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i =

BAEOKRRAEREE, WFEOE MRS OREIZ X
D,hM%ﬁ%Wﬁbbf*%*&ﬁ@ﬁTﬁ%bn
(EbhokpER, 2011). F7=, WMEH O &L G
SEEENDRIEARD 5B H, KRE LT, %%ﬁ
RERBTNE - WEBRLRETHD, ZOEMEE
EQEELRREE K> T05, Y - WEORRED
JRENE, BENIKBEEBDE TS5 OBEROEEL

ZIAMEEFHEOZ L2, FEOREYENERRD
RERRCWN ARG T D AN RENZDEELDL. 20O
FRERRC N ARATE U 72 AR B 7 BTSN 3 5 AN 2 (K
T57-0020%, FEREEH, AEEE, EHEINE, DU -
LS OB B D < ERERAT OMEL B TET B
D, FOXEER ORI KD 5B,

P EoWsE,»s, KT, AREMEIZBT %R

FIRPUE SCRICIEH L 9 208 - SWE Pl T L DR
FERIT->TODS, HEk, KRRFOPE - SWE PHRZBIL T
13, X% EAKREOETE % B D) 72 € 7 )L Simulation
Model for Rice-Weather Relations (SIMRIW) 12k DU
EOTHOANAEIC L > T D, ZOETILVITHER
WETNTH 2720, FEEEIZ DN TIRE A%
WU ST X — 2 OWENRETHD. F72, T
MEAFERINEIZET 559 4 —21F, Yy R=AXK
EA VT4 HKROKA L2 ANE (HF 5, 2011),
JEEE L ~OL TR O RS rTREME R Il il 4 4 5
F&ANO@EMEDR Y. —F, KSR EED 5 €
TINL, EE OB BRSO #F LW TR & &
A7z, EEBGCIRESNSE T -2 () 12Ho<
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LT 5. KETFLOMIICKD, ApERREE, EPREE
EHRELNE - WEOBGRSHE SN, EEEH
RGO 2 R E LB TR 5 5 &
EZ5.

TUETMITRKD 5N BB L LTid, OEFEIY
TSI N2 K - DGR E > THHZE LI
o MEOBEM AR ERMETE 5, OFKHIZEW
TYHE SN BRETFT -4 DELE (E6D%) IZHL
THBRTH 5, QLFEH VKGR E X5 i - R
WCEBZEnFETFOoNS.

AT, R3O DA IR - WE T
WE T EER T 2 BED TR M Tkl LT, 2EH
INE = VR FETHEII K-t R g -2V (U
T, SVM) OFHMi %17 > 72. £, Directed Acyclic
Graph (BI'F, DAG) 12&D %2 5 2 ¥ % gz L
7= DAGSVM % HWT, HESLIFRORiADIRIER (5
FRFE, WEF v/ 5y T 1) BIOHEMEEE (1
FE14 Hup) Do ss (KU, HEH) 2256, X
KRB KB E VST BERRDS 4 — & Tl
FTEEFLEER L. 2512, MR LOY 7 b
v =V VI K BPCHE T O FHEREAE O FTA A W L T,
SVM O Vil 7 AR Tk & LT ORI EMET L
7=.

ENTE b S TR NG PRI PNE P NE = A T e
YR FE A B OINRKAEBIZIZI1E, KD & o8y
BERROSPICEL CTETH X E L. 2 2ICid
L CREHORAERLET.

