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Research evolution and analysis of biomimetic robot fish
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Abstract: Some classifying methods, the characteristics and the current situation of both propulsive mechanism and devel-
opment at home and abroad towards robot fish were presented. The design of underwater vehicle was characterized by high-
speed, high-efficiency, good-maneuverability, low-noise and easy-hide. Based on the former, the research involved rules of
the following: propulsive mechanism of fish, mechanic structure of biomimetic robot fish, propulsive speed of robot fish, func-
tion of robot fish movement, Q efficiency, @ power, etc. The control performance and technical problems of this study were

discussed as well.
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1, PLRED RS EREELER 2000 £ 3 A, ELXEIR
BRELE, AARSE= AR KR Takara AR BH T —FF
P18 1" Aquaroid Fish” , {335 L35 K f: f LS A8 ) 2001 4F 1
A, =FET (MHI) F 1 4 7= T In] 77 3% &9 H13% £ * Mitsubishi
Animatronics” , R —FOEKENBERANMERE, 2
HALE-RARATREHN EYWa S pEERHETY
B B AR BT, T P I AR 35 M S TR R AN RS
EmTi.

B 1926 £E Breder JT #f Xt 81 3 ) W Sh AL BE AR 55101 LA K,
FeREEREHR A R B R &4 a2 PLER AR R
SCIRBRFE O & B AR
2 AL 8 K5 Z (Classification of biomimetic

robot fish)

2.1 ¥ 305 3h #E 3 s 5 3¢ (Classification according to
propulsive modes)

Xt €1 28 U 2 i HE R S A HE S DL B9 B 5T B0 A4 HLER
MR ECER AR I TEMASE, A L&
RN A I sh B GRS SRR hHER S T
Pl S P 3 ki, OB T B T a2k sy A
thiZ 3h . 1926 4F Breder & fo%t K ¥ sh M G AT T 43
K IUEHEXEBEHNRILEE T —TIERE. 1984 F,
P.W.Webb 1 5 1 35 #E (3 FH Y SR SR AR TR, g fa s
WS A9 HE B 4 H P8 3 - B /R 8 HEHE BE 3X (body and/or
caudal fin, f8] % BCF) 1 & st # /%% 86 # R, (median and/or
paired fin, AR MPF) (217 3z BSR4y 20 B, HLAS A0 AT LA 43
MK H . BCFAM MPF . B | 5T SEKE ST
BAEXERED E 2437 P.W. Webb X T 5 W 3h etk
E=W: 00 it S

1 BERIESFERRARE
Terminology used to describe the fins and
other features of fish

Fig. 1
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Fig. 2 Classification and function of swimming fish pmpqlsion
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HEsEESF MEBENARRERRANEHRE ETEK
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ARz shIE A2, HLES AT LA 4> 5 48 4 =X, (anguilli-
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2.2 4138 & 4K R 9 3 (Classification according to fish’ s di-

mension )
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2.3 RIS W3 F X 5 2 (Classification according to drive

modes)

BRI TR WA, B A IO TR AT R
P — KR RABE BB DA S5 MIEs TS A,
F—H R KRB H B (smant material) IR ICIZE &
(SMA) EHBE(PZD) IR ASRE VI L g s ER
4% R % 3 L) (semi-free-piston stirling engine ) %5 45 %k 3K 5h
TR B .



http://www.cqvip.com

Fal

R % - D AL O M R S 4 A 487

3 HHEWNFEH R MK (Current researches on
biomimetic robot fish)
ZNBETENARBL, FAMERF XK —RABE
MR, AR RGEEUSBOFKETEEATA
HIA MAEER , T T NRETE 5 & BA R #500TH

BAETEAE, F G AR TR E M. 1936 4F, EEAEYF K

James Gray K RIGHT , B 1S LA rfgiRftishE
45 BRI ERER UL 15 ~ 20 75 i) B 38 7 3t B
FTIEE 1/7.Gray NBERSTEHMAE R RE N FEEERL 7
— BRI YR B U B AR RO E AR T 1009100 AATTHE X
AR RN EE FR Y Gray 118 (Gray’ s paradox) . B
B4R, Gray ER AR BE T XR% TEELEHRORI¥ET
RUEAE AT X TN S AMAR EE S AW IBE:
20 42 90 AR LART EE L FEMMISHI I, 90 FHLU
JBEEE VLB A FRMN RSB N HEL A FREER
X ERPLas Al .
3.1 BESMAFR IR (Recent situation of oversea researches)
3.1.1 #AEHNEBHRIAR (Curent study on propulsive
mechanism of fish)
XIS X AT R 4 tlas A B LRk, E 40
FEBERBMNTFXAEMTIE. X 1HHT HEN S/
AHEBEBT I R M — BT TAY .
1 Bsth s ABERFTABXGHFLNY
Table 1 Foreign research institutes relating to fish propulsion

