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F= (Preface)

FEEEESFRITIIRERERE, AR (Unmanned Ship) E2i& B E/KEAH
(Maritime Autonomous Surface Ships, MASS) BRAESIKERHTEEZ. B

LEEEKEEOET. BAABTEMEENEE, EERSENEENEBEN, Fif
ER S FIRED. EMmEEApEaVEE.

AFMEEZAIIAREEHNSEE N ERE, SESEFREMIEEASR
H—EXENPRETEXST EZNER. BRRRUINEBES, HEEEEEER
BRNE#EES, EMSEMEAMTMRIERIRG, AERERNSE IR TIZHEIEE
BEETEREER,

FHRARERES 7 BEAMBEEFN T OFERESR (EERBRRIRGEELEME (Ship
Hull) EEEEEizORIENNESHEEZRAE (Power and Propulsion System), E|&&IRIGHT
ARIRGRIEARANZRAE (Sensing and Perception System) REBORIERRIE (Data
Fusion) #f#7. W5k, FMINRANEWT TIEARRENPRIEH RS, SSEKEHRS
(Path Planning). FF&EIF%#RE] (COLREGS) RIBEEI{LERL (Collision Avoidance)
e, DR ERnRImEiTAEEiER (Communication Links),

HERAER L AFMERTEAMLNETNITSHENTESBEEWERS (WEXKK
HIFE#EE=ESEA Autonomous Berthing), IEFAEEESEBAYIEHRIEEREARISH
RHARKRAEEZ TERES.

MBHERIES | FMeEEETENBEASEEZNER, SREHINPRESEE
TREEHE, RIS INE EBESS2 TR AT = D EERIRERET.

it AFMAZEEER Al XHTERK.
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B—F: HRERANEEE

AEFELENGE, STEEGESHEAME (USV) B EBI/KERMAR (MASS) RIEREZAN.
ATRIEEAMNZOESRNE, RTHERAESSIRNTIEN, WRSRTEARBEEE
TR OFRARME. BERAENASEE, FEEFEREEAMBMIEEIKE, ARERNEES
GRS T AR RIS R R A E R E AV ERE.

1.1 BT RS

. BRA / B LB KEAMA
#& A (Unmanned Ship) Maritime Autonomous
K EBILET « BEAS \ Surface Ships (MASS)
TERIRIZERORA -

T—o |AKkE#ER

Unmanned Surface
Vehicle (USV)

1 #A#5(Unmanned Surface Vehicle, USV)Ex=r~=El

EFRE=AERMS: BE2EAMUnmanned Ship), ERATKEBIIETEEZABER
BENEE, BExEiSEBE/KEMEE(Maritime Autonomous Surface Ships, MASS), J85ERRRERIE
FHREIWER, REREZFBIEAKEHE(Unmanned Surface Vehicle, USV), ABISHE
BRENER, RERNEEMBERNEBE TR EREERHE.



1.2 RFEIBREE

NP fro
(B BhRBERG
(Power and Propulsion System)
@T
- @
ERSIFERAE BRI R %
(Mission Payload Module) (Sensing and Perception System)
’ : ps
74 N@)
(t:omp!::ftigﬁlﬁzzgt&r’acIg g!mﬁgstem) BERIRIRIZER RS (Navigaﬁﬂﬁ Fﬁ%ﬁﬁm&mem)

(Communication and Remote-control System)

2 FRUGLRIBHEES (System Architecture Overview)EZHR = E

EAEFFImARGUSY) BEEFt RO FES

o ERMEEE: ASEARIMEREE(Ship Hull) EEEEENZ OB HERHEER S (Power and Propulsion
System),

o IRIBERMNERE(: BERGHIERRAENZR 4 (Sensing and Perception System)#isizts, WWESE
FREEE(I & Gt(Navigation and Positioning System) fE{RIITIBEERE,

o RAIEE(S: HrtEET iSRS (Computing and Central Control System){&{ERFE AR,
S EE SRR E 24 (Communication and Remote-control System)*ﬁ%%ﬁ%{ﬁﬁﬁ

o INRERT: (EFSEMRAE(Mission Payload Module) BKIE S X REC BB BAIE
{ﬁo
BELRARNES, BAMGUERSEBENAIZK LEF.



BTE: EilER. shhRiEER

HICEN BN RRE(MERENYEEER. AERTEEEERINEARR [9BEr] 2 O],
RETRERFERTRMESERTREEURLEE. RS, RfSeEFTESESERERNENIE
HERR, BRSNS IERRRRRSEINEBERERIER, IIRIZERE. EKEERREHEESE
SEHEERE, RIEAMEER TR LSRR,

2.1 NBSASTEEEr R

RIEFHAAFAAERER A

-

ERE SEHuRe =21
(Monohull) (Catamaran) (Trimaran)
BUSHANE > AEHERSE SREM - =EE - KED BERENY » TMBHER

¥} (Materials)

- Bkt (Carbon fiber)
- #2&E (Aluminum alloy)
- k&% (Titanium alloy)

3 fiREE&EE(Ship Hull)yR=E

E-FERBBE ARG (USV) =X ZRIMRRAEE(Ship Hull) 25T, EReOIIREAERIRHEF I (Buoyancy)
& EER .
RIEREHFEERERTEX, MBS RLUIT=4:
1. EERREE(Monohull): ¥EALEISREE (Simple structure) EBEUERL A (Low manufacturing cost)
TR,
2. EEfREE(Catamaran): EEEEBEM(High stability)., &#EE (High payload)&2{EfE I (Low
resistance) AUHIER4FIE.
3. =HA8&(Trimaran): BIRME(ESEM (Excellent stability), $55ERAREEES S5 (Rough sea
states),
FErtEl(Materials)ZBESH, A7 REBAEAEEKEN, TERAREAE(Carbon fiber), 85
(Aluminum alloy) k& & (Titanium alloy), ELLTEMEIEEERURTRAV TR, BIRMEEREEE
RIS T RIMESEIERE,



2.2 EHKIREARINERETR

(Battery)

jzm,,ré f

EhRTm
(Diesel Generator)

BHRE WtRGE

(Electric Motor / DC Motor) & IPC (Industrial PC) (Battery System) RRE (Lithium Batteries)
I! RS R - X REXD KA

