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Control of trawl operation system

using fuzzy logic and reinforcement learning

Subong Park

Department of Fisheries Physics, The Graduate school,
Pukyong National University

Abstract

In this study, a trawl fishing simulator was developed for various
fishing industries in response to the demand of educational institutions
and fishery-related companies for automated system operations.

In education institutions and fishery-related companies, fishing
simulators are used to conduct training to acquire indirect experience on
fishing. Training with fishing simulators not only decreases time and
costs, but also allows training in various environments. Owing to these
advantages, the demand for fishing simulators for education and training
1s increasing. Therefore, in this study, a trawl fishing simulator was
developed based on software in which the trawl operation process can
be smoothly run in both personal desktop computers and laptops. Also,
an optimized analysis technique was developed through which the

dynamic behavior generated by the interaction between fishing vessels

- viii -



and gears can be analyzed in the time domain. The developed trawl
simulator can be used for education and training on the entire trawl
fishing process, from fish scouting to catching. Unlike previously
developed fishing simulators, it has no spatial constraints because it
does not require many computers or large hardware, and is also easy
and simple to use. Therefore, it shall be very useful for educational
institutions and fishery-related companies when providing education or
training on trawl operations.

In trawl operations, controlling the depth of trawl fishing gears is the
most important factor that determines whether fish will be successfully
caught or not. It is necessary to accurately estimate the location and
depth of the target fish school, control the direction and speed of the
trawler, and cast the fishing gear at the exact depth of the target fish
school. To automate this process, 3D control methods that allow
simultaneous control of the trawler direction and depth of the trawl
fishing gear are required. Therefore, in this study, fuzzy control rules
were applied to the trawl simulator for the automated control of the
trawler direction and depth of the trawl fishing gear. The results of 3D
control of the trawl fishing gear by applying fuzzy control rules reveal
that the depth of the trawl fishing gear was controlled with an error of
less than 5%. Therefore, it is expected that the process of controlling
the depth of the trawl fishing gear by adjusting the warp length and
controlling the direction of the trawler during trawl operations can be
automated. Also, if a conversion device is developed that allows the

application of the designed fuzzy control rules to sonars, fish finders,
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steering gears, and fishing winch systems equipped in actual trawlers,
then 3D control of trawl fishing gears using fuzzy control rules will be
possible in actual trawl operations.

During trawl operations, if fishing gears are cast too early or too late,
variations occur in the catch rate and fuel consumption. Therefore, the
trawl fishing gear must be cast at the right time to not only draw the
target fish school accurately but also to maintain fuel consumption at
proper levels. In this study, a Deep-Q-Network was applied to the
developed trawl simulator to estimate the appropriate casting time of the
trawl fishing gear. The appropriate casting time was estimated by
performing a total of 5,000 reinforcement learning sessions. The
compensation value gradually increased as the number of reinforcement
learning sessions increased, and the optimum trawl gear casting time
estimated using the compensation value determined after 5,000
reinforcement learning sessions was applied to the trawl simulator.
When the trawl fishing gear is cast at the estimated casting time, the
location of the target fish school can be trawled more accurately, and
the fuel consumption can also be maintained at proper levels. In the
future, applying this reinforcement learning algorithm to actual trawl
operations 1s expected to increase the catch rates of inexperienced
executive crews by helping them learn the skills of experienced

executive Ccrews.
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Fig. 2.1. Trawler to be applied to the trawl simulator.

Table 2.1. Technical details of the trawler

Item Specifications
Length over all (m) 81.7
Molded breadth (m) 13.2
Molded depth (m) 8.0

Full draft (m) 5.0
Gross tonnage (G/T) 1,737
Hull form Stern trawl
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Fig. 2.2. Trawl gear to be applied to the trawl simulator; (a) Mid-water trawl
and (b) Bottom trawl net.
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Table 2.2. Design specifications of the current trawl gear to be applied to the

trawl simulator

Item Specifications
Mid-water trawl net Bottom trawl net
Upper bridle (m) 97 50
Lower bride (m) 103 50
Float line (m) 76.4 34.2
Ground rope (m) 76.4 26.6
Front weight (kgf) 1,000 20
Buoyancy (kgf) 800 100
Sinking force (kgf) 320 200
Area of trawl door (m?) 9.16 1.5
Weight of trawl door in water (kgf) 2,654 239
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Fig. 2.6. Fish behavior modeling; (a) Separation rule, (b) Alignment rule, and

