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Abstract

The automated fish feed system currently used in Korea supplies a certain amounts of feed to water
tanks at a certain time. This automated system can reduce the labor cost of managing aqua farms, but
it is very difficult to control intelligently and appropriately the amount of expensive feed that is critical
to aqua farm productivity. In this paper, we propose the FIIFF Inference Model( Fuzzy Inference-based
Intelligent Fish Feeding Model) that can solves the problems of these existing automatic fish feeding
devices and maximizes the efficiency of feed supply while properly maintaining the growth rate of fish
in aqua farms. The proposed FIIFF inference model has the advantage of being able to control feed
amounts appropriately since it computes the amount of feed using the current water environments and
fish activity state of the aqua farms. The result of the feed amount yield experiment with the proposed
FIIFF Inference Model represents the effect of saving 14.8% over the eight months of actual feed
amount in the aqua farm.

B keyword : | Smart Aqua Farm | Fuzzy Inference | Fish Activity Status | Automatic Feed System | Intelligent
Fish Feed Model |

* 2 =2 20198 MRS [EYEEMNT)O| HROZ SIOIIRHC| XIUS 'iOl 34F H2(No. NRF-2019R1F1A11059685)
F=Xt 0 2020 09E 14Y ARIEY 1 2020 10 08Y

AR} 20204 109 082 WAXRt - Z[8HM, e-mail : chs@mokpo.ac.kr



el 94 S Flute] 4 Al M 2 3
o ARGE ol A, W Soln Al 1L ool
HAE, A, AR 5% 5L Teste] AntE A
7142 Agalor S AP A R S
Fg T % Yk B9, 224 K4 24 FANA A}

2579 A2 FH o1Fe] A T DA

S} QAL WY 2 gelow Bl ke
Folg WHoR Aty glol, 34 = P
He dzdos AkE wte] ARE wE o
83to] PR A5 Fol FNE olgstel AnS
Fash QeI

JE @4 FAEY 18 e ) st Hol
9L, 1% Q1 QAT B9 ok APl 1L
o ARE AP Rote] AR BEYS Folt
AL AntE GAoIA] W $AT B4 Lol @
A F8E T G B ol Fol XL B4 A
73 QAO) ARG A7) Gko] Szo] FHI
PAloz 17bY QAMlE 29 4 9otk AR Fol
o) ojzol S WALE, BEHAT B) U BE
ARRE, WS Foks duglo] %A TRl
Aol Jste] Amo] AL Yol A T

£ iz FaE ook B ARst T FEE9
2 9% olRe] o] F Awly, I BF Hoe
A9l BjREe AR S20) A77|2 ot Tl
of giglo] Hof o} WA ASle] H7|E FeH3),

mEhA], 2 =204 7€ As gl FAY 24
B dfidsta, 84 2 FAFANA FA 7Y A
AEE HAoHA fAtAA AR 339 584E =
Higslr] 915k, HAFE 75 X5 ofF A &
o] XE(FIIFF &2 w4 : Fuzzy Inference based
Intelligent Fish Feeding Model)& AQteic} £ =
oA Ajtsle A5H ofF As Fol Zd2 7|&E
A5 o] FAEC] askA] E3t FA o7 A5
3 HE 9 BS 5 JHE AAEeRE S35l
AR FA o179 A5 AdEol 7P AYRt A= 3 F
T AN R AbEsto] AbF AR 3F9E AleRt

th B =FofA AQt sl= FIIFF X538 ol A5 &
HPe 20 25 9 8& AARS HAAIOR
EA511, o7 AF(HF) e E5(HD) el
wehA o}7o] wie #j1E, B vj1E, viEEoR
TFESto] SAT thE, A FEZ HF dYgusE
P&(Temperature), S=A42HDO: Dissolved Oxygen),
olF AF(Weight), oF EEAEH(Swimming State)
HlolElE dgsto], 2F FolFS wrivd A &
TEE HEsto] A=t
B =HojA] A9ksl= FIFF A9 0| $:2rd2
¥4 ol 7] AA A5 &7 AE L AXZF S5 AdH
£ 7I5to R Fo|FE AEsH] wiEe] Al golF &
d/go] vfe- =k & Aol AIRISE FIIFF 8 29
9] FolF A= AF AFolAE 871Y Bt FAA
Al AR BYSE FolFHT 14.8%5 Aol 83e
Ho] FrhE =204 A¢tels ASF oF As &
o] o] JFHRl AARIC R FHEY 7|&E o7 A