2 IPC (Industrial PC) ~ BRE 18650
RTRRES . GA8- 2 WA -

453h5|%8 (Diesel Engine)

A& (Large-Scale) . s .
AR (High-Speed) EM%@EE?& )
R4iffi 1 (Long-Endurance) (Electric Motor & Batteries)

8 RASE - ROBI

ABBREIR
(Solar Panels)
AR © RN RS

= NN, -t

Propeller

b e BADHRM o -
,0 7 == N0 BRI ' :
= o : AIMAA: ) ' |- %ﬁ%ﬁs] (Wave Propulsion)
T AWVBHE (Ses Woll) HBS HRNE  BARRASEY S
- KBTS, J " BRER SRAEWADIE o = y 7

RADNRNRIER —
(Hybrid Power & Future Energy) (Renewable Energy)

4 E)fFRE(Power Source)~=E

E*Mi&?ﬂ“ﬁﬂéﬁiﬁ/\ﬂ (USV)HIZERILENIZRIR (Power Source), #EEAEETRIEHZERIBESRAMT:

LH5 |22 (Diesel Engine): @A KT (Large-scale)& B, B#ESMiEHigh-speed)E2RE
fnJ3(Long-endurance) AY4FIE,
EEIEIEESE B (Electric Motor & Batteries): HEREIZE(DC Motor)EfEHi#EE B(Lithium
Batteries)A9EE L & Gt (Battery System)4HpY,, IRALZFAIEHEH,
BAEHEERIIEREIR(Hybrid Power & Future Energy): JESEIHNEL (Hybrid Power System)
A THHEE S (Diesel Generator), RICKAR(LNG)EEMARIEE B (Fuel Cells), FALARRENR
hiedg(Propeller), tECEREBSURTRERILE/DIRHER, ERERS [8IRSR] (Sea Wolf) HXEY
EAFHE.
B4EEIR(Renewable Energy): SIS RIHLEANEIRIKEGRENR (Solar Panels), LAR§EIREEEY
SHEEDRIKIREEER#T(Wave Propulsion), BLRIAE&FERIERRET.



2.3 HUHEEREREEHE

BRZEAGWREES - Bl
ZYRE

L’\\ s

Ak
(Shallow Water)

(High Thrust)

e
(Low Noise / Stealth)

g
i

(Propeller)

fit
(Rudder)

Rotation Angle 360"

ereE  /
ﬁeller)/

2 [EHE (Azimuthal) RABTUHE#E (Pod Propulsion)

5 #EEZEE (Propulsion Device)~EE

Bl M EARRREREE ARG (USV) IUREZ ORIHEEZE E (Propulsion Device) it ELEE I :

IEER AR (Propeller System): BREZFERNEREES, ERIZIEE(Propeller)fEiEzE
4iEEND, WAESRE(Rudder) FRizHIEERM.

IE7KIEE (Water-jet): FIFAEPRBENSEKREERIEAN, BESIEI(High Thrust)B2E
EAYRIEE (Low Noise / Stealth)lsE, BREESMPIEE, FRIESEEK(Shallow Water)
E%.

EMEEAzimuthal) . ZEEERFEIIEEET 360 Eigi(Rotation), R FHEEM(EEME
E S RV RAIRITEE .

RRETUHEE(Pod Propulsion): #§EE1ESiZ (Electric Motor)E2fEigEe (Propeller Shaft)Z &5k
EKTRAEAN, BEREIEENMANESE(Propeller), BMENHETHE BT 2 HEHBE.



EHR R

ﬁﬁ!ﬁﬁ.‘. (Gearing System) ‘\‘ #
(Motor Output) .
/— -+ /
[
| ‘ (Propeller)
\ ( ; |
| | | | ‘
f A— “D . »
(Connecting Shaft) 1
—p | ) =
- ’ -

6 EFEEEIE(Transmission Mechanism)~RE[E

IEERBAEAR(USV) B HEE S (Transmission Mechanism)RUIE(ERFE, FREIe{IitseR
RIBEEEHEERR:
o EpHEE: mOFEREREBERY, WEBRIEMNEEMSIEEEHHEEE.
o iR [EHENENERE R (Gearing System)i®, FIFFEZERVEEEsER(Bevel Gear)EITEIRE
iz, ZeatmaaTAeiEnk 90 ERVEER, MEHEREAIA M.,
o EMGHHE: KHEMENSHRERSENNIIRIERIEE, EMmESIEESEEENKRIES.

EREMERET AR B E SRR E, ENNESEEASENERBRERISHNE
BIZRIE.



B=F: RIERMEEHES

EREEZNETRET, B [BE] REREETMTHEERYE. FEREREAMNMAZE
MEER [REERAN] (Situational Awareness), A MBITEREMN KRB ERIETH AR
ARZEESHE, TERMEEE. KEEIH. JERBWSIMNBRAIRRNZKEEKTRER. It
Hb, AEFRANFREIRONERBRESESRE, BITRFINTSEHIESIREBEN ST RENIRE!
&l

BEMTRROERBBRARRES
P FE R IR IR DA B AR AR ST o

/ (‘
> AEERME ¢ HMERREAIZE
MEEARE ’ RARBEA
(Measuring Internal State) Y & (Perceiving External
Environment)
i
W4

} Brain / Processor

7 REEMERAN(Situational Awareness, SitAw)~=[E

Bl R BEE AN (USV)BEMIT(Autonomous Navigation)BIRESAEXN(Situational Awareness,
SitAw), HiZUEREBRAIRANES, 1ZMAEHENIRIGZA SRS S,
RANZREEZED BLATMIERRS :
o ZAEERVHIZE(Measuring Internal State): BFHIEFHEAIAEBARE(Internal State), EERE,
UERRIEREEFZH.
o 4MEBR%AIZZ(Perceiving External Environment): {EA#EARIRNE (Eyes / Senses), FRIRAE
BIRIE(External Environment)&&l, (ERIFEEMIELHRI BE,
AT RAIEIRRESERZNEPAVREESRS (Brain / Processon)ETERMBIS DT, EEEGHEN
(FERGHEE AR RBRISERMEIE SRREARREEMERPLZDEFIRIMREE,