BA Al iE R B
MIT, M. Triantafyllon 5F 5 421 RRAE B Ao, R
LA ZEARMRE ABE & RHEHITH
Vasaar FIR, A DN FEE T

: ® mHXFHH A EABRKFHAY
Lafayette X %, % % % & Eph M PR
REREXE sERDALEHPAG
d e X F He R LAGHR
FiXFE % di Bt

mEX BREXF bFEMTAE
AELYF Kato KB %E
AXIFR,.MHI A EH MEH

B & Eizezx

Za AR AR LA
(SRD)

BHEE MGHHERR

2000 £F Bk 4 ¥ T2 B (MIT) #9 M. Triantafyllou B 7% £
(LAF fRTAR MT)ZEX fa 35 HE VL BRBT3E B Rk 22 ehdig i

1) #kaERE N =44 E E Hah R R 5
#;

2) BEWIHAER.HHER A REH; MT(1999) B
Robotuna B 7EHE K b PR IR AN LR, TR R R
B - RS S kh TR R R, TR A S e s
KAFE; RE LN ABOR s T RAER AR FEEE,

“IE” A SR, A X AR A T MR 50% LA . BB
TR T /5 TR F RS BT IR I 0], AT 35 P 348 (9 HE F
BOR AR (EREHBE A T REHE) M
RERFSE R B, L B BB EER 54~ O TiE
EESERZKEZL; @ 2XHM; @ NESHEREFHR
AN E; @ TEMAFEEGREE /R S ); © IHph
ERZEOHENAE. NFsI 2R EBRIESRE, YED
EBUR 15+ 3% #7 (Kamman vortex street) 2 25 0 , #E JE 2 R 4
2 EFs

3) BREMRERINNAHESTURBRAN=ZS88T
R P, SRR B BT kit B

4) IS MRE T RSN CTEAX.
3.1.2 (AN ER ST S MR (Curent development of robot

fish)

FEE SRR KA RE , 1994 4F MT R AL Sh B il T 1H
R EH—REERE X E605 4 &4 f (Robotuna) , FF /3 T ¥l
S AP SRR S, SR EE MEE AUEF A S
BRI, VS AR RAS, R 2 AN TEHS—%
WAMYSEFRIE . AR LUFE S, XEM B AR #1T7
HIPLES IR LB L BRI BU Rt B & .

A2 BESfAANSGHERBESHAAE
Table 2 Foreign typical research projects on robot fish

B HREa HRAE
% —%ME % Robonma(199%4 %)
MIT Robotuna % # #8. Pike(1995 %)
Robotuna & & #& VCUUV(1998 &)
#HRFR
£ B PHTFEAXFE BETRBLE(EASMAKK)
MR IR AR HHAHR
FikF HAXTWBEAS A (84 B Hfit)
bR P WE s A
ha BT K F MEGHBA G ESES
WA Vije Xk F MBS REFR
¥ B Heriot-Watt X ¥ FLAPS # A
Bk F,Kato £ A IS 9 (Blackbass)
®BE
BUKTHAEEETHENBA
(EeMER)
- LEEREXFE BUSBE DA TREB(HH
s 8H)
Takara 2 ] nE G B KR
ES 3 54 & & “Mitsubishi Animatronics”
K, AR PF300, PF-600, F-FPSE200, PF-700,
%77 (SRI) UPF-2001, PPF-09

ERE, 1994 F, R L8 — & 128 4 Robotuna 7E MIT
A, B B R —FhRETI IR B BT/K TS S T 4E
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B [B)4a L B R MK THERE R4 . K4 1.2 m, @R
RSN ES, BB B — R 3h, E A Al ik 2 m/s. 1995
4E ,MIT # i T Robotuna RIZCH ML AR £ “Pike” , B fEBI5 2
BIPLBh PE AR IR AT B9 ¥ . 1998 4F, Draper L3 = HE
T Robotuna B8 & M A VCUUVE2] (vorticity control un-
manned undersea vehicle) , B 3. VCUUV {i S m A E %,
K8BER(A2.4m),H008. XEKNETHFE—RFAA
RER AN A K THIHRA(UUV), 8T BB E
7~ RIFRIRBRYE IR & BV 7 MR E IR B (R R RE S
FIE B A/ s BE . VCUUV A e se il R iR HE B
B LRSS ES .