% Fol Axde] 2EAel BAHS AN 4 Uo
[e)
o

o

—

¢

o

g

o

2 =29 2 28014 & =23 B A=A
54 &4 RN F4 E2ES Vlesta g
Ud HA F2 7I8e 71E3H. 380 9oy d
HAFE 7N A5q olF As Hol REZ A
AL, 4golME Aljtshe Bl 7 A 9l A%y
£ 7lesh, & 479 g 9 S Vst
Folde & =20 280 IF I Gl Hsto]

o —

Selbe} o] FAL SRR

A4 5 3741 WHOR o]RojA T 9o,

A, e,
CEEN)

A Aol Aol AR
ol0z A% UEES Tesopst LEE 15C~19



NEEES

0|83t 017 HSHH 7IHe X5 A&

=0l 28 169

C7h AU} GEALFE 6~Tng/ 0, WAL B
AR, AR 271 AR 7Rse Ee) deld 2 =

719] AlRE FFoke Aol A&4o|H, /\}E_Q] SHY
2 kg2t S4o] 2710 whet o)

A4 5490] PRl HE v uR-E(a )Oﬂ 7t
A A=E SEstal e, AR sERel AT
oFEE WEo| PhEE Alrago] oY, W
EIT 90% o021 R ZET 55t AR o]
ILo1 u X oh:]. 11'};—4-/(-] /\]‘EE‘ oF 10% Z(_j_. op:q,q u]—

53 4T AEaNE Evhd A AAE|oflA
/\]-EA H|ZE 7S uf oFA] AH|E gitFoa
44 5 0‘E‘r

U] AF FAIROA AR EEL TR A AY
o] g2 TR} $EOE ARG FFAL A
U1 SR Flel AFFIE 183 )
At 1Y As FolrlE Eoﬂ Mg 3EE 7
e Efofof & FZo] A Almsdel ot 3+ H1
&2 AAske Aot ole fr&ﬂr oA=L & AF
A W 2= 3 i Aol me ZEbAok o}htﬂ
o] o3t ¥4 Alm FF BEFS FuAR &
ol Ao, A4 Agshe b B2 ARl At
(5.

2. E||:|H:H—|%c§ ]1-1X| :‘cE AléEﬂ

7 220 EA 22 WL Yrhig WA 2

Z 7|Holct. Ty mA] 222 197540 d of
st 74 Yoy (Ebrahim Mamdani)?t ELE7F

i

g 371 713 Aolslr] e Hx= A9kt HA|
FE 7I"oltHol. HHyE 1A 2E(Mamdani-style
J W 1235, 2
5% duixst 5 o

fuzzy inference) T4
Bt &Yo® U2 139
Y SAZ AHHTHG]

1) 1642 UHA0| MX|SKFuzzification)
A ARl HAFojME FEAn A x13} y1S
7 o]2 Askst WA A3t Zkzo] ojw Ar g &3

Zla A&HEE AAeIh EiElMl P2 AAY
Brlso] Ao o5t =9] g @Pé% 2%k
4 Hololtt. =9 go] W= YubF oz HEIL]

thol| wig} ARHEL Hx] 222 95t
THEN HA] FRo|A ARSI Q]
=& A3} 5= Zolch

2) 28 7= HI7KRule Evaluation)

5 AR, 32 H7F dAClAE HA JEES ot 1
A FHe] A0 HgAHTNG). otz WA e
Azo] o 7 Uk A AAHAND E= ORYE
ARgSte] A9 B7F AdE Ul &4 s &
. 293 o] SRS FAY A Yool A
gaich 72 470 melge WS 44 ()%
22 OR HA QARE AREsIT)

ta, plx) = maX[u (@), pp(@)] eeeeees 6)

5]
54 ft Cﬁ*&g 283 4 Stk MATLAB
Fuzzy Logic Toolboxe 44 ()3 $41(2) & 7HA|
UPg OR 48 A,

tiay 5(x)=probor |, (x), pp(z)] -+ @)

= py (@) +ppla)—py (@) X pgle)

