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1 KB HVAL I ROV GF 52 BLAR

ROV 3 2o %+ 45 5 7K T 5 ol 52 905 8 A8 |,
AT DLAE f& 16 22 50K Y K el 10 B 8 K 1 R AT 4G T 1
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T H A AR A, AR R T SR R A N T g
P AL A o 384 K HL 3l LR A T ROV 1) 8 4% 475 #5
mk 2 fim.,

HARFEREARARSE T i B AR L2 #H
B2 I 0 At 2 FERE U ML A A DA 27, B &
TEIE ROV, 3fF 2001 4F 11 A 7 B A5 Wi K
AT T B R A a0, I8 A PN 25 40 45 R 00 00 B R
d o B E L T RN R IR R AR AR DL iR
Bt , ROV IKFERS T 29 50 m, (HEA &KMN
I FIEERAL S,

PUBE S 5k 2 A 2z B 1 — oK F il R TR o
Fr i B sh ATy %8, W T —Fh NS B K BT
#% Ictineu (& 1a), # 3 T HLA 5 A5 75 W,
Doppler M # Y% (Doppler velocity log, DVL) . %

B, A R AR S A L TR 0 2 K T
PrRoRshds . FHT H F R IEE , JF JE4T 1 R
S, R 245 B URE B DR R, v LR FIR
HEERAY) . WE 1% R A RIS Iy T Y AT
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H A ZR 5 A TR A TF e 17 T RS 7K T 46 D
24, BRI M R 4 (dam inspection system,
DIS), /KT & A i Cunmanned surface vessel,
USV) #l ROV 4 i, USV b Fk Ky K 1 F
(surface water platform, SWP), ROV W# A/KT
4 (under water platform, UWP), SWP fl UWP
MWk g EE . 5A ROV REM I,
DIS H UWP f £ I 37 & JC 75 A1 3 % 25 B ] Ak 55,
HAEK T 0 B sl T i 42 K S i i, 78
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£1 BERIMES ROVEERARSH
11 BA LA P&y LIPS 21 ke

% [E Seabotix ZAF  LBV-300 % BB & 4. Tritech 0.520mX0.445mX0.260m; i T ¥ 7K ZHr. 7K
Micron 4 7 W, T & HLAK e K TR E 300m; o kE T, Tk,
FoMEE, DI g, BEE 2.8 BT P 4%
AN 2

% [# Oceaneering Magnum EESEAYL. LED, L T4 2.600mX1.600mX1.900m; 45H L £, WKW
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MDA . 56 1T
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R R S TR AL L
F
SRR E Y PNl
R LR
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R TFWHEE 1520 m; & K
W 4 A
2.140m>x1.060mX1. 217 m;
IR TFHHE 1000 m; ek
WERF 4T
BARTFEHEE 1000 m; ik
B 4.5 77
1.800m X 1.100 mX 1. 200 m;
KT WHEE 6000 m; &K
WERTETF 3
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YENL IR JE 3500 m
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F T2 ML B 0 A 2 om0 2 4 i . AL T
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2.2 HAOERMEAR

ROV %4 1980 J7 £ 22 il i 4 8 17/ )
Bk, HAT HEFNZEAS Ty A S . BT 4R R
KAl 5 i 0 5K ROV AR 22 8] 19 34 2 46
45, HAM A AREAERS . 1 A% e
fFomIiEe. %3 KM EEL, HRIME
A KA AE Y KB E AR A AT g, BT ik A K
o TEAUAT VR i B v A B AR B 4 28 8 1Y) 22 Ah
L. 5 5 BB 4 4 A R [ i

#2482 ROV AT /b iy — &6 43, s L,
P o ARG A L, R EE M R, L
A, R AR ORI R G R IR Xk o
HEEHTE ROV J] il K 1t A 8 221 [ 5 MR e 26 Fn — ot
K IBES, e ROV 240 A M s gh EoR,
HA SRR . RO R Y, P E A R
RV 18 e 5 v K A R P T 5 R e R — T Ok
HIRHER A G R O i e E Oy XL BRI R
4i, BERE MK &R 4 A oS B b B A )iz B g
WEIE 2 S e E i P AZ 0 BB 0 SR ELAT HE E IR
L RSN MR AR AR R R, 38 R R R A
THREAR AR 3038 A 1F M PR 85 1Y s HE 30 L IR e 2, e
A7 i sl e A R

