE LED RRBFEAE(LED Module), EBFEMRMEATILR
HEA B RIRIRIRE, (R RAISHIEE B BR ERMRED,
2. SEERRERERY

FHERImEEEREE(Dual-lens Camera), $BIARER, seEBERETEEIZENRER
iEEE, MERENEREEILR a2 RAIBER(Active Optical Sensor Data), #H8RLERSRIEs
RREE,
3. B EEH

R G Z OMERS R ET I IR EE B 2 #:5E218 Kt (Close-range target identification and
tracking), TEERNBMEIG, HBEHGERUESIIFRITE, SEHECEHEETNEPIK TR

17



FHTEEE), EITHEMEEREREE.
ERENENEME T BRE MR THEE, RKTEEMU ERT A SRAIR BRI

REKHEIKER > SEKIYERIFE o —-

Temperature
JREEZ{&E (Conductivity, Temperature, Depth, CTD) » & : @ (RE)
KESR(ALUREEE)  RENELH(AURERE) - e

\ Salinity/Conductivity
| (B BEE)

Pressure
| (EH)

Temperature Sensor

(REERRES)
Conductivity Cell
()

Pressure Transducer

(BHWR28)

20 7K3ZRN(Hydrological Perception)~&E[E

B EARERE(Conductivity, Temperature, Depth, CTD)485y, HEEIHRERRmEAEERIK
X &#HHydrological Data) Wi Hrig7KYIE4S4 (Physical Properties of Seawater),
ZiHRES T =R ERIAE
o BERGAIZE(Temperature Sensor): FSHERIEE/KATEE (Temperature),
o BEEG(Conductivity Cell): FEBEIZEBKIEESZ (Conductivity), EMBRELEE

(Salinity),
o [ES{ERKEE(Pressure Transducer): BHIIBISEE I (Pressure), WiKItEHE H & ERFRRAGRE
(Depth).

& CTD ERREIR, ARABREESKNERESNERERIIE, EBENRIEKTEERENE
FRISAREREE.
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BtE: Bill. ERRMSREHERE

AEFRRS T BENEPARERAS IR EIRERG . 52087 HREHGK (58 Wi-Fi)fE
IKPREFENBEHREESHRIREURSY, Rk EENRRER (B2 ] MRmA TK THEREER
BAFER . FRFBRAKE. REESEFRERRSIRGIEHEE .

KEE ~ R EEEREEFE PRI T {SRIEIR o
BREK (RF/Wi-Fi) TEK FREBEDEE -

RF / EM Signal

Acoustic

21 BAANTEE

BERE R ER T EBENETARAEFRSIU(Communication Methods) R EIRIGIRS], HRE
i (Electromagnetic Waves, EM Waves)(#ll: 5338(Radio Frequency, RF) & Wi-Fi)/fE/KHaIZFES
(Penetration)tiZ, REEETUEMKIRIEEKERSY, EIEESIRR/KEH BEMS, B2 (Acoustic)
AEE KR EENERR S, 2K THERTEENFE.

B, EMREEEEIE, SR T K MRBERRNAR, EREERTIFERERR.
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BEREEN » HPRE—RURIZZAYERZE (Error) S485M (Noise) »
S EREAIRAE (L E (State Estimation) ©

BARG
<‘))) (Sonar) o BERREG
:—;’- (Doppler Velocity
: —>" Log, DVL)

A4

(:7), BIEEM AL (Inertial

' navigation system, INS)
BAEREREE
(Data Fusion
Algorithm)

Iy ———

AR

(State Estimation)

22 &¥lgt& (Data Fusion)~nEE

B 2RAGEBCRBEEMEM AR A (Inertial Navigation System, INS), EB#&E4(Sonar) LAKkE
EENAIREZE(Doppler Velocity Log, DVL) HEHR, HICE— RIS rEi it G ELER2Z (Error) B3
f(Noise), ER&EH G EFRX(Data Fusion Algorithm)((N-REEIEIK), BEEBI X LEIHHERR
RIZERYBERME.

