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THEHTZRAHIE TE 20 R T HILERDH D, 2T, HEFIE S A7 A THEE L2
HH /ST A — % 2 FEEEOMMIZHE A L7 K ERZITV, Bfis I 2 b—a v ETH
L 7= HEHITER & SEBLG CRAIRHIAE L 7otk & el U, BENfIEE s 27 A0 R %
BGEE L7, FEBRICEL, KOBEORVEENHIFRFCTE 27 — XL FRIETH LT
YINHN= T 4 0E  (EnKF) % NaLA S AT A EfA L, HEHIES AT L5814
F L7z, EnKF iX Evensen®|Z Lo TIREINTZH DT, EKF O FHAT » 7 TIT 5 ##
Rl 21107, BLEIC L > THER SN N HOT v 7 nmic L - COREEZE L,
HEEZAT > TV 72, NaLA S AT DO EIRBR D AT Z EnHiIfFT& 5, 1.1.2
TOD EKF & NaLA v A7 LOHEA & [FERIZ, MR THIE SR &3 2 HEHh
DD ZIRTCVEE e, HIIST A =220, L LT, X (12) OIKFREZHEAL, K

Re~7 Mz &9 5, HLEEHNT, vz%A/4’7:‘@7‘/4%‘/7“/1/{1;9}&_1%%%

L, THIAT v 7I2BWT NEHOIREERYZ LT oY 7% (1.15) KT Xk v HHr
95,

2_t(i) = ft(i_t—l(i)a vt(i)) (1.15)

ZZC, BT NaLA v AT A0 LEEIT T L CTh 5, (1.16) — (1.20) Ko7 4
WE Y T AT ThET, RINT A =L THLHEIH AT XA —2 2 HET D,
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N

— I

= NZZ RO (1.16)
i=

N
. . 1 .
w,® = w,® _Nzwfm (1.17)
=1
1 N
—~ ~ (N~ ()T
R =1 1Zwt(”wt(” (1.18)
]=

(1.19)

-1

( _1Z(H”—() Hz,)(Hz~ " — HZ,) +Rt>

2.9 =270+ K (ye + W - Hz~, ) (1.20)

=2, 2 DI AR E O 7 L o T, w DI A AT T, R,
B ) A RO EATH, KZH N~ 7oA v, 2, Ok Elmo 7 oo 7
NThDH, HIHERIZE TS EnNKF Q7 7080320 & Lz, (1200 oo
AVIZRRER 7 VN DI R T XA — 42 %, IRIFZI D NaLA ¥ A7 L Ok BEfe£7 1
WCEAT 5, 2k, BT R~ &R HIE S D,

1.1.6 EIFKERER

PR BRI A A kA (2K 3.0m, #8030 m, /KiE0.35m) (2 CTiT-7, EBIC
AW 2L, BRI O B4 30.0mm, AU 7o 'L 8190 T4 A#R D O ML EiHE
HCHENT T2 ME 20 B x#E 20 H O FEmEif@i s L7=, NaLA ¥ A7 LD EOFHEET /L
ZAERT 2 7Y T at T, W CAHRROBIE S I = L—3 3 U OMHE 7L & (R
L7c. ZOWmigHI jiv /N BEEIZ Y 725 K O IS o DURE 2 [E & L 7o, fEth Efo —
SUE, ARBRIO R EEE IS X D SR 2T D729, KIS 5.0 mm OF S, il 5
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DHEEL, ZROMWEIEAEE Lo, M T 80, 125200 mm & 725 K9 IZ[HE
TE L7z, [EFEAAE N O8O T EZEEC L 0 [EE L7, Bk oftEiE 0.2, 0.3, 0.4,
05m/s & L7,

Fig. 1-6 [T~ X 912, M EE o [ E S OME O W 2wy, FFOEIZE T D Tt
[~ O T LD B b TR D S & B E A6 OBt A dy & EF LT, M B o E
ERDOEZ AW T ELESED LdyBNd~EAbT 5, 22T, TNENOFHIZIB N THY
b A B 2SI B AR d, & dy o~ & BT D DI LB AR OB L % Aw, 3B L OAw, %,
FNENHIE S AT A THEE Lz, £ LT, BIFAMEIZERE L7z Vg o fEiE 2 Aw,
& Aw, T2V AL S, 1 5 ZBEREd 23 I B iRdy L dy ~E BT DR LTz, 22T,
5 O B IR O HIEME, & BiEd, & dy E TOZENENDZEEAD T L TAd, & LTz,