FESRKT I ROV BEAT T WA AR M B, K
S VA L K AR B SR VARG T ROV 3R 8 5 30 A8 0
S XA T ROV 5 HUARE 09 KUK . H Al
e N DUAR XE 8 i 2 45 1R AR O 20 IR R S0 A6
ROV W57 B e R L HERR . K 22 SR FHMLARHE fnk
TG B L B MR 45 7 AR B ROV 5 3L (9 38 8
2 fil FOAR G R R o MU i 7y vk G o A A
PR RHE A ROV R 2R A ik b, H2H
SER R E PEAN S PUMBTILAE ) 25, £ B ] BRI
SERGWY T 5 R T R P T L A o
ROV 5 3 1f0 2 [8] 1 6] Bt ] 35 86 77, it 7 207 AR 1
WG IR s Z2 0T A AR A I T 7K H, 3l O 3030
FE IR BE A5 B O S
SN R B T 7 A A W R R B [ E S A
A K223 T Bernulli BB KT I8 I % B 4%
ABIF] T KT BE T B A O i B Sk S S E T
W R i ol B 0 LT O W B R X A A 1
PO = (S| AT DR B 23 N VA o < T 3

5 W) R B A5CR . T I 2  38 0  B H RR E HE AR
T WA o 0 i 7 2 LR I ROV 38 v K 3004 B 1
FHY 5 i) S8, DRI e 3 FH 1 A [) 300 T 198 8% 4%
AL B A DU AR E PR R R Y R R
2.3 KTERBEKME AR

TR 7K R 00 1T e o S I T A T I K ARV L 55
o B AR AR XE A, 6 UA A D ROV () 45 U
AR TR A EOR, HET, ROV AN 42 AR 3
SOy AR A R GE, K DAL AN AR 45 R an 1A
4 Fs.

ARG EL W G RRL ., MU %a
B, HL R A AR Sk A BRI A [A) BA Bl . ORIE 4
BERAE AT TAE R TR B B8 f ., B 450 ] 5
J A 4 R UL R L RS B AR A Y &
K 2G Robotics 23 A 7K T WO = 4 94 43068 1o 2
SEMOCHR IS A ] =4 HAHOR , R g PR R
0.2~0.6 mm, W] 5325 F4 B 5 3T B0 2 & il rh
BHBE UL BH B 2 A 6 58 Bir B 3261 & 59 K ROt % 3D
WA RSB THRE RSN = gfEds
) £ 45 35,

(a) FRHH I %

(b) FE MR R R

© LR

(d) 2R RGER

B4 HRNzEnEmmgeER

FE 2 R G I 2 00 B BT 2 A e
FEMNAE, 58 RO B K B YRR . BRA R
TSR T L AN A2 oK 05 W A5 A0 0 P o AR 8 AR s
P G o S S R, 2 A A R A B T IS Bl K
ey A I R AR B (AR I3 A5 5 I A% B4R
25 3ot R B AT DL R B 25 K T M B R AR L An s
BluePrint /A A A Oculus =5 45 & 75 0, e i 400
3MHz, 43 ¥4 2~2. 5 mm. {H 1 T 7K {5 8 B~
THE LA LS5 O SE PR BE 5 A BER 22 R
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SePr b A R G A AT AR R R 22 L X ke
FEAI L 300 S B S5 i B . W ) 52 B K P I A

SRR IR BE o T A A AT A P 0 7K T 2 T ok I
K2 Sk 3 B .

x3 EAMSKTRERBRUREE

I 5 3 B B3] 5 KJE i /m BB $E%/ mm
Jn#& K 2G Robotics AR /K T =4 BOGHAH# Y ULS-200 — 0.2~2.5
ARG gk Voyis A K =4t E AL Insight Nano 0.13~1.00 0.1~1.2
g ik WOt &k ARS-1000 — 50.0
% [H BlueView 24 7 K =4 4 BRI BV5000 1. 00~20. 00 150. 0
7% [E BluePrint 2\ &) 4 R 45 75 Oculus 0.20~200. 00 2.0~2.5
FEERG PR HIT A0 22 30 SR B A P FLMB600 150. 00 30.0
R0 o 3 R AR C-MAX-SeaKing — 7.5