B8, RREERAEEM, BEtLE— RIS EAEHE B S ERIAARE(L E (State Estimation), FE{R
BHETEEHK MREPIIE B T ERE.

BEE5RHEHEM(Heterogeneous Information) » JEPRE—RLAI23H5R % (Error) £
337 (Noise) » IS EAERAREE(LF (State Estimation) o

R € (it B2 S B
(Simultaneous Localization and Mapping, SLAM) (Obstacle Avoidance)
(%] &5171(Attraction Force)
. - N
o ¢ 5% (Path) ©
3 'Y \
##(Trajectory) —~ O O / )
"- €] [ —_—
o’ o N
—I& 5| 73(Attraction Force)
* N pme R / AN e
6] (Map CTnstruction) (Obstacle) HEFF A (Repulsive Force)
#A¥(Landmarks) RIHEL S RE HEREHRHRS
(Builds maps while self-localizing) (Calculates attraction and repulsive forces)

23 EIELEHE(SLAM & Avoidance)E=E

EEREE 7K T EEEMAIMAZORAT: FEEEhEEE(Simultaneous Localization and
Mapping, SLAM) E2i#fE(Obstacle Avoidance),
o SLAM #4f1: WMBEARIFR, SEERNIRETESBE RIS (Landmarks)EfTitbEREE(Map
Construction), EHER B BRIV (Trajectory), FEIRBEREMRFNIER MEMBEKERL
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o EEHE: WBEGRFTR, RRERE BRG]/ (Attraction Force) BB/ (Obstacle)
HIHER-FI(Repulsive Force), MRBIH—IFZLAMITIEE (Path),
BERSEIRESEE & (Heterogeneous Information), BXGHcEE—RGEISEAYERE (Error) ER

===

#=(Noise), MBS BIEAYIKEE(LE (State Estimation),

~ 384§ (Tether)
- (ROVIRFR) T HE SRS

H#HFE (Manipulator) <« » K FHREAS (Camera) &K LED > %% (Tether)
- PRAREAAE(E - R - (ROVEE ) B SRk (G

24 {FFEE& M (Mission Equipment)~E[E]

B Rk T E B TRIE R TR ISR (Mission Equipment), ELTHAE T 7 & EHE
VIRIRIE ). BRKBAEE
1. ¥ (Manipulator)

EREERITHEIEZEZ O, #NFE (Manipulator) #RIBEABRFENTIRE, TERARERE
MEBRER(Sampling) LARIKTERIERVAEE(Maintenance){Ex%, R TEEERATUEFSHIEIR.
2. IK g H(Camera)Ed LED

BEFXEBEDPNE GIHEIR(Image Capture), HINRBIRIBBEERE, BRMERESS
B LED BRER BE, AXMRMBEWIIREES|, MRIRFENEESWEE A SR EE.
3. 22 (Tether)

ERK T &S E(Remotely Operated Vehicle, ROVINEBECE. EIREMEEL/KEER
#HE, aEsRENE(PowentifEESIRRNSURERI(Data Transmission), HERERTSSHEIR
AERFTBERDRFEIE,

BIBELRENES, KTHERERBIRERG, ShEHENRSEIEREBRTR.

it
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BigR: BMAKTHEERPENERABERER(Glossary)

FEXFIRE

R

FR3L

B

Absolute Position

Absolute Position

HEESLIVA—T

MiTRs IR BRI RE
ARTESAUE SIS R

AC Motor

Alternating Current Motor

FEEEYERRMZRS
HAREEREDROSIZERE |

AC Output

Alternating Current Output

B ERRIEE, KER
IR ERBIE RN

ol
Bhe .

Accelerometer

Accelerometer

{EMERIEEE T, EFIAN
B ARINEERYRGRITT
.

Acoustic Reflection

Acoustic Reflection

BRI e

EyteEmEFERE, FIA
B EEEARRA R B E
AIRZOFR .

