g Rl 2% . f= B Rl =ty % HA - g N J y
REERE . FERE 20184 ZE48%F 9 1137-1151 ¢ OPIEREY Zeirt

SCIENTIA SINICA Informationis 7" SCIENCE CHINA PRESS
5@5*1%:%\,%2%%@ o 'I;Fjjs @SrossMark

2T ROV ZHAMK FERORIZER

RGeS R R A AR

1. WL KSR S) ST 5 ML RS E K 0 =, bl 310027

2. B FEHL B LRARAR, Hii 310015

3. W RKIRBABUIN 73 BA, BTN 310027

* JEfEEH. E-mail: sq.q@zju.edu.cn

W H: 2017-12-25; #5%2 H#: 2018-03-30; W45 HiR H: 2018-08-30

E R E ft R iR (HEHES: 2017YFC1404704) ¥ BhTiH

HE BEKTISEALARANCELR, ATEFERFAEREFEL F LR, ASCHEIRE
DBAREREFFEERUAF R, ARFFREERVUAHN, LREFRHARZMLETAIOE
w. ENAEBNESEHRT GRETEFRTEERAPRY 4 M &, FRT &M B XK
WETERT k. FENE T ERB TE HEK, URE R a2 ko £

KA AKTEH KATAHLEA, ROV, B, fEr T A

il

1 5

B K T HLE NSRRI CER R, K TG 5 AR IR T RGNS R8RS g R
Jra, MRFIERAIEL. ZRa Ml U8R, K THLE NRELRE 775k . AHLSE 2 B A B &K,
FEIK T REAE T 58N . REZKPF ERAIRARIS. SR, QR R A3 58 B4t 1 i 25 2K T AL
e A G T RIS ARG~ &, HEA TR RRL T2, I ALETUKFF AR KA
I, UE H 3 A e 70 B — RO, AMUAR KRNI /1, I 2 H e 1R 3 e 39,
PRE B S K RO AE, BB M I S BRI s s @M, UL E R E RS R T
HA5 MR, 5635 A RS R0 H R AT RO B i e D48 5 50 7 &6, AR e ZEAE D).

WAL RN GO TR A R A KIS KRS SOIRBL 1 ERE AT BR, 1 1% R & — A WL BIRS A
R, KBS 4 BB (1) M B, BURHRA 224350 5 SRR FR IR, (2) R0 B, HE A
PR SR RHEIA; (3) ALK B, BIARJRFE SRS B AL S AR SR (4) THI B, BV H ARimiE g
WG S HA RS M AT 42 5 85 LR S UM KT, AR SCET XA R R H AR RIS R B, R4 1K
N ERERRUR A P RS RGR AL LA R R B 7% . TR A, IRl SRR SR B A 4 B T
Hir 552 T ROV (remotely operated vehicle) SEEANIK N RO ROLIEHRE, XT38 gk
RN HA RS REL

SIAME: Wilhta, R, B2, % BT ROV SHAEMK N ERRRESE. HERE: 58512, 2018, 48: 1137-1151, doi: 10.
1360/N112017-00283
Gu L Y, Song Q, Yin H W, et al. An overview of the underwater search and salvage process based on ROV (in
Chinese). Sci Sin Inform, 2018, 48: 1137-1151, doi: 10.1360/N112017-00283

© 2018 (PERZE) it www.scichina.com infocn.scichina.com



a4 2T ROV S8R KK TR R A

2 KERFEFHESRNSIRRNGE. TREEE

KA P 24 5 B AL A bR R RO R B B, Hed 2 MR /K RALES A e 35 e me 23 SO R B3 )
(FEAERK ), e 25 R0 TR R S 7R s, AR ERUK R L8 ATERUAT RS, 282N ReTh, SEIL R THAR 5 a4, [H)
B AT DA WSO DA K T S H FRA7) 5 Sh FHHICE AR P 38, 0T B AS )98 SR A T SRASH R38R BN ], 75 218
WRKIRAE B, A5 ERs FE K N T s, 22 Hi AL 45 T 58 B ARLE N IO Hb IR B i it s P 4
B e AL, AR /NRE B B RIE NG L o] 5 H AR TR R L IR AR 2 P R IR TE AR &
DERE L = W DA B S A 55 7 T R A S A ek )t Je 121, [l A (R R 7= i R2SONTIC A FI
SONIC 2024 55 #5H8 = HEE 2 W R MNE{X Y . ELAC A7) ) SeaBeam3012 T 4x VTR 22 5k ol I