3.2 ZRBERGAIAT

A2 &\
/,V o\ x)/ N

N
S

(N 59
D &

PHEMHE RS —
(Global Navigation Satellite System, GNSS) (Magnetic Compass)

SREHRGE g
(Global Positioning System, GPS) FEE AHARRYAB SR
IEHEE SRR
(Bei Dou Navigation Satellite System, BDS)

RILERVCBREER - MAIEUR

8 ANBERGEIZ EfIEAfRE (Positioning and Heading)~E&[E

o 55 BB A #if (USV) 2~ 82 2% 8 (Proprioceptive Sensing) & % {3 E2 fii [ (Positioning and
Heading) BYZ/CMERK:
o 2HKEREIEZRS(Global Navigation Satellite System, GNSS): JHET2IKEMZR#S (Global
Positioning System, GPS) E2itHzr2EfnE %t (Bei Dou Navigation Satellite System, BDS),
B EIaeRIRMHSEERICEREEEIE(Longitude and Latitude Coordinates). fifiZ(Position)
ERfiiEE (Velocity), :ZEEEREAFTHEUE.
o HZERR (Magnetic Compass): #UINEEERSHEERRRARTABEINIA (Absolute Heading), #2fit
TEE IR S (AR R 2 E B,
SEMEENELEMRERNMASER, SERETSHTIEREEESNTHBRRERES
i, RERBERERIIRENT=FIRIERE,



#EfR(Heave)

€

(s #s(sway)

\ N < {F{e (Pitch)
4438 (Surge) N> ' {RAfi(Yaw)
EiE(Roll)
EEEERT

(Inertial Measurement Unit, IMU)

B85 : Fei2fE(Gyroscope)- B2 AEE
« MEREFH (Accelerometer)- B2 NNEE

REMESERR

(Attitude and Heading Reference System, AHRS)
&EE IMU BuRELR 2R » IRIEETENMREREER -

9 AEERNAIZ ZREEAEIRE(Attitude and Dynamic)"EE

BlPEHAE AL (USV)IE= 2SR B B (Six Degrees of Freedom, 6-DoF )@ & & ERGEIF;
fh:

o ZREERENRE(Attitude and Dynamic): BJEIEHARRIBIEE—HERB(Surge), &R (Sway).
iefh(Heave); LARiEHmigERyER_IEE—FNE(Roll). {FHD(Pitch)Ed{wmfn(Yaw),

o 1EMEHIEE T(Inertial Measurement Unit, IMU): #Z0EHE S FALUERIAEEPCIRE
(Gyroscope), LARERIARINEERIINEREST(Accelerometer),

o ZREfRMIZEZR#H(Attitude and Heading Reference System, AHRS): #EB&ES IMU EigEd
FEERYRIREE (Filter) EE, BLRIRHRMIEEEBENMBEREE.

ELRAISUREMEERRPEREE MTHREEEE EMTERS A SRR S EEE




3.3 FPEBRRAIR T

fiiEEiE(Marine Radar)
SHBER(S band)(3&F) / X SBE& (X-band) (E#247)
2RREHR > FREBAMERTE

HAR B Bh:aE Bl B 4t (Automatic Identification System, AIS)
IhAE : FTHAPAAAREE 7B ~ (UE - IE > RHERFZO ©

10 4hERREEIZ i=im{ERIEE:4 5] (Remote Detection and Identification)/~=[E|

& haR BB ARG (USV) S ERELRI (Exteroceptive Sensing)BYiE im{e 81 B2 5! (Remote Detection

and Identification) #:

o fBEHEE(Marine Radar): EE2XIRIEREN, A BEIENTE., ZREEH iEE%’Eﬁ
HIBY S EER(S-band), LARRMERERR. AIRUTIERHHF X JBER(X-band), F|iE
WinraEE M IRREREA SR, EEMTRE.

o MEAHBEEIFERIRSE(Automatic Identification System, AIS): GREAHRIENIRAYERE, EiRE
BB BB Z=AE R (Ship Name), fi7&E (Position)EZjEREE (Velocity) F&H.

EMIERHTEEEER, FEEEYIEBZENER, m AIS ARHEENISHREIRESE, HEEMRT

RAREBHIE R AR (Anti-collision System)AURLy, HERTEASFEEIE-PAVEERTEES],

{BIFEES 4R (Side Scan Sonar, SSS): 483U EEHNAZ o
AIfRE 4N (Forward Looking Sonar, FLS) : RIS PEREMMER] » FARLHEZE o
BRERLGEN RS (Ultra-Short Baseline, USBL) : Bk FF#HEA -

11 SMEBRERIZ Bi(Sonar)~ElE

10



B R ARMG(USV)#ITIMRRRI (Exteroceptive Sensing)AYZ4A(Sonan XTI T/K TRBIEE
NN=fEFERER:
o {AIFE4N(Side Scan Sonar, SSS): FERREREREAYSEIEA(Seafloor Topography), iEi@
B EREEER, ERESRTENRE.
e HItRE#M(Forward Looking Sonar, FLS): &E&Ea15HIERMERI(Obstacle Detection),
RETERLAGARIEE(Grounding), R/K TERIAIBIHERR .
o BEEHRTEAMRSR(Ultra-Short Baseline, USBL): B2 — /K TEBEENSMT, FAIIEHEERIK
T#E(Underwater Vehicle), fE{REMEETFEEZ BRIEHEEIZ,
EETEPERREELRANBNERES, MANREERRERRNIRET, BRERKNERE. it
BRI BERI TR,

Cameré / Visuél

LiDAR / Geometry

FEBERA% (Camera) ¥¢iZ (Light Detection and Ranging, LiDAR)

7848 . BI R (Visible), ILf2(Stereo), ATIME it : 852 (Point Cloud)

(Infrared, IR)
B . BRSO - GEHEE ~ REIRF

12 HNERRGRI 2 IR S A e R RN

A RIEERE - [ERYYEE - BERA

B P EREBE A MR (USV)SMERELEI (Exteroceptive Sensing)BiEIE S &R B (Near-field High-

precision Perception)BImy Kz 47 :

o {EAIRE/MKCamera / Visual): BIRTIRME(Visible). 178%(Stereo) ERAISME(Infrared, IR) £
E5E FEARERETEIZES$E(0Object Classification), #gEr##sa(Contour Recognition)
RERFN(Night Vision), 2HtEEREREN.

