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Extraction of debris flows occurrence and non-occurrence rules using site survey data,

and slope stability analysis by SVM technique with virtual data

Abstract

Our country is in very harsh condition in terms of geography, geology and meteorology.
About 70% of the nation is occupied by mountains and steep hills. Earthquake and volcanoes
are active. Hurricanes and heavy rain often hit the land. Due to these land conditions, the risk of
sediment disasters such as mudflows and landslides is fairly high. In addition, as estate
development proceeds, the number of regions with high risk of sediment disasters is increasing.
In Japan, there are 1,000 cases of sediment disasters every year, and the number is incrementing.

Sediment disasters are mostly caused by heavy rain such as local downpour. 4th Assessment
Report by IPCC (Intergovernmental Panel on Climate Change) forecasts the frequency of heavy
rain will highly possibly increase in future. The Meteorological Agency of Japan forecasts the
increase of days with >200mm daily precipitation in most regions, and that maximum daily
precipitation to be 1.1-1.3 times in 100 years, compared with current situation. That will make
the risk of sediment disaster even higher. It is estimated that more than 520,000 places are at
high risk of serious sediment-related disasters, only around 20% of the countermeasure
constructions has been executed for all the required constructions. In addition to applying strong
countermeasures (sediment control dams or concrete retaining walls), light countermeasures
(education of residents to dangers of sediment-related disasters, regulations on land use, or
development of warning and evacuation system) are important and necessary.

It is important to identify the occurrence factors for highly possible non-linear
sediment-related disasters in order to conduct effective disaster prevention. If the occurrence
factors can be identified and dangerous locations can be clearly classified, locations where to
construct countermeasure structures and to conduct intensive investigations - all of which can be
extracted to make preventive measures more effective. Although fundamental data, such as
national surveys have been accumulated, relationships among those factors regarding the
disaster occurrence are not clarified and the designations of hazardous locations are often based
on occurrence records or personal judgment of engineers. Although it is very effective for
disaster prevention planning to comprehend the cause and characteristics of sediment disasters,
it is difficult to investigate and assess every one of them in detail. Therefore, in order to
establish efficient disaster prevention plan, it is important to exploit existing survey and data,
and comprehend the possible conditions of disaster in concerned area. Furthermore,
optimization of maintenance and management cost is required, by conducting preventive
maintenance as much as possible rather than costly maintenance and repair after disaster. Thus,

if we can comprehend the existence and/or progress of the abnormality of slopes, it would



highly contribute to the optimization of initiatives, because it will enable us to prioritize the
region to be investigated before actual disaster.

The method to extract the slopes at risk could be classified into 3 criteria: scoring, statistical
processing and dynamics analysis. Statistical processing can be an objective method due to the
exclusion of judgment by experts. Many efforts for improvement have been made such as
assessment by quantification theory or neural network. Recently, SVM (Support Vector
Machine), a kind of pattern classification method, is proposed as a new tool for statistical
processing method. However, since SVM generates the assessment criteria from the
characteristics of the database (distribution, density and/or ratio of teach values), statistical
reliability may be compromised when learning data for the analysis is insufficient. Therefore,
we need to compensate for the insufficient learning data in an effective and objective way in
order to evaluate the risk with versatility. Risk assessment with SVM could be more effective
method if we can establish a method with which we can reasonably estimate the risk with fewer
data. An attempt was made to propose a method of analysis using virtual data as a way of
complementing such scarcity of training data.

On the other hand, construction of hardware countermeasures is an effective way to prevent
slope disasters. However, construction of countermeasures involving civil engineering is very
often delayed because of budget constraint, since there are so many slopes that need such
countermeasures. Considering the current situation, it would be a good solution to save cost and
time if we can select an optimal countermeasure from options of construction methods with
various purpose and function, by exploiting existing data to grasp the risk of each slope.

This study investigated the 3 problems associated with statistical processing as shown above.
The outcome of this study will be: sufficient use of existing research reports, effective and
objective way of interpolating insufficient learning data, and a proposal of decision flow to
choose the countermeasure construction method. It was found that each outcome is comparable
with the existing reports and in agreement with the knowledge of engineers working at actual
local sites. Considering all these, we believe those outcomes are highly effective and practical

for actual prevention projects for slope disasters.
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HEZRET D ECIEEFEMRFAEC LV EREBRGEOKEA N =R L EHEIHT L
F0b, BEFORET — X 2 HNER L, MEMskicBT 2 KERESEZERET L Z
ENEETHDLEZEZOLND.