2.1 AKEREFRESRUSIFRNGE

AN HB AT 0 7 A WL OIS DA A MR « 22 3 AR 2. HLER O DR B AR
F T SCTE MK R AR RV, 7RO a8 R T H S R B /N IR SR IO 5, BRCES 43 Sl B2 00 T s S
RS S ST (IO, MR B AT 1 2 T B /K s ML MR I 3R AT R 38 FH TR /K IX 5k
AR B ()3 7 il g S AR T AR JE S 225 SOk [4] SR BE 2.2, FILFZK R BILAS N S5 38k A 22 2 1 46
BE 2% Rt P8 ik, 22 75 TR A 7 2RV IO, VA S S BSERT 1 [ 8 i e i 4 0% (] 25 6 B s, TR ) S o
(1 HLFE 3R (] ) 7 i, D ST ) BB P b 2 3R [ (1 75 9 559, o™ HE BT B8 B AR 24 1 X 3 )
TElal 9 (4. 22 % RN 75l fr 6 AR TR R B ARCL, 2502 ) P 40 BB A% R P ik b S 2 WA R I it B A
SR RT3, A3 AT TR SR AT . AN 19 2 oF [ J8 B IR Ak 5 5 =R [ 1 75 ki AR [ 38 PO 5 8 o UK
K A ] 1) 45 S T S AR R RO KA SR AR Ak, 22 TR U 445 A 7 D TR A A R S Y A 4R B )
PAFREH KRG, e M MEAEREH AR E P =F MBS, BoetEiK s
RCRFPE AT PO R H R 22 T VR v /K X3, T 22 30k PR 9 ) 2 52 38030 oA S KR FED PR, 91 G
R THIFR 4> 78 55 1 e AR A B 0 S /K IR B R /K N AR B B, Elbr B C il 7 2 900
JEE T A SRR I 7= A seabat 7125, EM3000 25 01 1ff QTC 72 7@ id 8 — 5 $ AL -5 40 b,
AT DA I 2 Y8 SR TR T 23 AR 3 171 [ Py 22 30 ROV I b T s SR 45 Rt O 22 A 6 2 e 891
HZ R 2 AT R B (10, | T 2 AR 75 1 6 SRR IR T « M35 1R ) 45 K T
B 2 BN E T B2 —.

2.2 AEREFHESRUSIFANIA

BEE B MR FEMEEARNERE, ZRRMREARERESNE . RRNE. SR
AT HER I, DL OB iR S T T A e it e B W PR b B A A 2 B AR R 7, il
SEABEAM A7) Sea Beam %741, R2SONIC A A [ SONIC %1, Atlas 2 F [1] Hydrosweep %
%], ELAC Nautik /A ] ] SeaBeam Z51F1 Reson A &) SeatBat 25145, & 1 N HAIHF EJLRE
ARV 2 3 ACERAG™ i, 2 SR 200 TAE, AR B AT N, 11 SONIC 77 iy
FE AL PR RN B A ISk b ORI T RS, NG A T KT LS NSNS 64580, I B 230K
MR RGAEMTRAE BE . ARG b 2 W35 2 — oK N RER.

1) SONIC 2024. https://www.r2sonic.com/product/sonic-2024/.
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Table 1 Several representative multibeam bathymetric system

Manufacturer Product model Vehicle Performance index

ELAC Nautik ELAC SeaBeam 3020 Vessel Depth rating 50~9000 m, beam width
1°/2°, depth accuracy in accordance with
THO SP44 for depths greater than 100 m

R2SONIC SONIC 2026 ROV/AUV, vessel Sounding depth 800 m, beam width
0.45°x0.45° (450 kHz), resolution 1.25 cm
Atlas Hydrosweep MD/30 Vessel Sounding depth 5~7000 m, beam width
1°x1°, resolution 6 cm
Reson Reson SeatBat IDH Vessel Sounding depth 0.5~550 m, beam width
T50-R 0.5°/1°/2°, resolution 6 mm

