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Abstract Deployment and recovery technology is an important part for underwater vehicles to perform
missions such as detection and surveillance, and its technical level directly affects the efficiency and safety of these
operations. In this paper, the current technical status and existing problems associated with the deployment and
recovery of underwater vehicles are systematically analyzed. The current surface recovery technology is relatively
mature, but it still faces the problem of insufficient adaptability in high sea conditions. Underwater recovery
technology is not disturbed by the complex marine environment of the water surface. However, there are significant
technical bottlenecks in underwater autonomous docking, positioning guidance and locking, high-pressure sealing,
safety assurance, generalization and unmanned operation, and process-oriented application. By analyzing the current
situation and key technologies and development trends, this paper provides a theoretical reference for the
optimization and upgrading of underwater vehicle deployment and recovery technology, which is of great
significance for promoting the development of marine equipment technology of our country.
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Fig. 3 Schematic diagram of mechanical deployment and recovery device
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Fig. 4 Schematic diagram of remote-controlled pin-type deployment and recovery device
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Fig. 5 Schematic diagram of deployment and recovery system of Jiaolong manned submersible

EE 4’ -21 (Bluefin-21) fif7 54K
[ 5x 28 G5 PV A5 b L, A 5 [ AR X 8 R
i nIEE, BN RIIGE, SR SIELL R Al
P DL%H Bl H B 55 i, A B R R 7 2 S B A
1748 B9 A el i, AN 6 fizs, 2020 4F, £ H
7% ICEX2020 ZE 553 > 8], 7E 0 A% Bl 9 vk )2
T RTINS A T RS -

(b)Bluefin-2 1 f i K

6 Bluefin-21 AT R A E I R FE
Fig. 6 Bluefin-21 AUV deployment and recovery system

BT 2, 3 A i NSO 7E R Ge s F fay o
BEAA | B FARAE AR, (EX I D48 24 1 1B
T, BEUKERIA R, K FHUATEAT 7552 B 7K 0%
SR, IRISCHE AR LA T 45 A B 37 65 hy TR
1.2 JKE R A7k B

AR, B USV HAR R, FIH USV 1EH
SR AR R S, SEPK T AT R B K T A
WL K E SR T AT RS $UE 1 iR
FR 82 FH R S B AL 2> Afk . B AR BE E T 3k
fitt, USV AfERWTENFEH, AL A (B 3] ik 4
RFERE KSR, B T AR e, BT
USV K I A7 il 4 J5 B ] o2 3 A 2R, AR SO
TEIR , ARTENT T ST E AN K TR RN AR i iR 2
WA AR, FET USV BK T By EE5H A
1 MR KA A5%,

1) ABEK T F,

USV BHUH A T B R s, Kl 7 ir
N, A ERGENU TSR, KA T8
S HIAT RS s s, e A AN SRR
B, KI5 USV 3d ik S8 4 ML 58 B Hi B 24 B FIK
TIAUAT R A RN AR A TR T S ) E R R
PR, WK AT 7 Il WG B 4t i S il 1
i B 1P AR R AT DL SRR A TR . VAR
8" (Hydroid ) 2A®YFIAH “FEMEF" (REMUS)
WA UEAT T 7K X 422 DB R A 5%, R LT T 4%
B2 R K P 8 N R GG TS S I, SR 2l ik
PB4 P TRIEA SRR 0
IRE TRERER G . g



% 4 3 BART, F: KRTFAATER AL DAL R B A4 R ik - 441 -

B TRS
P
% HEAH 1

IR
LIRS

KRG

AKX
() A8 A I IRTS 2 4 IR Sss 25 ]

T5lH HSREL T3 OFE AT

N

[l

. UL TR
X (EOLI PR
(b)K X HeE P4 R R

B 7 ASXmMEYLREE
Fig. 7 Diagram of docking-type deployment and
recovery system
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Fig. 8 Rope capturing-type underwater recovery
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Fig. 9 Schematic diagram of underwater recovery from
submarine torpedo tube
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Fig. 10  Schematic diagram of external
recovery technology
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Table 2 Performance comparison of positioning and
guidance technologies
HBWH  EESs ot¥ssl Wssl w#gssl
i Bhf % Bl B
Skl m 2 cm %% cm 2 cm 2
ﬁ:eriE% 5000 100 28 30
g — 333 7 338
AN
IR e T T
BTN By % a2 —