Action Execution

Action Execution

HATENME

EHITEAIRASRER, ASE
BERG USRS EEHE
2= .

Aluminum Alloy

Aluminum Alloy

NEPELRFRAREERT
BERZE .

A/D

Analog-to-Digital

Conversion

A RRIRR ISR AR SREER S
B BRI ABIRIBIETU
ZIBE .

Angular Velocity

Angular Velocity

FPCIREFTAIE, AR
IEEERIEAIIRETR .

Attitude

Attitude

TR E R EIRIARE,
BEMIE. BERHAERR
.

AHRS

Attitude and Heading

Reference System

RS

RIS ES RS B =4
ZfEH7/NEHE (6DoF)
RZEREEBRIBEN .

AUG

Autonomous Underwater
Glider

BERKTES
1

FIRF5 28RS, LIRS
RENETRIE, EEB(TRE

gE, EERIFEER

AUV

Autonomous Underwater
Vehicle

BEKTEA
#HE

RneRAERET, NESith
EMEER, K8 Al BE
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HATKAVEZR,

#HERI, WEREEAR

Bow Bow figEl B, EETHERAREIESE
EERRE .
HEREN—E, LB
BLDC Brushless DC Motor ERIEREIE BB EsixR, Bis
SRERERET .
BinstEM R EAIE
Calculation Info Calculation Info TEEH . :: -I-\ e _Liﬁ i
ZRRE. REEMEEIR .
mnRBEET L, BEE
Coils Coils 4R DE4AEIETNE
% .
L RS EHEAIPEAERSN
Communication Lo . N R
Hub Communication Hub BRI EE4RES BRI HiRAY ERHERTE
u
2.
.. BRESEKNERRERRS,
Conductivity, Temperature, | e .
CTD Deoth REERE AEHERIEEKERE. B
P (R R |
; 4 e — S g
cpp Controllable Pitch — t%%)ﬁﬂﬁ?ﬁ?n{?m*@
Propeller ITIREE RN ERRRE
) FEERRN—TE, (KEER
Conventional .
o i Conventional Propeller EiighEdE IRGEAREE HiEE AR
ropeller
.
) BinERY, $ARRREIES
Coordinate ] .
_ Coordinate Transformation | EEiZ#Eik BIREIR S R — IR RE
Transformation
=E.
AR E A E S E
Current Collector Current Collector EER HRBIEIRERERN
EEEZEFREN .
EEARRNTREEIR
Data Fusion Data Fusion BrlEE K, B X ECELHRREE
— RISV ERE .
EHEIRENRMEE, 88
Data Input Data Input E1E7L TN EWSIRRGAIERERS MRS
A\
< o
S RGAIESEIRIETRIKR. &
Data Transmission | Data Transmission & ES G EETERE : I ] ]: 7 ~’
] i B BB ST AN ERIE
& Preprocessing Preprocessing H
PEEZ .
DC Input Direct Current Input BRI B, EANEREE
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SR AR B ERRRIRIAE

DC Output

Direct Current Output

Bift#t

EEMEE .

DC-DC Converter

DC-DC Converter

=i LI=Rint A

A BRI NERRIE
EERNERGL, BEst
A RARIRREREE R .

Depth Sensor

Depth Sensor

HBDFHES, FRRES
IKEESI KRNI RIsEE B TR
RERITTH .

Doppler Effect

Doppler Effect

ZEEAEE (DVL) A%
AEEEAZ OYIER
B’ ,

DVL

Doppler Velocity Log

FRZEREEHMERESE
%, reERTEHEREER
TBERAYEIHERRE |

Ducted Thruster

Ducted Thruster

HMERE B EIREERER
T BCEINEEAEAHEE

Encoder

Encoder

Amisas

LERINBENLE, SRR
TSR R & [EIRE
R .