o JEiE(Light Detection and Ranging, LiDAR): iEBEESTESCRERIER, MHSHEENEE
Point Cloud) #&. HEZERBEEMBIIRIRIEILMIELE (Geometry), EANRIREEE
(Environment Modeling). FEE#%:%(Obstacle Identification) B2 E&EH(Autonomous
Berthing),

EmERAIEEER, BERHEE R, SOERMIUSHENERESMN, LEEERHET

IR EERS N T e BB,

11



3.4 EFRES AR

H&E (Data) E5RE (Decision)

1. B S ERUASREN - HIRE—BMRE
2. RIAE R SERIAR AR (LRI SRR [E] -

@ _I //’/ ~\
—i( ]
-
- \V f ) & LD
[RE R - _(Data Fusion BREENE
(Raw Sensor Data) ARAEHA (State Estimation) (Colierent Map)

13 &¥lgt& (Data Fusion) =&l

B 3588 7 AR (USV) AT E IR HEEE (Data) FIRHR (Decision)iUZOESIRIE, HEFRRME
REEIRLIE (Data Fusion):
o FHREUE(Raw Sensor Data): RFEFTWERBLERAIRRAVFENEN. BE—RRIREERS
BRRMYE, EERMUTEEARIGIRE.
o ENEISERREMRI(Data Fusion & State Estimation): ZEREEZESARIRRIRIEN,
FEIHRRE—RRIRE R ERBIR, W& TIERERIIRRE(LRI(State Estimation),
o FEHEIRIGHUNE (Coherent Map): RISENSIBREEHAIREIIRIEESEEARREHE.
BRI, HEREEHE—RRIRERE. URRERA, RAEENBERSHIIEEHRNLR
RIRHERENEIRER.

12



BUE: EfuRtR. EHREEERS

AR RN AR TENE, (MEEANBEE RN (K], FEGINTHIRIEHIRGR
EfFEE, B38BMARNDERE. EEERNEBEREIRM, URFEEERE DERA
(COLREGS) RIBNREEEMUEHIME. RS, REIWNIERSCERHRERMITIMERIEER, TNE
HEERS ERAKEFIMGAIEERREFRERR, TBEEREAMARREZSIPE,

A= auE] E/—

IR YT B I

4.1 EfnRGERKizH
FERIE (Application Layer) K '; ‘ BRIERBBRE
« BB EFBE(Electronic — R e > /r’
Navigational Chart, ENC) > gs € st |
4 PR BRI SR E \ o ;&7{, ol
A
\
IHEEM (Function Layer) = = REEDR
. REE (Algorithm) S Hi BLRAE (B mE_, op BB |
{&78(Pose Estimation) = XE if}g} | {fossre st |

%88 (Equipment Layer)
o BRUGHIZSEM N E R IARIE

A

A

‘T

(R;dar)

ﬂJDAR)

- @ R o

(Visual)

(GNSS)  (Sonar)

B 14 EfRZR#(Navigation System) RIS RS ~=E

EF#E~EMES (Navigation System) RIS ERIGZEME, SRR IIERBNRBLAIITIRER:

o RfEE(Equipment Layer): HZiERAIZIEIIIERIAEUR(Raw Data), B2 & E(Radar), >t
JE(LIDAR), #RERRI(Visual). £ERERMBEERF(GNSS) RE4H(Sonar),

o IfEEE(Function Layer): FIREEIE(Algorithm) EITERDHT, YUTHHERIZREGRI(Pose
Estimation), A$#R{CRIBHRERESBEERIAREE.

o [ERE(Application Layer): &£&&EFiSEl(Electronic Navigational Chart, ENC) i&{TIRIELL
¥, RRERIERIREIELRZ (Path Planning and Decision Making).

WWEERERSEEHER F EASERERKENRERA, LHVTENEEER, SRHEEEERE:

FATRYEITE,

13



Sensor Overlay

It

foren

15

£ mFE S 492& (Bidirectional Fusion Network)
FRE | RSB ERE

Z B1ZEHE (Multi-target Tracking)

Bt SR KIRAER (Joint Probabilistic
Data Association, JPDA) : FRENIFZT X
AR

K- HDE A (K-RITANEE L, K-NN) -
RIBRFTEER > BHFRBE

15 EREZIBIRELIRRE S R E

BRI BB A R EERIREEARRE SR (Filtering and State Estimation) HRYFER:
FERIEEEFT(Prediction and Update): BfERIESEZNBEIRER, SEFENERREESEN
ER-FHREE K (Extended Kalman Filter, EKF): #5& GNSS E2 IMU 18, EPIREBIERMER
RAVENREARRE,
BB Ei8iK (Federated Kalman Filter, FK): E{&&EaE (Fault Tolerance) 88)7, WE(REE
— RGBS RIS A R BB A RIELE.
E S48 (Bidirectional Fusion Network): #f7i&5/81S (Projection Fusion), E&E/A%
SRR EREEN.
Z B 1218 K (Multi-target Tracking) : FI) B B & # 2= & ¥l B8 B (Joint Probabilistic Data
Association, JPDA) fERENETRZ X ERE, InEE K-Bia#lEE A (K-Nearest Neighbor, K-NN)
RIRIF=ER, BRFEREE.

WEEEZHREE TR EBENIRERAES, SERETEREEEMRMZO.

FRSRRIER R AR

SnEE

(Nav Info)

ARATIRER

(Mission Decision)

BREGERIEGRIFRE 7 R4 - 1R
RER B R MEMITRE -

16 RREHTEE

FERBAEARMG(USV) B EE(ERNRHRIEH] (Decision and Control) AY#Z/(vERS :
BHi&f(Nav Info): FARGHENG, BETREKIIEHEIIEENRSEE, S8&HEN

UE. HE. ZRENEFERERIEE.
14



o rhouRFKIEHIZRE S (Central Decision Control System): EE&HER/ [{EEFL], BE5EER
BHIFEF R4 CREFERn TR B=E(Mission Goal), Hi#g \ B TRIHEIEF ETEREE,
o ffTIRER(Mission Decision): RAFAREHAVESHE, REHEAITIER, REFEEEE
Rt T,
FERI RO FIZEE, SE RS MHARIZRAEC A RRNBITEE(Action), ERESENEE
IRIE, (KRAREIBE., LeihSisEER.