(c) Cohesion rule.
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Fig. 2.7. Modeling of the coupling system between trawler and trawl gear.
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mi(t) +cq(t) + kq(t)=F(?) (2.17)

i)

o714, q(t)= A1zte] WAste] wE

2 #A4, 9= £&, 9= T

ArE 7] 98kl B2l oz (Bullet Engine, ver. bullet-2.83)S 783}

e 2AA, AA 2 F9Ae B8 AEdHelAS FESARTY (Coumans,

2009). 3 Qs A &3tol Wt = AAE IS okete AEe A%
5

me AmEo] AR fr|Hom AAx o] Aite] zldEo] it}
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Collision data Dynamics data

Collision Object 1 Ow.er Contact Motion state, Rigid bodies Constraints
shapes AABBs a;);)j;]:g points transforms, velocities mass, inertia contacts, joints
-
SIS
Apply Predict Compute Detect Compute Setup Solve Integrate
gravity transforms AABBs pairs contacts constraints constraints position
Forward dynamics Collision detection Forward dynamics

Fig. 2.8. Internal structure of the bullet engine.
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3.1
EE AlEHolH A& EEHES EAH37] f18te] Table 2.1
Ebdll 7loks ol Al A4S Fdl Fig. 290 UERA A3 o] EEH Al
al 2 Aot EENY FEE AFES THE F
A= A AFS Fdepsto] Aol LA Po(x,, yo)ollAFE o2 A% 9
o] T RAgs At st ZHA
AAoz FdEFAT. 21848 20 dugSS F3 ke A dHe=
248 3D AFE ZR733 (3ds Max, Autodeck, USA)E A}-&3}

of % Agdolgelq A4 EEAN FUA YhiEs agee 7
3

N —i L) A e g ok

Fig. 2.9. Trawler modeled using the Graham scan algorithm.

Fig. 2.10. Trawler simulated in the trawl simulator.
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3.1.2. EE o 2dg A5
Fig. 2.2(a)] UJEH = EZ o= 42 2 EZ o3& o] A

Ae] Holi= oF 237 m, &9 Holi= 764 m, F&°] Zol= 764 m, %
Mol WAL 916 m’, AR 5 FALE 2,654 kegfolth Fig. 2.2(b)el
el AF EE ol ol A Aozt F 39 m, BF9 Hole
342 m, &E9 ZolE 266 m, AAHe WAL 15 m? MM FF F
A= 239 kgfolth olejg AA FHE wkgdste] ofF HAZ=Z 13

g3to] EE of¢E AASAT (Fig. 2.11). AAE EE o4& A&
Bl Aat £x29 AL e AH ZA HEE ARl & EE9 A

T AHFE 13670, A EEY A5 A5 E 1BMR Hase gl

S — T E——— closs G - e o

o samn b0 o Ean veang.semm >
DAEE ¥ SBGHRR =0 DAHE PRISE OBRR =00 B 5 % | fscms o faswmn

(a) (b)
Fig. 2.11. The designed trawl net; (a) Mid-water trawl net and (b) Bottom trawl net.
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313. o2 9x ndy A
Eg o}Fe] FHE Aojety] sl TR Uol 2L U

Aol ARE sfofetel BE ol B o UX ) B4 HUL §YY &

o
i
N
o

JEs s, 4 (S ¥E), ¢9 H HE) HeEs $3 74 2 &

| 32478m | [ 32477m |

Fig. 2.12. Fishing winch system and controller simulated in the trawl simulator.

Fig. 2.13. Trawl gear deformation and depth changes according to warp length adjustments.
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3.14. o & 2dY 23

th 2uhE 500~3500 m, ol T BA71E A 0~2000 m WA A
}hSRES Sela, EBA0 ofF WP BE o7 ofF PFE &

U shwe] 92 el Uengit,

Fig. 2.14. Sonar screen (left) and fish finder (right) simulated in the trawl simulator.