Environmental

Sensing

Environmental Sensing

IRIRRA

BCENAEEE, MEEPNEDT
B EEBREK TNRERN
REAIRIR

Error

Compensation

Error Compensation

RETHIE

ST RRIRR R TRIRHE
IE, LARE(RGETEEMEMERIS
'E‘% o

External
Navigation

Correction

External Navigation

Correction

HMERERIZIE

EREERSINBEM, 12
IFEMH SRR ShERREEE

External Thrusters

External Thrusters

SMETURIEHEE

25

RERNEEIMNIESR, 2
B B S IEINTaSmE
.

Fairing

Fairing

BRE

HERIMNERIRRELIINGR,
FEINARFEK TATE
AYAEESRES .
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FOV

Field of View

1REF

BItRERMN (FLS) MRIAES
R BR RS S E RS
o

Filtering

Filtering

BB

EEUSTARRIEREER, FALUE
PRI R SRAVIE

= .

FPP

Fixed Pitch Propeller

TEIRIRELE

REAEREERN SRR
&t .

Flow Plate

Flow Plate

i

R

AR Bt N R ES ISR
BREITRIERIEN .

FLS

Forward Looking Sonar

EIEEE= 7

[ERTS BRI, AR
A5 BERAIER RDREE

BEO

Frequency Shift

Frequency Shift

$ER%

BB > RIR0SESR
£2, DVL It EHi
EE

Fuel Cell Stack

Fuel Cell Stack

WA B

SRS ORERE
&, NERETHERELE
E %jj o

Fuzzy Logic

Controller

Fuzzy Logic Controller

TRRR S

R IEEEREE, 1
HES B AR
SRAOEHIRETT

Ground Speed

Ground Speed

HIEE

RIS RIERZE
HE .

Gyroscopes

Gyroscopes

PEIRAE

&R T, EPFIAR
HIE AR AR SRR
%% o

Heave

Heave

=N

HEDE L TH (Z8#) &
TR LETEENUS .

HPR

Hydroacoustic Positioning

Reference

IKEBRERSE

BOEEERERERERK
1, REHMBEIZIERE

Hydrogen Fuel Cell

Hydrogen Fuel Cell

SRR

—EEIRR, SREHER
BEFAETHRRE
BELESHEH .

Hydrological
Perception

Hydrological Perception

KRN

REAEEKLEFRIDHT
KR EROIRIE .

Hydrostatic

Hydrostatic Pressure

EKEH

IKPRER R N AR

25




Pressure

HiE, REEHEREY
BIKIR .

IPC

Industrial Personal

Computer

R

T5=EK

Xt

BARNKEENN, 5E
HEEARAISIR SRR
AIREES .

IMU

Inertial Measurement Unit

1BHRIEET

SRR OB
B, PEEARREEIE
.

INS

Inertial Navigation System

IEMEMERSR

BORBERRNEERT, &
BEDEREAREMENRR
HAE, REEERE .

Integration

Integration

BEAT, RREEINE
EERRIEURAER RS
BEES .

Inverter

Inverter

e

A Bt B B R AAZ At
H, ALBEENEEARERT
I%]\é -]

=

Jet Thrusters

Jet Thrusters

MEST=UAIEHEE
a5

PRI NIt R ER RS
H, ERREEEREE
& .

Landmarks

Landmarks

WA

HEEARNIREPIETRL
eVt B AR AT AERT
BAZEE .

Lateral Thruster

Lateral Thruster

R RS

BERIMIMERHESD, #@is
SRS EIRIHEERAE .

Li-ion Battery

Li-ion Battery

BB

BHENPRERISHEE

EEBHHE .

Linear Acceleration

Linear Acceleration

AR

FINEREETFTRAIE, fHirE
B ESRNINEARERIYIIEE
% .

LBL

Long Baseline

REGESR

RigkfERERME, &
B=1282 FERRK T
EEEREBHNE .