H7) 72 479 w=eEe BASEH AND HA|
AARI WS AREETE A3)T 21(4)= AND
HA A4 S e

pray pl@)=min[p, (@), pp@)] «oeeees 3)
=prod [py(@), pp(z)] ----- )
ug(x)

(Clipping) EVM’\ l%%‘(Scahng) gt 3 4

I} 2 M9 AEgE AT g 53] &

£ PHE ©e5] 19 4% @#E A9 At
FEo|A 22E ol o] HHS

Fagrolgt gttt A o] Ado] Fely] wfiEo]

2999 01 JF2 RS ol A& Yt 1

U Zege 4 E”Eh_ 741401 w20 g z|5}s}]



Hu

170 $i=2HX55=

X| 20 Vol. 20 No. 10

o %, A gol WA W) 9ge © T BEs|

2o, AAAYS d¥tFoz HH

£40] 1 o]

A 22 AJAFONA e F-831A A&ttt

3) 3EPI: £202 e 7Ag &
F29 BFL BE FHY 23S

ojtt. 7 WA GANA FEFEAY 2ALFH 2

£ 74 309 24 @58 WA 1Y S 2YR

A
2 1A YR ehdc

F4 5% 4o AL 2R 2A LY

& Yol BE0lw, UL 2 W 2470

1

g H4

4) A=H: FmX|sKDefuzzification)
g mx] 2 39 viAd gA= 95 A3t
. HAGS 12 ”17}‘3}5 9 Z&o]| HAJg, HA|

22 A2"9] HE
W25} Tl ?J

2o
=R
e =9

£3t Stolok k. o

54 Fgoln

Fee S sk, elmxist Buold FF Bl A
Al

gt PEe A 34

HA(Centroid Technique)©]

oH7l. BASAEE $2400] B WgS FAV 2

L

S = HBog JlEL XHL 2= Ao g A Sk o

2 BA F4(COG, Centre Of Gravity)2 th= 54

G) 2ol yetd 4 3o

Iy A=

a
2E EEG
oA FelHQ A 2GS

. HXFE 7|8 XS5 07 XS

IILI

1. FIIFF F2 AA"> : HX|FE 7|8t9] X5
F A5 50| 2

P08 FAYOlA T Ee GRHEQl ol
W FARY] dA QE 9 G=AATF %ﬂ
Ay 9 A BERRY] Aol oJEsto] wf¢-

A 29 & AFolAe o8 HEgt E]LO]%
ARHE & o FA HA=TE 2AR 54 &
A 9 o7 &5 AHE HA JFoE mHst,
T A AP HA FRoE g5t HE
oS HA FE I o]&sto] AEstiAt gt
£ AollA ARbels HASE 75k 257 oF A
% J°] 2Y((FIFF & %29 : Fuzzy Inference
based Intelligent Fish Feeding System)2 @iy d
YA FEAAHE 7RO R thE 57HA] ZEANAE
Bt HF Folgs AARRIe R A3l

ox 1S

o, I‘UH. _°.l“ 4>

0
)

il

1.1 FIIFF =2 ZEo| Qlg Ha 3 =i Ay
FIIFF 328299 48 ¥fe
7t &% (Temperature), S2443HDO), o1F 7IA9)
AF(Weight), o159 E5AH(Swimming State)s
47 Ao, &9 HE= T golFH(Feedolth £ A
T oA= 57301 01}—011 tfsted 20199 4€5H 11
2 7HA] 87HEBERE §F 200 22,0009 BAo] A
of| thste] v 01% oﬂ' A HslE 57 o, of
B A5 oE 2 9 & Las 012 &5
A TlolBE dY ¥SE A4S JE il
= 540 AT Wl IE o7 &5 oFﬂ ¥4
o] 2 9 SEAATTL AR o] {9 FolFolth
2 AFolAe A 18] ekl = A
SiFAtT St SRAE 18X 5401 A
A £33t HlolElE ?Jé A2 gEoto] 2F gol=F