OB K& Ok

1. 295 XY R—RTE2—7I—2DIBH

PR—- bRy 2= =Y (LLF, SVM) (3258
O 2N TH B, 7L, ¥ETF -2 25
U 72 i ROCH 22 1 ¢ 2 BE D Sy Bt V-1l % SR 5 Z
EiCkD, TTOT — 22T T B IR E &
REBZENTES, ZhizkD, BiMaBRsHT
588 =V OBEETRRIZLTWS, &6, v—
Vo (R & i R T T — & L O A RA(k
TR P ERD S Z LT, OB 2 HEB§ 5.
F 72, MBS kG WTF —2iI2o0nTiE, Y7L
V=YV LR A LD, IR TR EE
W EE5Z e CLRE OB TTRETH S, 22
T, 22007 5 AG1, GDOYBIE#EMERS 5 SVMD
FENL, BOHEEEO FLEEH WS &, DUN ORIt
RIS 5.

max{za__zza s xx,.>}

=1 j=1

n

s. 1. 2 a;y; =0, 1)

i=1

0<a,<C,

i=1,2,...,n

ZZT, CEEstchanT — 2125457
T A EWBTBNT A= & i JIREET -2 OFS
ERTIRATE, KIZHEET — 2 OERIT2EHE AN OGS
& LR A NREGE S A RIRFIC AT S o — 2OV BT
nld2EE T — 28, x ZEHER T -2 X2 bL, yild
15 LE—1DfE%E LD, ThZThFET -2
G, GZBTHZLART. aildT737 7Y 2K
THD, BEHT -2/ LTI 2H Y THh
5. %72, (1) Ow{LREINT2HE L TRES
@ BROKEFE®AFED. a) «=0D& %, xidBE
Fh B NERIZ B D Sy BRI O RERIZZF 5 L 28\ b)
0<ai<CODL E x FHLR &L Uik 2% 5
LTW3. Kk, ZOLEDxIZHE—- IRy x—-%
EN 3. ¢ ai=CDEXE, xIIWEIHEh T
BV, X510, KDz ah S PRIV B Bl b & F
By 5L, SVMICK2HlEERICEA 6N 5.

n
> yak(x, )50

n
zy/ajk(x,, x)+b<0

=1

2. Directed Acyclic Graph (Z & 2% 7 5 X1k
Directed Acyclic Graph (BI'F, DAG) #FW<T, 27
T 2D I THBESVME L 7 7 2O Y 5 &
(DAGSVM) 2§55k L 7= (Platt et al., 2000). DAGSVM
T, &2 CD2 7 2ADMARDHLETSVM EHEEL /2
#%, KLoRg Ry, ZESVM A HET 5
Thbb, BTOIIAFFTEERELT DY) X &1F
KL, 77 Zivs. jOHRIT, 7FZ;THrOEHRH
NEBEY A 25 j&2RAT 5. ZOFMEED K
L, wRIZKAHFS2EES 7 A& %%, DAGSVM
OFFULFHEEOIEMEIZ S 5 (PTEB, 2008). Zhid
K SVM MR T — 2 O—HCc¥E &m0, HHic
W% SYM & RS 4, sy 2 s ml s d sn /e
HTHB.
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:y not2

Classl Class2 Class3

() M oeids 7 2% 5%, KIGTNEY 5 2
FTHDY Z b AERT.

1 DAGIZX 20805

3. BT I A

ZEO T T Y X L IZIE, Sequential Minimal
Optimization (LL'F, SMO) (Platt, 1999) % i\ 7=.
KPHETIE2DODT 75 VY 2 el a M BIN L TE
REND W MEERED R UME, Rl %R 5.
Kb (1) KoHRSEEERI-HT % &
IEAR®O 6, @l rEP TR TH 5. 7o
55 213 Visual Basic 201012 &k 0 fi L 7=.