1.2 BRELUVER
1.2.1 it HlE=ER

Fig. 1-7 (C BEhHIEE S AT A CHRAREE U 72 FifEOBES 2 = L— a3 ViR %
LTz, S PO fIE 217031, WiiE 0.25 kt O —FRIE I Z R E Lz &
XD NaLA VAT AICE DV a2 b— a3 UEERZA)NS, R CFTEIZ B TR T i
BARDIKEE 3.0 mITENT D XL D, BHEMIE S AT LT bar-bars DR R X A HEE L,
%%%ﬂ@kai;V~V5Vﬁ%%®Wﬁ%ﬁ@%ﬁﬂ@%b&#okﬁA@y
2 L— o U R(A) TIERE RS, S g o> FIREEEIL 1.96 m, fEthiE
G FURREEN 1.95m L 72 o7z, JIRHIE L7222 2 b—2 3 URER(B) T, IR
HZEATORP S ToRER L i UC, Hh P A3 KE 3.0 m IZEAM LT\ 5, MR A
ERFADIR T -T2 2 & 735, bari—bars D 5 H D bari—bars DfE-RE & DO RAIZ
{b% Fig. 1-8 1T/ L7z, HAD Fuias 3.0 m OIEE L 725 X 5, bar—bars 25 A Bl S A

DI TENZNEY R E SITHE SN TND T ER R TE 5, £72, NaLA &
AT DD L DHHZITHRNY 2 2 b—y g > EHI S AT A2 X0 HlE Z2 4T -
7y al—ya rOXTNENOREICE LZRRIE, NaLA ¥ AT LD KO FHHE R
73282 W12 o T=Dizxt LT, fli#El 24T o 72 b 01419 B2 2 L 72, Fig. 1-8 [T R 37z,
HENHIE > A7 ADHEE L8R R S, 2NN oMk 0 S FEIRHS B B A

ICE o THEES NS D TH D, ZO X ITHED /T A =2 RBEEZ 7 bV

ELTHD Z LI Ko TRFFZRBLITE 2005, v~ 7 4 v 25 DBARHE S0 K

L IR DIRIEZEMIR O RE 2B & 72> T D, FRCHBI R OBIIED X 5 [TEEE Sy
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D % FIRHIAT W T2 VRBUSEE T 5 2 L NZ N E X b D2, N7 FLRBLIC
F o TV D DIRBIECHIE T A —F ZFRHIHR X D Y% FIEE, &9 LcRgE~
DICAICHE L TWD EEZBND,

1.2.2 FO—)LBOFIHEER

Fig. 1-9 ICHBHIE S 2T A TRARHE L7265 b e — A loOBEY R =2 L—v a3 v
fERE R LT, 5 b e — A MOTRGIE 2470312, ik 0.25kt D —KRj H I Hl
ERELIZLEED NaALA VAT AL DV 2 b—a URERE AN, R UHHICE
WT Lip, Laa2A&EHIZ20miZ725 &9, BEHHE S X7 AT bar—bar, DR E S 2 H#E
EL, BREGE LI 2 b—a UREREB)ICR Lz, FIREIE Lo 7o E
DY 2 b— g URERA)TIEM O L 13 3.12m, LsiX 258m &7eo7z, IR
Licy I ab—va URERB) T, BIREIEZITOR o 7of R L i LT, o
ME2N I 2.0 m 2725 K O RREII & T\ b Z &35, Fig. 1-10 12, bari—bars
DHERE S ORERINZELE R T, barr-bars DR E SR, Lr , LaNHEORSICRS
X9, he— @O RICEDE TIREINTWD Z E PR TET,

Fig. 1-10 (28T, bars 3 X OV barg IZIFITF U X 5 228 K S 0MEE STV 5 23,
bary & bar, IZZNZNRALDMAREIDHEE SN TS, LL, MODME L & L
B TH 5 2.0 m ICIEREICHE S Cnve, 2k, AEBRTIE e —Ligoid
N2 IEmE) LI A TEMEO L2 HIEIX R E Licl-®, T amizdo—>& L TOR
RMREN, LT LHENZNO bar O S5 ZIRICZEMANT  FRIN 70 fif 2 H 3 A3 72
WeE LTERENRRH LIZ Eicksb0eEZ NS, 200, b LMAKEET (y-z
Fm) Tre xS E O EAEE AT LI25E121X, barg & bar 1ZZ L ZE4IA
HRESOHEHE LD EEZOND, 20K 5, MlTRZHIET 554, Witto
FFOZRMEIC L 0, HIE BAZEO B HESKEZ WIEERIE ST A — X HEEBOMA G
HLEBGFELTND I ENEZLND,