1.2 FIFF £2 20| 921 w40l I Hat 2%

=
A sfpatateledl SRAIN 819 54



HAFES 0188 OF ESHH 7€ X5 X530 22 171

o AulE Fage] HE FolFe P W9 o S| Low | 46130k
uhebs] ZA5H] 2 olof St olefat ¥ WMol o |l | ok
HA] FES 5401 B LI} S| AA Hlo] % BL/sec : Body/sec2AM 029 2% £E8 LIEID U7, S032
% 5t 5F AXO| = Z2(Q|2f0l
HBIE Bxsio] A4t [E 112 JgEs ¥ g 2,000 Of2| ZHA0f Cigt B %9 & S0,
zlg._— 2AR AR 4] QY Ao] oish WA adsst ]
R 1.3 FIIFF £2 28o| IX| 73| 44
= otk
5790] FAgolA WA FHL U] AU 7}
E 1. FIIFF 22 Dol 012 BA Afsia 2 FA AZ7He] o] mEhe Al Rtk & A
o e o FolML Aetafepataiste 152 o] ARF 54
s T e T o] FAMFOIA 29 B FAFE & A AP
g 2AZ Fol F2S A4 stk B AoA

e i £ deunEE, 824a%, TR 5%, 2B
4740111, EHWR(FolF)7t 17h olBE mA 13

S| A ol FHLS BT S Aok 2 2 A7)

gz us A Al A elA Folmel 1Y 2 33
o o FE ol e BA, 52, 8RN, olRe] BE

by

Apefoll w2 2 497hE ST [ 31 FIIFF
32 599 w2 Y E710 o 35 4945 2
[ 21 540 Aol S4S 44 dolHE  m= uepuc
Az AR 98 L 2 who) A Aol

E 2. FIIFF £2 20| HX| Xg - s s34
X
Uz g olofg )| zol el w T DO S F
=0t High 20°C 0Jat 1 LOW | LOW | NONE | NONE | VERY_LOW
25 BE Normal 15~19 °C 2 | LOW [NORMAL| NONE | NONE LOW
Einl Low 14°C OJst 3 LOW HIGH NONE NONE | VERY_LOW
ain B High 810 ng/ 2 4 | LOW | NONE | LOW | NONE | LITTLE_LOW
oL KAL —
2(D0) c° Normal 6-7ng/ 5 | LOW | NONE | NORMAL | NONE LOW
2z L 45
o /L 6 | LOW | NONE | HIGH | NONE | VERY_LOW
S High 1910 019 7 | LOW | NONE | NONE | BUTTOM | VERY_LOW
s
oy 7“?3\/) wE Normal 81~190g =
EHA B (=)
=T Xt Low 0~80g
= 43 | HIGH |NORMAL| NORMAL | NONE HIGH
w92 | Bottom 0~2BL/sec 44 | HIGH |NORMAL| HIGH | NONE | LITTLE_HIGH
PNES
;:jl 45 | HGH | Low | Low | NONE HIGH
= TI10
M%fs ) EY Swim 21~5.0BL/sec 46 | HIGH | LOW | HIGH | NONE | LITTLE_HIGH
;ffj 47 | HIGH | HGH | Low | NONE HIGH
= (e}
Py Jump 5.1BL/sec Ot 48 | HIGH | HGH | HIGH | NONE | LITTLE_HIGH
@j) 49 | HIGH | NONE | NONE | NONE HIGH
;ﬂa Very High 411Kg OfA
) High 341-410Kg
) = . HAXME| HX| XI5t 9l I zl2e 0|28
=3 20/ ia lL—:I[;lﬁ 261~340Kg 1.4 &3 'le BHE = 'le ﬁ'ﬂE |o°|'0:1
H (F) = - _
T B Normal 181~260Kg FIIFF £2 AAH 15
X1 T
o T;“We 121~180Kg E AFoAE FAA HEZHY] 9A0 wE 49719




172 s=228=38t5=2X] 20 Vol. 20 No. 10

HA| F2& MATLAB HA| 23] E8A(Fuzzy Logic
Toolbox)[10]0]85t A58 AsFol HA FEA|
2HE 5 Stk & AolA ARSSE MATLAB ¥
EdtA0] HAZEAAH WYV E A& W7,
FE & "WW7), & 73 d5 2 Fol, 247
£ Ho] = FE53 Hol 5o 44k