4.2 SRS BRI

4 215 #i# (Global Planning) ([ [k #] (Local Planning) h
B (B 893th) é CSOLREGS
/ G
A (2E4)
9 RBFELEREE B AU BYANAR 4% B RS R HR Y )

17 BRI S LB B

EHeREE T EAMUSV)ERIT(ERE, MEEMHRIEESRKREI(Path Planning) BRiERil#H] -

o 2I#FE|(Global Planning): #H¥RIEEHNMIT, RFRBLELEEBHIEREEIAR(Route),
IWERTFEEEMWIREREUTFFNR, EIEEAINMITRRE.

o [EE#RE|(Local Planning): BISEIRFNERER EHE]. SHERAZIEEHIR, SREERS
L EERi#R R (International Regulations for Preventing Collisions at Sea, COLREGS) RY1EE
K, MEMEIEARRLUETEIREFEEER#I(Dynamic Obstacle Avoidance).

BB HEETRENGE, SEMECERFTHMIER, BetRERESH AR, 12

RZeBEMNBETERS.

15



hy A. FRBRRTE
(Planned Path)

10t 4 bt
& L A A B. 2E R _
5 ’ \ (Reference Path) BRI SEM
= ﬁ \ (Waypoint Generation)
E& 0 ’ © B FREATH
0% ! SERTMG > 12
S FIBBIT o

10f o

&
0 500 1000 1500 2000 m
Distance
bizE

18 B3 i5<SEREE

It EERBAEE ARG (USV)RUES |15 £ (Guidance Command Generation)i##g, RUMaIIASARS)
EEEILBRTHITIIES

o HREEESR(Planned Path): BEFLIRGERTR, KERFVSHELRIIEEMITENE.

o« ZE[X{E(Reference Path): EFLIBHRER, EEEERMERGIE, £RNOFEBEETT
(Smooth and Feasible) BIfR{TEASE.

o 1&EMERZE(Cross-track Error): BEIFRA(AItEEER 7y HEER UBEHSERECENRER, B
fIBAR

o RIS ERM(Waypoint Generation): RAFRHEAITBSEREHIR, SRAGETIE
(Control Layer) E{TRDRSFEIERIT.

IFAEER T S BT RIEHEN, EEAERENTRNE, WHEERRERERK.

16



4.3 EREEHIMHIERERERR

(Correction Input)
PID Control
MPC
(Model Predictive Control)
== = M7

(Actuators)

[EIfEaNs®
(Feedback Signal)

19 HiREREIREE

L EZRRFER R SRR R ERF] (Error Elimination Control) ZBRiERKHHE:

o ZEE(Reference Path): {EARGIBEIEMAN, RHENEBEEIITEEINT.

o iZ8(Controller): #(M3& PID #&=#l(Proportional-Integral-Derivative Control)EBt& 5T
Hl=HI(Model Predictive Control, MPC), BEEFE2EREHEEBRIKCENRE, Wikt
1£1E#E N\ (Correction Input),

o HTEE(Actuators): EUGESIERENTERERME (MIRELR) BITHIEREN(E,

o [EFSR(Feedback Signal): A§#TERIBISARRERENRETILE, FAEIRLHEIZE
AR

BREEHRERIEHE, RAEHERBETEZIIRETER, DB EEENMTLRSTRERE

25 ¥ 2n
2 | & ()~

4 AN
/ —~— f p=
1. BRIZIBHE 2. BuFEHE 3. AR
(Path Following) (Trajectory Tracking) (DP)
ZRIEE : BERBARERT BB | WERRIRIE ISR RS | NGRS

20 BEREFEFEATREE

IERIR 7 /AMBUSV)ERTESIFN=TEE RizH{E#1E{(Control Mission Modes):
o EX{EIERE(Path Following): LAZSfE{&%c(Spatial Priority) R/REI, FEBZEFEHEREER
et ERBE TR AV R R ENET.
o ENFMEHE(Trajectory Tracking): LAKF=={B55(Spatio-temporal Priority) B/REI, EREHEL/E
e E I SREIEE,
o EEEE(I(Dynamic Positioning, DP): LAEE4E(Station Keeping) BE1E, RAELEHE
17



E. JR. REFRIESI(Environmental Forces), A& BE4ESERENIMNEEEMME L,
BRI E T (RS EMRICEEENZTET K, RERHEIZNBEM IR OIEHIZREE

4G/5G/Wi-Fi (¥TFF)

21 BfEREEREE

I ERER 7 ARG (USV) EIRIm EE FRIESE R (Communication and Monitoring)Z8#&, 1R
IREEREEA T SRER FAARIRIBAARAT:

o fEE(Satellite): ARIEFHMEEENRIEEHEN, WESETERIEIRE TasERELR,

o 4G/5G/Wi-Fi (ERF): FIRBRANITEEISSEREREEEA, RUAFIENSIES. (KT
BEiREE, BAREnERTER R,

o UHF/VHF(EE): EiBERE R =aRREIETEE Direct Link), FERAIRREENRIEHIE
SEREREAREIE,

BRELZTENEIRES, BiERORRERSERRE, MRRHR LS EEREIITH

18



ho o iBIRIRIE (Remote Control):
HEFFITA

(] o RMEEEHE (System Monitoring):
B/ RithikAs

1 o EEEEE (Fault Alerts)

AtAE

(Human-Machine Interface, HMI)

22 FETRLEAMNEREE

IEEEERAIEAR(USV)RiRiREHZE A/ E (Remote Monitoring and HMRRZEE, 2R T2
EB WD AR B TEE):

o  AMAE(Human-Machine Interface, HMI): {uptEsi=dhi’y(Control Center), 2RE(E
BisNm, ERFESEREEEMRE.

o B (Video Stream): FEiBRAIEEIENEIRFFG, BIFERESE—ABHRA(First-
Person View, FPV), ETHEHEERRHERNEE BIEH .

o RURIBHREIZR (Sensor Data & Alarms): RFAIFRETEHENMITSE (WERE. &), It
ARERBERFEHERARrm), BRESZL.

o ®inizHl(Remote Control): #BEBIEEER Joystick) BiEHla#nXie<S, KhEMIEREH
EFHEHITENE,

WZEERS TEMNEERIES TE, EERREIRSHRESEEIIZORIR.