1.2.3 KR TOFmE & E =R

Fig. 1-11 (2 Frifg OB & A HI LR (251 2 WIHIIR 27797, Fig. 1-11a (348>
2 2 b—v g K AR OWIIIR T, Fig. 1-11b 1Z/KENICERE L= EWHE D)
R CTH D, 20O &5 72 P O GIEIRR 2 B AR w7 A8 & 52
Wi OHIERE T4 T B Lz, Fig. 1-12 1%, BB THEE S HL 7= 8iE oo #
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TEBAW, & Aw, AR & EWHEICER Lz & & D, L0 EBAd, & Ad, D E IR
L7=bDOThHbD, Fig 112 L0, BlES I 2 L—3 3 v ECRABMEZHIE L7 b,
FKAEN O [FE O HEE N7 A — & 2 U2 filissE RiTm v —8E A2 R~ LT
WAHZ ERDND, ZORRIY, Hl AT ML HEE S NDHIEINST A —Z O
TERE, EEMAOMIZBNCTHHIE LS TH Y, il AT Lo Y P s
e,

Fig. 1-12a IZBWT, HfET 2 2 L—v 3 BT RO BE ek R & [mEAKEN O
FEROMRICOT NN R TE 508, T, AEROERRIZHIT 5 RHICH A
PAICERT b0 L Bbivd, RFERTIT/NEER ZBRZR TORIEIE > 7272, #
HIFRE T D/ NS RREORENENTWREMENE Z b5, £70, EEOMEET
LV BUEA R E , REERECIIEENOHT A — MHBBEOKRE 205 2 &b,
FIEOTEMHEE 2 EOREE TERTIDICOVTHAEEL TV BERHLEA S,
ERERE DR EZ BT > TIXHIE > 2 7 L OHEIRE 17217 T72 <, HilE - o # HiBh g 4 1
BT 272D NaLA v AT LG izl B T gL B OPERE & B L 7208 bR
T 2MENRD D,
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Data assimilation method

L
P : System model : o
Ty l I AT
7 I'| NaLA I LA
77 | | _- Pf
4 ,' Fishing gear : » V)
I'| Dynamics model | Intended net
Net geometry (f) :_ _____________ J' geometry (f+1)
Adapting the control
parameter
*
. . i
Estimating the control parameter -~ /:_,,

iy

The length of the thread. 1
towing speed .and direction. etc. - ‘ /

1,

Fig. 1-1. Algorithm of automatic control system.
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1.0m

bar; (

1.0m
fe—

bar, ( bars (

bar, (

bars (

barg (

Fig. 1-2. Grid-like plane-net model.
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0.25kt

Fig. 1-3. Simulation of grid-like planar net setup considering uniform flow without geometry

control.
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A4

o
N

Las

Fig. 1-4. Simplified trawl net model.
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f
7 | “ p”
ST
P3. " o
L34=2.58 m

Fig. 1-5. Simulation of a simplified trawl net setup considering uniform flow without geometry

control.
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Fig. 1-6. Net set in flow as viewed from top. By changing net width w, the distance d can be

controlled to the target distance.
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z (m)

0.0
-1.0
0.25kt
| -2.0
-3.0

Fig. 1-7. Simulation results obtained (a) without and (b) with geometry control when bottom of

net is located at a depth of 3 m.
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250 r

2.00

Length (m)

1.50

1.00
0 100 200 300 400 500 600
Time (s)

Fig. 1-8. Controlled length of bar;—bars whilst net geometry changes.
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L;,=3.12m P, P
qu PEESESS P, ov———e2
‘\ ;‘ |
‘ 14
| [ (i} |
\ | 0 !
| | 1) £
\ ! ( i {i
’ N i | i ‘1
“ “ Q<—'—"—,‘">c
PSP, P30 v/ Pa
3 ; \ / _
/L34=2.58 m \ / / L3=2.00m
AT
- = g
o ().( =
7 i - //1‘
a) b)

Fig. 1-9. Simulation results obtained (a) without and (b) with geometry control so that width of trawl

mouth equals 2 m.
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1.00

£
£ 050 bari
=y - R bar.
il-, 025 L e T - ___'bar3
—— bars
0.00 1 1 1 1 ]
0 100 200 300 400 500

Time (s)

Fig. 1-10. Controlled length of bari—bars whilst width of trawl mouth changes.
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Fig. 1-11. Initial condition of planar net: (a) Virtual net in the numerical simulation; (b) real net

in the flume tank.
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10 06
08 | —e—cal. ——exp. 05 r
04 r e —
o~ 06 B o~
i=}
N LS S : 03|
s M 3 0.2
< % :
02 | 01 k
0.0 1 1 1 1 ] OO 1 1 1 1 ]
01 02 03 04 05 06 01 02 03 04 05 06
a) Flow speed (m/s) b) Flow speed (m/s)