2.3 AREREFEFFESRISIANETSERGE

2 PR IR RGAESS IJLBUE G L 70 R B [RIN, £E 4R AN /N R AL Ty T (L AE AN B & Je.
BN B AUE F TP, & SR AR M A A A, RERS A AR 0k
A NG RREPE A FLAERTIA B ROV S8/K R AL &S NFIE T, 38 RPN 2 kA 0,

P8 22 IR 2 2 A i R A, S ARk A R RS Sh okt AT KT AR It AR . ARIE B K81 it
MR RIS B ARV I 18 XA/ IN 1R 7AYot 7 P ) DX — iz R /N AR, 0 31 3 DR OR
T e R TR PR VR A IR 2 35 2 I AR A0 46 e L B G M RIR 23 (R R T, - ORAIE 22 2R A 7 [
ANEEN AL, Bt B R B IR SR A AR SR, ML e L BSOSk SO A R TR R
PRI 22 4, A0 T 7 PRI HAO B e A IR RO TTAT X Sk d BGEEmi 547535 . K R AL AR BOK i R
15 ARV IR, 22 BRI 1 2B B AT A R, 6 EZ G5 BK TS A2 BOR R 4t
RIPERE R SREBEAT AT EL, K T HLE N2 BORNNR R g4 B I-IE 25 30k [12] TP 1.

3 ERFEFRIGSRISHHANTE TRSHIF

I J 7S 2 AR S BE A R R RS FT B, 3@ (959 P R AT 20 JEG 14, % [ PR 7P B A P A e 46
REARHUSOFAL A B S EAT IO I AL B, 5 5 A% a0 38 2 I K 9 s SRR AR ST FK R 75 2 A0k
A, 1 A B v SR B SEAL H AR TR, AT AT LURE B )BT DA v] 58 H AR 2 5 0 5 B Aw. [ 4b
[¥] Klein, Edge Tech, Deep Vision, Konsberg, ATLAS %5/ &) #E B TG4 75 iy = fiy 1131

3.1 EREFHESRILSPOARNTGE

(e 7 PR 7 82 B A PR AT R0 R st P31 40 S B AL sl A T2 B, I 22 R 5 B bl i A I
TARREAE, KL A Bt E 4% A M3 7 b AT 3 40, A B et B BE AR B 21 i e A 75 O,
FEAE AL AR R AT 40, 43 IR SR T A AE IS, [ 5 7 9 00 1 86 R i PR WAL 4% i 14
HUEATTBORIF AL BE, 5 A i 1) 2% i S s o 2 Jlk— 7 T P A 2% i s 2 S R ], Tl i i A 22 I R
SR R BE HARPITAR 514181 AT AT A AT SE H AR 15 9 H AR, NIE K HLES NS/
T 6, ARG IRAER SRS /N, BEAS PR AT 2 45 A L SR, JRHE R S
ZEOCHR [16] I 2.2, S0 A A B O N AN R (0 SE AR N [ e AR A SR A AL, M T A 1 B (1 K
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T L S RO A E 0 B, TRIAL T R Geahi 16171,

3.2 HERFEFHGESHMSIFANTIR

M P A A B BB B TR 2 — AP VR 2 AR, AR A SR A AN R, AT BL
G R ORI AT 4= 75 s AR A S NN, ATEAr D9 W KR A v 0 1 7 Y
R 22277 ANAOAN A, 38w AR 23 et Ot S U A i A52) . (33 75 i el DU R 7K R LS Bk
AR AR, 7R AR . BT, 7T DO AR IE 2 55 2 Je AR Y MR, 220 i kit T
1%, FENHIEE I H ARG, 7 (AR BB IR LA AE A0 49 75 At N\ 23 i R b B, 9 1 BN
A AR B 0, OB AR o LS AR A% G2 0 A LR 031, [R 4 EdgeTech 2 A )
4125P & — R EAE A A A AR G, H SRR TARRE, BEOSE RIAN ) AR 55, R T 240
W CHIRP £0R, HAE m g .

