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Abstract: The single vector quaternion feedback control algorithm for the autonomous underwater vehicle (AUV) was
proposed, which used vectors to represent control input and attitude errors. This algorithm solved the attitude dead zone
and multi-turn rotation problem in Euler angle attitude. The above algorithm could realize the attitude and position con-
trol in a fully-actuated dish-shaped AUV. In order to demonstrate the efficacy of the algorithm mentioned, the physical
model of the dish-shaped AUV was built in the simulation and a digital controller was designed based on quaternion
feedback. The experimental results showed that the quaternion feedback control algorithm could make the dish-shaped
AUV system move from one arbitrary state to another arbitrary state in the state space. The algorithm regarded the body
attitude or position as a single closed loop, thus having larger convergence domain and requiring fewer parameters to
tuning than the scheme using Euler angles, which made the debugging of dish-shaped AUV control parameters easier and
more convenient in engineering application.

Key words: quaternion feedback, fully-actuated system, dish-shaped AUV

WS HER: 2022-09-14; fEEIAAR: 2022-11-13

BIEEE: VKE, cysun@seu.edu.cn

EEWE: EXERFEEESEEIIH (No.61921004, No.62103099); Y1754 §il # 5 4k A JE R 78 % 5 (No.BK20202006);
e SRR AR S5 2 (N0.2242022R42003)

Foundation Items: The National Natural Science Foundation of China (N0.61921004, No0.62103099), Natural Science Foundation
of Jiangsu Province of China (No.BK20202006), The Fundamental Research Funds for the Central Universities
(N0.2242022R42003)



<514 - BRER S TR R

a4t

0 3l

I NAESE R 7% B SRR RL, KR
PUES NEAARA R —DNIE, FREHEAT 6 AN H HE R
i, ES2 TR FHLES ARMLI [RIN S22 ) EE T
YER CASoKihEl, RIS hil M sh AR E R
BE. REWFFREESEEK LS NS RIRCR
A RE R T TR Y 7 AR AR, FFAEK AL
MRS PATRRE T T Bod 5 a0,

TR B 5 A7 AE ) R PH S5 5 1t AL 2%
NEZRIMEF R, K IHLEE ANKKE) 125
FEAEAMECLMERR IS, 7 TRESCE A LF3hil 112
HONE. Ly C S5 AP T — R T Sodbhr 1B
(modified particle swarm optimization, MPSO) HiZ:
Ak 4 B EE PD #5650 502, £ 2 AIK3N )
ZHRINIGOL TR T TS EOGR A th4h,
i B s A 2 > 1 1 O I A 8 I 29 T v A A B T 1
K ISR NIE S s dl e S8, XM
F 2 A AR 1K 30 1 S8R A0 i S S 40
O, AR e 4 R A TR kA, ERpEAD
Feth 1 AT UR R A S ST (A R, LR K AR
H 325 il o — 2ot 7T B AE N LS A 7 T i
T ekt Song S & NPT T —FhiE 151 A TR
BLas Nz oA EL O, A5 BB 5 1A A SEERHI 0
MRS, XA SRS .

HAT, L4 BB NAGRIN RIKE) KT S E &
P BOR T, S T ORUEEE E T R R AR E . BR
R f DUANAS S - 90 IbLahmifh, Kk, B
A BT K 2 2 T BChE A B iR 22 I it SE IS A
FEHICH L (HAK LA ALE TR R, &HiE s
5 LR AR S S B O, n R 4 A FH R A
RITRLEAS, FEIFAMFEIL £90°1F, 25 5 filki /& 3 7]
TROE, SBCESEHIR.