Fig. 1-12. Ratio of geometry variation when net is adapted to estimated difference in net
width corresponding to each flow speed. In the figure, cal. is the Adi/Ad, of the
virtual net controlled in the numerical simulation, and exp. is the value of Adi/Ad;

of the real net in the experimental flume tank.
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F2F MHWICERT HREDDOBIRIHTE

F =AML FELE NaLA & 2T AOFAIC L DM BAIE O fTREM 2 R L-H 1%
T, HIEE R L LW —ERIROEEThH o7, LL, EEoMEEELITE
DR BRI AT 5O C, FREOBREZHIEHIE L L2556 TH, fiRE O
TN AIRE R T AME N DD, TZTH2ETIE, HBLIETHRB LT LAY XAD
B 22 FIEHI A~ O A 21T 5 . FEEROTEMEEREIZ IS 1T 2 HEEhRe 2 il B A & L 72 il
FERAATV, BIREHRICHS T DHIE S AT L O S AR T D,

NaLA > A7 LADOMFERFEO—E & LT, KPR E @RIV 502 ek E o
BEPOBBHEE M THOIL TS, 9 KPR E X HEICRE I N L KB OMEkELL,
HFIZBT DR BBEEA — M EFa A — MDA — X —IZETHERR LD LA
%, FT-, FEMEREITERED X 2 2o KAHEREIZ AT, ZORROE ) R
WTHATFTI v 7IZENT D ERFETCHLH D, 2 5 LIRS HfdtBiiE A ATEIC
BAET 2723 S E R BN 2 S 5iEThH Y, IeMENRE O B 1L 72 I & mThe
5D HEBAN LI E TS 52 & D BEE S R,

TEHEENRE 2 5157 2 72 DI EREERF O MR O W] - JiIE 2 At AR THIR 3 5 28
W DN, TEMEIRARPIZERIE S AV mliiEh S, BEERF OB O AN K8 D i1 2 S5 1E
ELTABRHE CERREND LHREIND Z E0FALE T, IEMEZRFTN « FiEk 4t
TR THRET L2 EFHLVWEARZ Y, 512, BETORFRERICELL /A AN
FeDHENERINT VD, O FAEFZEY T L 5 ITHOET MR 2MIcZ T 5
e, BETOABECHE, TEINORRETIREANED /A APWELTEZD
N, 20k, /A X RELEATHUMENDTEH~Z MABRK & 720, A
B < VRAR D E OB EAE & ORI Y, wEIREEROEREDR TA2H 2 L
WIS,

Z ZCARETIL, WENZ MLARMAe L DO THD EIUE L THIEL ST A — & & itk
R IVE LT BBV R 2 b—y 3 COREMRENEREOREMBREIT S L 572
TR~ SV a#eE L, EIET 2R 228 s ¥ 5 2 & T, BEEMRNBERD
M BN RE A T & 2 EBRZAITV, BB HAEICK T Ml S 2T L DR S A R L
72
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2.1 A&
2.1.1 NalA SR FLET—2RIEFEOHE

AEBRTIE, NaLA ¥ 27 A THIE Y R 2 L—3 3 21T - 7= e if B oo B 8 4 #1185
BRI Uiz, E£7o, M EBREOHIME B2, EEREOBE TR S -k Loghe L
L CHIEZ T~ 72, 8 1 ZEOIRIREIE R TIX, #HIES 27 208HMEE LT, BEXT
HiAARE AT D Z L2k, HHRLNCEBIT HMEOIRIELZ B S D7D VB
FIE T A —Z BHEE LIz, £ LC, #E LHIE T A —% 2 HERIRGEICT 4 —
Ry 73252 &L THBROEIE AT > 72, KEBRTHREOT VTY X282 HNT,
Bty 2 b— g BT DR R OBREHIE A 1T o 7o, REBRIZIIT 26 27
LD T v—% Fig. 2-11Rd, KLt 2> HREZ t+1 F TOREERE O % NaLA + 2
TAMIEVHEAEL, 2haeTr —ZETIEICBIT v Iab—a VEE Lz, B t+1
TOT —ZFEHL TSR 28R & L, ERoBECfli A L igficiEs L GPS
FLgkEHRS KL ORI R & OIF# A W CRATIN e iEf o BB g4 A ) L7-, GPS ik
FHIVR I =0T IS8 SIS RO ERENEAG Sz, E7e, REFHIE il =
DPFTICEERS S, 5 R OB IEE NG S v, fEfif B oBiie 22t S & 5l
B RT A—H21%, VEEE 10m, 60m, 120 m OFFRE T RO BB EIZ AW 2 it Ot
WY hL & LTz, il B LB OIS T 2 eI L OBiE72 DT, NaLA v A
TADY R 2 b— 3 UEN, GPS figkits L OVRE R OFHIME~ LIS D & o7
Tl MVEHEE Lz, £ LT, HEE SNIZFER 7 MV &R, FEZt 2054 t+1
FCORBOBEFHREICAND Z & T, HiEY I 2 b—v a3 VOREER R & EROBRE
(2B DB RE A~ 5 2 & & LT,