1.5 FIIFF £2 AAY Tt 4 XY
B Ao ARSI Q1 FIIFF 2EAIAH Q] g
2T FolF AEE oixe &2 AaEE Bt
ZH3= o] WRIIt) FIIFF £EA2H 23
LS B Ao A A|kSt FIIFF 2299 o4y 9
HEE QHES, YEHSE 719 ATAE
5] aEfste] HA] He9] 91 MAE Aok g
ok 71 583 48 ¥ QR off AT d &
A 2 G4 WE o]Fo] {J4H #
Zolt}. & dAFtollM= 57301 T4 871 St
2 25 9 8§ AAsE Fo| HolgHE 7Rte R
FIIFF & AA”9] HA] 1231 27851t 25 &
ofF A& gt JHAF} WS FAFSHES AM
sto] dE AAE AFSt=E St

2R
oX,

¥

Iv. 7o 2ot 3 def ot

1]
rét
o
o8

E <L)

E dFoA A FIFF 32 Aj2H9] L33
9 Avt= thgat gt 8 st=gol= CPUZT Intel
i7-7820X, RAM°] 32GB, GPU7} TITAN Xp°]Z,
LG A= Windows 10 Proo|™, ARESH 74 =3t
MATLAB Fuzzy Logic ToolBox V2.0 o]iL &
9loj= MATLAB ©]tH10]. [¥ 4]%= FIIFF FEA|AH
oA 471A] A H(AF, 2k, SEAAT, 54
gf)) of tisto] A& HY7IE ARSI 4714 9
Ao disto] A&Fhe AATAHS YR

fror

IT
=

(2% 1S FIIFF 32E2AAH0A Hz] 31 ©57]
£ ARgsto] AAJet 497] WA o)t

4 Rule Editor: fish_paper_final - m] X

File Edit View Options

] —y
40. If (W is high) and (S is swim) then (F is high) (1) A
41, If (W is high) and (S is jump) then (F is very_high) (1}
42, If (W is high) and (T is normal) and (DO is low) then (F is very_high) (1)
143 If (W is high) and (T is normal) and (DO is normal) then (F is high) (1)
44, If (W is high) and (T is normal) and (DO is high) then (F is little_high) (1)
45, If (W is high) and (T is low) and (DO is low) then (F is high} (1)
46. If (W is high) and (T is low) and (DO is high) then (F is littie_high) (1)
47 If (W is high) and (T is high} and (DO is low) then (F is high) (1}
48. If (W is high) and (T is high) and (DO is high) then (F is littie_high) (1)
49, 1f (W is high) then (F is high) (1) v
I and and Then
Tis Dois Fis
low/ ~ low A very_low A
low
high high little_low
none none normal
fitle_high
v v v v

[ not [ nat [ nat [ not [ not

Connection Weight:
Qor
(®)and 1 Delete rule | Add rule ‘ Cnangerube| ﬂJ

‘ Ready ‘ | Help Close ‘

O3 1. FIFF F2AIAH 497 MX| 73]

[C134 21 FIFF F2A125004 2 7hAle) 52
57.0g.011, % & 23.3%, §EAATF 144 ng/ (



0|83t 017 HSHH 7IHe X5 A&

=0l 22 173

5t 218 R

#9030 B HF

=0 .
S &=%o olo L= =
e 29 WA FolFol 121 Kgd Heidle 19
o

L=¢

4| Rule Viewer: fish_paper final - O X
File Edit WView Options

W=57 T=23 DO=1.44 5=031 F=121

= 1 C—— o ] L ] =

2 i i ] i ] [ ] =

3 i i il =

== | D = = =

5 ] [ 1 == | —] | —

L)=: 1 L 1 [ = [ ] = 1

= 1 L 1 C ] — ] B

L= 1 [ 1 i ] [— ] = 1

9 1 I 1 [ ] [ ] ==

108 ] I 1 ] [ ] [ ~—

1" 1 L 1 [ — [ ] | o —

12 & ] L ] C — L i} [ ]

13

14 =

15

16 =

17 i

18 i

19

20

il

2 i

23 i

24 i

25

= c—

27 = =

281 — i 1 = i 1
20 E=——] 0 @ —— ——
[ —1 I 1 — I 1
Input:"| 5723 3,1.44,0.31 ""‘D‘W‘”'S' 101 Move: left | right | down| up |
‘Opanﬂdsyslem fish_paper_final, 43 rules || Help Close |