Bfour DA bR R, A e A R S R
#2235 77 1) 07 ¥ oKk R EE TS 1R T A0 B ) .
Gavrilina E 2 AU 7 — i35 T B s (0 508
AIY) R R SV, AR R GE T A,
Ik ) e NgURR 1 7 2UE T AT A, AT B L R SR AE K
LN (3B IE T30 . HAh Brezov DU H7#F
7 SCBRBL A A Sl NEE 4 IieRE, FREIRIL AT A
I £ B B i 2 Bk dit G 73 7] 9 SRR IR A . X LTy
VRAE LR B B s A 25 2 BRI AL A I R I, A 250 0%
IS 7 A AR R AR T ] AR T R, H A

il

I T RERI E R, AR T TN .
I, EF eSS LRI ER TS ECRE .
Ty 4 (B S5 R OB AE U BB SZ AR S AL
2 o) v 45 30 ORI SE FEUOT S pt ek N\ POMeE g
TCHUTVERC T — Mo AR 0 ) R 3X 3 B i X
7 /K%s (autonomous underwater vehicle, AUV) ]
6 B I HIAE, AR P seBl e .

K AL NS AT & BOUR & 1 AR 5 A
Ao fEK T TAER, AUV [EI 522 & S5 51
TER, HPAE R ANILE RS, X AUV BLE ™
AN, AUV RS, FERERE
20t AUV [R47 BRI 7 A J A i psh 1),
T IS, Shi K 2 NPERFFC AUV X%
55 I 3 7 — i R T A 2 1 AR T T A )
(nonlinear model predictive control, NMPC) ]
W, T DA RCHbAT ) R A A B RS B R 22 5 U
o HEMALZECEMBERN, SN AUV %
577 A 1R 5 0 4 B DN TR R A 4 3 B RS P T A B
LB IE, NI ASCER 1 — Mt 0 4 IR s R I 7K
ML N AR ] S, A DY B e 7 30k
LY IRIE AUV [ 6 B SR, T 8 S A 18
WK Hr 1 37 B A5 I HE B A0 S0 A0 ) AT 45 35 AR R AR
v el o i I e AR 2 I A 0 07 5, xR P Eh gk
AT PRI HIAIAME T LSBT AUV #2411 52
Wi o f% Ji5 {4 | MATLAB ] SIMSCAPE T H. 48 %} ik
& AUV A -IASCGR 1 SERMT T B, T ES
RE R E BA B &R, FBCT BRR A E
XH BRI FE RS HS . B E . RS
XEEH .
1 POTEET

U oc i - 2R =R e iR i, g —
Fie 1 ANSEHEAT 3 AR iy v k 4Lk 50,
=k (1D FoR:

0=4q,+qi+q,j+qk (D
VUc# 0 s (2) Pos:
lol=a; +ai +4; + 43 (2)

0] =18, FREAPUCENEAIEE, T
SR EA RS U Tc L BRI .
A7 DU TG HCAT LA SRt = 4t ) AT Be e 1 2
SR AR, VAR KR =[x, y, 2] FTEH
SRR KN O BSR4l P DU T R4



55 4 3 P REE ST I R EREIRIE AUV R BB H - 515 -

Jete ARy, A XA AL N — A DY e, K (3)
B

o o 14 o
" =cos—+sin—xi+sin—y j+sin—z k (3)
QG 2 2xnl 2ynj 22}1

N T IERAR, € XN (4) Frosamsgt
T:v=[xyZ]T—>Q=0+xi+yj+zk (4

A PEE R (5) BEEMRE R GUEE
MR EME SR
n'=T"(QT(m)Q;) (5
Horh, 77 FRTO) BB, 0 FoR O HISLEE,
RIS VU TCEL I 3 AN K5 23 70 HORH s 35 DY o i e
WAAE X 6D, X T Q=wHxi+yj+zk
O, =w, +x,i+ y,j+zk, A:

00, =ww, =X, X, =WV, =22, +
(xlw2 +Wx, =z, +ylzz)i+ 6

(J’1W2 +z2.%, Wy, _xlzz)J +

(lez —NX T Xy, + lez)k

VUTCHL QT (n)Qy FISEHES 0, e FYY HE A2 R
= Eg (5) PRI A5 FFT
=YEFE . X TR AT SRR R, A SO

SGEBUN LBV« =0l ok P = A El 1L Dok € 1B
LRI, FT DA R 58 Be #5 AF 75 B 2
AN SRR O e R . AR RIS, RIS
8RN SRR B R AT ] AUV e s
PG EES

2 R AUV HEE

AT T —Fh RS T AUV, fH 6 4
HEE RS SEBUGT Y. AUV 3 BhieiEfn 3 #ierahiids
fil, 6 HHEMEIE AUV RAE T H8TURE 55
B wT LMARART T [m) 4 1) H bR A, fASHERE 25 4T
R o o 3 AN EE TR R, 208 P1.
P2 F1P3; Fk 3 APAT TREHNE, idh V1L V2
MV3, B8 AUV AR WA 1 .