2.1.2 FERY MILOHSEIZ & DEREFIE

HE T A —2 OHEE %217 5 7 — X ML FIEIZIX 1.2.6 THUW- EnKF 2/ L7-,
EnKF Zi T 2BEOIRRER Y bz X, M@ EORFTRALERY N vx, & filiE S Z
A=Y MA@ INHIERFRIZEY (21) Ko Xk HickT,

z. =[x, 0,7] (2.1)

MR B O R IRALIE T N Lx X R ORI Lz =0T D GPS Fiékdh & REET
EENEKRIST DEMEET WA ROE SJEER 7 MV TR UM AN T A =27 K
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VO ATEE 10, 60, 120 m OFEHRY hL & Uiz, Z 2T, MO RS % S,
bz y #hiES T, HWE xEESmE Lz =Roey v — VLV BEE 2% E L Fig. 2-2 IR L
Too T FRICEEFE LTz GPS FREkGHIKFEIEIE D AN FLFR I I H DT, GPS Fifkatiis
MLEDE RO x i 2 xy; (1=1,2,3), yEFEZx, (i=1,2,3) &Lk, 7, L
(23 LT R OB B O-E RO 2 i o x, (1=1,2,3) & Lic, =D FTOREH
DEREED 60 m £V EVIEEIE, 2T [d0q X1 Xap Xyp X3 Xy3] & U720 OAFTEEE 10 m
PRI T NIV D X, Y G T8 D[0x10 Oy10 | & Lo F72, BREEN 120 m L0 EWEGE
1E, 20 E X1 X1 Xz Xyp Xz Xp3| & L, OALTREE 60 m ORISR Y bLD X, y sy &7
% [0x60 Oyeo | & Lize & HIT, KIEED 120 m URDIGEIE, x 0 [x x50 X318 L, 0.1
BHTEEFASEHA LTV 2 TREE 120 m OB Y b ADX, YIS & 725 [Ox120 Oy1zo | & LT7e
AREBRTIEINL O MANENTHZEEFFL, BIREFH LT D& LT,
INHDEHZEFFOIRMERY Mz, 2 WV AT AET VE (22) KXok HickT,

zy = fe(2i-1, V) (2.2)

(22) KTBNT, PSS 1T NaLA v AT Ao et 2 HE T 2 KEY 2 21—
VarETNATHY, NI M ITENE 0, e, O ERS AR OV AT LA
AR MVThHD, F£T, BUET /VIZTFEE 0, 5380, OERIN 2R OB/ A
AR M w mAWT (23) RUTRT,

Y = [loxo Ooxelz, + W, = Hz, + w, (2.3)

(22) KO AT LEFT I E (2.3) ROBHET VA2 HWT, EnNKF OFHe & 217-7-,
~\N
AT, AT LA X7 T e} EERL, FRAT Y 7B
l=

TNEDRRERY hrOT vHh T s (24) RiTE Y FHT D,
2_t(i) = ft(i_t—l(i)a vt(i)) (2.4)

ZLT, 25) — (29 KOTANFV T AT T HRET, HIENT A —2THDHE
T = HEET D,
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1N
Eﬁ:NZky@ (2.5)
i=

N
. , 1 .
Wt(l) =w,® — _Z w0 (2.6)
N 4
j=1
1 N
= ~ (H~ (T
]=

(2.8)
N -1
1 NG e G () =\ . B
mZ(Hz ) —Hz)(Hz" Y —Hz™,) +R,
i=1
2.9 =270 + K (y. + " - Hz~, ) (2.9)

Z LT (210) RITFT I, HEESHNZMERY MLEFE NaLA AT LD
2= a NHNWAZLICLY, I alb— gy ECOMEMEIEE A I LT,

X = ft(Xt—la at—l) (2.10)

(2.10) KIZBWTX, 1T NaLA > A7 AZHW D8 LT AN O TO-E RO =R
JEREAR S NV, QIHEE SNBSS T A — X OFESRY MV ThHD, AT ORER
DR 60 m LV WAL, TR 60m 35 LT 120 m Ot~ 7 R VITHEE S v/
£ 10 m OEiE~NT MV ERIUMEIC Lz, F72, =2 FTOWREFHORED 60 m LIET
120 m X 0 WAL, RE 10m B X 0N 120 m OFEEHR Y R VIEHEE SV 60 m
DY~ MV &R CMEIZ Lz, 120m £ 0 EWEEE, YR 10 m 35 X0V 60 m D
X7 FEENE TR OFE~ 27 h v &R CAEIZ LTz,
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2.1.3 RRIZERYTIRET—%