19



FhE: (HEERESTERES

BAMPHANRREE, ERBAEBFNBREBER. FAERRANERATEERIRERA,
FErEANGEESSIRYERRARER, MINTEHENTEEENES (NERRIBEBERER).
ABREZREEAMTESEE CABRERENE, DURERSMRESIKGRE. BRIbiE
RERPNSFTERRIRRER, RERREASEEXRANBEEEREREN.

5.1 sTEEEWEFS

BEH{CE i (Collision Avoidance) BZX&H(Autonomous Berthing)
—_— I I ‘ _
A 1g
: Predicted Path - _— o B |
| &Maneuver .© _— ‘ J, LiDAR @ i
AIS Data —._ 1 Iy i
[—— ) o 25m o2m _ o02m [ ozm
o : [oom
— [ X X  —— 10 » —’_’ -
f AN [ g —— ‘G(lm_
{ %9 . - _02m | 02m |
A R S
== ||Z e
= (E2E] < s
i |, Radar Fusion Near-field Vision |
' ! ! [ —
BB AIS HEENEME - HARETLIEE - #A LiDAR BUAIBRBME » iZMERBIES

23 BEBFHABTEE

ItERTEAMUSV) ST B EMERBIMARZMES |

1. BEiEERt(Collision Avoidance): EiBEE &GRS (Automatic Identification System,
AlS) EREEERISHMT(Radar Fusion), ARGRERRHMERIEIEMERNSERRE, RASRIRE
BRERET E L TRRIER IS ERMT5 M) (Predicted Path & Maneuver), MR EthEEiEREEHT,
HERITRE.

2. BZEEFH(Autonomous Berthing): BEIRERFHTEEEEEKES, RRTERIDEE
E(LIDAR) ERiFIZRE (Near-field Vision) RIRGAIRES. SRELSHEEREIRE, EAMEENR
EKARGEH (Centimeter-level Control), #5ZEEtEEAIEERRYIERE, BRIV EESHEIEHIEA.

20



5.2 EEEEERRER

B2 : SRR - THECER

183k « BEAREMER KEHREAREF RBIEE TR
(Intelligence, Surveillance, and (Mine Countermeasures, MCM) (Anti-Submarine Warfare, ASW) (Strike & Defense)

Reconnaissance, ISR)
24 EEERATEE
BB~ EANMEESFEINNAROER, SRAEEESRHK (High Stealth) BRET_EKR
(Zero Casualty Risk)AUELRR(EEY:

o IER. EAfREA(EZER (Intelligence, Surveillance, and Reconnaissance, ISR): FFRGRIESIEST
SXRIRE S, BINEU SREEEIZEE,

o KEHFIERFIR(Mine Countermeasures, MCM): &E(ERI. FBIEEABROKTEE, HERME
ZeliEn A\ B ERENBIRESE.

o RB{EE(Anti-Submarine Warfare, ASW): EBRBNERATIEHETT ERE, PUTRIFRIATEMRE
KOEER BRI (ERS .

o FTEEEEARHE(Strike & Defense): HATHEEITEEFR, WEMBIEERFIERAS—BEXNES, &
WERRERE.

5.3 RS HREIRITER

le o N|
KGAERBERE IRIRER R SR AR AR
(Hydrographic Survey) (Environmental Monitoring)
REKR  KRRMIRER] » EIT BEEESR s KE » BE RIEE
B o BAER -

25 RBHARERATEE
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BB AR 2RISR AR B :
1. KIGRAEEEEERREE (Hydrographic Survey)

EEmEEARF RBMRGREKR(Water Depth), Kifi(Currents) RISRER,. Eil
SEENRRER, R ABRETBKRIAZEE (Bathymetric Modeling), #EIERE. &
IREPER N SN B R

2. IREESRIBAENER (Environmental Monitoring and Sampling)

AEZREAFSELABEIERLAIIIE RADREBHTIEFSI(Marine Pollution)

Ed/KE (Water Quality) Bz, IEEEEMCRBETKIESITENIE, RPRSREERIRE
& (Climate Change) HHEBRRIFRIREUR, B A LHISERIRRANEL =R,

22



BARERPEERMAEBERER (Glossary)

EEZFARE =374 220% afA
6-DoF Six Degrees of Freedom ~NEHE ARSI N EE
RS M. 1R (A
. 0. (AR .
Adaptive Control | Adaptive Control B BEREISIETIE (ELRR) B

BERE 2 BRI,

ADCP Acoustic Doppler Current | BE#8 MIRIE | FARAIEARRRERIKRE
Profiler ZmE EEARANERIERE .
AlS Automatic Identification RERHBE SRR | BRIRMEMRE D, (&,
System % MRSENNEGEERR
APF Artificial Potential Field ATIfigeS EZERABE. [EEIR
ERA, BLAETEERERRE
HEEA.
ASV Autonomous Surface BEIVKESE | BEEREGESEEEEMm
Vehicle BRRERBES], BEBIITTRNAE
FHEFSROEARG
AUV Autonomous Underwater | BFEKTH{TEE | EBExEBFEENAIKTE
Vehicle AHEHE,
Azimuth Thruster | Azimuth Thruster SheEiEEsR | I 360 EieiEaiEEss,
KIERFHEAMIRAE
.
Bandwidth Bandwidth SEE SeeERNEiRE, 8
FEREIERRERTE.,
Bathymetry Bathymetry KFAIE AliEB Rt R EERAZRM
Big Data Big Data REUR EEAREEKERNEE
REAIEER, FAROTEER
EE.
BLOS Beyond Line of Sight R IEEER HEIBtRIEEE, FEEFE
FEFRIBEERETHE
o
Bollard Pull Bollard Pull &Rhis BEES R LLARRE TR
BEELERIRAIHEES.,
Catamaran Catamaran RN HmEEIZAGERER, B

RIFpIEERE M EEEART
RS,

23




CFD Computational Fluid STEREEANE | FIREEERE, BN
Dynamics BRARBY LA B RE S AUFR 4T

Classification Classification Society EefntrE BRIz T ARMEE

Society RLERHTEESAEE (0
CR, LR, ABS),

CoG Center of Gravity B HEEENDHPL, B2

COLREGS COLREGS EEREFRAY EAMMBTEMEEAVE
BEN [REER].