4. BIRICERLAET-—2ONERZE

JRATICEE L 227 — 203, fRRIE Ui 2B R (2009
), UNKRFRRFEME R (20094, 20104F),
SlEb K OFEM T (20104, 201145 2B WWTHE
Jiti U 7= ER 47 O AKRHEE (Wffie e A2 )) 1I2kD
Boh7zdDTh 5. KiLFEHEhOKES L OH
gt &%, X% # % E (HOBO Weather Stations,
ONSET COMPUTER) 12X 0 EHMIL 72, LRI,
ST ORI, EE O, SRR, R, 8
IO REFINC, BELICOWTIE, 4~ 108, %K
B K USPADEIZ DWW TIZ 10 ~ 20 Mk & & AT AKH T
ERIIL, SPYgil & SR 7. SPADMEIZ, ek (1986)
DWEEBEIZLT, HPOELPREL &5 EDH
2JERIE CBFIHOAIEYE) Oz n T, J
EiREIe# 2(RF (BAT AT % 3ERFKEE (SPAD
—502, I=HI /&) ICKDERIL, FfEE R
W7z PR ER L L OLKR T VS BEARIZD
WU, #2510k % FAID L Toaratkt e
U7z, aORHE MR, SO, 10 kO AFH
BEGHHILZ., 25612, 41 v XIWTO# (FC2K,
KATHEUERT) 12X 00 LAaEK%E, 1.85mm Dt
HEZ R, fif EORBFZREAERIL 2. WK,
K LR B OEHINZ T, KB AIE (WAVER IC—0,
TATF v o) O 0T, BEKEEZFEL,

AR G K A 135°C24 HF [ vk (2 B 2,
1996) IC& O #lE L. M LEOBERERE» S, Kilbk
X O, W, BHEG, TREONUEHKER %
R 7z, FEZORIE () 1220 TE, 2009 44 &
V201012 DWW T, IR EROM A 5 5E L
720 2011512 DWW THE, 60 BRDERX] D FiA I & D3R
W7 TROEHEFIZONTIR, KEKE 48R 70
~80°CCHMRMIZIER%, YA 2+ TLINL
(CSM-FI, UDY CORPORATION) 2 & b B L 7=
B A, BRI — i AR A (kils, 1991) (2
KD 1AEHC D 2 3MHITHML 72, fnT, 41V F
7 =/ — )% (Cataldo etal., 1974) 12 & 0 lbtaE %,
P AERE L. 22T, WREOREIZR, 54
RN (V-630, HASE) 2HW 4V
N BERRIIEREAFIC /8 BIRGELRE5.95
ERUDZEICEDRD = Kk, ThE INE %
VOSOBERRIE, BEEUEGKE (wet basis) T
15%DEIZHREL L 7=,

5. FRIETINMERBOEE T —4
THIXRTHBAWNEE X V372DV TE, T— 4
DL %355y L, /N X WIELIZ Low, Middle,
Highd®327 52 (82 —V) 120U (1), 77,
Z OB T — 2 ORI bIX, SVM &Hw=Pille s
DIERIZBE LB TH % & & 612, TFILOFHER
P, VHREROBROBEGMIZHFSGT LD TH 5.
88—V % THIT 570 OFMERIE, BEEOEDS:
DOWMFFREIIC D &, R2TRTEEN S A B TR
DN NLVTHER L 72, F2rho 4 L L—14
~—THEH IO —-7~+7HO HFEHRIRIE, Th
Zh, WBOKE S B IUOARRICEEL IETEEE
HThD (S, 1973). %5 ~30 HOHY-
KB KOO PHANRET Y 7V EREE L TEH]

TR - UINIET — 2O

& il (kg m™?) F— 28
Low 312-413(356) 16
Middle 413-515(455) 26
High 515-618(553) 5
LAV R ) A (%) F— 2%
Low 5.9-6.7(6.3) 23
Middle 6.7-7.5(7.1) 15
High 7.5-8.3(7.9) 9

(1) TN ORUEIL S & — v OVl % R



50 L N U

RK2 LR P OB

W%
R A YL L — 14 ~— 7 HO HEH KR
HREAFUEL U—7 ~+ 7 HO H A5
R 5 ~ 30 B B -4
BEf% 5 ~ 30 Hoo HF-¥ H 4t
HBEHA D m® 244 72 D) DRtk oD S KU
AR 20 H %D SPAD fiE
m® Y72 ) DR