NaLA ¥ A7 L2 K 2T R OB BB 28BS I = b—1a 2T, #REGEHE
WD T2 OHEL LI BEE TV &, ffhi KOA® 7R — ~OGLEFEEE, A A
VUL YTFIEBITHNR—ATA =D LB I OEE B E, 7+ U — Ky 4 o F
IZBT A=AV A Y —D&EE LiIT&, KRFEVAT—0O&V T LBLOEE RiY&E, 3
J£10m, 60m, 120 m (2T DM OFEIEST MO ATTNRLETH H, KREBRTIL,
IKPEWFFE « BB MR B TSR A o & — DS Fnona I 52 M U 7oy e 125 — B
M) WL OREREOHRET — S %, BEVIaLb—varOANEE LTHEALE,
BREE OGS % Table 2-1 1277,

BREFE S (OPNo.) 1B EON2 OEFETIX, THFEERIZ/R> TS HAEV 300 mm O
MMz TR & L7z KHME, OP No. 3 TIXHERM D H AV 150 mm 36 LT 240 mm Z 1K
E LT/ NEMEHERA L, £72, 2 b FEOEMOAN. TR Z RKIZEEE T Vb L
v Ialb—va WS EREET UL, KEMOESEDY 1515, /NEMEOE S
s 1578 TH -T2,

Hau B o EhRE 2 B3 % GPS stékatiE Mobile Action Technology #1:4 i-gatU GT-600 %
i L, T NKE Instrumentation #:5. WiSens Z ] L, Fig. 2-3 (Z~7 X 912, #
RO 14, 214, 34 WA S T HALEICHKE L, GPS fiekit 35k E S Lo fiiE %
zhnEn [#F-10, T#F-2l, T#F-31 & U7z, 7z, RESINESE SBEx T hth
r#s-1l, T#s-2l, T#s-3] & L7,

Fig. 2-4 775 Fig. 2-6 {Z OPNo.1, 2, 3 ZNENDHEFED TV I 2 L— 3 VIRFIZAS L
TeR=RATA Y= 4 F, TH+T—=RI40F, RKEV4 L FOUAL VY —#0HL,
BEx T EORRINT — X Rm Lz, N—ATA X —T 4 VFBIOKRFY 4 T3V
A ¥ —REIPNT 2G5O HL, VA Y —REIDPEDT2HA1EE LT REE
T TAV—RU 4 T, BERIZTA Y =0T 0 o FICENMNTE LT, ARt
ZEOPHATRICAT 7R — bBMERF L TR0 E 7 ¢ T ICHERS L, Bk & B
IZBWTEE LITORTH, £07D, P TIETZ7+V—F U 4 0 FDH, VA ¥—K
ERHEINT 2R EEE LIFRELE L TELTWD, Fig. 2-7 75 Fig. 2-9 12 OP No.1, 2,
SENENDHHED Y I o L— a3 VIRFIZAT) LTz, GPS ikt CaHll S - A &
NAX 7R — N ONLEEE 23, KFTIE, boat B3AS, skiff SAFT7AHR—FE2FEL
T, £z, M EMERMG Lo ta a2 fms LT, BEFmZ x i, mibimzy
fif e LTERLTWD,
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TR B OB AN I = L—3 g T DRI, TEREEREERA DX A T2 v 7 7
MBE OB OEE), AFEHC KD TERNOFEBIZLY, WIROFH~Y bV % B
IR CE AW ERREE 2o TV D, ZD7®, it THAG LT — & 13XE:
B OXBCRE R CERMEAEZ L TSNS Z EnEn, 22T, Wi b
% AL D R 2, PR 1 4R~ D eHEPAAR £ T (Period 1), #2iEBf A
MOERBEKTET (Period 2), BLV, Gk kA HEHLIF (Period 3) @ 3
XT3 T TENENDIRIERY MV OEEEEEE Y I 2 L— 3 OB &
LTANIL, TORRE I LT, BB D BB X MG £ CO XM TITMaBEA Y
PHTe K 9 I S, BRE & BRAG D DARIZERITIRAE IS & 0 a4 B0 P A 721848 %
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Table 2-1. Data on operations of purse seine net