AL 2 FoRAAAR R, KHIABAR R N N5
Hh 2 [ I AR AL R AR 2R HLEAAAR R B A AR
W AUV B0 HEm 5K 1 —350BE R, NE
fefthid, OO KRHARAR R N HLEAAEE & B 43
S ENEE

K2 MbrfZ%

RIEEIE AUV 45K, aTUHESH x. y. 2 il
BEFETIHRN xo y z T Bl 140 B B SR 28 1 HE
Ty BEMERAFERE M, 3ETH B R T IEHIE U" 2
BRI AUV [ 6 Mt U7 1.

U =M:U* (7
1B, .
3 3 3d,
2 0 0 o 0 !
3 3d,
I U
M?* = i (8)
r 1 2
0 0o - 0 0
3 3d,
0 o L _1 _\/g 0
3 3d, 3d,
0 o L _1 —‘/5 0
| 3 3d, 3d, |




+ 516 BRERL A SRR R ES
:/H\:EP’ dl/ N dP %%U%E%ﬂ% AUV R{ﬂl:':hb?”ﬁﬁj’ﬁ ééﬁgiguj?%ﬂyﬁg 3 ﬂhﬁiﬁgg w =[WB wé WB]T ,

BRI 1/KCFRERS . B (3), AL E]
B A N6 Mty =[FF FP FP TP T 17 ]
Gk R OB 6 MR R S U=
[FPIFPZ FP3 FVl FVZ FVS]To
BT AUV FE/K T LAER AT 6 H BRI
K, ASOKAE DU T8O IR BT AUV IR, il
FESL TR ANE BT AL 53 B3 1 AL,
X (9 FiR:
X =U)+T"'(Q)T(2X)Q) )+ B+G
m + (Q ( )Q )+ + (9
I, w=U)+T"(Q,T(Hw)Q, )+ Ty,
o, m R AUV RUBHURE, X =[5 5 2]
& N &N AUV IIINEE, U & N &2 T B
PR, T(@)T(ZX)Q)" ) & N AT
—M-PaKIe, Z=diag,.<,.¢.) /& B R FIF

e REUERE, B, G 73 HlRE N & MRIE AUV iy
SUFIMES], 1, 7 N R T B RIE R O, B

AR, UYR N RTFBEESE~ LRI,
w=w, yow,] & N RFEIK AUV [ IEE,
(@, T(Hw)Q," ) & N & T it—M sk,
H =diag(n,.n,.n.) 2 B & NI REIEFE, T,
& HHE JTRIVE A SR = AR ) i (05D
3 BX

AU SRR, FTRAEE] B RAEN N &R
eI ICE Q) » WIEEM N RESH I THER R A
0., - MIEZHTHIE L, B AUV P UHTLA e
PRSI Y 9, PN (10) 435

be = chpQr):ow ( 10)
Hrp, Q) AR AUV 41T e80LE 9, 3t

Bio UL Q PR RIIU IO, W LUE AR AT
DA REMREZE, HEHimg(Q,) F4E TN
YR R e e B B AS e g, FLSEER
real(Q,, ) AT LAHRHUH 75 588 1, i WM L 6,
=l (11 fios:

0, :2arCCOS(beO) aan

-1

l,=6, |:qu, 9w, 9, ]T

TR AR B, 43 5045 B AUV 24808
(1) W5 B 268 2l 17 TN 8 LT 5 10 A R/ wy,
A (12) ~3 (13) Fir:

r =|wﬂj|fl [wx w, WZ]T (12)

wﬂ):JwXZ—l-w;-l-wf (13>

YT AUV R, A SCHE H
JIT S EE 1) 2 H AR A TR Hh % ) BSH R 4L
IRFFLANHE L. BRI AUV 2K,
L SFOAESFRA—BEE TR NEESN
VER 22 A — AN J15E, eSS IR AR
PERE, MEILIIA— PN RBURZER S, HT
) 0455 F AR AE P ) PMERAEE BT

B FRATT T DA B A R 2 1 i 4 i A
X 1D fiw:

N
X

U =] 6 | = (kO + o [0t )1} = 1 (14

N
y
N

R ~ .~

o, ks ke ko SEBRARRY AR AR O R AT 1
ZH. WTHEIE AUV FEA BRI, KRS
W R B, Walk 3 fpdsEm . R
FEEEMN IR BRI, A7 B A0 D45 Z Bt
X (15 FioR:

1

UY =| £ |=kpdy +kp, [dyde+ kv (15)

7
FoF Ky g K RSBTSRBTS 0 AT
WS, dy RETE AUVIEN R A B IR ERE,
va MR AUV 7E N & FIEE IR ZERE.

now

N
dy =d¥ —d¥ =|e (16)
N

N
vy =0—vi =—|v) amn
N

IR AR UY A0 P R U H R TE
N &I, N T e, HEs U =[U) U]



o5 4 34

P REE ST I R EREIRIE AUV R BB H .+ 517

W B RFMU =[UF UL wILLE I e

O, TEREANAEH, W50 (18) ~2 (19D Fir:
u; =1"0,.7(U}) Q.. | (18)
up =1"[0,,7(U}) Q.. | (19)

4 fHE

N T IRAESFVER AT AT, ASCfEH] MATLAB
f¥] SIMSCAPE T HAAEEE 1 17 3, IR SLYI 2
HOE TR AUV Z4EBOR 35, i 3 P

3 BEE AUV =4EfR

K3 b A CNEETE AUV 14K, K2 IEF
71 B RWATBCE, HTIHTE AUV [E
O IR HLAR NAE K R RAREC B PRI T, (LR
NBEARER T 5 32 31 ) R/ANEALAESE: C v 6 X
e AOK FHEE S . SIRPUA L), RS

PR A EE S HOLER 1.
1 W AUV YRS H

LR HiE AT
m 9.4 kg
g 9.8 N/m’
d, 0.25 m
d, 0.25 m

(SN 0.5 N - m/(deg/s)

Moo My M 0.6 N/(m/s)

1.1, 0.1847 kg-m’

I, 0.2749 kg-m®

Horb, m NERIE AUV RIBPLF R, g N0 EA b E
TR, d,  d, 73 5 93 B AR AP et

FEIE AUV HORIKFIERS, Co € ¢ T
& AUV 1E B 258 x. y. z HiEE: N 32 30—
Feshfe, n. n,. n. NI AUV 1E B R T x.
v z WP 2B —raiae, L. 1 LA
I AUV £ B R NE x\ y. z i 5 & .

SRR S O HE S R A PR, R B S
A5 1) B e o) S ) PR o T A R
SR E L RS SR AR SCIE T B B
A KHE 1% A 260 N o

N T ARSI S RIS AT BT AT, A SO
HIZEHAT T Bk, A B E A HI 35 LA 1000 Hz
(AR TAE .

BT BRI EE, 15 BB A R
X (200 ~:=L 21 Frow:

N

~

UY =) |=(kyOp +ky Y OpAL) L) — kw1 (20)
tN
fN
Uy =| fY |=kpdy +kp, Y dyAr+k vy (21D
f‘ZN

b, A AEHIERE R R, A, mHles
B A 1000 Hz, #E AL =0.001s .

