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A Survey on Bionic Autonomous Underwater Vehicles Propelled
by Median and/or Paired Fin Mode

WANG Tianmiao, YANG Xingbang, LIANG Jianhong
(Robotics Institute, Beihang University, Beijing 100191, China)

Abstract: The median and/or paired fin (MPF) mode and the body and/or caudal fin (BCF) mode are the two commonly
used propulsion modes of the bionic autonomous underwater vehicles (AUVs). Thereinto, the bionic AUVs with the MPF
mode have some advantages over those with the BCF mode. Firstly, this paper contrasts the two propulsion modes in the
aspects of propulsion mechanism, swimming speed, propulsion efficiency, maneuverability and swimming stability. Then
the bionic AUVs with the MPF mode are divided into three categories, i.e., multi-fin oscillating, pectoral-fin flapping or/and
gliding, and long-fin undulating. Subsequently, the three categories are surveyed in detail respectively, including the current
status at home and abroad. Then the swimming performance, the drive types, the number of drives, and the design of the

propulsion fins and the body housing are analyzed and discussed. Finally, the existing problems of the AUVs with the MPF

mode are described and summarized, and the key emphasis of the future work for the AUVs is prospected.

Keywords: MPF (median and/or paired fin) swimming; bionic; AUV (autonomous underwater vehicle)
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AR Fe A 28 MPF HEREBEA 1) S AN & X
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AUV [T SEBLIRBEAT T a7 5/ 44, MR B N A1 (it
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Tab.1 The contrast of the bionic AUVs between BCF mode and MPF mode
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RHAG AR PN RE B A R X
3 WRIVIK (Current situation)

3.1 ZEHEHN MPF 2B % AUV HFR IR

H R 5t b MPF i 80 15 2 /K AR AR ) B 5+
(FIML BN T AR 4 1 i b s 45 B8, KB 4> MIPF #E
W7 A2 AUV IE @A A2 40 13X R L Ak
HRIF. 1999 2£, Z5[E Nekton Research 23w i T
— K DU EEIK S )1 4= AUV FEHL PilotFish!'!12], 4f&]
1(a) Fi7s. PilotFish ] 4 AN Z2k6E DL X B34 70 A
10 S AR S5 L, R Sk 8 40 20 1) g =™ AR HERE
TG — A 2.5kW IR B A Bl B LIK B, 7K
D3R 52 562 BH L A AU AT & 0.6 m/s. 2000 4F, H
KA WF R Kato 25 NWFR T — 4407 2 B 28 BB iy
BASS-TII. ik $E B E A% %, B EA16E
i LI IR 68 9K 250y R ARG i, (] B 3 ek i £ 1
Hsh sk PR e B ik 1) FioR, iZpLasfa
8 2 AN E ) Ik LIRSl — X g, 3@k [ i L5
FK PRI B AR FH e R 55 f0 AR BRI ) FHAREASD, mT DA™= AR
6 AN E T RN ). SEEGEE RN, fE—EK
WP R, LA R ATEE L 0.05 m/s [ 2
LK BWr sl SRS A o0 $2. B S, /E BASS-IL 1)
B b, AT SRR T 3K AR LA 6 40 3 9K 2 1)
5L 2841 BASS-IIN, 40& 1(b) Fiok.

(a) Nekton Research 2 Al (b) H A4 K 2EWHI\IBASS-1IT
I PilotFish{li "EAUV fitEAUV

() HAZRIER W BASS-11{j 2EAUV
1 3&[H Nekton Research 23 &) Fll H A 2R g K20 1)
MPF B 95745 AUV
Fig.1 The bionic AUVs with MPF mode developed by Nekton
Research (USA) and Tokai University (Japan)

2004 F, INEEKZEHE /R KETT R N B YRS 1)
KRN A AQUAM, e ol A2 25 S e il 710 e
5)) (ostraciform swimming). @WK 2 ffi7x, AQUA 1)
BEANEEARS T Ak R — N esh | g, SA5E

FE KPS RHex Bl oA LEs A3 vh i) 15, 5 e i it
LR SRR —A B PG AUV P55, AQUA I
BT B, 8 A 2 AN 3 [ R S Y 9K )
fig, TLASEIL A AUV 1 BV s R IR
B IIRE.