(b) FELITHPMH VCUUV

Bl 3 Draper SCH % #E i 9 VCUUV
Fig. 3 VCUUYV developed by Draper Lab

B& T MIT 51,1996 4, 35 B #7 28 7§ 5 K2 Methran Mojar-
rad BFSE /NS B 43 F B A T B A R S (XEM) B FE AR B A
R EE A L@ SN BAE& BRAE S, -
AT A5foi68 4 9 B T R OB R R R R L AR
RiCIZEEMBEITERIF R T B ahEH#PLE8 M%) 1
B 4. 585 B (A 19 B Eh , HLAS 8B B R RESR Bh B B SF A K
H,mHEERNLFREE RGN S8 MER—%
BB Z S (MAS, multiple agent system) , 7] LA B F# % X
P52 1999 47, M R T K% (Texas A & M Uni-
versity) FAL TR R B FH SMA BB RFF A T —FHF &K
KT BT — 4 B shAR 3836, SMA 3R Bh 28 5T R 1Y

FTRASCERK 38 89 7 F 0 4B £ ), 0 EL BB % 7= A (81 A1 19 3 32
7.

Fig. 4 Undulatory lamprey developed by northeastern university

TEH 4,90 8548, £ & B K ¥ Toshio Fukuda 32 7F #4
TRy K T HESE IS B ST, M58 S B SR AT RAEAZ
E WS BT 5 iR 3h 3K T #5812 F FE o B R IR B

IR S £ I B2 A (2) | 7865000 B Pk B Bk T ot 88 ch,
T. Fukuda 32 T — R B & B 7=t 3R 30 77 897 36 . BT 4R
it SMA JRah 38 ey LRSS 19 SMA # R, 1R 3% SMA BRI 7
FROTR ), 5 BT B A 5T PR R 48 471 68 4 £ 245 1
EPUABESh, PO HETE ST, AT SEILHL 28 A 1K T ¥R 9 . 1995
4 IR Kato LR E FF R T BFST A T M % B30 # 0
e i T R F & ——b5 BB 65 95 48 PLES £ (Blackbass) 4!, I,
B 5.1998 4E , Shuoxiang Guo Fil Toshio Fukuda 25 ABFH T —5Fb

LA 7323 B 5 WL (ICPR) 1 B 8 3R 3 i L8R &
#m[ao]'

A s
Fig. 5 Blackbass robot developed by Kato Lab

Kato S5 % B i B9 L% £ SR &7 Blackbass)

ATHREREH#TE FEARERERNSERKT
PLES A, N 1999 S£F1 16 i i A AN AR BT R BT (SRDFF IR T
—RFLRYL A B BrRDY . Kb, PR300 AIRBF R
T fE  PF-600 SR 15T #E f 3503 ; S-FPSE2000(2000 4 9 A
B FRBTFY A B 3 ERTE R AL HE A 3 =K, 2k
B B & ERRT R X sh 2 SRIBF R — R R R Shil, 3%
AHNE LT ERATISANEEES, AT EHH
TRV PF700 T EH THRBRE SR EE; ™
UPF-2001 B ZEANSAMNEHRENE AR, He S TH
T BE B AP A9 UPR-2001(2002 4F 1 H ) . 7€ UPF-2001 HJ3Eal
b BEPTH PPRo ERE =R TheE, BIgesc W |
HTHR024E9AH).

B 6 Wrshd WK UPF-2001
Fig. 6 UPE-2001 in swimming velocity test

3.2 B FEIR(Domestic research situation)

RN BB A VB amE FE, BNES
B 80 ERPEH, PRBE X ENERANERT S+
KAEBEH-LBEN TR BT AEH KRB
(3DWPT) , 183 7 B ks _ L B3 2B f Btk g ) his

FARL-2); 1904 4 T A% TR T U R SRS E

MR SERHR, N TRESH SRR EK
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XERREIBREAERBESNTIET R THENS
EAMBIR, HEE R AT RHBITHUA, BRI X
BEb T — S 2d s /R IE T KFE R R B RFL 25
SHTF TR T K TS A QERAIERNEIR, &
TH AT B RS R LB A PRI A
FEBFFE AT e TR A A LSS f 1 LTRSS MR K
2P AFFRTREAIE T @vLes A Bk 38) R 9B
5%, 48 T S BRI T RO A AT O Bk, BB T 95 30
R 0.6 m/s BO0F A “HLES 08 1 " TR HEA ;2001 4E 3 A X
Bl T A DL IR EIL S M R K KA TR =
PHT TR E RSB LR AR B REB Mk
EHFE AW E LR, R T AR5 5 2 W HLE ; 2001
EhRBE AN E R RS S B TR ML
AFFBA TR IR« 2 30/ B 4 A L 58 40 BE R UME 5 3 o BF
RVEENRREZR TR THRE RS ENBARGES
SRR RSB R AR . 7 A T L%
0707 BERS 0 10K R8T RRIRI0 5 5, WL 2% 6 SR FH B A
Bhi e B , 58 2 B A0 DU A B O 41 AR e HLOR 1806 £ s B8
B, AL X ULES R FR R AL B R sk, DL R A A5 B RS
I B SRR T R /R