3.15. 4 £ R BT Ao =AY 23

Fig. 2.15°1+= #A=Fe] 2,000 tonolal, #o]7} 80 ml EEAe F31¥

At E2He B 2, $8 WA Aols} Fsan, BBl
see By 2 249 F9 Ao & Ao
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Desired turning speed
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’
i
= )
E '
= 6.0
£ 1
3z : Desired turning speed
2 4.0 -1y
v 1
'
!
2.0 l‘ —— Actual speed ( F, = 8,342 kgf)
— == Actual speed ( F, = 33,365 kgf)
0.0 A
1} 250 500 750 1000
Time (2, s)

Fig. 2.15. Relationship between the trawler’s propulsion and speed.

25
Desired turning speed
2.0 SRR
:
Ko ’
g 15 i
- ’
g ’
£ i Desired turning speed
20 1.0 # : P —
= ’
I ’
= ’
[
05 ” —— Actual turning speed ( 7, = 68,000 kgf)
1
1) ——— Actual turning speed ( 7, = 136,000 kef)
Y
0.0 _
0 250 500 750 1000

Time (7, 5)

Fig. 2.16. Relationship between the trawler’'s torque and turning speed.

Fig. 2.17. Steering and speed controller simulated in the trawl simulator.
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32. T PF 243 A3

321 99AQ o7 FF 2AY AF
Ao 3ol FAHH oS Fig. 2183 o] xE A&

(a) (b)

(c)
Fig. 2.18. Fish school behavior simulated in the trawl simulator;
(a) Separation, (b) Alignment, and (c) Cohesion.
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A, ol 5 gelRel da AssA Gk oEe 1% FE A4S Ee

A4 W, 2E AARe RS W 83 o3E wddh A we
5

Fig. 2.19. Example of an avoidance behavior of fish school.
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33. A vig R FojE 2dd 234

33.1 siA nue & Feje 2dY A3}
EE AlEdolgol 7+d% A mbe2 0~45°9 WHolAM BAE =4

@ 5 qda, A uhe e WAE el dole] RE) A HES

332 A % L FlER )T FE FA 2UY AH

A% 28 2 ARt Bz A4, o o A vk 45e 4
B elwe] oFoxul, Fig. 2203 2ol wau Hol Edelr Ao
SERbES TASAT =3 4 AL FelE Fol oJs) el A% A
go] WARES FASRGL.

—

s

Fig. 2.20. Sand or pearl scattering owing to collision between sea floor

and trawl door when trawling.
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E o], 2 ot A7), o7 94X,
AlgdolHz FEsklaL, o g o

AHg3t oAE Fel Aust vEbES s

Information of simulation
(Play time, water depth,
towing speeds, catch)

Steering and speed Fishing winch system
and controller

Fish finder
controller

Sona
(Scale : 500~3,500 m) (Scale : 0~2,000m)

Fig. 2.21. Screen of the trawl simulator.
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A HPARE AR EE A2RS Sl Aojstrlddl= oy gol 9
= ojat7] 9 HA Aol rHE A
of 7tz F¢ stz Ao Al2H
B o2 EAsA 7 w A&
o]t} (Precup and Hellendoorn, 2011).
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2. g H WUH

EEZAY W3 AojsE S8l EESAT oo +FS FPS (First Person
Shooter) Aldel At&st= 8<% H3¥EA (Right handed coordinate

system)E AREste] Rdgslgith o] HEAE T3 EEAHLS S0, 0, 0)

dt e ZuEe 44990 (Fig 31). olwel 27k ofF, A4 F4,
Al #7ol uhel B2 AL, B =R AL Fesk Feol AelE 100
mE nFArh =G FEAS B 2dY ©oolF BEA Fed} Fri
A WFe] AN FROE AN (FsoFs , FroFp ). whebd =

£40] Fs o Fr' & Adsh: 4 3% AU 5 Q= g Aol
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[*
FPS: 34285

Total time: 8.78

Real time: 78.301

Ship force: 8000

Ship speed: 1.95413

Ship torque: -300

Ship rotating speed: 6.98127e-5

left length: 14.1421
right length: 14.1421
center depth: 10
goal angle: -1

Fig. 3.1. 3D coordinate system for simulation of the trawler direction control.