Magnesium-

seawater Battery

Magnesium-seawater

Battery

HEEGIKE]

FIREKI R EBRERRET
W R FE AR A TBREAVRTA

==
=W

Main Thruster

Main Thruster

EHEtERR

ECERER, TERSIRM
EERERDRIHEER
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RRALEFEIRE, B

Manipulator Manipulator Wi 1T BRI ERIREIK TR
HHESYIBRIEZERIRRE.
SLAM #fid, &SEEB
Map Construction | Map Construction HhiEEE BRItk R E R R
ERVBRE .
BARI BB HEAER, SIREA
Membrane Electrode " e
MEA fEEmBAA BETHERENEEREE
Assembly
% .
asREES, BREUET
MCU Microcontroller Unit EHIZEEETT HERTHEE BN TIEN
HIEEETERRENE .
WIS, R e B
Mission Equipment | Mission Equipment 1F75:818 %, MYHEIITEEEE
BE0R9ECHE .
B ERAERR, B
MBES Multibeam Echosounder ZIRRIR ™% BIEKRIEHKESEEN=
I EEIRE |
Navigation & FeERHERIRHIELE,
avigation
g _ Navigation & Positioning | EfEAENL EHERHN ) B RS FEAZ AV B
Positioning
# .
Navigation Navigation Alaorith N HEURE TR D ISR
avigation Algorithms BinE) N
Algorithms ? J FOLSH R
Nuclear Power iR itiB S E B REN
Nuclear Power Plant ZENHEE
Plant e palis =
Obstacl RiRTEEIZERRS |0 EEE
stacle
Avoid Obstacle Avoidance e P BIHER D, /EMREIHE
voidance
SR TERRAHEE,
@ (KK, aERE
Onboard R N
Onboard Computer MR EREEEIRIE TR (R
Computer e
RR .
Ootical | ) FERBCARRRES, ERIR
ical Imagin
. pt 99| Optical Imaging System | (BEEES | IEEEEHBREE
stem
4 B .
Parallel Middle parallel Middle Bod Ti5ehE #HEZOEE, 855 NE
arallel Middle Bo 3z 3
Body y T th, EHERETRME |
Periodic Periodic BHAMES BERKTERE (AUG)
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EREZEEANERS P HRERRY
EHRIEIERT .

TERGERSES I E,

Permanent
Permanent Magnets KA MESE BEREFEEHNIZEE
Magnets
R .
BREEGRRRT, SBHE
Phase Difference Phase Difference BE BRI ER = R ARt

BEZIR

FRELCAW (Y ) hed,

Pitch Pitch iR / 4 | RS R SR E RS
TEREE .
SREMEIEIRERIE—E
Power Output Power Output EYAL PR EERRELNE
BE .
B [8EKER] HMHNR
Pressure Hull Pressure Hull MR A EEEEE, ALUEERSE
EEI{REE FH#:R .
HHEER RS, A&
Propeller Propeller hedE EHRE A BRNEREE
% .
HEERTHHRRIIZOAE
Propulsion Motor | Propulsion Motor HERE %, BERBERIERR
i
RRIERGAIEEILS @, =
Raw Data Raw Data [RaEHR e ——
Received Received Frequency — SEEARERKEIEIR
Frequency EHERERIRR .
. KT A T&ﬁﬁ% 1ﬁ§'§fIIEE):IEIJH—:
ROV Remotely Operated Vehicle . EERIEE, BEEREH
A HEIZEREZE,
EEETUKTEHE (ROV)
Research Vessel Research Vessel TR EIRBERE, RHEHE
BRI KEMRE .
Rim-driven / Rim-driven / Hubless BREESNEEERDL
HEIRFAEERSE | @, BAERESRJEER
Hubless Thruster Thruster o
Roll Roll s B ERIEE (X ) e,

}an_?ﬁE-EE (EESTEN)N
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T
(oY

¢

Rotor

Rotor

BT

FEIZEPO KA HEER,
B ERMhEEATER
.

RPM Feedback

Revolutions Per Minute
Feedback

LEEA )

AmtRSRR IR (RO EEUR
AREREEERRE
& .

Rudder

Rudder

BRTFEERER, k&
HEERR T HIRF EAEE )

Scouting

Scouting

ESEICGIRIES

AUV FERAEEihE Al
=, EREHITROREER
ANEFS .