&
s
g

N O O e W DN

IR R TRER - Ch 0, MAEOWE MRS,
1956 5 fEJH% - RE4E, 1976 ; #5148 5, 2006 ; Mt 5
2010) ZMBAMNHINT U CRENIM A DJuE L2 HWEE
O m® ¥4 72 0 ORFA D S RKIN E I & OHAY 20 H
%0 SPADfEIZ, W&, & V387128 E KIES Rk
DEBFELLXUERREREBOREL UTEEL .
Z 2T, MAROERBIIEIE, TARS (2006) DOHEE
AEHNT, B, 2K, SPADfE I L U XD FEH|
F—a 6RO F, B 20 H %O SPADE
12DV, BRE VSV EEAEL r=0.814D80
MBS S hTnws (##5,2010). m* & 72 D BT
INEF v /5y 7 1 OFEEE UCHMAERICIA 2. Y
LOBHERNZ PN - 2 Vo8 D5 (B
) EREMAGDET, WESZ = fERA, 2V
28088 — AR O 2 FEERD M 7 — 2 #ER L 7=,

6. FRAIEFILOFEREFEAE

KFEEFEIZ BN T, WE'%E%%W%IR?%M
YD RIERE LB 1T 7201213, RENLEE
AT —=VIZBWT, Eﬁkﬁ‘éqXE MBS T B
ERER, EE, REROEHOFMNEZHE 22T 54
EWnd B, SEERLZETF L, NEILIEO R A
DOWRER (HRRE, WEF v/ 307 4) RO
SR (R 14 Hilh) DIREOKRERED (KU, HE)
POWREB IR VINIEOISE = 5 THIT 58D
THD, REOFEMMEEE G RVA, FE L%
DBgIZoWT, g - EICHD T 24 F - BBl
EHONICTEILICETHEDTHS.
FTHEFLOERIZBNTE, T, £SVMD/S
FTA—=R B LUC%, leave-one-out 7 I ANV 5 —
Vg VORRIERIZEED EFRE L /2. 0 X SVM DRERK
CHOWADIFISR T 7 — 2V BREHE D/ 8T X — 4T
b5,

k(xi, x)) =exp(— o |l x;, x Il (3)

51T, BRESMH T TDAGSVM &AL, NEk &
Ca w8 OFUETNEMFER L. FUIETLOR
JE R I, leave-one-out 7 & Z/31) 7 — 3 3 v OH|H|
KIZX Do 7.

i 2

#312SVM 5 K U'DAGSVM OB &2 R§. Frh
@ Low vs. Middle, Low vs. High, Middle vs. High {Z,
INES LLIE2 v s 0 2RFHBI 8, DAGSVMIZ, 2
T2 A AR bE TR X 5 LN TH
%. DAGSVM D1, I HEA85.1%, &V I/3u
EHNT6.6%E K RIFTH 572 72, WPllEs
JZEWT, Low vs. Middle © SVM O IZEHEA >
7z, RAULCESVMICB 25T — 4oy K- pX
27 P DOHEIE AT, Low vs. Middle TH AR — kR~
PV DEIE AEN.

%3 SVM#H LU DAGSVM DHFIH (%)

I NG VAV A
Low vs. Middle 85.7 78.9
SVM Low vs. High 100.0 96.9
Middle vs. High 96.8 87.5
DAGSVM 85.1 76.6
(7)) SVM i 2 FEHIIH:, DAGSVM ik SVM 5 #f
BEND LRI TS 5.

R4 ¥EF—-2POYE—- PR PLOAE (%)

SVM I VAV A
Low vs. Middle 40.1 40.6
Low vs. High 25.0 19.7
Middle vs. High 23.1 36.1
% %