e(r)=ylr)—ref(r) (3.1)
de(r)=e(r)—e(r—1) (3.2)
w(r)=ulr—1)+du(r) (3.3)

A7NA, ylr)= 4
ofA AAEE HXES X, dulr)e Aol Y] FHTOE EEM9
Ehzhe] wWatgs dEkdnh ol @ A ARd T2 HA HFe=
FHEY, Aol AHL wf AZE AEY A ZE]
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of A e da] 2&% F5-E AASA dh EEAY] U A E
3t 24 % 345 PB (Positive Big), PS (Positive Small), ZO (Zero),
NS (Negative Small), NB (Negative Big)9} 7Zo] 5559 <o Mg
ol FASH. A EEAY HxEe ExRE9 FHaeke Wk o
(e(r)), @2 W3} (de(r)), Aol dHe] SH4E (dulr))2 Fig. 329 o]

J AA% EBHS oEAII 9d AFow BE Bol EUG (4
NB)"S} 2] delmoz Alofsh: FHe WFoz e f glon,
o]= ol#e} o] “If-then”e FHZ xd & F ATt (Lee et al, 2001).

“If (e=NB and de=7Z0) then (du=NB).”

o714, NB, ZO= o] Wgholtt.

EEAe WEF Aloje & 257HA19 Ao AR E wE F don, o=
Table 3.13 #Zo] 3x] A4 71933A] (Fuzzy Associative Memory, FAM)
2 U = A dA4 EEAY] #HFEet Hx=o] HEeke] B Aot
Qap WshEko] FolA W, Alo] A S Fa Alo] PH] FAEo] AAE

o) At}
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NB NS o PS PB

0
-30 -15 0 15 30  ©EOr
é()
NB NS 10 Ps PB
1
0
-0.5 -0.25 0 0.25 0.5 @ rate
de (m/s)
NB NS Z0 PS PB
1
0 A
—-35 =75 0 17.5 35  intput
du (°)

Fig. 3.2. Membership functions for the direction control of the trawler.
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Table 3.1. Fuzzy associative memory for the direction control of trawler

de (error change)

e (error)
NB NS Z0 PS PB
NB NB NB NB NS PS
NS NB NB NS Z0 PS
Z0 NB NS Z0 PS PB
PS NS Z0 PS PB PB
PB NS PS PB PB PB

Fig. 3301 2249 W Aol A48 Ao Az E2HEE 1

ER ATt

Control rule base

efr) v

reftr) Scaling factors, o | Defuzzification, afr) Turning control system o)
Yy Fuzzification Inference |[—» — >

N
A

Normalization Denormalization of trawler

de(r)

Fig. 3.3. Block diagram of a fuzzy controller for the turning control of trawler.
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22. EE AFY F4A A

B g B4 Aol FHE A8F EB o7} ool ANF BE
el AR AT £ A=AS BAs

EE o7 #4 Aolt SolH EBHY WG AojdH maysyd
A% BAGA EBNL S0, 0, 0 AANN £EL AdeT, ofTe =
A3 x HEE FASUL 2 HEVF Dol Aol -y HE Ao
dAGES mdgdear Bd 340w FAE ol Fe oF Wl
g el FAT T (Fo)wh 71 f%e] AAF T Fd motst

Aot (Fig. 34). 999
AA el WA E ot olF WA 7hE kFol] AAF oI (Fe)It 7}
& FEe AT AT (Fp)e Fetste] FsoF FrE Ad3t= S 51 7
Koz HA3sAaL, FsoF Frol AZlE 100 mE 1A 30

[e JTesE
FPS: 34285

Total time: 8.78

Real time: 78.301

Ship force: 8000

Ship speed: 1.95413

Ship torque: -300

Ship rotating speed: 6.98127e-5

e 0
de: nan
du: -600

left length: 14.1421
right length: 14.1421
center depth: 10
goal angle: -1

Fig. 3.4. 3D coordinate system for simulation of trawl gear depth control.
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Fig. 3.5. Modeling of the central point (Ny) of the trawl gear.
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e(k)=y(k)—ref(k) (3.4)
de(k)=e(k)—e(k—1) (3.5

w(k)=ulk—1)+ du(k) (3.6)

o] 9

o FHTORE EF Holo Wstgg UEith ol RAS ARY F

zo] A JFor FHHH, Ao A w AL AEF At o)
AAQHt (Lee et al, 2001).

