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Abstract

Autonomous Underwater Vehicles (AUVs) are a major means of ocean exploration and development.
AUVs are equipped with advanced technologies such as navigation, control, communications, and
sensors, enabling a qualitative leap in human understanding of the ocean. The control system is the
core component of underwater robotic arms, and its performance directly affects the stability and
reliability of their operation. This briefly introduces several main control methods of AUVs, provid-

MESIF: EBUR, TR, RIEW, FEE. BIGK T AL AT B B ER % f SR BT U ZRR ). 37 RS 5 HE,
2026, 15(1): 56-61. DOI: 10.12677/dsc.2026.151005


https://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2026.151005
https://doi.org/10.12677/dsc.2026.151005
https://www.hanspub.org/

EER 5

ing valuable reference for the selection of motion control approaches, the design of controllers, and
the design of control systems.
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AR, BEAE 3R E L SRR AW AR, HEEVE N — AN E K R SR R, HIT R SR AR E
KUTR R BRI AR R ENER . ARk, R EiEE, e EEst, L, EmT
REHP HRZEMASEFGE I “T =017 KRSt eyt 72— DR RIEEST,
VISEARY Mg F R PR 2, i BRI & . RHER AR~ ), R R R0 IR
T FERN I O ANBHEL BIRT . BRI RIS, JRIE R — AN SR R R [, SR [E R b
FES PRI, A USRI B DRI R, DA SR E IR BT K TF RN 44 AL
)7

Bk, RS R o RS B A AT . BAT, KIS AT R Z AR ThEE. )
Wi BN S 0 & 2 [ T84z, TE NK AL A AT 2 N iE 45 K R HL#% A (Remotely Operated Vehicles, ROV)
1 EVR/K FHLEE A (Autonomous Underwater Vehicle, AUV). 5 ROV ML, AUV 5 — &5 L L 5,
WNESHTEE, TRREKR, LRwss, PahRiE, AFHEKESCRERS, BB, BT 4R,
AUV MNHERIRT, EEHFUSHE. KTFlE T, FECE. M. EHRE. g, KES,
Kk, ATIREEFEE, RS R AUV. AUV | Z N THEEREE . 8RS 54
oo R IR SR A BEER SRR R A

AUV HIBIEFE I R Gia HAZ 05y, HIRe Rl AR RIRMG . /K THLE N EESEIL 2 Fh & 2% 118 3
Mizzh, BAEAM R AR R P3G E. A CER T AUV FPUZEE BRI oR 1) R IR .

2. AUV LR R ERBRITHI H Z AR IR

T AUV ARBUN RN, 220 BN, HHEEh 2O R %, ATl AUV B &
Gttt oy e, H B PID 42 5 2802 A ME RGN AEA, X M RGO B, BB TKT
LN 6 N E HERAELIE R SE, PID 42685 A REAR I L] AUV H)iZ35).

£ 80 AR, HIT UM ENLE AR N LR BEER AR R R, VF2 R 2 T B 3 2 5 AT 240
MEBREAAE . 0 E G N, TR, B, PR IERI].

2.1. BT

TR G PERR — A B R . GE TR, R NESd LR (2] [3 1M R R A E RSt HA R
THCHEAEREYE, AR AL B R 2R AR 2t R e BT W A PR . SCRR[4 16 & 8 T PERTUR Jnis sl
KT B A R ER BRI AT T WETE, TR AT TR, RV i SR A AR D S AR S A ) R
ERAMEF I OUEANE, BB S ARSI AME 26 2 SRR ] R R BRAR K2, iy HL 3 20 2
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TEIFIE AR KB -

N T IBNERENA R GEIREI, Levant [S] [6]3 1Y 1 —Fh — X SR Bl 8T 7 ik AR, 205955
FERE R IR &, W] LA BOhIN T REIR(7] (8], B30, LESCHR[O1-[11]H, K i i 5 A58
RIS 7, BB R e IR Al S T s AR AP A R T 90, CRER I M A O A L, AL Res
FE— AL B ATRIB ER .