3.3 IEREFHGSERILSIEARNEIF

4 7 22 2% T K P LB AP f b B TR RS fale, AT KERBEA R, K
THEEACHOK THRMEZE TR, KT AXFRATLAEZ UUV (unmanned underwater ve-
hicles), UUV 73 ATE NEEFEEKEE ROV FIEIG/K FHLEE A AUV (autonomous underwater vehicle).
ROV il JE4 B LRt H AR 3R 2 —. & B AR R U K i BHATE I 5% ROV B i 454
BB ARG T, BRBEEH] ROV, I8 I R W85 L B BEATHRI, 36 mT LS MU B AR /L T
H BT KN AL 18~200 AUV & —FhEZi 1. B a0 B EMATHIK FHLEEA B AUV 7EH)
P AR il A B RGN OK RO A BREE . PRML S TARIR 4, TR R . MG, R
HME— RFVEZRAE L 2225, ROV 54 865 /K B SE BBl 71 #2005 5, BLAHEE B it
B, M AUV G S BEAERE, B SN0, BERSSCIL A EAUT. A, AUV BEnPLE R
W AENLIEE SNz, 1 ROV ANZBRT377, HAR T sk 24,

Flet U — R 2 2 )RS AR, LR HER AU SR 4% J5 . AR b e R L FRBEARAE Ltk
SR AR, HE A ] TR S IR S0E R, RS RS T, T DOE i R R BT A 5
it 6 = A IE I TARGR L, SeBLE R IhRe, Jf HREW Il BT (5 5%k, e rie. B,
i RAF T LA, e B AT DA IS AT SN AS ().t PR R Y R G, BRI EEAT B, g/ R
KRR L SR VR 2, M SRAG S vt o 8 R B s 70 3 )i T R

it M I JEGA= 41 AT LS PR b e Y R X R AT RN, N F PRI DX Sk, RS i S 3
PIRSMERUK T A 22 GRS, AUV 230 I BRAE St 18] B ANt BB, (HREARYE Tl £l
BRI A BNV N BRI, 7 (AR S A B AR IR A ROV A SR Uk 77 3 U SA R
KSR IX I8, (B SR K I Zh ) SCRF5 AU S i # A A 2 mT DA Bty HL v 28t 58 Boxt H A RS 4
A5 $ KA, AT 58 R 28 AR T 57 VL H .

2) (B4 MIFIA M. http://uzone.univs.cn/news2_2008_138331.html.

3) M. http://www.gkzhan.com/Tech_news/Detail /170338 html.

4) 4125: ultra high resolution lightweight, portable. https://www.edgetech.com/products/side-scan-sonar/4125-ultra-
high-resolution-lightweight-portable/.
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AA TR 7S SRS 1 8 A 5 08 A HORED Ay sE AL B, S AN BOFRS M BUR, 1B A A N
) ROV % B AR EEIR AR & B AR — S AR, X ROV AT @ AL - Hsbn E4. [ A H)
EvoLogics, iXBlue, EdgeTech %5/ 7] #{ A BB R ML € 77~ .

4.1 BRFEFHEHE NSRS T E

2 HAANRA )G, ROV 1A% HARYIFELL, 7E5 H AR 50 m AAq HOVE BN AR IR, JEIL 75 2758 0 &
GEE N A AL B R ROV BEAT AL, 25 1E ROV HI4R 3 FAE HARMIE N THIMR EY, # R bx
SYRIETIAL BB H AR /N T 20 m. BURAREVIK H 208 7 ik ROV £# /K2l fEd, #eeA
PR B R bR ). WIRAE BB IHE Qa7 IXFE AR S T, W76 50

KR P L AR G A i B P 22 N A8 203 K R LS A b, JEd e i R SR e B2 % 14
A B RN A AT 58 . 422 P 0 ) B 2 R A Y 7 2 B T IR B R X 7R 2 L R SRk AT 0 6, B
G333 KA RS, Hoh, KILE e L R i s, HSKRER, THRZEBREZ, BE
fRIRERSE, EARGE A Uik & 0L, MRS IR, I HILRGRES2 PR T 2k A s, A A2 P 2
BL ARG EAR, EARE 5 (8 R, G, R LR R A A I 7 A & i 48 GPS 3%, REg
A 2K T HLES AR AL b (291,