B 7 #laEK IR (2002.10)
Fig. 7 A robot fish playing ball in water
4 FEHNHFENTEZH R A E (Main research con-
tent of robot fish)

2 8RR IR W PEE TR BRI A
SO K THEHA AP SE M 1990 £5E 45, AfIER
T &R BRI it R TR T O Vs el
BB PSS AR R —F SR T X MBI R S, BTk
BINEMEhFHB M A EE, T HESHBIREER
A MIEBREE IS AMRERIEN A KRB SEUT
HE:

1) AXHEHBS R MBS, S SRR
KN R L RO A PO TR RER, Mk ¥R
2B @ EFOR W K TR D R BB K T T B,
RMERN T ERT . AR XERRE, TEM & T
H 897K 30 T AR R L.

2) VS APIREWHNIER . EaLK MRS,
AR B R FISNE Mf S8  ZEPL 2% Bttt
Beh, R ERE3E MM R B 6 A R a0 HE BERL HI K
LRSS ARPEER EHESEREC B LS AR s

¥

3) BRSNS Al s S E S S B
—IhFE I MBI , 2B 28 fa ek o B BOE B TR
f XA

4) PPl B Rk M RE TR L X T LS B Bt R
bR RN TE EE AN L REE— .
L ERE S RN . S A R R B R
IR BRI . B B SCRRR B , %07 7Kk F sk 35 Fn
Z L35 B PME R B S g 53] 7 k(5] %, D. Bar-
ret FARTREBEIFRET — M ARV GBS,
R 28 A SO LR T PR R TR AL L3S £ o We S A
¥ESCHR[33] 9, Kristi A. Morgansen % A% 8 T P38 L 32 3)
BB BRI, B AR R Oy B — MR R4 85
PRS0 34T T A A iRt ; 7E Xk [34) oF, Daisuke
Gijima & AR T — 4404 R B MW S 0LE A RS, 6 A
FBH I Q T B sk R GEHAT TR ST . A S ro £
FERE , A 5 RS IRES IODLES fa A0 B SR BT R R f
.

a) ER G SMBARPIR. B REKINBATR LIS
MRG, — B AR AW B, ENS SRR RS, R
3 S REL GPS(global positioning systems) SRR IF B —MA
B Iy Bk HEER A R AR AR AMFRE T, AT HRE R
RIS AR R AV B At it st REmE
8, MR TSP R EE AR,

b) WeBhi B ok 0 R ST . e sh 8 bl 40 5 2 B B A
] S HR A A BRI Y, ZE K B R BRI R
FOZERE b REFTH1ES 0 A0S SRR R B B R ST, R Im DL 3S fa 1
Bl LB

o) ZHBANHRAMERR . KEZERARE, FR
VB AUHEN S K S R 2O A thREEh . A
Tl % — BRI L BEAR MBI, 7 bk R SR8 8
BERPMER LA E B AR TR

B, ABUE R f BE SR B, O S et r RERBURE &
e 7 RIS AL RAETEIE #0118 ; 104 4T 8 1A SL R A0
W7 R BM RS L, I e R AR B s AR T R TR
PRI R , A B SCRR Bk IR S
5 &5 (Conclusion)

BT iR aMRC RS TIFL T E R, B
KRS NG Rk AP HER. REWNL, Hl86
Hek B PR RO HE B 90 3RAR , @0 VCUUV TE1E 338
BN 1 Hz B, B 2.4 9 (24 4.44 kv/h) , B SEAE ) Y
3h, BB REN | REEE (I UUV MBS LB N 7
K ) BEE G MR BRSNS AR Y
KRR MAS e FF R A AR RS RILES, KX
KANERELES f 7E T3 55 FIAR AR TR o7 P

B AEREDREMTEBEAMENES S, PEa
B RSB RME, MUBEEH S Fmis s,
T EL 78 5 6 U T % i . %o L B8 4 o B O B
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