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FERZMR FKERNEZMEZ, OG5 8K E R, 7850 AR 2 0 A i 0K %
o, S TR FRAAZT, N2 2K TS S5 2 A0 R MR A T U H L, A n) i H 4R
My, AR R . TREE LR AERELSE L sl s T DL MR AR AR AL L A JE R A T AR, T E S
TIRMNEEREBITMEIRME N EHE. TR TR 2REE AT AT, HE2 R
K, MR ZEOKPE RIS B4t as 508, BRI XHZ2E TR R K T 2 2R ERHRE 2 — 27
Pemy TARRA

KIALIOK , AR R TAE 32 2R K SR K T sh#k ik, @t ik 5N AR ML 456 5% 3 FF5K
TR AR e, WK T BHE WERIHLAE" . Gl SeBR T RRRORIR T, T R AT A A R R I T B

FE M 20 tiE2D 80 F AT A M F K T HLA A DIBFSE FIOF & TAE . ina2k, ME&EILG A AR K@
FURE I AR AT, K P AL ATEK T g5k I 7 A 2] 77 2 B9, AT T K AR SRR T 2
e, ARFHLE AR A3 BRI A . (D) RIGME, £ H M EMESIEE I nl A W XK N R
B2 () VENLET I, 3k f 45 HE F A K R HIL A N S A B A A b B 1) B BRI 5 (3) A Mk TR B
I, WK FBIREATMIL S50 m, MK FHLE AENRE TR 100 m DL s (DOFEEREK, KT
HLAS AT LA 26 AR AR I T AR AR50 BRI, KT LS A TRk K 178 REAS Iy ] f5 BV
B KT R T H, B AR R @23 [, X T 7K R T2 B B i ] F0 R 3 H e 48 A Y Boas + 40
PN HNAE o A SCRUPE T /KR HLAS A AE 7K R 7K o TR 40 355 1% L 780 1 F A s RS 00 S e B0R 01
GRS HT T K I HLER AR OB BOR BE 8, S5 G HORE R, XT/K R MLAF AN TE K R TRE 403 1 107 FH I 5
MR BRI TIRE,
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W HAT, EWNANE ZMR GRS m) . B0y 50, s R, R KT BLEE N2 o BT K AR
(Human Operated Vehicle, HOV) G A K 28 (Unmanned Underwater Vehicle, UUV), 1M Jo A K %%
SR R E— 24y AT S5 18 ¥ 0K T HLEE A (Remote Operated Vehicle, ROV) I H G 7K T HL#% A (Autono-
mous Underwater Vehicle, AUV), UL 1,

~
B E KT LA A
. 5 (Remote Operated
To N KA L Vehicle) )
(Unmanned ~ N
Underwater Vehicle) EREY IR IN
KL ~ % ( Autonomous
(Underwater Vehicle) s P ~ i Underwater Vehicle)
(Human Operated
Vehicle)
\ J
S I RPN
AR A R BB 2 AR 52 MK AT 55, FEOR 48 AT AT ) T 0 51 2

FAF, WK A AT EEWEOK TS, RAGK T HREE R s . (B2 h TAE, (E5 %8R8
SRR, WAWKGSTEKTAH —Er R REE 2(a)) . A KT HLE 8BS &R SR B A
i, AESROK T HLA AT v, 54 01 Rl IE o o 25 A% A B ) K R L AR BB A5 BT B A B
1B, FEKTEIMA-HLZ B . W Saab 23 7 1Y Seaeye 1. #2 &5 ROV (K 2b) . BIA/K FHLEE AAT
SR K T HLgs NFE TR, AL A —ER B IRAIMEE S, A B S I REIR, AT i iR
ftsh Jy, IF HALE A3 BT 0056 S 4F WO FE P A 3D 58 i AE i K AR L, i g 5 K T Bl gs A2+
(Bluefin Robotics Corp., Y AUV(E 2(c) ),

(a) W5 e 5 BNV K 2% (bh)Saab Seaeye ROV (¢)ZE [ BlueFin AUV
g2 KTl AR FEZIE L

XA RE K T AL N T IR AT 3K 100 m LA b5 SUBE JI AT 35 10 kg Ze A s H IR DA 4 1t
v, ARrit e BeA PR S5 M EEDAMERACY T, TN A AT BRIk R, A8
KT HLAR N (ROV) I A2 26 K 2 BOKFK HL CREAG I A 955K, 7ESEBR i b, A 48 K T Bl A
(ROV)J2 /K I 7K B TR /K A -5 ol f) 2 ML

