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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper design, fabrication and control of a robotic fish with flexible tail was presented. First, the
Received 07 June 2016 short introduction of the robotic fish and its common control algorithms were reviewed. In the next
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Available Online 24 September 2016 step, the proposed mechanism of the robotic fish and its design procedure of the mechanical and

electrical subsystems were explained. Mimic of the proposed robot was inspired from the Rainbow
trout. The mechanical structure of the robotic fish consists of a body and a flexible tail. Oscillatory

Keywords: . . . P . . .
Roﬁzﬁc Fish actuation of the tail was carried out utilizing a servomotor which was manipulated by pulse width
Fuzzy Logic Controller modulation signal. The electrical subsystem of the proposed robot containing the electrical boards,
Flexible Tail electronic circuits, and a microcontroller are installed on the Aluminum platform which is located in a
sealed case. The flexible tail is attached to the end-side of the sealed case, and the actuating force is
transferred to the tail utilizing pulley and cable mechanism. Since the dynamics of the system under
investigation is nonlinear, a fuzzy logic controller is proposed to control the movement of the robot for
goal seeking purpose. The closed loop simulation of the system was carried using MATLAB software.
In addition, experimental investigation of the robotic fish was performed in the laboratory.
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Fig. 1 The Mechanism of robotic fish actuation and mechanical parts
assembly
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Input: u,- crisp numerical value.

Output: y;- crisp numerical value.

BEGIN:

Step 1. Fuzzification of the input u,,

Step 2. Application of the fuzzy operators (AND or OR) in

the antecedent of the rules according to (3) and (4),

Step 3. Implication from the antecedent to the consequent

using of the AND operation according to (3),

Step 4. Aggregation of the consequents across the rules using

the OR operation according to (4),

Step 5. Defuzzification to output variable y; .

END
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Fig. 4 Installation of electrical and control equipment on the fish
robot prototype
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Fig. 6 Prototype model of the robotic fish in experimental
environment
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Fig. 8 Membership function for the position deviation of the robotic
fish

oo Db, Cusdge glas gl Cogac 28 S

-180 -90 -3 -50 5 30 90 180
Fig. 9 Membership function for the angular deviation of the robotic
fish

@Ln«_")lg)dﬂfg;.egél.hé 6')!@9‘5‘6259&

® Union / OR

9 o lesis 16 0951395 ,aT ()3 Sulo wiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.27.6
https://mme.modares.ac.ir/article-15-3792-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.9.27.6 ]

Ubled 5 solat S e GO )18 b o S pa U 9 p334-dlasil o3 b oo il S il g abb
13
ME |Env g
3 ]
I B
' 5
z g
Ground 2 3
o <
> T I;E : (il
1 v
o Tail
& o @ % Tail Veloaly ™
Integrator Actuation 1 Drag A B >
Robotic Fish Body Sensor
P du/dt JA1
o A %/’ Js1 Angle
Derivative g
B + gular Velocity
Robot Position Friction
l:l rad/s to f

Water Drag

Velocity ~Tailbeat (beats/s) 4—@(—

X-refrence
E
Y -refrence P

X-Origin
¢ Ea

Y -Origin

Goal -Seeking
Function

Fish Speed

Fuzzy Logic
Controller

Fig. 10 Closed-loop configuration of the robotic fish in MATLAB software

Fig. 12 The open loop experiment;

Distance (m)

CO»—-NUJJL(.H

al test of_the robotic fish

10

20

30 40
Time (s)

50 60

70

Fig. 13 Horizontal and vertical trajectories of robotic fish in closed-
loop simulation for the first case.