Auet o FAZIE Fa ool A ste FAS Fetstar, ool

AAstE FAF @A EE T BT 49 FHol HA Aorld ¢

HEd, JdEE @59 #HA J Pl ga £25% Fr-E ZASA dd E

E o479 FH AAdE AT &EE FFE PB (Positive Big), PS
(Positive Small), ZO (Zero), NS (Negative Small), NB (Negative Big)<%}
2ol 5579 Ao MFE o] AT ofwto] YA st A o

}.
(du(k))< Fig. 363 o] A4g9 A48 d+E A

§3lo] 2%E P8 vhehd + Atk

2
2
iR
L)
1o
olN
o
M
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NB NS 10 Ps PB

0
-30 -15 0 15 30  error
e (m)
NB NS o PS PB
1
0
—0.5 —0.25 0 0.25 0.5  rate
de (m/s)
NB NS 10 PS PB
1
0 i t
-60 -30 0 30 60  Imtpu
du (m)

Fig. 3.6. Membership functions for the trawl gear depth control.
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Aol el @9 W) BE) Aolm o) A7 ATRL Ea) 2AH.
ol AA EF 2eIA Aol FaAAt EE o7 4 2WS 9
S ZE dolg At ZFAA A4 o FEa B+ Ak B
Sol, “EE o7 F49| A7t olite] SIAwTh k3t Ae el 91
S 93 (e=PS), @49 WakFol 9 W (de=ZO)NE 1FL YA
7] $ste] BE2 ofzt ol At (du=NS)."sh 2ol dojH oz Alojs
= PH YPOR el & o, ol okelg 2ol “If-then’] Fu

“If (¢=PS and de=Z0) then (du=NS).”

o] 714, PS, 70, NS <o} #Zgholu},
% oj7e 54 Ao F 57K A FAEL WE 4 glen, o

& Table 329 %ol WA A4 NAFAZ vgd 5 Aot

S ST @A EE oo 3T FAY FA%e oxsh o wsh

of FolAM, Ao} FAL Fal Aol I

{0,
o|N
2
Mo
£
1IN
o
i)
2
™
O

Table 3.2. Fuzzy associative memory for the depth control of trawl gear

de (error change)

e (error)
NB NS Z0 PS PB
NB PB PB PS PS NS
NS PB PB PS Z0 NS
Z0 PB PS Z0O NS NB
PS PS Z0O NS NB NB
PB PS NS NS NB NB
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. PN \=]
Fig. 37°1= E& o7 4 Aojol AH&HE Ao Aadle] E54AEE
e AT
Control rule base
e(k) \ 4
ref(k) Scaling factors, - Defuzzification, | “00 Depth control system 0
y Fuzzification »| Inference |— — £ trawl
Normalization Denormalization Ol fraw! gear
de(k)

Fig. 3.7. Block diagram of a fuzzy controller for the depth control of trawl gear.

2.3. EE o] 79 34 Ao

A H= fAeE dofel Aol oA sk ofas REEsAT. oAM=
of  ofF WA FHF kol fIAFE o (Fo)3t 7HE HEl $14

& ol (F)g shebsto] Fust FrE ddsts M ZE A802 438

3, EEA W Alo]= Fig. 329 Table 3.1 YeEld A&%x &4=9
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TestBullet

FPS: 552

Total time: 1049.01
Real time: 348.64
Ship force: 8000
Ship speed: 1.95415
Ship torque: 600.001

Ship rotating speed: -0.00207712

e:2.71611e-7
de: nan
du: 600.001

left length: 340.624
right length: 340.633
center depth: -199.526
goal angle: -30.1606

Fig. 3.8. Example of the phenomenon in which the center of the trawl gear

does not cross the target.
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3
93 & ol E2AY EE o 77} AAlE W Aol 74 (olsh A7 A
of F)& AAGAT. AAR A Aol FHL 21404 AAR =BA
o g Ae] FHol Hgeko] £F ol o] 379 Ao} FHoR AAN

ele)=ylc)—ref(c) (3.7)
de(c)=elc)—elc—1) (3.8)
ul(e) (c—1)+dule) (3.9)

A7NA, y)E EE o798 FAHY Ad WwaFolH, ref(c)= cHA HMEH
Alzrell dojA BAEE EEAY W8 WEF dule)e Ao 94y S3E
o EFAY vzt HstEE dehdth o3 AL HEd TxY
HA HAgoz FHHM, Aol ¥ wj ARF HEF A3hel] o3 2Ad
t} (Lee et al., 2001).