2.2. HEZMEIZH

(I s i o 220 X 2% O PR AN T 5 F SR PR A2 i R Ao 28 D 28 AR SR i v 2R SRR TR ARE B L
AR BEFE T IEAE K P LA N RIS BB R 1 2]h 153 1) Z AR« STHR[ 13 15R A4 1 sl A X
PONER, IR EEEXEERIML &, DUA R FERREEMAEN H 1. B s 2R BRIt T
Pk, EREHEAEATERTEILT, HREZ TR ERULE M, AL AR SERR R 52 2R K
(RIFRAI[3] -

2.3, {REFEE

AR FHIN 4% 1) 5 5 4B AR A L JREN AN B IE =30 73, fEAL P 2 AT A LR R 4807 T
RE LR

7R SRR 1 A SR T A o) T AR AR 45 S SR, ARSI tanh pROECER AR T AR G A
PRI sign BREL A MEEIK T PHRILS, AR T AUV R SMET I, VIRetR Rrmks EEAN &
Ptk . BEFESE[1STBETE 1 — Al T ik AR i OS2 U0 425 fh) A0 ik o AR 2 kT UL #58 O AR 0 T A
PR JR IR A BRI ) s, 2 SV TN 00 AR R ST AR A B DA S i) 2 S S, B S AR
IREEE,  DLHR LA R T2 il O DL AL SR AR R, AL 28 N DA B AR fo DU PS8 ST IS R o7 22 P B
15 AUV BEAEIIRAE R A T P01 T B RAF AP BRER R

3. AUV filrBRER R AR HIE AR BIR

Sob(adE. e Sim) )2 Kanellakopoulos [16] [17]8SeHE T, 1M 5B £ ) 2 F2 il B AR R W &
JERIP“M o ST 12 SEEAE T ) b (0 B T BRRGBR 02, A SO I [ 18] [19]. MZMIZE4EHI[20] [21]. T
B S5 . [ R LS 2 AT DU G 250 BR R R 22 1 e 4 i B, MM — P e BRER IR 2 H X
SRR, I HEGAHBO TSR, AAEH 8 MsEm Rt 4k,

3.1. R&#*%

Fob iR —MARE A M IS, EREA SO K T AR Eh A L B AL ER B . SCRR[22)8F 7T 11
RFFEIRBNZFAE T, BB HOR AR T BRI PULERER W 8, R OB R MR v K%, fiz
EHFE AT 2K N AR S SEA, Wi so ik TR S AR E M. SCRR[23]28 T CAT B 4 4,
Pt T — AT ROP TTARIK T LGS N =GR B ER P 88 BT T, 1207 VR AT DA R BR KR Y
FH, RN AT UUV-HUGIN 88, SCHR[24 1R M vh R B3 SOk, SEIRRss
Jrid, WP BRI H SR AT 1T o STHR[25 19 S8 AR T AR AR 2 1 B 1 FR 53R AN K Bl 3 I A 0] AT
BRERFEA F20 ) 20t v R P A SR B AN TR AT I I 2 0 BT, A AUV EASHOIRAS T B
B ER . BIRSOD IR RBARL ML R B B Z 4, Bl TAESNEPE G PR A E KR
R, A1 T b A R AU A DA i A A PR S O A H 2 B R G R 2 AR
WK, XEIER T CUHEARSE” IR D Swaroop [26155 B e HY T —FRET I R ALK — 1),
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3.2. FIEWMSEHAR

BT K T ERIMEE, fAEHRE 2 RFIR T, TR 85 Be 0t v I T DLt AT A Ramdl, (H it
ARATIIEHIBORBA PR s, BT P s EoRSE 4t 1 55 —F Bk .