4.2 BREFHEHEMSHFEPRBMNIE

TR A T A 5 AT B K T B B, — K T A8 RO MR e 2 B A R 2 o AR EE — e 4
P& SR AR HEAT AL 5E 6L, EvoLogics 22 H] [ S2CR BUEAFG IR 2L 2455, WTLATELL 33 kbits/s [Fi# R
FABBE 0 [F) I BEAT SE AL, FRGE RN He 58 4 N 38 PT UM BE 3)A% [, AT $2 (1L B A D0 28 R0 i
AR, RAEREERER 255 /N HbR, HIERE N 1.5 cm (F#4& BAR) 8L 5~10 em (PRIZ3) H ). % &
il fE ROV, AUV AIHAdK M Zsh R 7K N A 3RS 2 . iXBlue 22 7] ff) ROVINS /K N ytef
ARG, R LAERE RS 3000 m, KA T Kalman JEH SR 7 HIERCE, Rl AR E
Ao WA SEHE DT AR 7 E RS E. B TR G B e i R % BARER A IS U5
AR QIR N 3 — el 5, A6 A RGBT Wk HNER I, (HHEE T AFREM R G RN
i, AT BRI R R L BT RAEMLTE L, 2 75 2 A i 3 26,

4.3 MREFHEHE NSRS E

AR P A TE A R ORI E ROV. 2R ROV 2 BB e HERE R 48 SRR R S8, KT
SENL SRS AN P2 RS UM RS (L) S5 LA 4. B 1 O E B S LR TR R
N AP g md MR ERK I s A RS ROV, HEZRGHON 1.1 mx0.8 m
x0.66 m, #IH 5 4 1 kW BIHEBN &S, £EFIK/NG0 ROV A HA IR KAHED). 1638 ROV BN/~
R, KT EAL

5) R-Series USBL. https://www.evologics.de/en/products/USBL/index.html.
6) Survey grade inertial navigation system. http://www.ixblue.com/products/rovins.
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1 (MEMFE) §i8= ROV
Figure 1 (Color online) Conch ROV

5 BRLEBENESENKEENGE TRSHIF

H il B B W 42 5 HE A R LA S AR T2 27 41 TR 5 2R MR A 94T H5 o B, X P AR
5, AT DAARE BRI /N By AR AR BE AN A P ik 4. FRAR K N T E A T RUNE S T
B H AT R, H AR/ N R EE B B BRI AT DLE R ROV HULCT AT, H A5
BORBE /K P E AR 75 R IR 04T 87 T HRABCE ROV #HATHT 45, S 2 IR H bR 75 £ 58
FRRHT 87 CREATHT S, 2 HA . RE S EZIAREERELA ROV, #ill5E E MBARI )
Tiburon ROV AAREAE 5 HEHA FEAL T R EATHRES . SRS, T 98557 5 <6000 KR
BEM ROV ZE N B EFFR K RAREMERERAELA ROV. Ji5k, EAMURREH ROV AT
A Schilling Robotics Systems Inc. ) Orion 7P MNEKEFHERIZEWHFLFT (ISE) B Magnum 7F+ Western
Space and Marine 24 & ] The Arm 66 %5 271,

5.1 BRIlEENRSEARIGERNEE

KR AL SR BEAS AT 5 - = B A SCE B AU, (T BEARATR A, =K T Rk
REEAR BIERN E AT BN E. LA K IR S5, 8RR E
AR ROV SR ATHETT HE TR, 4K i, il bn SV 51 2B W HE0E HARY), JReE ROV 5 HARY)
(ORGSR B L RS I KR A BE R RERE, 2108 HARPIMTE 5, 371K N MR LR AT 3 e
Mg KREIE 30 m i, BT BSOCLI LT 8l 7, &7 2 B IR B BN LIR Bk
PR 128:290 KRR S L BAR MR ANTER, IE AT B TR R = AR RN A SR S A
M FH 22 AR 27 SR B, SR T A e AR AR S AL A1, REXT /KA rh R sl B [ 5 1 H AR AT SR, A
M35 B ROV, AUV %558 BATRLEERE . M ERIAN B AR T 52 AWk, SRAMEAR UG ANE 75 ok
FROXT STl A AN 52 R R R B30, =4l A B S R B 0, mT AR BLKR H A S5
FORC R A1 (5 8, JE D UG HEAT 4R W, 24 ROV 24T 2 G iE A &, HLIR T BT /R R £ T
H 5 R, 2T R