ZOX ORI T OEFEOR Y AD—oE LT, TVER VEAVTHLEFE
FERPOHMH LT — & LiREOKEEF O LWBEBHSGICHET HEEER R
A IERADHBINE (LLT, v—) SORBRE S HFEMRE IS 5.
ZOHFRTYH, MRS NIhA 2 'RE EZRACEERSNZIT) & & BIZ, V—/LHE
DR TB L O — L OMETEITH Z 8L -, BBICHT OIBELZTEE LN
MAEOBE WV — LV E T2 FEEZREL CBY, B S7T4E 7 A 23 BORIGERIC
B EAHRKEEL NG L LIERFEIT-oTW5. £, B 137 7EAIC X v
HENDL—VEHEMHIT 52 L2 B, £7, EWKEORAE LIERELVHET S
ETEEL DT 4 UT, REFT—F) 2V R— b7 Z—~ Y (LIF, SVM)
Lo THIHLTWD. 2L T, HERERT—FAHWTT 7EAICL D L— L2 HIH
THEWVW)FELZREL TS, ERITF6 A 29 RICHEELTERERELRE L
BENCBWT, L= EZ2MEl sS85 & &b, L—/LOPLHAMEZBEEIZE 2 b FIC
M ESE5Z LKL TND.

L Ly s, 2o OBEEMZE D%, KERAICBEEESEVEEX Dol
BT — 428D THLEFAENSCBSE L, Zhz2FfH L Or—1 o3 Thitiz b T
bbH. —HT, RERAELOBEEIZOWTOFEMARISRIIITOh TV Rnboo, BEF
DFET — 2 & LTI - B 7 — % 287 L - T aimAEBER v 7 (LUF,
BEFEHNT) BDEBIGERIZED LD EEHOLNTVWD. ZNHEEFEA VT IZREEH IN T
WD LD e fRE I T - HUE T — 2 0O BEAERSE VY ERIBREORKELZF LI L—L
AT S 2 LN TENR, BHICHERHIBIC T 2 KERABREFTLIFET D2 &
WHREE 2%, ZHUC KD, FRMKENEZ >7mER THh- Th, BEMAMRmMEIC X
LT — X OHFHEENER S, BEEA VT RO ORET — 4 2V CROZER A
MNRET HRHETEICHTET L2 N TE, REIOZE[M CTOWELBEBTEXLL0
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FREOKEEZRET 52 ENERSh .

2.2 JL—ILHMHEFE

2.2.1 BEHIZAWSIIL—ILMEFE

T 7HEEERWT L LI, FOBRBICEBW TSRO T —F X—2 05 5
A ERAEL BT DO ERBEEERAET 2 L WO MEEFE L TR, Zh
SOEREZAMAEDOED Z LT, ERORERSEZ FFHAICHHATE 2RE R/ — /1%
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EHPNRR AR BN 5 2 & CHATROFAE, IEHET —¥ % 16 EOFEBKIZHEI L
Wiz R L CTW5. STEP3 Tl HATOFA, FERAEOHRBIMEL X0 AREICHETT 5 =
EMTEL., M2-1 ICBWTER 1 NERE] BLOER 2 HEYREKRARL] 0 2 >0
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O ze7—# HEF—5VD1 -
b 5 1 %

Ya : YA X1, Ymax Xmax, Ymax f
.................. ‘ BRI et “ c 1 4 | &2
?:lij “ iz d 5 3 | =%
IE g @ J'. o }% e 5 5 | &%
& | o o) o & f 3 6 |2
©) b g 4 4 |
® Py NERERRE
® ©) | i 7 5 | falg
J 6 7 | &g
>>>>>>> Eilj\ﬁg "-""@»»_»"""":— T R k 4 8 Eﬁﬁ
HEOHE X REFT—5VD1 SIED A X RME | N