@l i il s (g3l 4t 3 Lo Sl (g3900 5 (I e 13 S Ll 2l

9 o lesis 16 0951395 ,aT (P30 SplSe wdiie

e 1380 05 e ) dtn dbl> anTd 0 ale ol (Seelns Jow 10 o

NB NM NS 7E PS PM  PB

025 BE =5 0 5 s 25
OFFSET ()

Fig. 11 Membership function for offset degree of the tail actuator

@lo Sl p3 CS o agly s Gl Cagae 11 JSB

3T sl anl o alo by o8 > 020 bt 12 S

DS s el ale Sl S, sly end bl e
ool ylis "16 ¢ 14 sla S o calitee cllegs slp e solpiian
ol SNk 1A S s eas eols ol (gjleand bt el oad
e oS > £555 5 BB b adsl 6 Sz 4z b oS ceul el
Bas 4 Gy Slp e 2SS & Sl Sy b4l bl
"16 S 50 oo eols (ylid (glwand zls ol s egdle il Jais jge
@ b gt adgl Sz 4 darg Lol o Col Coably nl wge
Comdgo 4y (demsy Sdz emlie Coadse 0 655518 ly Caz i

dled s gl cdl b oalie (Bae caxdge lp ol oS oy b

344


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.27.6
https://mme.modares.ac.ir/article-15-3792-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.9.27.6 ]

Ubhled 9 solae Sl e

U8 A by T a8y U 5 paSgbllossl 03 s oalo wils) o il 5 3l

75 5 Sl @l o8 dwslie .l ook eoly glai 17 S
3 odg: adly b ale Sy Jae o3 oy 35 Sy ole Sl 25
Ll e S350 S5 3550 Bun 4 () gl (le Dby CBse wige

wlio S Jow b awlio -7
by 3 g i opl 0 oad (Byme oalo Sl oo (6l dumlio Cond ) o
3 Jsoz 0 o5 jebilen il ool plodl 1 iy 0 00 S8 00 ale
ol by opl Hobed cdl yo o Jaw plo b avslae o sl ovnline 3
Syl Lawgie (60, Shee (o]0 aid g8 Ml Cll> 10 g g s 0,Shas
SprlSe 5 isle o b e S5 gl plo a5 ol g 500L 4 5L
Ol 3wy e gl ol ple Ce ) aiten 5 odom b

(e

S5 4o -8
Pl b Jae ole ol Sy csle 5 Sk Gieghy ol 5l Sae
Ol 56555 WY1 ale S L alie SIS > wlsny o sl g dllaal
by Sl Ll s olal Boa cnl @ b sl led giluans |
by Sl 2 ad w85 s (g ale S slaojluil el
b adle gl Lsme (o adsl Jao gileasky 5 2kl o
ol gy ol e Dby S See 0p g (SigaSU i
S8 S i ol ad S 8 Olas aliboe (500w sageiesl]
b &5 ipgegm 1 B 9 I el bawg ale b, o Slug
Pl (oS 03,5 (o olml oo J S il it DgeVgite JUSm
JrsS lp oo S oe (ple by pdiSllasd 3 (il &5 > 2ol (55>
W) o 3B IS S Sl y0e Bus 4 o, e Sby 25 >
38 U5 g (ale Dby (Sonls Joo 5l JSate ds dil> ol 03
Gilotrd @l o8 anlie 005 ileand Clie 18l bame o

Jae S5 cds S aBibe] e o ale ol o5 > )26 4

s e s dglin 3 Jgor
Table 3 comparing swimming speed

by Job e e )
. ) ol ol
Grogils)  @llegile) (sl o Jsb)
66 10 0.15 [19]
339 15 0.44 [17] <
30 3 0.1 [25] =
61 188 0.308 (g ) o
61 5.8 0.1 (a5,9)

Fig. 17 Experiment;
seeking
Jol 2l b alie Bus Cusse ol p by o8 o oy28 gl 17 S5

al result of the robotic fish swimming for goal

345

X(m)

Fig. 14 Trajectory of robotic fish in closed-loop simulation for the first
case.