FRAKAE28]F T — b G BT YU N8 R RO A 7 3%, Rl S I T A R Ge i, %
T B ERNOULIN S BEAT A T, IR S PR OREh 834 LE MU RN ) R, et T ARBNEN 1 R G R MARR
BB T RO 48, 1S AUV e AR ERER BUE S8, H AR BBt TR . sl E 4 [29]
B0 AVU 7K R = 4EUEBRER P, Beit 1 — Pk T AR 2 T PEOLIN 2% () BOb i B i 4%, JE AN
B AR, B NDO W EE T PEEAT A TH A o B a7 BOP VAR R A B S NSRS, R
NDO Bt obigtizlas, ARG T AUV KT &N,

4. AUV fis iR ER H i I B AN R IR

IRFESRAL A ST HEN . BRI EE W T AUV Rz shiEsimr s, 22 ki M R G AN 0E R
TS BRARF IR -
4.1. FEBLES

TR PE BRAL 52 ST BV AR P 2 ) IR BE J1 AN a4k 2 2] I W SR RE 15 BE &, AT H T AUV AT 8%
IR b, AT HSRIIZE AUV (13 )1 580,

FEHAZEBOWIR T T HRE AL S BIER) AUV IR, RRME 7R T 5 A (actor) 13
W (critic) PR N 2%, BT LLEATAT 88 3 3222 20 51 S BEO7 A T N TEALH AUV RS R 2L Al
g1, e DR A TR AN s R PR B R ZE

Sun 253178 F VR B i o2 MR SRS A6 B2 5911 5 1 AUV B 1R R S - IREGM e &, HdshiE
B AUV [UHE IR, RS AUV BGEBEFAEE . Z AR N T BENLF-HE, A 75 G o
AN ERE AUV BRI R 400 B AT eE

4.2. BiENIFH

Zhang FF[321R M B G NBOBZ I S0 AT EVETPE, IR AR R ST E S
TR R 1 ST\ EE R R, DUE RN RS A E R . HEANEIE BT tan BYfEAS Lyapunov
PRBUEEE R GUR S Z A AR, (HARZE AN TR .

5. &t

eI AR, B EK AT AUVIE A NRIRR R R FFRK T BRI LR, SCal T
PR K. WHIRIEBIFENIAL 100 KIFERIIPIE 2K, BIEP A 1000 K. 3000 K. 6000 K
Y& TIRGIRM R B, AUV AMUEAR 7 A FR B A, SR Ih & AR 0K 78 5 X . Ik
Bt A RS K SNSRI RS X BRI AR, MUZE T AUV A EH
BhOREVR . SFATSEEERRER FRRS A, SEEBE T A KR BEIR AR . PR M S A A% oA

T, AUV IESE KNS 2B 0 X fa A sl sk, Mt g ip— el b flE g U =X,
PASAR A T A5 B SRR L BEUR BN A o — AR LA X, i 20 3t — 254 e B R 12 5 S B 3
ET ik, AUV RS SIS BAR AR R R RN SR KBTI R SR th
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i aERER R, H2 B0 s RIS I HERE B ), PR T AR AT R L. Rk, SR
BHUTAHBESEILZ B d EIE S R DR R OV BT . R R HERE SR S i, TR E
T et e A5 IR BE R BAE Ty, FIERRIRBERERI RIS, SCEL AUV M RENLEN. TR, Bt
BAEMR B R ML, “RIE) AUV (EIRIN AR T A& Bk th S ] 7 SRR BOIZ O S ——1%
BORBEA RS0 SR I AR PR R 1T, G i i) S50k B th SR L R R, AR R BB AUV 72
AL E 2RO T, HARIRIFRE  RHERINUT 235, NIRIhAEZ A i EshiR fnl Fe R Best,
“EE G AR LA BT I RE PSRRI BRI AR BORBIE, RS AUV BUTHL I Eh AL
e SER IR RE A BT T R BRISTIAEE R, [FID e T REPLE IR S5 RS HERR BRI, AESRTT
FiLAT RAEAE R — D PR RERE, Se SRR A KRR K -