3 UK HLAR AAE KRR L AR I HP B S B HR

FE KA K B AR AS I R ) ROV K R HLgis A — DB R R 48, R IRIhRERI 70, T2l
B RS, ARG, HEHERG . WO RS BERSE . SRS, BWRS. Al R5X 84
LRI PSS 5 ¥ N OELE
3.1 SBEAKRMB THIB RS AEXK AR TREEAT R MR AL I, KR HLE AT 240 5 fir
B LRGN B A, X Se B TR, AL N B B R R AR A AR IR A R AR A s R,
KTFARAS, RIUKFAERGUR T sh A sk, KT Ash eA s bR rtn, Jf H4
AN E R AR AR s DL B3R 2 R A T OK R AL AR NGB Sl B T A 32—
LRk Bl 3 2 R RS TR A AN A S e R LA B B T TR KR LR A B g S HL
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il BOMITES . MG TER T WARA EE TE  k, SCELRAE N B K R HLEE N AT
SRAE R R B R G BCE B IS S AR G0 SRR n 4R ROR o 280 R A BT P Y i
i, KTFHLE A ROV RG] LIE A KT 1 m/s KRR R, #5347 10 kg A2 4 Tisk e e T4 .
3.2 ERBEIRA ROVIK FHLE AR R G, S fa H AR RE KR PLEF AR CHE R . KR FREE Y
22 5 0K AR A E BRI SR 1 B RO . RO EARRE DL L VEMOKAR | AR BOK IR, R AT
Il FIVRS I S A T B2 P A X A s K R BB A I T Bl . (DB HLIE A 3 B OC I, AT 7
KT BB, U RS AU, R KAE L IR BE A 100 my (2) 75 4N A XA SR AN AR R . AR gt . K
PEIR RS JEAT R A, XK BT R BER, fe RAE ML IR 20 300 m; (3) /KR B A W JRAL,  F T 4 & A1 R
JE, SRR 20 my (4) K TR, T 4@ 45 M i i v fr e, e /R TR JEE 200 m .
3.3 ERBAEAL  KADKH TRRABLR, AT S B RE ,  T A5 B B B i R A, A
SERME WA PR AR o D, RSB A ST E AL K TR LA N BEAR SR .t TR TR LA A
A2t Bl 1 27 e R KA e ik 55 TR 3R 52 e, S I A S X P IR T L RS L RS W E 1 5
LA — WORMERAE 55 o H TR T @ MBS IS . MUALHESE . A2 e fn . MR e 2 LK .
BA— LT YE MORE BE L AT RE VR AR JC VR WAL K R L AR AAERG I th R, R 2 R e 6 RS T A
A KT HLEE N B R AR R B R By 1 AT K R A AT R K I 45 m Ze A K
KT ERKEE S S em, TGRS E H 30 em,  HLII 5 2% Bl ] 200

SRSRYE, KT HLE AR EOR | SFRUECLRE Ty . B EER | BB AR R A 9 1 4 R BOR
FR AR R AR T A5 |, e HETK N HLas ATE K FK L TR T Y 2 RN A

4 KR BLA A K] A A I ) TR

2ot 20 ZAEM KR, HETK T LA ATE TR E KR TRE bt g 8 45 20 0T, a0 = I8V K P BRI
[\ /NS Bl R IR LA R = e A R R A 5 3 IR AL B BB A8 11 A A A5 B . FRTK R AL
A NFE KR TR 0 /KT A R FH 37 5% T2 AR v I 1RSI L KT 004 235 A A 000 R R 15 e JEC AR A T
4.1 BRI N TR AT S R 1) RIS TR I [k B R R A, T A W
1 Xt I A R A T A O ERAG I, A A IR T R I S, AT REVE T .

skr A 4 B Saab 23 F] ) Seaeye FALCON HL#F AN T /N K TR T a9 A, e s 7R
IPIRCR, BUR T RS . ANEKH TR E 292.5 m, 7EHSE = E&EKZRT, Wt Esy
HEZK AL K B AT 35 70 m DA b o AR DR 30U 45 4 K B 1 SR8 45, FALCON ML AR T T Sl
ROVAEM 7 X, ARSBEGDE, BEGRT RO, ROV LA AARF] AT H 2 28 %2 T K0
DU SRR, DA IUTBORE 5 5 B 5 = A A L, JF B RS i AR A ik, T el AR N DR 7 K T L 4
FIROV AR, 38 H A 2 5 B4 KT AK .

ZEBIT, ROV IK T HLES A T 7 1 RUK T SERALAC A 58 Bk 2 7 o 3 50 75 40 148 1 B
Bl , T LUER RSP OK T 30 R A, B FERAE A G ROV 17K T @ 3 fF . 78
ROV MARALT TR i A LLJE , SR KT B HL I BE 25 ULEE I 75 20 49 il 48 (4O 58 19 O AT 1B . K
K £ 4is ok 7, FH FALCON ROV &3 T MR FUHERUIR B, S 1IR3 FR4R 0 TR 9, M I TRk
PEAE T 2 A PR AR I
4.2 VR KRR BE - RIS E KT B A B HERS , AN ATk G o i B AR | 2SI AE
BB, 0 R AR R I N 4 Ml A% ) B D R T i R, AR T A 0 SR B S R, T B AT BB
Wik .