Jsl Al (gly iy il s (g5l 4l o 2o b, &S > s 14 SO

o N e

o

Distance (m)

0 10 20 30 50 60 70 80

40
Time (s)
Fig. 15 Horizontal and vertical trajectories of robotic fish in closed-
loop simulation for the second case

lp dy il e sloand s ol Sl (g0500 5 (B s 15 JSB
|a5\> VJL‘>

2 L s s L s

23 -2 -1 0
X(m)

Fig.16 Trajectory of robotic fish in closed-loop simulation for the
second case

pgo Sl (gly iy il i (g5loand s ol Ol ES > e 16 SO

Ban 8 Sl sl 536 dsd 2 Jour
Table 2 Rule base of the goal seeking behavior

(EA) (EP)

NB NM NS ZE PS PM PB
PM PS ZE ZE ZE NS NM ZE

PM PM PS PS NM NB NB S
PS PS PM PM NB NM NM M
PB PM PB PB PM PS PS B

PM PM PB PB PM PS PS VB

9 o lesis 16 0,95 1395 )3T (P30 Sulse e


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.27.6
https://mme.modares.ac.ir/article-15-3792-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.9.27.6 ]

Ubhled 9 olae Shw e

GILB HHHS b o s pa IS 9 p334edlasil o3 b ol il S il g abb

[3] G. Taylor, Analysis of the swimming of long narrow animals, Proceedings of
the Royal Society of London A: Mathematical, Physical and Engineering
Sciences, Vol. 214, pp. 158-183, 1952

[4] T. Y. Wu, Swimming of a waving plate, Journal of Fluid Mechanics, Vol. 10,
No 3, pp. 321-344, 1961.

[5] M. J. Lighthill, Note on the swimming of slender fish, Journal of Fluid
Mechanics, Vol. 9, pp. 305-317, 1960.

[6] M. Siahmansouri, A. Ghanbari, MMS. Fakhrabadi, Design, implementation
and control of a fish robot with undulating fins. International Journal of
Advanced Robotic Systems, Vol. 8, No. 5, pp. 61-69, 2011

[7] M. J. Lighthill, Large-amplitude elongated-body theory of fish locomotion,
Proceedings of the Royal Society of London B: Biological Sciences, Vol. 179,
pp. 125-138, 1971

[8] J. Y. Cheng, R. Blickhan, Note on the calculation of propeller efficiency
using elongated body theory, Journal Experimental Biology, Vol. 192, pp.
169-177, 1994

[9] H. Hu, J. Liu, I. Dukes, G. Francis, Design of 3D swim patterns for
autonomous robotic fish, IEEE/RSJ International Conference on Intelligent
Robots and Systems, Beijing, pp. 2406-2411. 2006

[10] K. Hirata, Development of experimental fish robot, Proceedings of The 6th
International Symposium Marine Engineering (ISME 2000), Tokyo, Japan,
Oct, pp. 23-27. 2000.

[11] D. Barrett, M. Triantafyllou, D. K. P. Yue, M. A. Grosenbaugh, M. J.
Wolfgang, Drag reduction in fish-like locomotion, Journal of Fluid
Mechanics, Vol. 392, pp. 183-212, 1999.

[12] W. K. Yen, J. Guo, Synchronizing the tail motion of a robotic fish to a
periodic moving source, IEEE Automatic Control Conference (CACS), CACS
International, Nantou. pp. 124-129. 2013

[13] S.B. Behbahani, A dynamic model for robotic fish with flexible pectoral fins,
IEEE/ASME International Conference on Advanced Intelligent Mechatronics,
pp.1552-1557,2013

[14]J Yu, M Wang, Z Su, M Tan, J Zhang, Dynamic modeling of a CPG-
governed multijoint robotic fish, Advanced Robotics, Vol. 27, No. 4, pp.
275-285,2013.

[15] V. Kopman, J. Laut, F. Acquaviva, A. Rizzo, M. Porfiri, Dynamic modeling
of a robotic fish propelled by a compliant tail, IEEE Journal of Oceanic
Engineering, Vol. 40, No. 1, pp.1-13, 2014.

[16] J. Yu, M. Tan, S. Wang, E. Chen, Development of a biomimetic robotic fish
and its control algorithm, IEEE Transactions on Systems, Man and
Cybernetics, Part B (Cybernetics), Vol. 34, No. 4, pp. 1798-1810, 2004.

[17] AD. Marchese, CD. Onal, D. Rus. Autonomous soft robotic fish capable of
escape maneuvers using fluidic elastomer actuators, Soft Robotics, Vol. 1, No.
1, pp. 75-87, 2014

[18] Y. Takada, K. Koyama, T. Usami, Position estimation of small robotic fish
based on camera information and gyro sensors. Robotics, Vol. 3, No. 2, pp.
149-162, 2014.