EE o9 A9 W& i3 et EEH X8 ek #WE L 3
Aozl A=, d=E FE HAA JFol s 25= F-E AA
SHA Hh A AoE Y3 2%5%= 4= PB (Positive Big), PS
(Positive Small), ZO (Zero), NS (Negative Small), NB (Negative Big)%}
2ol 55w do WaFE o] FASNY. EE o7 F4le
Wk EEAe] I8 wakate] WaF oAb (ele)), 2AF W (dele)), Al

of el F7E (du(e)S Fig. 399 2o] Azde A%y A4 AL
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NB NS 0 PS PB
1
B
0
—15 . 0 7.5 15 error
e(®)
NB NS 1o Ps PB
1
H
0
—0.5 —0.25 0 0.25 p.5 e
de (m/s)
NB NS 70 PS PB
1
B
0 intput
—175 —8.75 0 8.75 17.6 PR
du (°)

Fig. 3.9. Membership functions for the direction control connected to the trawler

and the trawl fishing gear.
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ot (du
Jom o] ofgle} o] “If-then” & Ej

F 4= 9t} (Lee et al, 2001).
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T
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Table 3.3. Fuzzy associative memory for the direction control connected to the

trawler and the trawl fishing gear

de (error change)

e (error)
NB NS Z0 PS PB
NB NB NB NB NS PS
NS NB NB NS Z0 PS
Z0 NB NS Z0 PS PB
PS NS Z0 PS PB PB
PB NS PS PB PB PB

oft

EZ o749 3x9 Aol Fig. 3.29F Table 312 AAH EEM9 W3
Aol ol A Fig. 395 Table 332 A7AE A7 Aol 27l o2
4.g3to] Ael)E AT

EE olFe] 3349 Ao/ ESHY BF AN LeiAE Ax
EgAe] RES} olFoR FAAE BE AHY AE] 0A ()5} A
A AN oAt EB ofFe] BT FAe A9 WP EBAe

2

A PP WG A ()9 Aol

ko] WMalEF de(d)S &3l Aol YdHo] ALkeE.

e(d)=ec(r)—elc) (3.10)
e(d)=y(d)—ref(d) (3.11)
de(d)=¢e(d)—e(d—1) (3.12)
w(d)=u(d—1)+du(d) (3.13)
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2001).
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Table 345t o] 14
o ¢l 3%

o] gztow vl A
2 X
= EE

-

o 9] 37
chERR A

E=
Fig. 3.11°

o] Foxw, Ao FHL F

-
o
=
=



NB NS 10 Ps PB

H
0
-30 -15 0 15 30  error
e ()
NB NS o PS PB
1
H
0
—0.5 —0.25 0 0.25 ph e
de (m/s)
NB NS 70 PS PB
1
H
0 i t
—35 -175 0 17.5 35  ege
du (°)

Fig. 3.10. Membership functions for the three-dimensional control of trawl gear.
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Table 3.4. Fuzzy associative memory for the three-dimensional control of

trawl gear
de (error change)

e (error)
NB NS Z0 PS PB
NB NB NB NB NS PS
NS NB NB NS Z0 PS
Z0 NB NS 70 PS PB
PS NS 70 PS PB PB
PB NS PS PB PB PB

Control rule base
e(d) v
reftd) | Scaling factors, Defuzzification, ufd) | Threc-dimensional | ¥(d)
7Y 1 Fuzzification »| Inference 1 > control system >
Normalization Denormalization of trawl gear

de(d)

Fig. 3.11. Block diagram of a fuzzy controller for the three-dimensional control of trawl gear.
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Fig. 312015 E2d o2 Ry ol 927 E2de] $@ 10° }ao
2 2000 m "ol AH A 3

Fig. 320 Wetdl &% % 59 Table 3.1 YeERd #A <14 719144

2 Fa) obdlsh e b9 Alo] AL wE & 9

1. “If (e=Z0 and de=Z0) then (du=Z0).”
“If (e=Z0 and de=PS) then (du=PS).”
“If (¢=PS and de=Z0) then (du=PS).”