COLREGS COLREGS B8 LR R R | MAMBTEERAV/EE

] BRIERRE L 3EER .

COTS Commercial-Off-The-Shelf | IRXEEER EEAMPERIRBIESE
WHESH (WEH. T
).

@Y Computer Vision BIRE FRIRTEE R LUE T B S,

Bl IEHEERIRISIEARATRIA

Cyber Resilience

Cyber Resilience

izl

RFEZ RSB E R
EIERIEIERYRE

Cyber Security

Cyber Security

il
g_‘l_li
Mt
>

PIIEEARRREREAN
R TEEEFFRIB R

Data Fusion

Data Fusion

BrlEa

BORBEEE. OEETE
FZRRIRRAIELART RS
FR9AERENE,

Data Link

Data Link

BURIERS

HE AR L SRS
ELRRGE R EFIEIE,

Digital Twin

Digital Twin

DS

B BRI AR
RISHIEEMRE, FAREE

B,

-S0m.

Displacement

Displacement

RRBSHEFIKRIER, RFRHE
BREE (SFM).

DL

Deep Learning

HWEREBNERD S, BE
SN b N A e e
}Efiﬂ

DoA

Degree of Autonomy

BEWEE

HrEEEECEEIRIFR
(B%7 1 2 5 4R).

DP

Dynamic Positioning

BIREENL

RpEEinEsr o (e,
iR, EEEETERE
W EAZROEHIEL .

DR

Dead Reckoning

BHER

EREFHEMIRE, FAE
EERSMEEERNERTS
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i%.

Draft Draft Z7K FEEERNKTHIRE, RTE
EAMBEENZ ZRYBE.
Echosounder Echosounder ARG ESERAYIGRAIERGEIZE,
Edge Computing Edge Computing BiZEE EEABA T TEURRIE
MIFEREL, LBERSEK
IR,
Electric Propulsion | Electric Propulsion BEE {8 SR Stk A B thBEED
BiE, THHBRES.
Endurance Endurance & BEAREARTESAINHAY
1B N RERHEFRERIRS IR
ii=E:
Environmental Environmental Monitoring | IRIEENE FFAEARESAKE BE
Monitoring BEERRETH.
Fail-safe Fail-safe KWL RE BEEAFERRRRELR,
3% BENEHERATAYRE
s N
FLS Forward Looking Sonar BItRERAN LHEREEE, BLMERIETS
PERRIEL K T HIRERIER AN,
GCS Ground Control Station MRS FimielE B B ERiinm A
RERYTERSERERRE R AR,
GCS Ground Control Station MRS IR FimEEHn aaRE
BEREICE AR EER
EERD
Geofencing Geofencing HOIREIR REERER, SEANGE
HEEEAIEEERHER
At
GNC Guidance, Navigation, and | B3| EfifEiE | EARGNOORE, &8
Control l REIRRE. EEMUEENT
EnfE.
GNSS Global Navigation Satellite | £ kKEfEEFK | @3 GPS. GLONASS, it
System &® N EHEEMNRRRER.
GPS Global Positioning System | 2FRE RS RS E BB B
FZOERRERSR .
Heading Control Heading Control SRR ERSRNEEAMRMD
(Yaw) B9BEENLIZH,
HITL Human-in-the-loop ANEEE IEEEMC R RERRERERDS
BAE AN NTIFHE,
HMI Human-Machine Interface | AH\E IREERBEARREEIIR

BHIRENE, AUEES
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BB TERES .

Hull Resistance Hull Resistance RARERED RoEEMITRERTSZEIRVEEIRE
N ERENE.
Hybrid Propulsion | Hybrid Propulsion IREEHEE SRR EE) S ERE
NEGR FeREEMETFFE
Hydrodynamics Hydrodynamics MESEN 2 S ARBETE /K2 ELEED
FRIERORIE,
Hydrographic Hydrographic Survey IKIE R BiTREmMETRIBEIR
Survey E=Ee,
Image Image Segmentation SN E Al &G HRKE. XK=,
Segmentation BIEIE TR ERE DRI
IMO International Maritime Org. | EFSEE4AAS; HELIKRESRS, ARHE
IRRREEAUE S R,
IMO International Maritime EFX SRR FIEERES St S EEpTR
Organization EERYBISEIEPIHAE
IMU Inertial Measurement Unit | 1&MEIEEE BaREEIEERT, B
LURIE & BRI EREMAERNNE
E.
INS Inertial Navigation System | 1B Ef RS BEiENNEEEEEIRE AR
HEZRENEE, HH
GPS E&EH .
Interoperability Interoperability B2(F TRERE. EENEARS
BB E S EEEIR I FEES.
loS Internet of Ships A 1S FTEREAREE RORIZR B S
s, BREENEERNSE
B,
IR Infrared Camera AIMEBFEGE | ARNRESRERERET
ROENHERORI B B,
ISR Surveillance and 1EREME EAMMETERERE. BIE
Reconnaissance EEREREENERE
B,
KF Kalman Filter TREIRK E)iNE A= N EP e g
(7N GPS £ IMU) LIE{L
RREEMAEHIEEE,
LARS Launch and Recovery mEEWERS | BRI EARESN S EE
System LNKE B WA S AR
1.
Latency Latency FEiE BRI E AR SRR ik

PRERIRRE, SEiRiniRE
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BIRDAFI4E,

LiDAR Light Detection and iz FAAESIERIIE, FRHE
Ranging AR EIBIRIR ISR RIFETE
FEAREARRA]

LNG Liquefied Natural Gas BURAR —TERIREMEREIREE, AR
R A RGRIBRHEBOI AR T
R ESN

LOS Line of Sight [REE5| / ] | ELEPNEMGE, FH

iz} HrAm B R FRYD

BLRE.
LOS Line of Sight HREEEER EREHEEAR (M
(Communication) 2.4GHz/5.8GHz) &THIS

Man-portable Man-portable UN=EILi- BN —EMARE
R ERY/NBLI ARG,

MASS Maritime Autonomous BLEBEFKEMN | BFESSAESE IMO) HE

Surface Ship fiE HAEBEEEZ BEM
RENEL EHERE .