SO, ERHEE ] EE MR RS B BRI AUV SR, RS I RIS R
T, AR G R S RRIA — R AESS, RIEBORE G AUV KR REE . XA H & A T RVE
HEVERE RN KIS R BN 2 5155, @2 AUV 7) TIME, wTRZFRIHELEE. [N, &
AR A FVEVIREE . AR5 2K, RIGHERCZ A28 AUV TR FIVEMV BN, SEBME VIR FE . BT
BRI Z RO, MOARK AUV 18345 | Uk ) =2 R e 7 M.

SEEk

(1] 5kEa%s, dPREE. 2= T MK ALK TS NS sh @ S sl HoRFE L], H EIEME, 1999(2): 87-96.

[2] XEHE. WAL TEH MATLAB {5 B [M]. Jbai: EHERSHARAE, 2012

[3] #AGIE, 7%, Bmlk, @, Fi AE RIS EIR KNP RELESHETHAR, 2014,
36(3): 519-526.

[4] Yoerger, D. and Slotine, J. (1985) Robust Trajectory Control of Underwater Vehicles. IEEE Journal of Oceanic Engi-
neering, 10, 462-470. https://doi.org/10.1109/j0e.1985.1145131

[S] Levant, A. (1993) Sliding Order and Sliding Accuracy in Sliding Mode Control. International Journal of Control, 58,
1247-1263. https://doi.org/10.1080/00207179308923053

[6] Levant, A. (2003) Higher-Order Sliding Modes, Differentiation and Output-Feedback Control. International Journal of
Control, 76, 924-941. https://doi.org/10.1080/0020717031000099029

[7] Salgado-Jimenez, T., Spiewak, J., Fraisse, P. and Jouvencel, B. (2004) A Robust Control Algorithm for AUV: Based on

a High Order Sliding Mode. Oceans’04 MTS/IEEE Techno-Ocean’04 (IEEE Cat. No.04CH37600), Kobe, 9-12 Novem-
ber 2004, 276-281. https://doi.org/10.1109/oceans.2004.1402929

[8] Khan, L., Bhatti, A.I., Khan, Q. and Ahmad, Q. (2012) Sliding Mode Control of Lateral Dynamics of an AUV. Proceed-
ings of 2012 9th International Bhurban Conference on Applied Sciences & Technology (IBCAST), Islamabad, 9-12 Jan-
uary 2012, 27-31. https://doi.org/10.1109/ibcast.2012.6177521

[91 Qi,D., Feng,J. and Yang, J. (2016) Longitudinal Motion Control of AUV Based on Fuzzy Sliding Mode Method. Journal
of Control Science and Engineering, 2016, Article ID: 7428361. https://doi.org/10.1155/2016/7428361

[10] Lakhekar, G. and Deshpande, R. (2014) Diving Control of Autonomous Underwater Vehicles via Fuzzy Sliding Mode
Technique. 2014 International Conference on Circuits, Power and Computing Technologies [[CCPCT-2014], Nagercoil,
20-21 March 2014, 1027-1031. https://doi.org/10.1109/icepct.2014.7054923

[11] Bessa, W.M., Dutra, M.S. and Kreuzer, E. (2008) Depth Control of Remotely Operated Underwater Vehicles Using an
Adaptive Fuzzy Sliding Mode Controller. Robotics and Autonomous Systems, 56, 670-677.
https://doi.org/10.1016/j.robot.2007.11.004

[12] Zhang, M. (2014) Adaptive Region Tracking Control for Autonomous Underwater Vehicle. Journal of Mechanical En-
gineering, 50, 50-57. https://doi.org/10.3901/jme.2014.19.050

[13] Ismail, Z.H. and Putranti, V.W.E. (2015) Second Order Sliding Mode Control Scheme for an Autonomous Underwater
Vehicle with Dynamic Region Concept. Mathematical Problems in Engineering, 2015, Article ID: 429215.
https://doi.org/10.1155/2015/429215

[14] FEZE, Rk, 5k 456 MPC 5 SMC K T HLas NP ER R F2 ) SEVA[J/OL). FLMARHESHA, 19
https://doi.org/10.13433/j.cnki.1003-8728.20250030, 2026-01-06.