Aph A SR ROV LE K BE = IR K . IR KR . 4R vbIROK R 4 TR 19 KWK T 34T T 52
Prfsfr . SEBRkzi b, Sk 1A RE & B i B 1R AT UE A DA SR 9 43 A AT, R R AL 98 T
1T N4 84y X, HLl ek K7 1) 1/ 2 BiES DLR T B 1) ) K TR A SR A TR A v . AR
PR T IRBE RN B0, PR H AR Sk 5l =4 2 P R g AT 30U RS, 2N T AE K T R IR B
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W, 2 2B A LT R BERE LR S /T ROV (8 0 £ BT IR A7 o SEBRR DN 45 R 32T : ROV AT LA
KRR IR TR I RL AR, FAAE 1A RN 58 i1 R PRI A A T AR

T AT LT 22 YT K H S R IR T A T R L A K R SRR K T L A RS
- 55 6 1 B Az S 3R T 2OR, gEAT 7RG Gt TR B ) 5 55 IR R AR A Ak
AIRTSE, i B 2R T T R R B Y 7 05 o HOK T HILER AAE RS 3P K B uli AT 1 S PRl
43 HAMBOKBEIERRQN bSO RIS R WA —, 2Rt e b,
T b B I Y AR A TR 2 B S AT S SRR L B S R . O AR B, R TR ORI e 2 4
(59798

TR ROV N T K PR 1A 0 3 b o 350 10 52 R R o 2K A ik 8 D) B 30 I 3 it A A
EWR A A, W T O A, I REASCR AN, M PE KI X  g 1t JRE AR B I I A At i S o
T E . N TR WA AT HETRN, R PEA T RERGREAR . £
B AR BTAL A N A, L ER RIX AORFEE N K T S5 4 . s AR OO | T U8 M 25 b AR A5 A5 R AL AT
A7 LA o IS P AN A AE SR AR, 0 it R M AT U R A A b s O, S 2 S B iE
FA B

5 KN HLAR AAE KRR oL AR IV Y 2 i

50 £BAFATHH/ARE ROVIELK T HLA AT d il 455 545 A %, B 48 K 8 4t B A1 iR
A>T W I D RE R A R R ST B e A, AN K A R R K R R R K R BIL R A G 5 6
Sy RORBRE T HLAE AR TAE AR T o 0 i o A 1 B 45 ) 4 8 D e L & B
KB AR, ENTERE, BHEARMERE, T AUVERKKFGIM AR, #5555
B, LA EEREMOKTRMMES, LHATTH, SRR MmIRG T TERS, LR
B A

52 WEKRE  HAT, KT ROVRLSAE TRSbR T HAE & BT RS0 09 2 5 00, TG HE 4G 2 Py i Bk
Wao S —Jr T, 67K MR IR A3 T B2 W4 2 B0 4% R TR ISR B 7 A 2R 4k G 1k S A KA e I A A
X IaE | A5 s LR T B NG, AR LK L S W, ROKRMRH T K FHLEEA
F R T 7 5 . B K T EBUR G T2 M & m IR T, K T HLEE A KB 2 g 448 o 2 5 1 JE 1
ROTUE S, X BRI AT T I v A 1) T, RS B TR

53 KTHME BRI TRSED, 2R MK T B SR B L 197 1K #8998 8R4 7
KNSR, S T RAFIROR " BEE KT LA AR AE R AS TR R E R SR, R A A A
WO RE, KT LA K A H A K T AT S BE, B 4Ok 2 35 4 & R UL T RIK T T
B AR A B HEA T KT B A 4 G T, i A A AR X LR SR BRI S v s K 1 TS A i 2 B 14 3
FET AR St R A D PR A s O DR A 4 A TR, HE— SR K K TR s
K-

6 45k

g BRTER, AR K R Mg AR K R K RS I A AR X, S BR o e  E e
KRB A MK RIS T Bz sl KRB UL | MUK MR | 2% K 3R 55 rh A kB R
K] Y N ORI A8 A SRB KR AL A GE I B R Sk R AR
VO, FIAPIR T VA O RE S B E AT K T A AL L IR AR DL L R U8 R 2 R AR R AT 42 O 6 1 AR
Mo BEEREREOR . B EE . A . AREEEREORETE, K THL&R a4 A EE
M AR A AR B N AP R B BB 15 8, I H.58 MUK S I 4EE 19 A, 2E— 28 R B K MK B A
MR % aiady, BhFREINA M2 M58 -
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Application status and development trend of underwater robot in water and hydropower

engineering detection

LI Yonglong”, WANG Haoran'?, ZHANG Hua’

(1. Sichuan Energy Internet Research Institute, Tsinghua University, Sichuan, Chengdu 610000, China;
2. Department of Hydraulic Engineering, Tsinghua University, Beiing 100084, China;

3. College of Information Engineering, Southwest University of Science and Technology, Sichuan, Mianyang 621010, China)

Abstract: Underwater robot has become the most potential underwater development tool for intelligent detec-

tion of water projects, and has a large development space, which has very important application value for

the reinforcement of water projects and the dam daily safety management. This paper summarizes the typi-

cal application scene and detection practice status of underwater robot in water and hydropower projects.

Combined with the development of technology, this paper summarizes and analyzes the key technical points

of underwater robot, and prospects the applicability and development trend of underwater robot in the field

of water projects.

Keywords: Underwater Robot; Underwater detection; Intelligent operation and maintenance
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