SCHR[24)8EXF Sparus 1T A& T —Fh 3T fi2z
R I 2 235 5 A D A5 A T P A 3 BRI
2B B AR VA X T LSO & 09067 B S 51 AT
VR A T UL A A S i LSO f S A R A
51 P TR S PR E 7 o 2 i B OIS
SRR HR AT TS, e T
IR FEIR IR th YR | LA A0 45 Sk AR () 1
BUR, XMLER L B Sk S AR AT T S BAR
b, RGEERG HEE AL ST T —E R IR R

3) Ak e R G Sk vkt

K TH AT B 2R G 2 S B K B AT i A KRN
WIS TAER &, HATREE | ZatiohEL, &
BAATER . A BUSR U A AT S5 R AR H ARG
B B IR E RSy 2 R IR IR Sl , 38 2ok AT 8
otk # BE Dk AN [R) Vg 0, ) Bt 48 32 3 TR
R, @ LR K EHOE I 2 8,
R R R OLA T, RGBT F2E vhhe
TR KA . fEZ2 B BRI IRAMERZV R T,
FTHEARE L, EHNIMOIIE TIER A EELEN
HEH B TR M B R T A% A 5 Ak T 5 40 5 Hb

fr, RAGEANAHEBIRAMEIIRE, hTHA
B, EAHATEARIZ R DEOR TR, T
JUAE, BN BN A TH IR 5T T2 3 U Ak
B, BB T FAT B A A IR AME R
Ge, ST THIUHT I A P IRAME o BT A
HERATIASS A R SR AME RS, i
Wik 2 M4 R P 37 5 iis 3l , BA P+
PLRE S . AU B BB/ . ARSI S5H T
LN S Rt RS es

A T I WA TAR 2 — A O B2 2% Y 2 G 1k
FL L 78T A T 1A 28 G It 2% 18 x4 [m e o
W A R GERY R R Z (8] Y 06 &R S T DR L)
A ZR AR S PR | R AR R BT
(L5 R R A | s s . RAF RN AL
AR, Jr BT AN DA bR (A T 4 T
I8 SCHR[28]-[31145 5 /K TALAT deiR A ERE . A &
FIENERE | BT 5 07 B 2 DL KoK T IR
BESCPR 0L, RS TH0AE, IRl s | i
TR TSRS . DR BRI AT AT R, A
WA R R KR X e R A R R

3 H#RIF

KT LA T A5 B A T [T SO A 2 R K R i
Fras AT e R | BEIRERIN 50T & . K F Rz
HEIRATHT . RINKGAE K [ 917 100 FH 18y b 4 341, HER
JEAF B R K T AT B ARk BB 0 AT S |
GATERBIRNCR . R, BEERTSH . HiRiR
BNTHERE. A BRGSO, Lk
PRAEAL TR DB IR R AL R ST, Kt — 4R
TEAS R & ] B A A R o AT ATIUIL , 7K
AT AR R AR I H AR A TEAE
Betie AR ) iR T ) K R o TR 2 TR SRS
H & LA R, sk, al SRRk AT a [Tl
AN B TR IR R 5T R B OGRS, g N2t
— 2B DRI TR T 4R 4L 1 5 e

2% 3k

[1] Wk, &, RIALE, 55 AUV HEARIR X
RIBHEHI]. MFEEAR, 2008, 16 (6): 10-13.

[2] ZE5L4E. KT B2 A sy vk B I 9T B R ]
WU BT &, 2010, 25 (4): 100-101.

[3] BRIT, ®okT. FoK R m B B ki it ().



- 444 -

HFBFEHRTEG %8 A

[10]

(11]

[15]

(17]

HUBR LT, 2012, 29 (6): 87-88.

BN, B, WE, BB SEAEKS
R A7 I I W R G M HOGSEHOR [T, PRI RS B
2020, 8 (2): 69-71.

GENERAL DYNAMICS MISSION SYSTEM. ICEX
2020: U.S. Navy deploys autonomous Bluefin-21 UUV under
the ice[EB/OL]. [2021-04-26].
com/articles/2021/04/26/in-the-news-us-navy-deploys-

https://gdmissionsystems.

autonomous-uuvs-under-the-ice.