B (200 ~K (21) FHEHEUY =
[Uvrud] 45 B £ F, @R (7) #
vt =[Ur U] s 6 M L
41 (IEMERIARL

TE WY BRI 07 BOSE B, WY AUV fE—A
A Z IR T IS — A A S S 90°11
WA xR — /M 2 R #A SR ek

SR
fEor=1s B, & W oo & 82 MN

(0.966,0,0,0.259) VJ#: 51 (0.5,0.866,0,0) , fEr=2s
i, REEMEM0 0 0] MIHEIl 0.6 -0.4] .

K 4 () FE 4 (b) pulExR T ER BRI B
THIE AUV BA BIEf LGNSR, BT
WM AR EW RN ELEEEYIESZ
R %, SOARSCR IS LA Y HT LS 2 1Al
A IR SRR B A SR, B4 (o) BaRT
TEFES R AR Z RS2, B4 (D 4l TR
J& AUV 1) 6 MEESSHE ST AR i 28



518 - BRERLE G HOR P a4t

X
. — N
Z
- -
- - -l
T
~1.0}
| 3 3 7 3 3 7 8 g 10
I i)/
AR
_q()
—ql
—q2 L
_q3
- - —qOmiz
---qlmE
- - -q2fgz |
-- -3
i 3 3 p} 3 3 7 3 9 10
i i)/
(b) PUTBHES
120t
100}
&0 80
3
& 60}
x|
& 40
Ezﬁ\\\-
0 L
T p) 3 7 3 6 7 $ 9 10
i /s
(c) Hhfairz
! —p1
60 —
40t —P3
o — V1
I — V2
Z vl
= 0
£
—40
~60
T 3 3 3 7 3 9 70
f /s
(d) HestasHEn

B 4 B AUV L2 R0 5

4.2 EESRMNERE
EESGIEE LI, BE AUV ST =4
SEPESL T 360° K El:, 7E A FH L ALk AR R
FIRRBE AR, IR PP e f2 AN RECRIE S
Kl 5 (a) Bn THETE AUV Sehh = %

)
Eﬂ} LSRR R, B S (b)
7 14

25 T AUV I 6 DMHEBESHE T2 26
MATEEE R I, XTI 36001 IE L figh

VU e LS IAEATETE. AUV [ SEn DY e BeL3S 16

BORFFES HTHE, AMAAERUERA TS

4.3 HURRERSEYE

FEREBRERSCIG T, etk 7 st (22) s
— R IREAFAEN BRI IE, JFRFFIRIE AUV
25 DY e B B2 I 4E (1,0,0,0) HPIRAS .



Fa

P REE ST I R EREIRIE AUV R BB H 519 -

0 5 . 10 15
(a) WA
60| =
40t :{’,31
—V2
E 20 —V3
# 9
20t
740 L
60
5 70 15
I [/
(b) HeEEsHEN

5 W AUV B850 eik

x = sin(0.4¢)
y =c0s(0.4¢)

0,0 <r<2 (22)
z=4-1,2<<l0

0,10<¢

K6 (a) 5 THEIE AUV B FR BRI RUR
Bl 6 (b) JEzn 7 ¥l T il f i 22 1 e sfth 28
K6 (c) 4 TREIE AUV 1 6 AMESESSHE ST
AFAL 2R

5 45RiE

ARIHEFIRG T MY AUV HERESSE /)
B AR R 2D T (U AERE, (DU TS AUV
ML I B A DU e B e O A 1 B ], 45
T Z SRR U SRR .

R E SR, TG BEE T 0 e U B
BRBERTTERTE 3 ANSHU ] E LS
BUE AL E T RO E . AT xy y. 23 Bha il
MR, ASCHEEAZHD . R ER KL
s SR VU e BOR RN 23S, BIE AUV
(45 5 22 A AN A2 BR 1 WKL 1 48 S R T VA I BE
BRI, 1RG5 LS IR A 25 1) 9 AT =

AR T D el AR . X T B e s
KA ENLBN T/ RIS, A DU o8 15t B
AR HE S -

EEPEE

[1] ALIF A, ARASM S M, AZIS F A, et al. Design and development of
auto depth control of remotely operated vehicle using thruster sys-
tem[J]. Journal of Mechanical Engineering and Sciences, 2014, 7:
1141-1149.