5.2 BfIlEENRSEEKIGHNIA

FI bR b O 7 B E BN IR L KRB AL e =R A A i s, H T sETE =
Y AR S W LA E B B kA, SRt H AR A SN AU R, RN RSTN, AT R R % Fil
AUV, ROV EBEAT/K Nk, =4E A N RERSAE /K BUE S5 | RE W REAR 22 AR K XIS AS B BN E R 0 4
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Table 2 Several representative imaging sonar

Manufacturer Product model Vehicle Performance index

Teledyne BlueView BlueView P900 ROV/AUV, vessel, 2D imaging sonar, depth rating 1000 m,
etc. beam width 1°x20°, resolution 2.5 cm

Tritech Gemini 720im ROV/AUV, vessel 3D imaging sonar, depth rating 200 m,

beam width 90°x20°, resolution 8 mm

Teledyne BlueView BlueView BV5000 ROV/AUV 3D imaging sonar, depth rating 300 m,
beam width 1°x1°, resolution 1.3 cm
Sound Metrics 2 ] ARIS VOYAGER ROV/AUV 3D imaging sonar, depth rating 4000 m,

3000 beam width 0.3°x15°/0.2° x15°, resolution

3 mm~10 cm

ZYEIEIE, FEAR SR TCIRTE I LI A 17 DL T ONT S E IR 2 M B AR B BY. 2 2 A BJLak
PR ARRNE [ AR W i, 7T DU B i 18 P WA PR 0 2 b mT DL BB HE R (14 45

KRl TR ZARIEIT S VAR B SERRIG DI B vh, H ARSI B H A 1 H AR Al DA E 248 H
U T REAT YT S, KM E ARV AR . ZE SR AT B RV AR MEGE AT ROV 4578 TR S KT,
BN BRI T o AT B AR, KARDKS BARYIFE TN IR /K P E AN A B LStk A4
X A4, ROV #5) H AR LM ml AL B DU, BEAT TS e 2. — B o0 T T B sy T
FIPONHE R AL K 28 B HA, DURMUR - RINEE SRS, S 2 K 2 B iAdT 57, MR
FEAREL A7 BAS JERE A BTN K R X AR E, ROV A I T AT B VR, bLEEAT $145. S8y
RERIK R AR, B0 By Gy SR i H AR, M7 B3 9Bl ik TR SE ATk, — B ARk T8 1F
b, FTH; TR G BT 0, BT b HL2 A ROHT 87 TR D

BEAN, AEAT Hi PRk > 22 3 B H AR5 HARK T Bk AL 28 S 16 DL, B0 2 B sk AR
AR S, Dy Sooxt HARDIE AR In, 1R 3T H7 A0 Eh &, IE ZE5e XK T AT IR R BE2K
TR TEA ZRA, FER TS #ah ke R . K TIIENL. HRIETH 848, 2 S IRal 5
e, IF TR Z b seit, Jr K R LSS AN SeBU RS R4 27

5.3 BRLEENRESENKHEREIF

H brae BE 26U 5% 5 HE 0 Rt 10 Bk — O RIS U T R A ME LY ROV. & 3 BT A28 Tl
B JUEARENE ROV KL E L, WAl U HEHE ROV 1R RERE B B &AL, El TESHAR
), i 2 frs. BREERE <855 5 <6000 KFFEERER ROV?D & AEAREMKNE
iR EEAEALE ROV.