= x|l= =2 = A
d3 2. FIIFF FEAAHS] 2F S0/ 44 Zut

2. 4

ook
0

I ot

Aol A= AA| 57301 FAABINA 20199 4
4 ~11év}11 2743 437 dlole] 2 FolFE 7]
F02 AA Folgt glojge} £ A7 mEoA] A tgt
FIIFF FEAA”HS o]-&sto] 4H&3t HolElE Bl A
Aot AA| 5740 FAY SAT 237 B4
F2 FAAo| AxH 4244 9 DO AAE Bt

E4 Altel 4" A Hlolg o]aL, olF &5 |

L 594 sekE olgste] o4 Fo| Al ukz A
o I FIY A2E olgstol SHol AISEES
ARSI, 59 SEo] e v e 2 o A
[0.0~1.0 Afele] gto wglato] Algo] 8513
E3 2 YN BEI 540 AR FAES)

_>|"l_'4
o (ol

J2Iet 499 g AAHTF FA7F 30.7g ©1%
To1§ AdFsto] A&Hog gArst 23t 11
219.6g 7HA /3% sttt & Aol A= o]
NA1 Hat AF3t sk AA=E 2,000
g2 7PYstal FIIFF #2922 HE uid FolF
A% ATE H|w et

201941 4% 199%E 8¢¥ 5974 HAo] A9
732 Obuxl- QE _9._,_/1]—/\%{ %Og_'EE 7]1&]—_&
G 29 AA| Fol=t FIIFF 8 ZdS 59
of AETE golFe vl I (19 3)% Zrh
(717 3]ollM= AA Fol=k JiAl g% ol wahA o
4 93 7R 101%01 UM AF =, =
FIIFF & A|A"o] 4h&3t A= AA| golg 2ot
H 1A A AEgS HojE) [17 3]01A9] 1=
£ 8 5% WY 584 ¢ 4EAAE 19 A
A EE BAIS 4 glo], 9 39 599 AA golg
FIIFF & A|2”19] 42238 HojFa ok

(& 5]= 301 AR HAARI 7E&S F7F5H] 4
sto] WY 4 A B WS, o 25, 884
Z, ol &5 AH, 4 goltt ¥ B Alag 2
Aol A ARkt FIIIFF HASEE 7|5 253 olF
A5 7ol BER AT FolF H|WIHo.

H

NE

o,

r
rlo

o Ko R rUIm
o

ot
ot
N

it LN
500 A3H 438 438
384 304 IBL i)
400

330 330 330
276 T 26— -

300 22z Iz 2
—_ Al T 0|2E
158 168 168 }_/_/ 2718246 02669 NG
200 - -?'—EEnl%F
= - ” MIE21262124
114 114 "‘1§i'.”a - - 119,5!33.613}.2133-5”23"’1'2
100 __hﬂ_ﬁﬂ_ﬁ.ﬂ7=‘—"( - 1452142 7
'?'Lﬂ— %7 BB.4 930594 92

J3 3. 580 T2 4

M| Z0[2F U FIFF FEA|AHIY osh AH

. .-1,.*]9:1.-'2&-'.1,-"21 5/1 5/2 53 &1 /2 &/3 7T/ T2 73 81 B2 B3 901 9/2 ®/310/M0/210/311/111/211/3

=OIZ Hlu



174 $=22E=385=2X] 20 Vol. 20 No. 10

H 5. 540 YARe| M TR FH, 2E, DO, BE YeHo
7|85t AR Z01Z Y FIIFF FEAIAL0] oJ3t HTR
201z bl

gl w| T | oo | s | ZL|ZE
04 30 183 8.25 4.97 60.0 69.1
05 57 22.7 7.99 3.94 114.0 97.1
06 84 20.8 85 4.89 168.0 152.8
07 m 21.9 8.21 5.01 222.0 185.7

08 138 | 228 9.49 4.29 276.0 210.5

09 165 | 16.3 10.9 4.64 330.0 302.1

10 192 | 178 9.62 5.28 384.0 303.5

1 219 | 16.8 10.04 5.9 438.0 374.8

A

1,992 1,695.6
(Kg) ) )

(29 3)3} (& 5]9] Y AHfoflA] Hizo] & It
A A|RESE FIIFF F8AIA82 off 77, 2%, &4t
&%, 79 Aol wet vl Folgs 274