[2] CHEN W, HU S L, WEI Q Y. Design of ROV adaptive sliding mode
control system for underwater vehicle based on RBF neural net-
work[C]//Proceedings of 2021 33rd Chinese Control and Decision
Conference. Piscataway: IEEE Press, 2021: 2976-2981.

[3] KHODAYARI M H, BALOCHIAN S. Modeling and control of auto-
nomous underwater vehicle (AUV) in heading and depth attitude via
self-adaptive fuzzy PID controller[J]. Journal of Marine Science and
Technology, 2015, 20(3): 559-578.

[4] CHEN C W, HUANG C H, DAI X K, et al. Motion and control simu-
lation of a dished autonomous underwater helicopter[C]//Proceedings
of OCEANS 2017. Piscataway: IEEE Press, 2017: 1-6.

[5] LYU C, PANG Y J, ZHANG L. Improved PD controller for AUV
based on MPSO[C]//Proceedings of 2009 International Asia Confe-
rence on Informatics in Control, Automation and Robotics. Piscataway:
IEEE Press, 2009: 24-28.

[6] CUIR X, YANG C G, L1, et al. Adaptive neural network control of
AUVs with control input nonlinearities using reinforcement learn-
ing[J]. IEEE Transactions on Systems, Man, and Cybernetics: Systems,
2017, 47(6): 1019-1029.



©520 ¢ R F HHE AR R 4%
0 5 10 15
i fil/s
(a) =ZHArE
30
et
s |
220
K15
&
£10
5
0
0 5 - 10 15
B /s
(b) Hifpinz
60 —P1
—P2
40+ —p3
— V1
20} — V2
g 3 A —V3
20
740 L
60}
0 5 10 15
et il /s
(c) HEdEaRHES

71

(8]

91

[10]

(1]

[12]

K6 MK AUV HERE:

EH, B, B, & B TREERLE I Bk A EUK
AT IR BERE B[], B RER 22 5 BOR 24, 2020, 2(4): 354-360.
WANG R Z, LI H P, CUI D, et al. Depth control of autonomous un-
derwater vehicle using deep reinforcement learning[J]. Chinese Jour-
nal of Intelligent Science and Technology, 2020, 2(4): 354-360.

SONG S, KIM T S, SUNG M, et al. Attitude control of AUV using
multiple buoyancy engines for exploration and water column profil-
ing[C]//Proceedings of 2018 IEEE/OES Autonomous Underwater Ve-
hicle Workshop. Piscataway: IEEE Press, 2018: 1-5.

ZHANG S, DU X, XIAO J, et al. Reinforcement learning control for 6
DOF flight of fixed-wing aircraft[C]//Proceedings of 2021 33rd Chi-
nese Control and Decision Conference. Piscataway: IEEE Press, 2021:
5454-5460.

WEI Y R, DENG H B, PAN Z H, et al. Research on a combinatorial
control method for coaxial rotor aircraft based on sliding mode[J].
Defence Technology, 2022, 18(2): 280-292.

LIU H B, WANG H P, SUN J L. Attitude control for QTR using ex-
ponential nonsingular terminal sliding mode control[J]. Journal of
Systems Engineering and Electronics, 2019, 30(1): 191-200.

W, REE. BT RRT -Smart (5 A4S0 SIELT KT A ME

[13]

[14]

[15]

[16]

BRARRI[T]. R aeRl 2 SRR AR, 2022, 4(2): 264-276.

DONG L, XIONG A L. Path planning for unmanned surface vehicle in
complex dynamic environment based on improved RRT -Smart[J]. Chinese
Journal of Intelligent Science and Technology, 2022, 4(2): 264-276.
KEMAL OZGOREN M. Comparative study of attitude control me-
thods based on Euler angles, quaternions, angle—axis pairs and orienta-
tion matrices[J]. Transactions of the Institute of Measurement and
Control, 2019, 41(5): 1189-1206.