WUBFAE N 2 g MHE 7 AU FEL TR, /EMEA ROV I8 HC B MU T, e iU
FEN N RN T, FESI ROV BIFAE L @ AL D RE, A EAE S, St R, HH
FELGED ) — T R o4z i), A REH LT 2R R T, F ZE M T 58 AR S5, B HEE =,
B0 R, — MR 3 R IR Az . BN BGA BK AU T 22 9 BRSE B S, i 2K
WPERFWEFUAT (ISE) ) Magnum 7F HUMET, v DU HE 75 ki 48 3= BTG, BLAAR N 7 e 15t

7)) REHE 6000 KHEIESLEF K ROV) BW 7K HE KRB, GERE ROV T &KL x.
http://www.sia.cas.cn/xwzx/kydt/201709/t20170930.4867474.html.
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Table 3 Several representative ROVs in world and their configuration

Manufacturer Product model Depth rating (m) Manipulator Main tools

WHOI Jason 2/ Medea 6000 Two 7-function manipulators, 12 cameras, optional
Schilling Orion, Kraft Predator II tools, samplers, etc.

ISE HYSUB-150 6000 Two 7-function manipulators 6 cameras; optional
tools,such as cutter,

sampler, etc.

MBARI Tiburon 4000 Two 7-function manipulators, 2 cameras, optional
Schilling Conan, Kraft Raptor tools,such as drill,
sampler, etc.
MBARI (ISE) Ventana 1850 Two 7-function manipulators, 11 cameras, drill, etc.
Schilling Titan3, ISE Magnum
SAAB Seaeye Jaguar 6000 one 7-function manipulators, one 2 cameras, optional
4-function manipulators, Schilling tools, samplers, etc.

Orion 7P, Schilling Orion 4R

@) o

> (REMEZE) (a) “6000 K&” 5 ROV; (b) 532" ROV
Figure 2 (Color online) (a) “6000 m” deep sea ROV; (b) “Hippocampus” ROV

P74, WU a8 2 ) /N O A L E . ROV P 658); 5[ Navy DSV-3 IR SSAL E /Y The
Arm 66 KA T 1 TR R JAME 7 &, 3&E R 1800 m 7K RAEME?; MAX Rover fl Panther
& ROV LACE R HLK-HD6 A 6 ThEENUMR T, v] LARSZHECE 1 TAE#R, &M THUN R R 8 T A
2 ROV'9); ZE[H FMC Schiling A ) ORION 7P/ 7R & — kB B LI REMUENI T, B /N
s ROV A T 245, IE HATHHIH) 7000 m 3B K 8% 8 g2 2T, % 4 AR E
JUR EAREMERK AR T X LRI T BR800 2 K 2 B 44K RS /KR TR 6 A 2
K, ARAEAE R S H AR 15 Dlde T 618 1 3 1 3% A2 PR RS o 4 v B ) 26 1) 0 B 2% A

6 BRIFFEZEFHERIESEANMKIHNGE TESHIK

M RARTTZ 7 55 T 5 M R 2 DI S IR AT 85 T B —. R KT BO)e 4% 45 Bl Bh 4T3,
BATH TR SE DT R AN 28 5 S DA AT 4T+, (R A B AR I K- 2 85 WA DITCH

8) ISE group of companies. http://www.ise.bc.ca/.

9) DSV Turtle. https://en.wikipedia.org/wiki/DSV _Turtle#References.

10) Hydro-Lek innovative design engineering. http://www.hydro-lek.com/.
11) Schilling robotics. http://www.schilling.com/.
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Table 4 Several representative underwater operation manipulator

Manufacturer Product model Vehicle Performance index
FMC Schiling ORION 7P/7R light-/medium-class 7-function position/rate controlled hydraulic
ROV manipulator, weight 54 kg (air)/38 kg (water),
standard depth 6500 msw
FMC Schiling TITAN 4 ultra-heavy work 7-function position controlled hydraulic
class ROV manipulator, weight 100 kg (air)/78 kg
(weight), standard depth 4000 msw /7000 msw
FMC Schiling CONAN 7P light- /medium-class 7-function position controlled hydraulic
ROV manipulator, weight 107 kg (air)/ 73 kg
(water), standard depth 3000 msw
SAAB Seaeye HLK-43000 light-class ROV 5-function manipulator, weight 6 kg (air)/4 kg
Hydro-Lek (water), standard depth 80/160 bar