[15] EEEEE, FREy, 5kik 2T IGWO-MPC AINDO-ISMC 2B UUV Bk PR IEF I 4 2 0 H[T]. AR AR THE, 2024,

DOI: 10.12677/dsc.2026.151005 60 B 1RG5


https://doi.org/10.12677/dsc.2026.151005
https://doi.org/10.1109/joe.1985.1145131
https://doi.org/10.1080/00207179308923053
https://doi.org/10.1080/0020717031000099029
https://doi.org/10.1109/oceans.2004.1402929
https://doi.org/10.1109/ibcast.2012.6177521
https://doi.org/10.1155/2016/7428361
https://doi.org/10.1109/iccpct.2014.7054923
https://doi.org/10.1016/j.robot.2007.11.004
https://doi.org/10.3901/jme.2014.19.050
https://doi.org/10.1155/2015/429215
https://doi.org/10.13433/j.cnki.1003-8728.20250030

EER 5

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]
[30]

[31]

[32]

46(2): 1-11.

Kanellakopoulos, I., Kokotovic, P.V. and Morse, A.S. (1991) Systematic Design of Adaptive Controllers for Feedback
Linearizable Systems. /EEE Transactions on Automatic Control, 36, 1241-1253. https://doi.org/10.1109/9.100933

Kirstic, M., Kanellakopoulos, I. and Kokotovic, P.V. (1994) Nonlinear Design of Adaptive Controllers for Linear Systems.
IEEE Transactions on Automatic Control, 39, 738-752. https://doi.org/10.1109/9.286250

Leu, Y. and Lin, J. (2009) Adaptive Backstepping Fuzzy Control for a Class of Nonlinear Systems. In: Yu, W., He, H.
and Zhang, N., Eds., Advances in Neural Networks—ISNN 2009, Springer, 1123-1129.
https://doi.org/10.1007/978-3-642-01510-6_127

Ezziani, N., Essounbouli, N. and Hamzaoui, A. (2008) Backstepping Fuzzy Adaptive Controller of Induction Machine.
2008 16th Mediterranean Conference on Control and Automation, Ajaccio, 25-27 June 2008, 1622-1627.
https://doi.org/10.1109/med.2008.4602122

Ge, S.S., Li, G.Y. and Lee, T.H. (2001) Adaptive NN Control for a Class of Strict-Feedback Discrete-Time Nonlinear
Systems via Backstepping. Proceedings of the 40th IEEE Conference on Decision and Control (Cat. No.01CH37228),
Orlando, 4-7 December 2001, 3145-3151. https://doi.org/10.1109/cdc.2001.980302

Chen, W.S., Jiao, L.C., Li, J. and Li, R.H. (2010) Adaptive NN Backstepping Output-Feedback Control for Stochastic

Nonlinear Strict-Feedback Systems with Time-Varying Delays. I[EEE Transactions on Systems, Man, and Cybernetics,
Part B (Cybernetics), 40, 939-950. https://doi.org/10.1109/tsmcb.2009.2033808

Aguiar, A.P. and Pascoal, A.M. (2002) Dynamic Positioning and Way-Point Tracking of Underactuated AUVs in the
Presence of Ocean Currents. Proceedings of the 41st IEEE Conference on Decision and Control, 2002, Las Vegas, 10-
13 December 2002, 2105-2110. https://doi.org/10.1109/cdc.2002.1184840