Xmin, Ymin VD1
R
3-4 {R¥FET—4% VD1 #iH

WIZ, SVM ZFIH L TIRAET — & VD1 22D oyBEm A #8451, Zhz AV Tmo%
BT —4% (34 @) OFHEEITO. ZOSBEEIX, AR - BRI DENE VT
—ZTHDHI LMD, RAOT —ZITRT HEAMEN &S BEE A EERTREE Z 2 b
5. ZOHEEIZ L DFHERERN D, f) DENRK  RANERDT =5 (BRLLE -
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R EFMM ST —%) 2HET5. 2507 —XIXEET —% VDI TRV CHE
EOBWT —HBEEZDIENTES, ZOMHEINTT— ¥ 2R 3-5 1RT X
VD1 TEDLT —AHEOR bR - £4 (F/ME - HKME) &7 58 BICRET 2

(I ZREBT—20 TR L) . BESNT —Z bEhd & RERICHEE DR
T=HThDHI LN, RMOT—2 T 2@HAELER S Z LTy, £, To
T B R 2 DR B OREFERF ISR SN D T2, B2 - fERICKT T 2 WA )
E¥abnlEZOND. 2T, INERET—Z VD2 &7 5. ZOFITIE2 &
DT —2 026 4 JOFRET —Z BERINTND (X 3-5).

BT —# VDI BL OV VD2 Z AW CoBim B #M2E L, (KT — 2 BEAOA
UPFNAT =2 DL, RIET—% VD2 ORERTHEA LT — % 2RO CEHMET 5.
BOM)OERRR - B/ D7 =22 L, FBEROKEK - R/IMED T 587 -
BT 5. Zha{ET —% VD3 L9 5%. X 3-6 OFITIX, BT —4% VDI & VD2
D 6 AT —2 VD3 28 4 fHEm s, & 10 EORMET —Z NAERSHLTVD (K
3-6). 728, VD3 i, VDI {EREFICISIT D XEAMOR/IMETHD. Z D= VDI O
fEEloT —2 LRICT—2nBMansZ L s,

@ =r7—=

k387 —4VD1

Ya : Xma)g, Ymax
% No. | T B | v
P VD1 1 1 | RE
& VD1 8 8 | &g
VD2 (a) 3 1 | &%
VD2(a) 1 2 | &%
vD2(j) 6 8 | fak&
________________ VD2 (j) 8 7 | BIR

FET—SVD1  amomm X _ HEODE X
Xmin, Ymin B {REF—42VD2

3-6 RET—2 VD1 IZKA7BEE A L{RET—% VD2 $#iH
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@ srr—=

{87 —5VD!1 O %2745  mEr—svDs No. |BE | BS |y
YA Xmax, Ymax YA : X y
| 1 VD1 1 1| =2
1 W
iz ineli VD1 8 8 | fakR
g i vD2(a) | 3 s
E & VD2(a) 1 2 | =
VD2 (j) 6 8 | &z
|::> VD2 (j) 8 7 | &g
VD2(c) 1 1 | =%
VD2(c) 1 4 | &
‘ . — ‘ VD2 (i) 7 8 | &%
{&E;—QVD'] ﬁ:lﬁO)’jEE X . r‘HEG)’QEE X VD2 (i 8
Xmin, Ymin B {REF—4VD3 0) 5 | fam

3-6 RET—% VD1, 212k 5 0BkME B &{RET—4% VD3 it

@ T4
O =e7—~%

Xmax, Ymax

<
<

O
L5

=S

MED
MED

S
Cd

Xmin, Ymin SEOE X Xmin, Ymin MEDRER X

3-1 RET—42%iEM - BE LUV

RIERZREE ATV, (KRBT — X ZJEVGEM - BB LTV, 272 L, Zo@ETK
3-7 DL D ICfERE - REDOFER (HEE) & oBERIC L D/R (fooFs) BNES LR
WIEENAET D, ZOLXD7GE, (BT —20EMN - BRZITORVWbLDET 5. )
BT —Z OEBIZOWNWTIX, BHEFIERT — 2 DB RLETERIVIETHO LT 5,
fElR - BREDELLN—FDOT—2REL, BFFLRDHTLICXY, BHEPMETT
HITENBEEINTZ. 2O, BIHEN 100%ORESIZE T 2800 - B E T2 AE
F—4 L LTCHEALRE. 2k, RETHWZHMEZ AT 2K THED 34 EFoT —
2 Extgl LTIz T, X 3-7 0EBINR SN DERT — 2 NE2ANCEE S
NHFERN 1 EFr, BB L 2R ROET2 16 BB OB - BETA U0,
15 ERr o7 — & % A,

Z2ICHIHR R, SBEEIC L 5T —F OGBEIRN T, BEfEE L TEALITWD
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fali « BEOERZIHH LT (BE) LieTr—20EE&E2RrTHEETCHY, XG-11)T
EZEIND.