WITCH A#] 1) JT2720+ Vermeer A ] D200x300. CASE /A (1] 6030 25 132 [H py AR B2
TR S ISR R A E IR S T - KR S A S 28 183,
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B 5 [ AR THZ T i SR D A, SN2 4x . PRagt B4351 D X SRR o 2, ik
WG B AL FEHTHE . AR IR B ZE ST
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S, # ) FR G AR S NI S A B 51 R A SR IR T B . S RIE i LT R R S
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a4 2T ROV S8R KK TR R A

@) )

Bl 3 (M@GHFE) (a) i ROV LHKFE ROV; (b) Kik ROV fllELE ROV
Figure 3 (Color online) (a) The rescue ROV discovers the losing ROV; (b) the rescue ROV grabs the losing ROV

F R IR S5 03 R 22 w1 € 1], Rolls-Royce BT 24 w5 AR IR & ¥t B <A 6917
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7 ER ROV K TEHEIN A IR
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). BRI SNEA 2 MUK A F RGO, FTURE 0 S L3RR, ARREA KSR #O
RIS AR ARG R BAKIBR AR 5 KRR 5.

7.1 ROV 7K ¥ Rgea Rl =4
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XPHATHRL. 2013 4 T EI A MRS B — SR ROV BT & X2 38U 4il &, ROV
F, AR AR SZRIIR H 51— & ROV X Ha AT 4T 455 #d%.

Rk TAE IR 4

120, BUEE ROV RBVKR I, TR, (8 FA5 105 i ik & AT KT AR, Frid
R BEAL A

%28, Bk ROV SEIE &AM EERLA, 8 IRAG S AT B2, #l HAx, WKl 3(a);

53 0, TARBHI MR E 2K 10 m BAF;

455, BUEE ROV EIAEN B RFE ROV PG IFBNEICTEH, 48 5 BRBE R BT 22K
T, RS RT3 K, i 3(b) AT 4.

%R RO FE IE A0 g7 SCHEIR B AR A 4 AN B FHER B, KR ROV #5740 75 5 & 3047 KT
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12) “HFEEATIH 6917 Z2AHH . http://zjrb.zjol.com.cn/html/2015-09/19 /content_2911769.htm?div=-1.
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4 (MERFE) (a) HEE ROV BARUWES; (b) EURERFLE ROV EUHKE
Figure 4 (Color online) (a) Put the losing ROV in the basket; (b) the basket takes back the losing ROV

(b)
5 (MEMFE) (a) SREERBGE; (b) SHREMRIZE

Figure 5 (Color online) (a) Actual satellite imagery; (b) multibeam Sonar imagery

2014E12H 00 B 14:49:25

(@) (b)

6 (MERFE) (a) ROV ABATH; (b) 1RiE ROV L E THATEH
Figure 6 (Color online) (a) Drop ROV from shipside; (b) drop markers based on the location of ROV
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BA83 . BH
Camera 03

7 (MKAFE) ROV IUK FEEER

Figure 7 (Color online) ROV observes the cage underwater
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An overview of the underwater search and salvage process based

on ROV
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Abstract With the rapid development of underwater robotics technology, underwater search and salvage de-
velops in a fine operation way. This article divides the search and salvage process into four stages: large area
acoustic scanning and suspected point marking, bottom acoustic imaging and suspected point identifying, sit-on-
bottom acoustic precise positioning and marker releasing, and goal close observation and hook salvage/submarine
trenchless pulling wire rope engineering and salvage. This article reviews the methods of search and salvage, the
need for search and salvage tools and vehicles, and typical successful cases at home and abroad in each stage.

Keywords underwater search and salvage, underwater robot, ROV, scanner, work tool

Linyi GU was born in 1973. He re-
ceived the Ph.D. degree in fluid drive
and control in mechanical college from
Zhejiang University, Hangzhou, in 1998.
Currently, he is a professor at the State
Key Laboratory of Fluid Power and
Mechatronic Systems. His research in-
terests include deepwater hydraulic ma-
nipulators, underwater robot hydraulic
propulsion systems, AUVs, and ROVs.

Qi SONG was born in 1993. She re-
ceived the B.S. degree in mechtronic
engineering from Zhejiang University,
Hangzhou, in 2016. Currently, she is a
Ph.D. candidate at the State Key Labo-
ratory of Fluid Power and Mechatronic
Systems. Her research interests include
underwater manipulators, AUVs, and
ROVs.

1151