~ W

“If (¢=PS and de=PS) then (du=PB).”

HE Ao} AR S AFESE] H X FE AACAA FA FAHE AHE
sto] Alo] 4= 3kl ERZF 21.35°E AA T 4 vk (Mizumoto, 1983).

Fig. 31391 Fig. 3120] el 9% 22 742 g 240 o7
o7 #FHHEE 53X AAA B AolE st= d&5 WEATH
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Error (e) Change of error (de) Control input (du)

iy Al 1
Rt Ak
—0.25 =175 0 175
1
Rule 2
0.3 f--
0.5 0 35
1
Rule 3 Ll
30 -0.25 0 35
iy
Rule 4
0 30 0 0.5
e=10" de=0.1m/s

Fig. 3.12. Example of the determination of the control input value through

fuzzy reasoning process.
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Fig. 3.13. Example of t@r direction asoning process.
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32. EE 79 54 Ao} A3}

Fig. 31491 97 Alo] 13 & A&3 EZ o7k ool A9 %3

Aol AskalAl AW & AeAE 2D A oF dEh o

Table 3501 =843} o] Aelsh ool fXste £4 e =
2 ol7e W FAe FAW ojFon RAHE Zx ANB Ay o

ojto]l A= Al dinste] EE o] W F o]
2 FaAEE 23 AF@7ge AGE v nde] B o]ito] Y= £

of Aglol 4% ool eAm BB of o] £4L Ao] @ & Atk
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(b)
Fig. 3.14. Example of depth control of the trawl gear through fuzzy reasoning process;

(a) Top view and (b) Side view.
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Table 3.5. Distance error between the center of the trawl gear and the target
through depth control of the trawl fishing gear

Depth ~ Distance error between the center of the trawl gear and the target (m, %)

(m) 1500 2000 2500 3000

100 3.58 /3.6 3.85 /3.9 241 /24 231 /23
200 6.93 / 3.5 6.15 / 3.1 411/ 2.1 350 / 1.8
300 8.31 /28 7.60 / 2.5 535/ 18 520/ 1.7

3.3. EE o]t 334 Aol A

Fig. 31501 #HA Alo] 73S A& EE o 79 32 Alo] A
& Yt ojte EEHoZRE 1500 m ol A HeA 4
30° Wake] 4 200 mell #AE Uow, ESMS o WFoR 40
knote] £ o2 FalE AlFsitt FHS HAAGI, EE olFE Tl

ANEE e E Fig. 359 #o] Rdgdl EZ oo Wt Falo

Table 3691 olite] 54 200 m A del 91X, E&AH ofel 7

sl EBHOR HE ofF

Nl FA oo Ed

FHORNE o 9Ixste Wake] Aol EEMIY oEne] At 7}
3

Hes® ER of 7o WT Y £A% oTor BAHE ZE A4

o
riri
(]
I~
mﬁ
s b
2 o
y O
: 3
x> §
L >
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2 o=
2
!
:Eﬁ
% o
£ 4
M ofy
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A8l EF o) el Gl Watst 2 WASA W, £E o7
Q7R 0] Agke] $EG] Mol exw 2 et Aow gk
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ool ANk Aol mulstel EF ol el B FA FAu ol
o7 TIHHE Ex AAT AgE vluste] RE EEXI oityte A

217} 2000 m ] Aol EEAoRZRE ot x| W] g

§lo] 5% ollo] eat® EE o7 £4S Aol & 4 AUtk AT E

X7 o7 A7t 1,500 molAE ESACZHE ot $Xx| 9] Wk

o] 40° ol AfollE 5% ol AR EE o] 79 F4ls Ao T F
%!
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Fig. 315, Example of three-dimensional control of the trawl gear through fuzzy reasoning process.
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Table 3.6. Distance error between the center of the trawl gear and the target

through three-dimensional control of the trawl gear

Distance error between the center of the trawl gear and the target (m, %)