Bl 2 s RZe /R R 1) AQUA 1i7E AUV
Fig.2 The bionic AUV AQUA developed by McGill University
(Canada)

left fore actuator r

(@) LR EBIFRING (b) BTN E B T

Madeleine robotic turtle
3 SEIE BURE A e AT IR e v 3 ORI A PR D 4 A

AUV FEHL
Fig.3 The bionic UAVs with four oscillating fins developed by

Vassar College (USA) and NTU (Singapore)
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3(a) fIT7s. {8 H] Madeleine 354 T U & 174 8 5% 5 6 %ot
Le S R B, DY g0 24k B A7 50 4 1R s AR e Pk,
THE DS/, A IA B0 AH R 1R 0 AR P I, DY f
BRI e R L EEZ AN 2 5 2.

2007 4, BNy r Ve TR SEE R T — 3k T
B AL e 1 DU B8 HEE 147 22 AUV FERL 17, ]
3(b) 7. % AUV B 5 AR S (it i AT vt
RERS SEIL/K T W LAt AT 7, 2% B8 2 T4 IR
] R AT 55 T SRBEAT A5 A0 CRE R F A, BN R SR H
() B A R B4, T 668 1) 9K ) #& BRNT f. 7K
THEBESZE R, i AUV DU EE TR B
R LB PE IR R

2008 4, I [EH MIT 7T N BBtk 734
A RoboTurtle [ 2 65352 )47 1= AUV, G 4(a)
PR, e — AN DU B8 IR 2 1) I Sk i 50 (labriform-
type swimmer) [FJ{/j 42 AUV, K H] DU EIK 5] 2 K 4 7
H 7)) b i e DU 65 43 A 0B T AR S AR R
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Ho WL T RS THANY i, RoboTurtle
(¥ i Bt ¥ T B A ST PR S 091, % BEH A 3 — AN 42
PEIREEIKS ) 190 W ELIRTCHI AL — A S AU A
KB 15 W BEHLTCH AL AH N R AL BK Sl LR
DA KAH Y F0 o S 4. L4280 g U 1 i e 3 e
SN AL AR R SEILT . 5 ] iRobot 2 7] T &
() Transphibian FMVALA(G A2 AUV, HRA T 5
RoboTurtle AHALMHLIAL BT PO, 441120 i 2
A SCHERRARAL N, Transphibian th fESEHLE 7 it
iz5), WE 4b) Pros. 2011 4F, 3 EH g E 00 SE R
S T DU B HEE 1 AUV SRS R 2Y,
WA 4(c) Fros, BRI 7e AR S0 AT 5 103 68 1
A7 & 43 A1 7 A A CED (computational fluid dynamics)
BERBEAT AL BT 1K, XA BT i Bl e A2
N RGT S GAREL ) B/, AT TR 28 S 50 50 i o 11
KBS BT A2 AUV A5 86 7320 Tz B R AL,
Tk B SV, A3 BN AR AL IR S KU A
0.42 m/s.

() EEI I
S AUV

(b) iRobotHF i
Transphibian
Kl 4 2E[H MIT. iRobot 2 F] RN AR 57 5248 2 WF il [¥) MPF
B A E AUV FEHL
Fig.4 The bionic AUVs with MPF mode developed by MIT,
iRobot and NRL in the USA
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] PN 3 20 e A AR 22 B8 40 B HEE 1 475 42 AUV
HEAT THFST. 2008 4F, dbat KAl T —A DU
S T AR LS P, e Sea) B, %R
AUV [1] 4 ZRBEXTFR IS AR R A IR FA L, a4 4%
HE BRI SN, T ALEAT R 1) e ARk S kAT
MLz, SEELE N 3 4Eigs)), f4h LTk T 8
FEREAF S, 2011 4F, ARrp R 2EIE G T — 3K 4
A MiniTurtle-T /) B A7 800 R BTG WY M (147 2 P A
AUV FEHL P i 5(b) fizs, MiniTurtle-T ) 4 4
HshtE R R i, o H A R I i,
KN A0 A HEE B AR LA B 5 AT, &
SRR, AT A A S PR IR S B R iz B