BT — 2 %

274

By = 3-11)

3.5 RET—4ZRAV-BEIREOCEE
3.5.1 NFA—Z D&

SVM D53 %47 9 BRICIE, B2 T 21T 9 129D DR T A — 2 DN UETH L.
Y7 == ED SVM T, BERIOEEWERET L C LAV T U I—RLD
AR (F— X DOEEE) ThHrD2HODNRTA—FERETHINENDS.

RE, NT A =X OREEE, SBEE [ H 5 VIEOBEE O TT 5 FERBZ LD, i
FHix, SR IN 2 VWHHET — % CERSNESHR TH Y, IR TOMEEZRN T
HIUE 3T EHTORTERIET 22 ENAEETHD. LrLans, %BETIE, ARLT
Do HFET — % TER SN DB m CThH D Z D, MR TR WEFTORNET —#
TN D L fERIe AR A e LRI T A RTREEN H D, Z DT, XL 2WERT
ORET — ¥ ZRATES, IARINH Y, HrOHEMELZET D 34 @ATORIET — ¥
DHOFEL 72D, ZHNK DT A =2 OEEE, FRERRYBIET —# 28O L, &
AEDOBEZED DL & L HIT, BT —2OENZEE 2, bPhnwr—2%2b &, LV
Z ORERNEZHERTLHZENTELDBR I ZHND2b0ET 5.

LLEDEMBD L &, RBETHW NG A—21%, hofF3e 2 X v LIED K\ ¢ =0.001,
0.01, 0.1, 1, 10, 100, 1000 ® 7 7 —A, r=0.5, 1, 2, 3, 5, 10, 20, 30, 50 D 9 /r
—ADF 63— A TRIET — % ORIHICIEIT 537 A =X OEFt 1T o 72,

RT A —HOBFITCIE, FAET — & OB - BEOEIEL L PRI L W REET .

BT A=ZIIBTHHFRTIE, (€, r) = (01, 1), (0.1, 2) IZBWTRHHIH
ENRBWVER Lo TVD (K 3-3(a)).

INBIZOWTERT —# L BT — X IZHEL, TNENORNRRLERT L5 LR
33b)BLVOE33(CDEBY Lirb.

ELOLOEHE GHAREEZETH3TEOT—2D 5 H36EEHFEIELZ L NAFET
Hot-. LinL, (C, r) = (01, 1) TiE, &7 —ZIZx L THFRR 100.0%Th
L, fERT — X IR DR RN 75.0%E o TV D, ZaucxktL (€, ) = (0.1,
2) T, BET—ZIZx L THIFRN 97.0%Th D0, fEMRT —ZICxtd DB RN
100.0% & 72> TV, iED &Y, G- ZenFEL TV O REHERT L,
AIE MR Z R L TV D DICHITRERNLZE2ME VI FEERT LG L ZOHD
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BAEVNHERINT. BIEDBHE, GREHBSNIREPELZFBEB I L TWDLZ LTk
L7720, FIRRNEL THOARO B TH AREKEY 27 5HSOLEMFE & LTl
HFELL 20,