Direction

©) 1500 2000 2500 3000

10 837 / 1.1 486 / 2.4 438 /22 228 / 1.1
20 8.95 / 4.5 578 / 2.9 468 /23 2.14 / 1.1
30 9.96 / 5.0 6.26 / 3.1 4.06 / 2.0 223/ 1.1
40 7.18 / 3.6 7.82—~3-9 5.80 / 2.9 301 /15
50 19.86 /9.9 7.96 / 4.0 6.26 / 31 4.13 / 2.1
60 1343 / 6.7 8.52 / 43 635/ 32 426 / 2.1
70 18.84 / 9.4 8.67 / 43 7.96 / 4.0 423 / 2.1
80 13.70 / 6.9 9.63 / 4.8 7.61 / 3.8 5.40 / 2.7
90 3271 / 164 9.64 / 4.8 8.96 / 4.5 5.02 /25

34. HA Ao & HEY EE AEHH FE9

Fig. 3.16°1= #A A Alo] Jf

E

2 NBAClEe) TF 2o

o e dsle] Aol AN o ol H] gIshe] Aits) of
T gA/E B olT AAE FAST EBH W ANE AT o

A Ao} Aol oa) BBl oS e FAE ARSI T A
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Fig. 3.16. Example of the trawl simulator operation through fuzzy reasoning process.
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2. g H WUH

2.1. Z3ss HE4s A% 2y 2dd

of S WEF (Action, 9% AAF H, 7
NE wE e wEA Adstel A5 wy gL we F U I

g mZd7tE FA4old (Fig. 41).

States Beh_.aviour Actions > Rewards
(s) policy (m) (a) (r)

T

Fig. 4.1. Basic structure of reinforcement learning.

To HAo B S =EFe olo], dAe] E (States)= LUE
A Fig. 2.4¢F o] mdlgste] Fig. 2.163%
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Fig. 4.2. Sonar screen normalized with one channel.
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= Zo A8 HF AMEHE ZAAEA

C=0.75x P(max)x (S /d)x1x0.001 (4.4)
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Fig. 4.4. Outline of the network model applied to the trawl
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Ship torque: -501.643
Ship rotating speed: -0.00240341

e:-0.0145535
de: 0.000542635
du: -801.643

left length: 7.65877
right length: 7.65597
center depth: 0

goal target: 0

Fig. 4.6. Initial positions of trawler and fish school for the reinforcement learning.

Table 4.1. Results of the reward value determined through reinforcement

learning of the trawl simulator

Reinforcement Distance of between trawl gear
Spending oil

learning and fish school _ Rewards
(O, liter)
frequency Dy (m) Dr (m)
10 2.409 1.400 51.795 2.027
20 2.301 1.400 51.795 2.063
30 2.375 1.400 51.795 2.039
40 2310 1.378 51.795 2.074
50 2.197 1.370 51.795 2.123
100 2.114 1.304 51.795 2.196
200 2.092 1.207 51.754 2.268
300 2.090 1.207 51.752 2.269
400 2.087 1.254 51.708 2.239
500 2.087 1.198 51.712 2.276
1,000 2.043 1.193 51.651 2.301
2,000 1.186 0.466 50.515 2.748
3,000 1.184 0.429 50.746 2.836
4,000 0.971 0.476 51.473 3.080
5,000 0.961 0.327 50.825 3.584
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¥ AZo] wb7rAl (Stay)oZ YERUYH T A HOM = EA S

A7Zko] 2 (Shooting) o & YENIEE 3ttt (Fig. 4.7). o] wf T

Arste] EE oo T4 AAe] ot A A5 HAsteto] o

g Ao, R Ads) 2
Fig. 480= A Ao} =3 Zstetss 483 EF Algdcelye +
2590 o E YE AT

(a) (b)
Fig. 4.7. Pilot light that indicates the moment of trawl gear casting;
(a) Stay and (b) Shooting.
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Fig. 4.8. Example of the operation of the trawl simulator with fuzzy control rules

and reinforcement learning.
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