MAVLink Micro Air Vehicle Link R @ R —RERERNAREEH 7R
&, BEZRREASER
G

MBES Multi-beam Echo Sounder | ZEHAIRE MKEES B, AR
BEEKRA R R
1,

MCM Mine Countermeasures B8 / RKE | FIFEARETKEER,

5% A EREHEC R SR ER.

MDA Maritime Domain T REE R TaRERE, SHERS

Awareness IEReLARE R S ERLEL,

Mesh Network Mesh Network AR AEAE ZeBAMZEERPER
598, BAEMEEENESHA
%,

Metocean Data Metocean Data RETEHIE BaRRE RE MR RE
FIRIBERIEN,

ML Machine Learning esEes Al B9—EB%, EREUEIR
BAMPEDERENLR
&R,

Modular Design Modular Design 1B T FEAHRIBEA EEFFRIRE IR
RHIES S BN D IRABRERET S
=

Monohull Monohull ERRERT BERE—RRRAYERAREY,
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HEXKEXEREE KRB

=

.

MPC Model Predictive Control | t&ETE RIS EREIEHIRAT, BEERBARR
HRIGTERIRIRARRE, LUE
ITRIEIEEIES .
MRO Maintenance, Repair, e, REREX | EAMRBEENZOERRS
Overhaul & [N
NTM Notice to Mariners fngEs FREFREMITEBREA
MR B E BRI E
&
OA Obstacle Avoidance B AN R AR R LA
yadlaiz | SESEER
Object Detection Object Detection It =Rl FA Al P/ EiEm
BFRAORGAR AT ER R,
oDD Operational Design BEITRETESE | REBAMELZSE TS
Domain ERERE (RFERIRE
o
Path Following Path Following i ES L LI=fEEehRA, FHE
e B iR E b ERNETE T
AHERSIE .
Path Planning Path Planning ERSHRE RIS BIERIRIRAIR,
STEREMTIERINIBE.
Payload Payload EFEE EIFBEEARS, MEWT
AT AR (ANRGAIES
HIE) .
PID Proportional-Integral- tbBIfED Ma s | —EKHupEHREL B
Derivative Control 1 S IES B B IRREERTERE
ESRINRE .
PSC Port State Control BOEES mEENBONSMEMEAR
(& MASS) REREEER
N SR
Rapid Prototyping | Rapid Prototyping HIRRESRUE PRIRSHELE RIREY R R EIE
17InEERIERITRESIBAE,
RCS Radar Cross Section BEEEER AV H EIERRSTRESD
KIEHE, EAPSHIEAERER
Redundancy Redundancy TUERERET RRERSA (NEER. €8
) RBHEEH, RERR
A&,
ROS Robot Operating System HBAEERSR | FARFHEEARMEIERRR

FRFEMSABE T AL,
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ROTH Remote Over-the-Horizon | i&i#iBIREE RS EETEET
NEIMEEHE,
ROV Remotely Operated Vehicle | &K TigeEA | E(EB USV B9F&HMT, H
USV B EFEBEET
KTEX,
RTK Real-Time Kinematic BOBFENREELL MR EmEEL(EIE GPS
BRE, BN RIEHEEN
AOREAAT
SAR Search and Rescue BRIER EARRFERI S S
BIEHIER.
SAS Synthetic Aperture Sonar | SEFLIEERM ST KRG RE, B
FARSREREN K T HIR8(E
SATCOM Satellite Communication BEER BAMTRSIEER, &8
HERFENEGNTEF
EZ.
Sea State Sea State Bg / B HEABERIRRESR (W
s tE R AR BEh R
BE).,
Sensor Calibration | Sensor Calibration RIS IR E EIERAIRR R RREHERSR
(RERIBTE,
SLAM Simultaneous Localization | BPEFENIEEEE | ERAMIREFRRERIEHE
and Mapping (e T EE SAERIRHT.
SMS Safety Management TeEEER HEREAMEEBE RS
System AR ERE T,
SNR Signal-to-Noise Ratio SR EERAISEFRRERNEE
1BIE, (ERGEEMERE
i
SOLAS SOLAS BEAGRZ2Y | BRLREE. BIREHR
“ eI bELE2
SOP Standard Operating R ETEAMMR. BEEE
Procedure BTSSR,
SSS Side Scan Sonar =2 BRES SRR GNE
IR,
Swarm Operations | Swarm Operations BHEREZE ZREAERRSENTE
75, WMEFNIEE S K EiEE
%,
SWATH SWATH AVKEREIEEREAR | IKERETE)N, STRRFEMR
M EEERTIEEYR
TCO Total Cost of Ownership FEEEZ S TSN BEtE HE AN &
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ERRSEEEE apBEARAR.

Telemetry Telemetry ERIEE HEREMENRFRREE R
(MEBHEE (B RE)
Trajectory Tracking | Trajectory Tracking BEE R LIRS EBehRRI, EkE
B e R EEEER
THEEEE
Trimaran Trimaran = H—{EERAERER R {E R =8
1By, FRESRESEEME
UAV Unmanned Aerial Vehicle | EBARTHE / | EZPRITHVEASHE, &
AR A= azREEAFE .
usv Unmanned Surface Vehicle | AKE®EHE / | IEKE LT, EFAE
EARG BEARIRIE, EERmERT
BEEFIFITHEHE .
uuv Unmanned Underwater |AKTEHE EKTEENEASE, ¥
Vehicle RS ESER .
V&V Verification and Validation | E&REEarE:2 HIPEAMEEIATTEIRES
BHReRe#ITERIER.
Water-jet Water-jet Propulsion MK HEE BRESKREEHESD, &
Propulsion BRKEEARZBNEY).
Winch Winch = AR T RGAIZE (JNE
5I284) EERRRAERIEED
=E.
WPT Waypoint RrRh ER IR TR AR BRI R

R,
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