F3-3(@) IR -RET-FEKIIHT HHMPER

C
0.001 0.01 0.1 1 10 100 1000
0.5 89.2%| 89.2%| 91.9%] 91.9%| 91.9%| 91.9%| 91.9%
I 89.2%| 89.2%| 97.3%| 94.6%| 94.6%| 94.6%| 94.6%
2| 89.2%| 89.2%| 97.3%| 91.9%| 91.9%]| 91.9%| 91.9%
3]  89.2%] 89.2%| 89.2%| 86.5%| 86.5%)] 86.5%| 86.5%
4] 89.2%| 89.2%| 89.2%| 86.5%| 86.5%]| 86.5%| 86.5%
r 5| 89.2%) 89.2%| 89.2%| 81.1%| 86.5%| 86.5%] 86.5%
10[  89.2%]| 89.2%| 89.2%]| 94.6%| 86.5%| 86.5%| 86.5%
20  89.2%]| 89.2%| 89.2%| 89.2%| 81.1%] 86.5%| 86.5%
30 89.2%) 89.2%| 89.2%| 89.2%| 94.6%| 86.5%]| 86.5%
40|  89.2%| 89.2%| 89.2%| 89.2%| 89.2%]| 86.5%| 86.5%
50 89.2%| 89.2%| 89.2%| 89.2%| 89.2%| 81.1%| 86.5%

£3-3b) RBERT—ZIIHT HHIRER

C
0.001 0.01 0.1 1 10 100 1000
0.5 0.0% 0.0%[ 25.0%| 25.0%| 25.0%] 25.0%| 25.0%
1 0.0% 0.0%[ 75.0%| 50.0%| 50.0%]| 50.0%| 50.0%
2 0.0% 0.0%] 100.0%] 100.0%| 100.0%] 100.0%| 100.0%
3 0.0% 0.0% 0.0% 100.0%] 100.0%| 100.0%]| 100.0%
4 0.0% 0.0% 0.0% 100.0%] 100.0%| 100.0%]| 100.0%
r 5 0.0% 0.0% 0.0% 100.0%] 100.0%| 100.0%]| 100.0%
10 0.0% 0.0% 0.0%  50.0%]| 100.0%| 100.0%]| 100.0%
20 0.0% 0.0% 0.0% 0.0%| 100.0%] 100.0%| 100.0%
30 0.0% 0.0% 0.0% 0.0%} 75.0%! 100.0%! 100.0%
40 0.0% 0.0% 0.0% 0.0% 0.0%| 100.0%! 100.0%
50 0.0% 0.0% 0.0% 0.0% 0.0%] 100.0%! 100.0%

£3-3(c) RET—HIIHT HHRE

C
0.001 0.01 0.1 1 10 100 1000
0.5] 100.0%: 100.0%: 100.0%: 100.0%: 100.0%; 100.0%: 100.0%
I{ 100.0%; 100.0%| 100.0%]| 100.0%i 100.0%] 100.0%i 100.0%
2] 100.0%i 100.0%;i 97.0%  90.9%i 90.9%i 90.9%i 90.9%
3] 100.0%; 100.0%: 100.0%  84.8%: 84.8%;: 84.8%: 84.8%
41 100.0%: 100.0%;: 100.0%  84.8%: 84.8%; 84.8%: 84.8%
r 5] 100.0%: 100.0%: 100.0%; 78.8%: 84.8%; 84.8%: 84.8%
10[ 100.0%! 100.0%. 100.0%! 100.0%! 84.8%! 84.8%! 84.8%
20[ 100.0% 100.0% 100.0% 100.0%; 78.8%| 84.8%| 84.8%
30] 100.0%; 100.0% 100.0% 100.0%;i 97.0% 84.8%; 84.8%
40| 100.0%;: 100.0% 100.0%; 100.0%;: 100.0%; 84.8%; 84.8%
50{ 100.0%{ 100.0%i 100.0% 100.0%i 100.0%| 78.8%i 84.8%
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Z 2T, RETIE, fBRT —ZICT 28R 100.0%E 78537 A—Z DG
bEDOL, #7210 T 50T ENPRbELS 2D (C, r) = (0.1, 2) ZKi#ER
WNIA—=FEy N LTERATAHAZEELE.

—J, &NT A =BT AT — X OB - BEOERIL, C & rIi2E5T 3[E

EWIHIER L2 oTo. FRERIRY (BT — X &M - BT A LTk, FETF—X
DEML, LVBEORWSBEROBENFRE CTH L EHRESN DS, Z0ORIC20T
ERIIER INR T,

3.5.2 fElRENETEMRR

AIE CORFI TR LN RE /T A —ZZ AV, SVUMIZ X2 fEBEREL EhiL7-.

felg B B O FNEITBEA TR VIC e, BTEERE & X PR TR A k- BT, mEH
bvAEREZESHT O L L.