No. of Times Operation  Mesh
i Sea area

Operation  Njet shoot Net purse Net haul type type

1 95705 10:0400—10:31:45 10:32:30—11:41:20 Pacific ocean  Shoal Large

2 115252 1159:30—12:22:15 12:23:08 —13:30:00 Pacific ocean  Shoal Large

3 5:33:38 5:40:10 — 6:05:22 6:0549—7:30.00 Indian ocean  FAD Small
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Table 2-2. Average of the current speed vector during each period of OP No. 1

10m 60 m 120 m
x (m/s) y(m/s) x (m/s) y(m/s) x (m/s) y(m/s)
60 s before shooting
— -0.308  0.083 -0.500  0.085 -0.419  0.309
shooting
shooting
— 0.159  -0.248 -0.040 -0.233 -0.017  -0.016

end of pursing

preparation period
of picking fish 0.092

-0.305

0.107  -0.309 0.007  -0.174
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Table 2-3. Average of the current speed vector during each period of OP No. 2

10m 60 m 120 m
x (m/s) y(m/s) x (m/s) y(m/s) x (m/s) y(m/s)
60 s before shooting
— -0.116  -0.125 -0.080  0.039 -0.303  0.058
shooting
shooting
— -0.119 -0.234 -0.062  -0.087 -0.121  0.007
end of pursing
preparationperiod 1) 0213 0067  -0074 0061  -0.138

of picking fish
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Table 2-4. Average of the current speed vector during each period of OP No. 3

10m 60 m 120 m
x (m/s) y(m/s) x (m/s) y(m/s) x (m/s) y(m/s)
60 s before shooting
— -0.080  0.523 0.009 0.609 -0.175  0.284
shooting
shooting
— 0.088 0.204 0.181 0.318 0.139 0.251
end of pursing
preparation period 559 0255 0089 0367 0086  0.220

of picking fish
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parameter
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Current speed vector

Fig. 2-1. Algorithm of automatic control system.

_40_



Fig. 2-2. Coordinate systems.
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Fig. 2-3. Installation position of GPS positioning recorders and depth sensors on the purse

seine net.
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Fig. 2-4. Paying-out and wind-up wire length during operation of OP No. 1.
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Fig. 2-5. Paying-out and wind-up wire length during operation of OP No. 2.
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Fig. 2-6. Paying-out and wind-up wire length during operation of OP No. 3.
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Fig. 2-7. Trajectories of main vessel and skiff boat of OP No. 1 during operation.
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Fig. 2-8. Trajectories of main vessel and skiff boat of OP No. 2 during operation.
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Fig. 2-9. Trajectories of main vessel and skiff boat of OP No,3 during operation.
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Fig.
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2-10. x-y components of velocity vectors in OP No. 1. The yellow area indicates the
Period 1: from one minute before casting net until casting. The white area
indicates the Period 2: from casting to finish pursing. The blue area indicates the

Period 3: preparation of fish hauling.
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Fig. 2-11. x-y components of velocity vectors in OP No. 2. The yellow area indicates the
Period 1: from one minute before casting net until casting. The white area
indicates the Period 2: from casting to finish pursing. The blue area indicates the
Period 3: preparation of fish hauling.
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Fig. 2-12. x-y components of velocity vectors in OP No. 3. The yellow area indicates the
Period 1: from one minute before casting net until casting. The white area
indicates the Period 2: from casting to finish pursing. The blue area indicates the
Period 3: preparation of fish hauling.
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Fig. 2-13. The simulation results in the case where the averaged velocity during Period 1 of

OP No.1 was input.
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Fig. 2-14. The simulation results in the case where the averaged velocity during Period 2 of
OP No.1 was input.
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Fig. 2-15. The simulation results in the case where the averaged velocity during Period 3 of
OP No.1 was input.
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Fig. 2-16. Comparison results of depth profiles of three depths sensors of OP No. 1 under
averaged current velocities input with different time windows (Period 1, 2 and 3).
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Fig. 2-17. Comparison results of trajectories of three GPS sensors of OP No. 1 under

averaged current velocities input with different time windows (Period 1, 2 and 3).