R KN R s 5 IR R )] B
MRS K F Y7, 2024, 7 (4): 22-24.

CIRCLE B N .
autonomous underwater vehicles[C]// OCEANS 2012.
Hampton: IEEE, 2012.

SATOY, MAKI T, MASUDAK, et al.
docking of hovering type AUV to seafloor charging

Underwater mobile docking of

Autonomous

station based on acoustic and visual sensing[C]// 2017
IEEE Underwater Technology. Busan: IEEE, 2017.
SATOY, MAKIT, MATSUDAT, etal. Detailed 3D
imaging of Kagoshima Bay by AUV
Tri-TON2[C]// 2015 IEEE Underwater Technology.
Chennai: IEEE, 2015.

SINGH H, BELLINGHAM J G, HOVER F, et al.

seafloor

Docking for an autonomous ocean sampling network[J].

IEEE Journal of Oceanic Engineering, 2001, 26 (4):
498-513.

EVANS J, REDMOND P, PLAKAS C. Autonomous
docking for intervention-AUVs using sonar and video-
wbased real-time 3D pose estimation[C]// OCEANS
2003. San Diego: IEEE, 2003.

NI SC B RETE AR R AT f K T Tl e AR [T].
MR TRER#4, 2019, 40 (1): 1-11.

BRHG, XITFRE, B, 4 i AUV KRR st
FER ST B AR AR R (], MEARARAE R, 2020, 42
(5): 148-152.

INELL, EIrEE, RE, 5F FBRK T AL AR
RIITEER ). AR EOR, 2020, 42 (4): 1-7.
e, 8 K HLES A X 422 5 0 R 4
WFE[D]. BAVL: VLARHE R, 2022.

NS, B, AEmE, SE. BRETC K T AAT 88K
SRR ERR D). PRI LAEER =R, 2019,
40 (1): 1-11.

Xz, KR ¥ AL A S I (D). MR AR, 2022

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(2): 1-4.

R, Mo, BHOG. KN i RLAK B AR MR S
Wit 55 I]. MR RR , 2020, 42( 7 ): 96-101.
fhas. ATREMEAEE T UUV [IGE 2 A 1 & R 1
IEFFE[D). MRS M/REE TR, 2011.
ZHANG T,LID J, YANG C J. Study on impact process
of AUV underwater docking with a cone-shaped
dock[J]. Ocean Engineering, 2017, 130: 176-187.
WULH, LIYP, SUSJ, et al. Hydrodynamic analysis
of AUV underwater docking with a cone-shaped dock
under ocean currents[J]. Ocean Engineering, 2014, 85:
110-126.

IR AUV KR R4 5 B AR KO 4 il 42 i) AL AF
FE[D]. WRREE: M/RIE TRER:, 2017.

FEESR. AUV A F P R T 5 20 0 ()], R
fiBbp R, 2020, 42 (12): 52-54

HURTOS N, MALLIOS A, PALOMERAS N, et al.
LOON-DOCK: AUV homing and docking for high-
bandwidth data transmission[C]// OCEAN 2017. Aberdeen:
IEEE, 2017.

R, ORGSR UUV IR GG T R G0
FE]. MARRHERAR , 2024, 46 (2): 86-88.
BAKEE, BRIA, BERIR. Fh=XBiR MR B LR E
fal ik 2 G B B 5 A0 Ak (], LRSS, 2010, 38
(9): 80-84.

SECE SRR BRI UPANIEREN 31 3 I X =SS
HERPIFE[D]. Kib: ERRHR, 2017.
DONGLY, XUHL, FENG X S, etal. An adaptive
target tracking algorithm based on EXF for AUV with
unknow non-Gaussian process noise[J]. Applied
Sciences, 2020, 10 (10): 1-22.

HU L. AUV KT X8 BRI 7 58 [D]. dbat:
TRHBETL B E SRS T, 2020.

PARK J Y, JUN B H, LEE P M, et al. Underwater
docking approach of an under-actuated AUV in the
presence of constant ocean current[J]. IFAC Proceedings
Volumes, 2010, 43 (20): 5-10.

SALARI M, RAVA A. Numerical investigation of
hydrodynamic flow over an AUV moving in the
water-surface vicinity considering the laminar-turbulent
of Marine Science and

transition[J].  Journal

Application, 2017, (3): 298-304.

(RfEHE: §0E)