(1) BERKRE fx)1 OFi

F 32 \RTERNED 6 BRFORET —F Do b, BE - EROAEMEZET 53 &
AT (fEke 1 @, Ze2 @) 07— %AV TCEBEGRRE fix] Otz To7. F
MR & 72 5 D BEE O A RKIIXEET — 2 2R AT 2 b0 L L, 22 CiE ki3 &EfFTo
T —Z 06 11 HAOFH LT —ZIC K0 falk 128 (=VD1 : 1+ZEHE : 11X5E00 - B
BRI 1), Z©4 238 (=VDI : 1+EERE : 11800 - B : 2) ORIET — & &4k
LC, ZHICKk Y EMmAs B [ 285 Lz, Zo0BE <37 BosmE (£ 62 Eog
HT—X09 LEIMEZETLT7 7 1 EMOT—X, 2720, AEIOHLLOLE
te) 12O\, BEARELZRE LLBRLK 3-8 1RT. BIEAREIL R IOE
B LN CHIE - B SIS T 2RIEOBRELZHE L TWAHZ & THY, il

30 A 100%
R / - 90%
25 T cake A/ L 30%

m__-ﬂ-ﬁ@ﬁ%ﬁ@%ﬁ / - 70%
] - 60%

15 50%
] // - 40%
10 // L 30%
s - 20%
/ ._‘ - 10%

: .

ERTE

ERGEERTDEIE (%)

0 A . A 0%
e o® A 0°
48 \\ \&L \*\ '\,L
0”7 kv L5 B\
07 097

Ax)1

X 3-8 BEGKELSMEOEKOETE L DR
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HIEDRFF> T D fEREEZRH L TV D,

(2) HEIMR FOFFES L UVRERIRE FODOEE

IETESEIRE I X 2 3F-IE, ASRZE OHUENH L T2 HIFE - B STk LT3R T
DHEIZ»DDLT, FREOHEREZEELIZLDOTHS. —JF, MRILNT TITHE
TENTWAEATCIE, ZOREEME L TIHEORREZFR L T b oL
EZ OIS, RETIIBEAE S A2 2512, K 32 IR TS TR TR &2 51 L7-.

62 EATDEERT —HX D oL, MELNH TSN, N OBEMELFET 5 34 EORET
—& (fEl% 3 &, 24231 &) NOEET —Z OB - BERFEEZ 15 EORE T
— % (fak& 2 &EFT, &4 13 &P 2V T SVM IZ L 29217V, Bk 1T % 4L
Lz, ZZ CTHLIEBEAREOFMmE L FRIC, AT —¥ 2RV aimEic kv B
15 EFTOIET —2 06 NIEEOFEILT —Z I X0 fEk 23 8 (=VDI1 @ +ZEEH : 11X
BN - R 2), A 166 (=VDI : 1+ZEREC: 11800 - B : 15) OfAET
— X EER LT, B 2R

34 EOT =X D fo)l & fx)2, BLOZENOLLEHINZNR IR E LREER
EFx)DEDH b, MERRENMEWVIERICIE 2, b 10 BH £ CTE2EHL
TAERAER 34T, £, TES EITHRAERE &G - ZEDOHEHE & OREfR
BLOERAREFOEIE GELT 58T —F20 ) bLERT — 2 NEEN5E18) ik
L72b D% 3-9 (2R T.

SR LR AN L= EERE & falR - ZROHEMEORRIT, X 39 0Lkv,
WEBERENBEORS, BEMENERE 22 bO0FEN EF L, EEOEE,
ENZEIZRS>TWDLOREML TS, £72, MPREZHERT S &, fakRpimEm
TIEL 75% (3/4) & EEERAGITIR VLAY, ZafE TlL 97% (32/33) & 720, RErZRagH
RN 95% (35/37) LEWHEELZA LTS, 20K ) ICHEMIC BRFREAMENRD
SNG. ZNHDOHTHELNE L SN TVARN D LREERENE Gk L i sh
TW% ID60 & ID61 TR THENBO LN TE LT (E=0), FEiiI TV D3R
TOMRESLCTENBERIICAHEL TCWRNWIEEZTRBL TS LD LR TE 5. =
WO DBEFTZ DWW THRIE A LT I bER EFHE SN 2 BRZ R T 2 &, xR T T
SNTWRWRHE EFICH DN EERFANEA Tho7c. ZAUCK L THELKEIZ L
DEEINTWDIRLORRZMHRT D&, TROIMEDT-DOFET THY, AR
T.oOBHBRIEZERICT 5 O TIH LW T &R ST,

MRLPFEL SN TWRWHRIE T, fARENR SRS REZRT IDI2 X, #Ehv
THIORTREICLVERT 2L, MAEGHENEZELME THY, RS L2
DOFESFENIBARDFERR S0, A EITL TWD. 2o, IR TOMITARD Hi
TWaRIE CTh-o7e.