2012 4F, Jb Rt R R 2L A ST T i
KT — K VUBEH0 3N R B 047 AR, FE R AR
h 2 i BRI T 7 A B R P e 6 B
N, AT AT ANE RS 1400 mm x 680 mm x
300mm, AR & 20kg, AISLELAS A 5 AN A
W32 3)), REfSTE it RG2S . o KR E i B oh

1m/s, BIENIREE K 30m, AJ3ES4EM 10h, #;
A E5e LED Y6 AR B L AG I S Rp e, ] 5
SRR U AT B2 254 55

(a) AERURZERRIR AL SR iRt

- rear leg-flipper

main body

fore leg-flipper

(b) HHFERHT I MiniTurtle-I

5 dbntRE A Th R AT I 42 AUV FEHL
Fig.5 The bionic AUVs developed by Peking University and
HUST

Kl 6 ALatHUrs iR R 0 4 2 68 AUV FERL
Fig.6 The bionic AUV with multiple oscillating fins developed
by Beihang University

3.2 KEEFNEFR MPF (AL #i# AUV fiRI

7N

i 0 33 F0 A A2 AUV () AR J 7R 2 g £,
EATTT DU SE B 1) R B AR mr ks ), B
e 28 TR IV R R AR B I ML PR RE, REAE R
I RO S 2, ] R R A

2006 4, 3 E BRI E R T — 4401 2RI
M5 (1) 7K T RO AR LA N B3, B it A 3k
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I 452 DK (1) 1 3658 2 T AR AT A oK R I i 2
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#. i 7@) Fros, 0 ARy 50em, R
Im, R AEEZEIKE) 2 50T B HRE, a8l
PVC (polyvinyl chloride) #JB5 4120, M= A4 47 i
i b iz 5. 2007 4, HAK L RE BT
SR T KRR ) A3 75 sUIRsh B A B B ik
TLEE S AUV FERL 2O, Al AT 4 e Al et
A BRITTHER AN AT e e v, SRHIE T CAD £
ARG T2 T, A3 7 2R A 1) 47
TR ISIRGHENL. W& 7(0) BT, %054 AUV AR
MEHES A EERS S, A K 150 mm, A58 170 mm, 18
BN RBEAT RS, s E AL 100 mmYs.

(a) FEFE BRI R 2E B (b) HASK iR 22 il

T A I AR AL TR AR AT A i fst
B 7 SRR A X K 2R B iy AR 3 3R
AUV FEHL

Fig.7 The bionic AUVs with flapping wings developed by
Tufts University (USA) and Okayama University (Japan)

(a) Festoﬁ%iﬂ‘ifﬁ = AUVEERL (b) EvoLogicstlf & 152 AUVEEHL

Kl 8 H[HE ¥ Festo 5 EvoLogics W& (474 Fh L AUV #EHL
Fig.8 The bionic AUVs with flapping wings developed by
Festo and EvoLogics (Germany)

2007 4, f#[H 7] Festo Al EvoLogics P %/ il
TIF A H A ATBLEA) 7 AR 0 B AUV FEAL B7281, Qi 8
Fros, PANRENLACR I T 2SR 3h 45 44 . Festo W&
(1) 477 A= 0 iR T K ) 26 R 3R 4 4 ol 4 LB 2 5,
H:3 N 96 cm. EvoLogics B & 1) & — R FIAN R R
B AL g AUV, BRI 1.5m ~ 3.5m, X
L )5 A A58 FR) A A 25 ) v L4 — A F I ) 2 K
BIITRT FRATLAL A FH ke S RS A L 20 45 1 P 15 A
HERE RS, IXANHERE 2R G0 n] AT 7 A i 5 52 T 24k
H AR F g 5 (1) i B A L

B Ji5 » Festo i it 11 20 i 503t i W AEAbAT %
T AEARS AUV B 2930 AquaPenguin i 5/
W6 i 11 2) ] F R Sk i 8)) (labriform-type ) A5

B, HRARKN 77 cm, IKUFshEE AN 2Ls (L4
FEOUAK), @il 9 Fios.