Hammerhead

7] — 24 ThT gkt I 12 285 7 AN T A A T A5 e i
FEAE 28 S P TS (] ) 2 T 5 B T2 285 7 2 4 & Z) 36
BT UG R AE A AR, 3 45 7K T 30U 36 T ke
Bea AR A R TR A e 1 S ok A IR . ST, AL

FHIFREHLE & (R 2= T L R4 B4 X B R AR
HEATA BRI, e 4 A I I3 1 ] B AT 4 o A
RS R
2.4 KTEMEAR

K UESE AL & ROV TE & 4% 3R 58 b 56 i iz ) 45
il R BRI D K 27 A iE AT B O HE B Al . AT KR
FE LGP AR AR A A A B S B
SR ER BT ST L H R T S A
S K EAN R G TR F . B S A —
e ULy S 20, R A 2 ROV
RN R A A R T R AT AR r s B, DA S B A
YERT . H IR A A KB e i, A L2k
ENL ., B JE 2k %€ 7 Cultra-short baseline, USBL)
I DVL KT EN R G A, Hoh K 20 A ik 2k
LR G820 M TR TS ] T /K B R3LIX 88 ; DVL
IR N FRGEH T K X sk, T ) R 3R K X 45
AR HORS BE 23 52 BUBCOR 2 s USBL ST H 4
VET5 8 D4 38 o 25 D0 e, G T 1) K H, 3ty O 300
FFR A TAEM BE 2E

B i B AL R AR E ) R, — R S
USBL 515 ¥ -5 Wl 20 & & 50 1 & Bl as N K T AL
B ORIE A A OC BRI B R R B g5 R, R A
7 R VA i A I 1 I O - R DAER VA s 2 NI U
SUTE T WUAR I ROV ZK TR ARl i — fii 5 35 300 1

M B 30U T 52 R 7K 38 K P A% 46 05 18 A7 7 IR
B BRSO 52w S B g RO, W R
HE— BT
2.5 EHEAR

IR PRI R K A HE . KR S IR R R B
SR, U BT R R . R A, FTETRIE.
AR B Y . ROV A 5E U 301 1 38 4 1 77 78
Tilf: 4288 % B O sl | Ak e AR 4 o DA K S T 4 4 8 25 A
Kl , Hit ROV 7E MG E L S & o, i3 o) 2 il
WEARZIEAGRIAELME. A, Ak E
BV SOAE T AR IR . T 5 B ¥ ) 5 ik A A
JBRME . TEAE A N T e it B B 38
PERT- 6 GRS 8% . 523 ROV /R LI Y 32
JE B R

HUARKEI ROV 78 58 8K T % RE K DI AT 45 i 75
AR A I B A R L RIS A S SR RN A TR Y
B EATAT . BRI AOORG RN L R ) A £
I () 58 A TN IUA K I ROV 1y 42 4 a] Sg . WK
H B A 5T T4 = 4 B 15 1 1 34 L o R R A A
i [ P g P DX SRS B g, AL T S 4EK
TR, P T — 3 T K S T AR aE R
Ko 1T TR ASSORN 3k s K] R 5 G ) 2 S e ok R
T L A N A 38 R B B 0 R LR G
M ROV K B P & XK R 3R K. B
T AR T A5 22 b T 0 B R P b 4 ARk i, 42
iz gh P S PR b R e

Moo

I

K HL Bl SR AG I ROV X0 3544 ke g3 85 AE A6z
HA WAL R AT 53z . SR T LA A
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ROV 7E 52 IURS HERT I L o 280/ AT A7 A8 B K IR
M, BUAK I ROV 846 1R 2 mk £ 28 @ 1 ) i, H
.