Fig. 2-18. The simulation results in the case where the averaged velocity during Period 1 of
OP No. 2 was input.
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Fig. 2-19. The simulation results in the case where the averaged velocity during Period 2 of
OP No. 2 was input.
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Fig. 2-20. The simulation results in the case where the averaged velocity during Period 3 of
OP No. 2 was input.
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Fig. 2-21. Comparison results of depth profiles of three depths sensors of OP No. 2 under
averaged current velocities input with different time windows (Period 1, 2 and 3).
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Fig. 2-22. Comparison results of trajectories of three GPS sensors of OP No. 2 under
averaged current velocities input with different time windows (Period 1, 2 and 3).
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Fig. 2-23. The simulation results in the case where the averaged velocity during Period 1 of
OP No. 3 was input.
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in the case where the averaged velocity during Period 2 of

Fig. 2-24. The simulation results

OP No. 3 was input.
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Fig. 2-25. The simulation results in the case where the averaged velocity during Period 3 of
OP No.3 was input.
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2-26. Comparison results of depth profiles of three depths sensors of OP No. 3 under

averaged current velocities input with different time windows (Period 1, 2 and 3).
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Fig. 2-27. Comparison results of trajectories of three GPS sensors of OP No. 3 under
averaged current velocities input with different time windows (Period 1, 2 and 3).
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Fig. 2-28. Simulation results of the purse seine fishing gear geometry of OP No. 1 through the
control system.
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Fig. 2-29. Simulation results of depth profiles of three depths sensors of OP No. 1 through the
control system.
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Fig. 2-31. Controlled current velocity components at each depth of OP No. 1.
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Fig. 2-32. Simulation results of the purse seine fishing gear geometry of OP No .2 through the

control system.
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Fig. 2-33. Simulation results of depth profiles of three depths sensors of OP No. 2 through the
control system.
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Fig. 2-34. Simulation results of trajectories of the points attached three GPS sensors of OP
No. 2 through the control system.
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Fig. 2-35. Controlled current velocity components at each depth of OP No. 2.
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Fig. 2-36. Simulation results of the purse seine fishing gear geometry of OP No. 3 through the

control system.
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Fig. 2-37. Simulation results of depth profiles of three depths sensors of OP No.3 through the
control system.
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Fig. 2-39. Controlled current velocity components at each depth of OP No.3.




Fig. 2-40. Simulation results of the purse seine fishing gear geometry of OP No. 1 through the
control system when the standard deviation of the system noise was 1.0x10°7.
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Fig. 2-41. Simulation results of the purse seine fishing gear geometry of OP No. 1 through the
control system when the standard deviation of the system noise was 1.0x10.
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Fig. 2-42. Comparison results of depth profiles of three depths sensors of OP No. 1 under
different system noise input.
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Fig. 2-43. Comparison results of trajectories of the points attached three GPS sensors of OP
No.1 under different system noise input.
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Fig. 2-44. Comparison results of controlled current velocity components at each depth of OP

No. 1 under different system noise input.
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Fig. 3-1. Modeling of net hauling.

_92_



Net geometry (f)

Data assimilation method

I Measurement

Target net geometry

: System model :
1 |
: NaLA 1
|
;’ Fishing gear i »
1 .
1 Dynamics model : Intended net
v | geometry (f+1)
Adapting the control
parameter
f
Estimating the control parameter
Hauling speed

Fig. 3-2. Algorithm of automatic control system.

_93_



Skiff Boat
' va 38 2 ¥4 J,Of;_,zh

T
I
1
I
#2-1 E #3
I
I
1
1
I
I

#15

#2-2
A\ : Depth sensor

Fig. 3-3. Installation position of depth sensors on the purse seine net.

_94_



Fig. 3-4. Simulation results of the purse seine fishing gear geometry of OP No. 1 through the

control system.
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Fig. 3-5. Simulation results of depth profiles of six depths sensors of OP No. 1 through the

control system.
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Fig. 3-7. Controlled hauling length of OP No. 1.
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c)

Fig. 3-8. Simulation results of the purse seine fishing gear geometry of OP No. 2 through the

control system.
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Fig. 3-9. Simulation results of depth profiles of six depths sensors of OP No. 2 through the
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- 100 -



o

)

a
T

C
o
<

T

—

0.50 |

hauling speed (m/s)
(@]
(@]
(8]
I

0.45

| 1

1
0 1000 2000 3000 4000 5000
time (s)

Fig. 3-10. Controlled hauling speed of OP No. 2.

-101 -



1750

1500

1250

1000

750 -

hauling length (m)

500

250

0 1 | 1 1 1

0 1000 2000 3000 4000 5000
time (s)

Fig. 3-11. Controlled hauling length of OP No. 2.
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Fig. 3-12. Simulation results of the purse seine fishing gear geometry of OP No. 3 through the

control system.
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Fig. 3-15. Controlled hauling length of OP No. 3.
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b)

Fig. 3-16. Simulation results of the purse seine fishing gear geometry of OP No. 3 through the
control system when the standard deviation of the system noise was 1.0x10,
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Fig. 3-17. Simulation results of the purse seine fishing gear geometry of OP No. 1 through the
control system when the standard deviation of the system noise was 5.0x10*.
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Fig. 3-18. Comparison results of depth profiles of six depths sensors of OP No. 3 under
different system noise input.
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