K19  Festo W& 117 4= A% AquaPenguin A4
Fig.9 The bionic AUV named AquaPenguin developed by
Festo

anterior

500 mm

420 mm

control circuit
and battery

(b) H i Je WA FIIPMC IR ) £ 4 AUV

K10 BB R AN T Je WKW 0 2R 4 3 AUV
Fig.10 The bionic AUVs with flapping wings developed by
NTU (Singapore) and University of Virginia (USA)

2010 “E R4, B nd m v 3 TR 2E N
A TFF IR 2 B R AT — R A 7 AR AT B2
Kl 10(a) Al ATTHIF 51 ) RoMan-IT 7 £ i fist % 46 #f
Hl. RoMan-I1 & A&~ 1 50 A A 6 > PEfE 5%,
B3/ 2% H A N 1) B3t ) IR FEATL O Bl Ja ok 6 4% 11
M8 A HERE ), W SEBLEANTT I LB, 1%
HUTT 5 B3 i 7 225 R 1 28 ) R 55 v Mk S B 1, B
WAL, HEEAIIAR] 1 Lis. 2011 4F, EH B35 JE WK
SRR T N LA A R B (1 15 AE g g 83, )
10(b) fIToi, A £ 3 AUV WK EE 3 0 A (8 54k
P 8 MBS A SR A1 5)), 5 RoMan-II
ANTF IR A 12 0 A I 558 P 6 45 A B agh 72 m) 7 AR B Bl
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TN TR (IPMCO), A AUV )ik 55.3 g,
T T 7K I 3 20 S 56 o HH Rk 0.4 em/s.

] PN A7 27 2 047 2E 40 317 SRR AUV 2
AT THEST, JEUA T @R, 2009 4F, IS 7KV
TNV R AFRIFR T — 2% LAV i g 122 50 07 sCHETE (1 TE
RICAZ A4 (SMA) L2085 74 45 A B it L% . 3435,
W 11(a) Jros, 1ML A8 5 X0 EiF - g it o
TEARRL, B ISR, A — X = MBI
it ItE, H 2 EE L E] 79 mm/s, /N
2 118 mm. [H PR A WG T — & SR vE R
TR (1) RoMan-T1 8544 8 BL I 47 A g S RE AL 36-37).
WK 11(b) Fros, %07 A W 1 4 5% Zc 47 0 BRI i
AR, B AW 1 — AN R B LER ), T
SCILHTAT . SR RS | AT I g L
ZRE I S 6 W s FL A B T IA 0.15 mis.

(a) WK TR EE (b FIBT MR A 1R 0 A B AL
I SMAIK ) B
Pitk4h AUV
P11 W i3 bR 2 A [ Bl RS R A ) 07 A 4 3
AUV FEHL
Fig.11 The bionic AUVs with flapping wings developed by

HIT and NUDT

(a) "Bl s A e 5t

(b) B g 5k

K12 Bt iR R 0 A 4 X AUV FEHL
Fig.12 The bionic AUVs with flapping wings developed by

Beihang University

2010 4F, db 5t fi S MR R S L3 AN 5T BT 4
TR T — 3 A4 SRR B, 444 Robo-Ray 11,
WK 12(a) BTzs, AR R0 53 b 45 46 ] B IR 32
PEART, eI 0SB LIA SRS, T 5 A R
P ). A A R B BN S6cm, KN
32cm, FEHIBNIAER N 1.2 Hz I, i Rl LA 3
0.5L/s. 2011 4, bt S MR K24 LA ABIFFLIT X
Wi T 45 Robo-Ray IT SMEAHL, 10K HA A
I 3N 77 2RI A A= SRR AL B0, A REHLAAR R 3

S350 0.46m A1 0.71 m, K& IK5), 3 XfEs
A3 AT BAE BRI, A48 £l i Al iR rE LB ).
TE I 7K T Bl S 56 00 52 1ZAE AL Tk 0.26 mis,