Seabed Mapping

Seabed Mapping

BRIt e

B (SSS) MmfAIES
BN, EESHRTEEN
FERR

Seabed

Transponder

Seabed Transponder

BEEERS

HERBRLERRES, B
HEIRHEIEREIEAR RS
ANAR1E .

Sealed Batteries

Sealed Batteries

BRI EiE B AT
BEL TN, ARSI .

Sensors/Electronics

Sensors/Electronics

RGRIER/ BT R
&

(UE LA S B I b
HARMEFFEFRIRS R
.

BIZRIERINEREE, RMHA

Shell Shell HMNER N e
SRR TCIEYDIENRE
MRS, EALEI
RARSEITES G, R
SSS Side-Scan Sonar BlFEEN
" YSPRIE A ARER B
.
A=t RIS FPETAIIE
Simultaneous Localization | E$E{(IEHEE] RREERAERIN T AR
SLAM ) LsEigisE, WERHERR
and Mapping $EE o e s
BEIFARIZR B R EN.
HASEE=HEEHEs
6DoF Six Degrees of Freedom NEHE TSt HAREE IR RRE
FARETEIEaSRMN
Skeletal Frame Skeletal Frame =8 NEREANZ B4, BEX

ERBAERFRIE
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R RS IEAERER LERTERM,

Stator Stator EF
fomiR B L EA EIE
HEES, TEREHES
Stern Stern BEED P ERsEE B LR ED
gt .
Strategic ZENEESFIEHNES
Strategic Application IS ARE R
Application PP HERSTHTEER
FHELEREH X ) &
Surge Surge Hiwe
J J (FNRTE SRR |
. HEIGEALAE (Y &) &
Sway Sway &% _
THEABESZEE .
BB AN RIS IR A 5 PR
Target Detection Target Detection EERE] YILARER A TR £ RITH
gt .
Target A RBE GHEE M. &
I o Target Identification B RRERITRX T AEBRYE
Identification
2.
RERE (CTD) Witz
Temperature N
Temperature Sensor A RGHIES —, FREERIEBKAR
Sensor
E.
N 45 ROV E/KEANERE
Tether / Umbilical -
Cabl Tether / Umbilical Cable v 5, asRAEENSHiH
able
FEER S RS SR EH.
TERRFERSHAZ, &
Thruster Thruster HEEEES BEE4RIEHE D EEEEBYZE
HEIRIENSIZRIE .
BFEKTEASHE
Torpedo-shaped Torpedo-shaped MARBIFA R (AUV) H95NERRRET, B
FICRBEE ST
T itted EEDRIEREM) v
ransmitte Transmitted Frequency BEOTHERR i EJ]:?&EH SIaAT
Frequency ERNFIEEIRIER
EFBREEE | RBREISFRIENEIERFE
Tunnel Thrusters Tunnel Thrusters L .
25 aREtT, BT KIERIKE .
THEIVKEMRE, ERHE
USBL Ultrashort Baseline BRERGRES KT EEEENRREER
BEERVEREREN
ISHoTTIER s = ab
ULV Unmanned Underwater e B ERREHRIEAR, B

Vehicle

K TRIBIITERIEE
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HEHE.,

REARE, BEREHTERD

Vectored Thruster | Vectored Thruster FIEHEERR &, BERHEHENNEEIEE
25 .
Voltage , EWEEER, ETETH
) Voltage Conversion
Conversion B R E4E FREA SRR EHE
Module
Module A=
BB ERREIEKELHE
Water Jet Water Jet MEKHEESE 11, BE=/KEEHLLEEY
e c=
] SRR ARE (MBES) 2
Wide-area . e v . -
Wide-area Bathymetry AEEBERAE | IS EBIERRIAITRIE
Bathymetry

BIEFS .

Yaw / Heading

Yaw / Heading

MR / wiT

& LTE (Z%h) hess,
REHEITERSN .
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