20 AN F =3 3 VIZE T BRI —
AhOHE— b X7 FPLOELTERAREZ NS
(FFE, 2008). ZHhiE, ¥ K- IRT MUK ST —
sk, SrEERTEEE ISAFAET B 728, s a AN
F—Ya VI, FETF -2 BN T 5 &, B
OREBICHEL, BUH XN REEL D556 Th
5.Ltwngf,Lmvm.Mmmeutﬂféﬁ%wM%(ﬁ
3) &, ¥E— I RZ PLOBEEOEE (F4) IR
THEEILNDS. Tz, Wi, 4 VS BEOK 4 —
Y PHIEFILD Low vs. Middle I\ THEIE A E X M
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BWEET =20, ThETN4.6% 7T.5%FHEL 7.
ZIZT, MNIA—2HFEL, 72 #5%EIHIES
Hiex AL T LEZ A, WIZHPIRIIICT L
72. &5, Low vs. Middle TiZV 7 bv—Y ik
2 PULRESI DFRREA G HERE L, FRERY o) 2R
ERoTWBREEZLN. —J, i SVM TId4
P T = A DRERHIE S T, K&
LT, fERETLOLKIEERIREE Y 7 by =
VICK B PULRE ORPEEE SRR S Mz, T T &
76, ZRORTOFEEZ T 5 KMOIE - WEO
THIE T MAERIC W T, SVMIZKEE & PULEE ST & R
FELS 255 FETh 5 2 LAVRIE S N7z,

%: Y

ARFGDOYR - BT 7L &R 5 B0 JEAR g
MTkE LT, RS — vk T Th 54K —
FRy g -2y (LIF, SVM) OFHliziT-72. %
9", Directed Acyclic Graph (LA'F, DAG) 2k %
27 Z Y5 & ATBEIC L 72 DAGSVM % T, Rk
Y (PR, W) s KOk s vosoBaa®E (BT,
aUNg) OI88 =V PHIET VAR L 2. ShlE
U ZZET L, IR ORAOIRER (E3RK
FE, WEF v 5V T 1) B XOFHELR (1R 14
Hiui) DO EE (K, HE) O7Z2K» 510
BELXOCA V32038 =V 2 TPHlT58DTH 5.
EFIMERICHII L 727 — 213, &R & i 2 B A
(20094F-), JuMI AR REERTE Y5 (2009 4F, 2010
M), Sk - R (20104, 20114F) 2BV THE
fiti U 7z ER A7 AR OK A (WREe 2 e ) 12k
BoNE=EDTHS. X512, SVMOTFHIEF AR
Fe Loz, ¥ELITY T v —-V Y
12 & BILRET O FEBERE DI 2> 5 MG L 7= Z Dl
BONEBLEO2 vy OHHIRIL, FhE R,
85.1%, 76.6% & WWIRINEIFCTh -7z, F7z, ¥
HEchanwesEs—21xLT, V7 hv—Y itk
BPALRE I DO BB AR L 72 Z & 2 FERR L 7=,
P LR 5, ZROEFOREL 2T 5 KD
O WEOTHEFUERIZH T, SVMIRREE &L
LR A RGE L2 A 5 FihTHE T LR S
7=.
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Summary

We evaluated the support vector machine (SVM), a supervised learning method used for pattern
recognition, as a fundamental analysis method for building prediction models of rice yield and quality.
First, prediction models of patterns regarding the yield and protein content of brown rice were built
using a directed acyclic graph SVM (DAGSVM), which is a multiclass classifier. These models predict
patterns of yield and protein content on the basis of seven variables, including the state of rice plant
after heading (nitrogen nutrition and yield capacity) and meteorological environment (air temperature
and solar radiation) after the late spikelet initiation stage (i.e., 14 days before heading). Data used for
building the models were obtained from surveys of 47 paddy fields conducted in 2009 in the village of
Hoshino, in 2009 and 2010 at the experimental farm of Kyushu University, and in 2010 in the cities of
Ttoshima and Fukuoka. The Hinohikari cultivar was grown in all the surveyed fields. Next, the validity
of the SVM as an analytical method for building prediction models was evaluated in terms of the
classification rate and an adjustment function of generalization. The classification rates of yield and
protein content were found to be relatively high, i.e., 85.1% and 76.6% , respectively. Further, it was
confirmed that an adjustment function of generalization with soft margin was effective in training the
data that were not linearly separated. The results indicated that SVM, with high accuracy and high
generalization performance, is an effective method for building prediction models of rice yield and

quality that are affected by various factors.

Key words: Prediction model, Protein content, Rice production, Support vector machine, Yield