25 KK 0.55 15,
3.3 KEEIK T MPF # R HEH B E AUV SR
AR

Ketig e 2 A5k AUV BB 21 B 330 T g
(KIF5 8 . A8 ol 6 DA (1 AR HEE OB 0 5, T
fi 2% DX )y 5 A T A PORIS By, WL Bl 1 6 ]
LR I SRAHHERE ). s g 07 4= AUV [FIHL ]
B SR T A S B, BLBh PR, S EEE TR,
(EE T AU 8 e 3 (R HEREHLEE G AN, (17742
FAAEEANGG , COR A H PR EAT T AT RE D (12
HEERE 5 7E AUV FERLIRTT s PEREIEAT 15 5 i
IR HR 23 FRIIE T A A it B PR 2R R 7 A= A k2
ERT B

(b) MV L= Y
BB E R ke

(c) ARIR A TR 2RI
WeANENT SR e B
K13 [ Ah g YR A8 7 A4 R S 0 e

Fig.13 The typical experimental devices abroad for testing the

propulsion performance of undulatory ribbon fins

2006 5, FEPGIL KA T — BB R T)
A E B A 9250 E 10, WE 13(a), LEHE
T A R i EX Bt e AE 6 A A Iy 1) -
WRATEIINLBIRE S, IF HRA R i Hlzh
P 38 I A2 e Bl e AR A AN 8D, A DA B 08
o AT SRS ) T B [ J A%, I NANTR] (0 A f ]
PP A 5 25 P A P I 3R LN PR 2005 47 0T Ui
F e B TR A I A 1 AR SUAR AL R g 07 2 41
HESL IR E B0 (18] 13(b)), A ATTRE X At IR fi 4k
B AR Ak b, £33 T L) s s g
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HEBERIH LA T B44) (B 14(a)~ (b)) RO FH LA 5
2OV I S HE R KBS 20 BT (& 14(c)), BT
IS A2 HH 22 20 1 0 B A A () A IR BB DK S 1. e
SRR RFFEL TR EWIT R T — 6 3t R )
Ptk AUVES, il 14(d) iR, fiv#4 A Galatea, ‘&
e LU RHE U s 1 Ek AUV, B 13(c) AP shtiE
S K

FEA A SR BERE ML BT ) 5 T, H A K BROK 2
H 2002 4 FF 4505 B 2 AN 1r) 22 P A o 4 2 1 15 A2
AUV AT T —RFIWESL, Jefaitdl T 3 BRI
B, K 14(e) i 2006 I HS 3 AAFEHL 1, 3L 2
AW iiE i 17 A Ik AL TR B = AR IE B, fg
MEAEIK T RGEHL 0] A B e B¥R. REAE,
ATSERR A 6 H BN A 88, BTk wor,
UHEREEE KA 1. PBIE A 2Hz I FEN LT v]
15 04m/s. BEJE, A ATREH B se A4 kL IPMC H T
Pi e IREE IR B, BER T — 48BG4 AUV
FEML B0, G Pl 14¢h) Fros, AEHLE A9 00734 43
i 8 M IKBNE S, 84 FRE A ] SR GE DK 1)
IPMC AN T LA, 87K it S 56 ) e I 5 R b i i
A 18.1 mm/s.

(a) FEVEH 7

g (b) FAVEHL T RZEWFRIN
NKF-13 3 {7 -E AUV

NKF- 1% 8 & 4jj "EAUV

(d) AR AR T KRB
Galatea

(c) FAVERE T RZEHITHI 1
KU AR AUV

(&) KWK E I AL (0 KBAEHHIIGIPMC
IR R sh €41 2E AUV UK (1% sh g i A= AUV

14 FEAMLR KSR S A E AUV
Fig.14 The bionic AUVs abroad propelled by long undulatory

fins

guide bar

containner

fin model

| A

(a) " B2 K 35 A HE S0 4

(b) IR RH3 A B sl KA Ik e
15 [ il g i 2B Ak S g
Fig.15 The bionic propulsion devices with undulatory fins in
China

AR SCHR A5 5, B A R A 38 3l X A7 A
HEVERIF T AT AT 4 55, S B R K2 o
R K2 W RV Tk K A0 o [ R} 22 Bt E 3h Ak
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5 Z5i£F01REEE (Conclusions and prospects)
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