GAVRILINA E, CHESTNOV V. Singularity-free attitude control of
the unmanned underwater vehicle[C]//Proceedings of 2020 24th In-
ternational Conference on System Theory, Control and Computing.
Piscataway: IEEE Press, 2020: 512-519.

BREZOV D. Optimization and gimbal lock control via shifted de-
composition of rotations[J]. Journal of Applied & Computational Ma-
thematics, 2018, 7(3).

ARG, TRk, EREE, & XH ST 0 E U o fum = 4eis
EMETEI. R, 2015, 41(2): 132-137, 143,

DAI 'Y X, SHEN Q, WANG H N, et al. 3D motion estimation of bino-
cular vision based on dual quaternion[J]. Optical Technique, 2015,
41(2): 132-137, 143.



Fa

P REE ST I R EREIRIE AUV R BB H - 521 -

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

FRIETE, S, R0, & — Mool LA eR HLWVE s
PRI HU AR5, 2022, 58(9): 31-40.

CHEN F F, JUH H, YU M, et al. An analytical quaternion and its ap-
plications to inverse kinematics of 6R manipulators[J]. Journal of
Mechanical Engineering, 2022, 58(9): 31-40.

FOAR, FOAK, FHE, S TR B ALK E 2 25 g
B A HT[I]. HUMAE SN, 2018, 42(7): 112-117.

GE WM, YU X D, WANG X F, et al. Kinematics modeling and anal-
ysis of manipulator based on dual quaternion[J]. Journal of Mechani-
cal Transmission, 2018, 42(7): 112-117.

P, B, BOEZ. BT P CE UM T L SR S O R [0,
UM 5 H A, 2015, 34(1): 56-59.

SUN B, CHANG X M, DUAN J J. Smooth orientation planning and
simulation of manipulator based on quaternion[J]. Mechanical Science
and Technology for Aerospace Engineering, 2015, 34(1): 56-59.

R, A LTI TR RIS AUV EUE R B
FRYFAR, 2014, 9(2): 186-191.

WU Q, LI'Y. Stabilization design of under actuated AUV based on qu-
aternion[J]. CAAI Transactions on Intelligent Systems, 2014, 9(2):
186-191.

FOSSEN T 1. Guidance and control of ocean vehicles[M]. Chichester:
John Wiley & Sons, 1994.

SABET M T, MOHAMMADI DANIALI H, FATHI A, et al. A
low-cost dead reckoning navigation system for an AUV using a robust
AHRS: design and experimental analysis[J]. IEEE Journal of Oceanic
Engineering, 2018, 43(4): 927-939.

FAN S S, LI B, XU W, et al. Impact of current disturbances on AUV
docking: model-based motion prediction and countering approaches[J].
IEEE Journal of Oceanic Engineering, 2018, 43(4): 888-904.

SONG W P, CHEN Z Q, SUN M W, et al. Reinforcement learning
based parameter optimization of active disturbance rejection control
for autonomous underwater vehicle[J]. Journal of Systems Engineer-
ing and Electronics, 2022, 33(1): 170-179.

LIJ H, LEE P M. Design of an adaptive nonlinear controller for depth

control of an autonomous underwater vehicle[J]. Ocean Engineering,
2005, 32(17/18): 2165-2181.

[26] SHI K, WANG X H, XU H X. On the offset-free nonlinear model

predictive control for AUV docking[C]//Proceedings of 2021 WRC
Symposium on Advanced Robotics and Automation. Piscataway: IEEE

Press, 2021: 117-122.

HEEEN]

Wi (1997- O, B, KeREA ML
BER A, BT 1R K T AL A d% ]
£5:% NNV N K 12 vl 5 N

X&) (1992- O, H, W+, KEKEEI)
2B BRI 7 R, EE ARG HANE LA
ARG RS [ 2 R

PMKER (1975- ), 5, [, LR
SEERW R BB, R A R,
HELANRGHEARLH M TR O EAE. P
e E A2 RS R R AR
BIEE, THAMNS S, ESEHE,
AP KATEESISAAT LR E
£, CEBER A S EARZER) @l . T2
WHFT T R B E TN R G R B B

MBS IR AR R G S RS