[19] RK. Katzschmann, AD. Marchese, D. Rus, Hydraulic autonomous soft
robotic fish for 3D swimming, Intelligent Robots and Systems (IROS),
IEEE/RSJ International Conference Vol. 109, pp. 405420 - 2011

[20] D. Chwa, Fuzzy adaptive tracking control of wheeled mobile robots with
state-dependent kinematic and dynamic disturbances, IEEE Transactions on
Fuzzy Systems, Vol. 20, No. 3, pp. 587-593, 2012

[21] B. Ranjbarsahraei, M. Roopaei, S. Khosravi, Adaptive fuzzy formation
control for a swarm of nonholonomic dif- ferentially driven vehicles,
Nonlinear Dynamics, Vol. 67, No. 4, pp. 2747-2757, 2012.

[22] M. Hsiao, C. Chen, S. Tsai, S. Liu, Combined interval type-2 fuzzy
kinematic and dynamic controls of the wheeled mobile robot with adaptive
sliding-mode technique, IEEE International Conference on Fuzzy Systems,
FUZZ- |EEE, Korea, 20-24 Aug. 2009.

[23] A. Derdiyok, B. Soysal, F. Arslan, Y. " Ozo™ glu, M. Garip, An adaptive
compensator for a vehicle driven by DC motors, Journal of the Franklin
Institute, VVol. 342, pp. 273-283, 2005

[24] O. R. E. Motlagh, T. S. Hong, N. Ismail, Development of a new minimum
avoidance system for a behavior-based mobile robot, Fuzzy Sets and Systems,
Vol.160, No. 13, pp. 1929-1946, 2009

[25] C. Rossi, J. Colorado, W. Coral, A. Barrientos, Bending continuous
structures with SMAs: A novel robotic fish design, Bioinspiration &
Biomimetics, Vol. 6, No. 4, pp. 045005, 2011

9 o loiis 16 )93 1395 )3T (o830 Slo wdiuso

sopdle adlioo ol Cually 4 S0 18, (luand sl goleriny
~ 55 (s lwosly olSel cale b, (gl oats @) alKislesl diges ol
ssboler wleioe mal | ggiie Jame Lulyd jo cilize JypuS slo
5 bk (Solo LS 0 by cpl oSkee i o)lal (7) coond jo a5
0351 Jyd B oo pwyy alie sloJoe b awslie o (o] o5 anje

Ll

e S 5g8 -9

(M) Gas 5l ol 58l alols D,

(M) Gas 5 @by, sogee alold D,

by Coadye glas EP

by S ez gl EA

(HZ) s S ulS 5 fax_ o

(H2) by slige opmms¥gto JUuSw uls 2 foc,
(N'=1,8, 64,256, 1024) _.ilS 5 puiio N
Ay G5) L %959 Uy

(Ms™) wobe &b, as e poo v

by ey S e 88l Dlaise Xo

San 88l Slaise Xy

by pyz S e s0gee Slatie Yo

By 5, k55 Y1

Bus (gogec Dlaise Yy

g mde

@) Ol adsl cax sal; ém

(°) San agl; 0r

Cogas &l Ha, (w)
Cogas ol HUp, ()

(rads™) _ale ol slaygly ca oo ®
WL s giy )
ol sl Oge¥goe PWM

Jub owsS Quasistatic

&&lyw-10
[1] P.Y. Lee, S. K Park, S. T. Kwon, S. Park, Jung, H.M.S. Park, P. M. Lee,
Dynamic modeling of autonomous underwater vehicle for underwater
surveillance and parameter tuning with experiments, Journal of Ocean
Engineering and Technology, Vol. 29 No. 6, pp. 488-498,2015
[2] C. Zhou, KH Low, Design and Locomotion Control of a Biomimetic
Underwater Vehicle with Fin Propulsion, IEEE/ASME T. Mechanics. Vol 17,
No 1, pp. 25-35, 2012

346


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.27.6
https://mme.modares.ac.ir/article-15-3792-fa.html
http://www.tcpdf.org