Borhaug, E. and Pettersen, K.Y. (2005) Adaptive Way-Point Tracking Control for Underactuated Autonomous Vehicles.
Proceedings of the 44th IEEE Conference on Decision and Control, Seville, 15 December 2005, 4028-4034.
https://doi.org/10.1109/cdc.2005.1582792

Do, K.D. and Pan, J. (2003) Robust and Adaptive Path Following for Underactuated Autonomous Underwater Vehicles.
Proceedings of the 2003 American Control Conference, 2003, Denver, 4-6 June 2003, 1994-1999.
https://doi.org/10.1109/acc.2003.1243367

Repoulias, F. and Papadopoulos, E. (2007) Planar Trajectory Planning and Tracking Control Design for Underactuated
AUVs. Ocean Engineering, 34, 1650-1667. https://doi.org/10.1016/j.oceaneng.2006.11.007

Wang, D. and Huang, J. (2005) Neural Network-Based Adaptive Dynamic Surface Control for a Class of Uncertain
Nonlinear Systems in Strict-Feedback Form. IEEE Transactions on Neural Networks, 16, 195-202.
https://doi.org/10.1109/tnn.2004.839354

R, S8R, B T DSC R HEEMEAEL M R A MG &N NN #EHI[T]. H3ML2AR, 2008(11): 1424-
1430.

AL, HRER, MW, &. T BIERTHANZE KK TS A-VURE 2ai P E 0] KT EANRS S
R, 2023, 31(3): 413-420.

REE, XA, BRYL NARFHIT AUV =4EH0BIRER SOB B HI[T]. MARREEHR, 2022, 44(7): 82-87.
FH, 25, i, & ET R I RER B 2 R0K AT SR EHI]. B RERE S BRI,
2020, 2(4): 354-360.

Sun, Y., Ran, X., Zhang, G., Wang, X. and Xu, H. (2020) AUV Path Following Controlled by Modified Deep Determin-

istic Policy Gradient. Ocean Engineering, 210, Article ID: 107360.
https://doi.org/10.1016/j.0ceaneng.2020.107360

Zhang, Z. and Wu, Y. (2021) Adaptive Fuzzy Tracking Control of Autonomous Underwater Vehicles with Output Con-
straints. [EEE Transactions on Fuzzy Systems, 29, 1311-1319. https://doi.org/10.1109/tfuzz.2020.2967294

DOI: 10.12677/dsc.2026.151005 61 B 1RG5


https://doi.org/10.12677/dsc.2026.151005
https://doi.org/10.1109/9.100933
https://doi.org/10.1109/9.286250
https://doi.org/10.1007/978-3-642-01510-6_127
https://doi.org/10.1109/med.2008.4602122
https://doi.org/10.1109/cdc.2001.980302
https://doi.org/10.1109/tsmcb.2009.2033808
https://doi.org/10.1109/cdc.2002.1184840
https://doi.org/10.1109/cdc.2005.1582792
https://doi.org/10.1109/acc.2003.1243367
https://doi.org/10.1016/j.oceaneng.2006.11.007
https://doi.org/10.1109/tnn.2004.839354
https://doi.org/10.1016/j.oceaneng.2020.107360
https://doi.org/10.1109/tfuzz.2020.2967294

	自治水下机器人滑模轨迹跟踪控制技术研究综述
	摘  要
	关键词
	A Review of Sliding Mode Trajectory Tracking Control Technology for Autonomous Underwater Vehicles
	Abstract
	Keywords
	1. 引言
	2. AUV航迹跟踪滑模控制算法的研究现状
	2.1. 滑模变结构控制
	2.2. 神经网络控制
	2.3. 模型预测控制

	3. AUV航迹跟踪反步控制算法的研究现状
	3.1. 反步法
	3.2. 干扰观测器技术

	4. AUV航迹跟踪其他控制算法的研究现状
	4.1. 深度强化学习
	4.2. 自适应控制

	5. 结论
	参考文献