%, Y9 37.05Kg9] FolFE 2 = 3o, 87
o 599 A FolFe AAl FolFET 14.8%F

T 5 e HojEH

£ A7 Akt HARE Fute] A% ol 2
2 ohe Zuv At

% o] mdel FI[FF &2 A|AH
Z

g A gol B2 44 ofFe] df wiugt o
5 AHE A8 sk 4o FA wERte] B9
ot Ho R A Folge 4 ARt SHAHA,
2 Aol Akt X5 FIFF 8 2d2 P4
o @A AT = B 5L P o7 B AHE
ArEAoR S4otel 28 Ak A s Hes o
A 4% R BdFste] HF Folde AEdthe
Aol

AtA SHofx ) A2 71 As Fol ARl
AR AEoR dHstel gaohe Aol Wid2 4
A FABEAL Qe olRe] Es AHE S0t 28T
S7F AR 2 A7olA ARERE A5 FIIFF 2 X
g2 S AME} A AAFeR 7 =
ArRro g 45 = SAAE 3 olf & YEE 2

o
i
i

>
<
K
B

oA mR] A&3ReE

T Aol
Jy 2ATe] AL £ ATolA At A
@ Arsdol FIFF #& 29| 25 ol 4t

=
=
o AL Fol7] SIS ol A Szt

L ol et HE FolF A2 A% +A%
dole7t i ke FAoR BT AN ol
% Y2 HuE Puol 12 4% TS Y
A 41 o] ohrh. wat 7|= P4 TR 4
Hol o o] T 2HIYL WA F FHo=
23} sl AR B ojzigo] itk

webA] olefet SAYS B JSHE ol U
FAFEE 47 AR ZHE dlole] Ejo] U3
"asty, 44 B Folge AR olf 4B
A P BAste] R o)A Alokel mdlo] 28
B} Zlojk. £ AToIA A A5Y AFFo| B
el 7b kel A Bk e A4 2749 4
SzolA 7|& AF Fol7lek FIFF #E 2] 24
3 A5 Fol7] AAES BAlo] HXsL FY 24

O olF 4YES 274 i skt Holtk

o

Ol

V.EZE

=W S A FACIA Almgae) HE8e T
o1F2l I FARe] A el 2A 71ofsaL
Ak T tiFE el 2854 e Aeehd

7 5ol FAe 54 AR 487 AmE ARl
S0} pzo] Fgdhe WAlolth ole AFIHAL 1
7HRl FAE 9] dvls €2 4 Ao A A
Aol 274 8Rlo] Bl a7ke] Alm Fe AleE L
2 Ads| 2dsple Hl¢ ofdeh & =2olAe o



NS

o

175

gt 71& A5 Fol XY BA™E sidstal, 44
oA o7 AES HEoH RASHAA AR &
9 884E sk & e HAFE 75 A
g o7 A5 Fo] ZdQl FIFF & 9L A5
.

E =Hoj|A St 5= FIIFF A5 olF A5 ol
Hde 5x0] 2% 9 & AARE AXZIO R 27
5k, of 7o) A5l S(79) AJefoll wheha] of
9ol mi¢- wjnE, BE Wj1E, WiREoE FEsto
EHS o2, HA] FE2S IS dYHESE 2, 82
AL ol AF, olF E5/H tlolHE dEsto],
FF FolFE 497 HAFE H3& A-8olo A&}
At & A9 Ao 540 FaolA 8
7ro] AA| Folzat & A-tolA ARISE FIIFF FEA|
2dlo] mjY o]F A 2% 8EAAT 5 Al

= 5
2%

uet Folge 42T 492 vlustde 49, 4
37.05Ke®] BolFe 29 4 or, 8714 Bl

A FolFZ AAl FolFHT 14.8%E 4T + U=
= HojFdh

2 =Rol|A AlRlsk= FIFF A58 go] FE2199
7V 2 AL 7189 As Fol AlA'Ee] sk
FRE AR olF EF AHE 2 A RdoAE ¥