1) K B 3 ARSI ROV B #i Bk 85 — iy HR
B o AR i AR R, 25 TR B B IR B 4 44 DL A
W& ARG, BOK T N AZ R, i RFEKH
35l A O B A FEE I 5 3 3 I K R K R Sl LA R A
M) ROV HEAMKER

2) WA ROV Z WHEAL 5 . e LI 27K H
3 IR M R D7) 25K, mT 5 A 0 AR T e
AR R AL R T AR, S IUA R I ROV Y
Z TR E R . TR F 2 ) B A 0 B 245 )
Pt e it, R g nT PR . ZAE S 1K T A
R,

3) X K H B TR RS I K SR BE R OR . &
MEL MR Z RS, RGN R,
Jnag K T HLES AN BT S o B 6 WU B B 4%
(iR /=R ey K = NP 71T 1 7 1= i
56 KN WL B B R, 4R TR T B A B R
fie 7.

4 X R K H s AR K PR Vv L 550 L B
H VU EF S, T TF A N R GRS = R A
TR F AT . 5 LK T HUAR T 460 75k Th fi . 42
TEASTR] A A IR 358 45 8T 1 400 T e 6 A 0 6

5) H TR AL ffe 7 A 0 gk AR 6 RG BE LA TG
SR B K S AR IR AR AR R HE, A S B
T bR A5 KT SZ 35 28 G0 5 B R A7 7K R 5 7 T A 48 %
LB, [R K TE 2 0 I AR 5 SRR I ROV 7
7 AR ot e S B — R A A i [l i
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Abstract: [ Significance] China uses a large amount of hydropower, and the safety of hydropower dams is related to the safety
of people’s lives, properties, and the national economy. Therefore, regular inspection of dam defects in large hydropower
plants is vital to ensure their safe operation. Most of the common dam defects, such as cracks and leakage. originate from the
surface of the structure and can affect the service life of the dams. In recent years, remotely operated vehicles (ROVs) have
been used for the underwater inspection of dam defects in hydropower plants, as they can mitigate many disadvantages
associated with manual inspections while improving detection accuracy and efficiency. [Progress] Thus, we explore the
environmental conditions of dams and the main content of dam defect inspection in hydropower plants and review the research
on ROV application for underwater inspection in large hydropower dams. We find that different sensors can be combined with
ROVs to inspect large hydropower dams underwater according to detection and operation needs. The method can achieve
intelligent mobile inspection and remote control of dam operation safety, automatically identify dam defect characteristics, and
store shore-station interactive information. At present, ROVs are less used for inspecting dam defects in large hydropower
plants but are widely used in fields such as deep-sea exploration, undersea operations, and rescue assistance. The use of ROVs
for crack and leakage inspection in hydropower plants has tremendous advantages. The research on using ROVs for the
intelligent inspection of other structures has certain implications for developing ROVs for the intelligent underwater inspection
of large hydropower dams. We analyze the progress of ROV technology in domestic and international research on hydropower
engineering in terms of the overall technology. underwater absorber, power system, inspection technology, underwater
positioning, and control system. Moreover, we explore the modular design and overall scale optimization of ROVs for
underwater inspection in large hydropower dams, with the design objectives of lightweight, high stability, and high
anti-current and anti-disturbance capability. Thrusters with high propulsion ratios have been developed to ensure high ROV
power. Adsorbers have been added to the ROV systems to control the hovering of ROVs, which can also improve their
underwater anti-disturbance ability to ensure stable detection and operation. Acoustic-optical inspection technology has been
proposed to improve detection accuracy, and intelligent algorithms have been used for defect identification and image
post-processing. Regarding underwater positioning and control systems, a complementary approach combining information
from multiple sensors has been adopted, and the dam defect inspection is validated to improve the operational capability of the
ROV movement and inspection. [ Conclusions and Prospects] The use of ROVs for underwater inspection in large hydropower
dams has major advantages in targeting cracks and other dam defects, and the research on the intelligent inspection of

hydropower dams opens up a wide range of prospects.

Key words: remotely operated vehicle; hydropower dams; defect inspection; overall technology; underwater adsorber;

acoustic-optical fusion inspection technology; power system; underwater positioning and control system
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