Q&= W2 FEAAEES Foto] Fol7]|9 Ao] g
T 5 k= FHoloh 1y EAT] dHAH
£ AFolA ARt X153 Asgol FIIFF 8
49| & FolF Atz A7 FEHE Eol7] HoiA
£ o158 AR 7o) 48 ¢ folE 4
=27t 8 ==, o|3gt A Holg X7} uf$-
olg] HFoltt. ol FS HAysH] Yol oF
9 QRAAHE A7 AR 49 9] glo|EE o859
o] B Ao Aot wdo] &8sl Aolct.
E A1) g5 AT WERe o7 FARY] ojF 5
7 S5 A JH, FolF 59 AA
4] glo|gE #4s}a, olE o]8std] dlojH
Ag FEdto], A5HoR FolF A& HA 73S
FR-HZR 22 ndg s}

il

pEx)

< Aol

(1] siE 9 69, “FAolFY Aol TFEA 7
A, gAY |&stE] Al TEAT, Al
424, Al4%, pp.234-239, 2006.

2] Z2AIE, “WH FAES 913 LPWAS 719 Anp
E Jo| A" A" SHAREIE WSS =74, A
249, A3E, pp.31-35, 2016.

(3] °1R, gf7= PPl FLIAAE A, = E L 7fef
& opiFalF 2018WE FPPASHYE ARIE T
A, 2019.

[4] o|FE, IR, “THOFY ¥4 AHsE Yol

(1), S=Ataets] oAl S=rekal, Al134, Al

pp.4-9, 2001.

Bl Asd 9 7%, “540l(E/3°l(Epinephelus

septemfasciatus) 9% AAF F2] 7Ed” =

sAgksks]  opAlEIt  sETiE],  pp.304-304,
2020.7.

[6] M. Negnevitsky A, 7188 9, 9/FI& =
of7kdH], 2015.

[7]1 f784, olgr, B9, 14341, "Mamdani HASFE
< o]8gt sHo] g £ AIAEL AR5 EA
2d8ts] =52%], A22d, A4E, pp.521-526,
2013.

8] <t A, “REZA 7N ARt AAd 4=
< 9t HA FE2 AR, S=rZR =5 S =7 A, 419
4, A6E, pp.45-52, 20009.

9] 3173, A5, “HA E JAERESE B3 o
9 SN AHEE BlaT 24 dEd=
5=8A], A174d, A53, pp.574-590, 2017.

[10] https://kr.mathworks.com/help/matlab/matla

rOh
WE

b_prog/create-and-share-custom-matlab-tool
boxes.html, MathWorks 3=, 924 A 9 ¢
- MATLAB & Simulink,



176 3I=2IREIx355/=2X| '20 Vol. 20 No. 10

Hu

XN XA Y
& 3 A(Han Suk Choi) 41519
" 19804 39 : Adstn Sstus

THolatAp
= 19864 89 : fAEYe ol
ﬂﬁaﬂﬂﬂ{o 3}
" 19974 29 : AR AFE T
spaiolstuA
*19804d 39 ~ @A : Zaejsta

%, Hdolg 4, AnE ojfohtd
% & @(eong Hyeon Choi) Z3)9

=20214d 2¥ : BXigty AFET
E4A78(Z 3D

@4Eoh © gl
¥ a7 5

 Hjdole] B4, Anke ool

A @ F(Yeong-ju Kim) 3]
20054 29 : Adiely A
A3 (o]stA})

20084 29 : Excista HE-A
FEHIS(@STAAD

20174 29 : Exvsty A%
stal(FshEtAh

=20199 9¢¥ ~ @A : HZxT}

o i

]
u!

ol

=1

Ae o 3t
@R : APIECRY], BRGNS, AAGRY, <l
A5, 7ABE

ol

[Z
o8

8HYounghak Shin) A3

= 20099 8¢ : F2istu HAEAl
F8IHF A

=2011d 8¢ FraEred
(GIST) HRZAZstal(ZsHAIAD

=20169 8¢ Frased
(GIST) =54l HESFAT)

=20169 3¥ ~ 20184 10¥ : =2
ol Bst71 &St (NTNU) EAE AT

=20184 12¢¥ ~ 20204 2¢¥ : LG CNS Alddo|g a4
4 AJATY

#2020 3€ ~ @A : Bxgisty FAFEFEY xS
@AROD 1 1B A, 7IASRSE, ATESY, =9

g 5