—7, BEMENAE TH VAR EFHH SN D XE ID2 B LVID8 IZO\ T, ID2 Tl

3-17



WEBRENEME 1T Z 013E<, BABRED EALICET 52 s, A
Wl OFHBICET 2 b0 LMW c& 5. IDS TITRAGMRENAME & XV 2 0 12iE<,
SRLOMENMENEHTED. Zhoa/REmh L TIC X VEERT 5 &, ID2 T,
EHREOIETBIORMELZ VDT T v 7 PRSI, BB LD TNEROER &
o TND. MTHEIC LY MR TAFERT D &, E%ﬁ#%ﬁ%ﬁizﬁwﬁ%/wwf%
o7z, F7z, ID8 TIL ML DFREEHC R L ER 172 b NI HROBIAR, R0 235
SN, HURBOT AN DBNBEINLHIFETHDH. BTHEICE D XRLAHERT S &,
RERGOHERE T CTh o7,

K34 BEAERKRE, MNRIDRESIUVREERE
RET—2ZFEALEEE)

EE| D BERKRE MERIDR |HRABKRE | 8@\
Si1(x) Sf2(x) E=f2(x)-f1(x) F(x) RN

w12 -0.5887 — — -0.5887 | fEpR
# | 60 -0.0136 -0.3266 0.0000 -0.0136 | fEi%
gg 8 -0.1611 -0.0062 0.1549 -0.0062 | fEf
o |6l -0.0061 -0.0238 0.0000 -0.0061 | Z4
=] 55 0.0549 0.3915 0.3366 0.3915 | 724>
E( 52 0.1731 0.3923 0.2192 0.3923 | %4
& |3 0.0258 0.3965 0.3707 0.3965 | Z4
g | 24 0.2506 0.4979 0.2473 0.4979 | 224>
25 2 -0.1696 0.5085 0.6782 0.5085 | fafé
il 0.0029 0.6040 0.6010 0.6040 | %24
w 20 0.6486 1.0347 0.3861 1.0347 | %4
# | 21 0.6486 1.0347 0.3861 1.0347 | 24
gﬁ'& 22 0.6486 1.0347 0.3861 1.0347 | 24
o |27 0.6486 1.0347 0.3861 1.0347 | 224
= | 31 1.0000 1.0816 0.0816 1.0816 | 4
E( 34 1.0000 1.0816 0.0816 1.0816 | 24>
® |36 1.0000 1.0816 0.0816 1.0816 | Z4
g 6 0.8320 1.0984 0.2664 1.0984 | %24
22 15 0.8320 1.0984 0.2664 1.0984 | Z24>
= ["p 0.8320 1.0984 0.2664 1.0984 | 224

)RR TR ES DAL, E=0&75.
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30 A 100%

— / L o0%
25 T Co%k: / L 0%
x
20 L ——BROEE K - 70% 4vu
- 60% B
3 / &
= 15 — 50%
i =
-M%ﬁ
10 / - 30% &
L 209% ©

- 10%
A~ m
0 '—A‘—I—/- n\A . -_| — 0%

F(x)

X3-9 #HERRELMEOTIROETE L DRER
RET—42ZEALEES)

Q) RET—2ZRAVLGVVEEDRIKREEEHR

RAET — % OFEE AT, DBE [ BLOI 2R, GREOFEEZITo72. £
DFERZFR 3-5 B LUX 3-10 127

FHmAE SRIE, £ 3-5 BLOK 3-10 IR T &0, MEBREOHF R, AEAE
B CIE 100% (4/4), 2 T 97% (32/33) £ 720, AHIZ2EIFR RN 97% (36/37)
CAET — & L RS AMO RSN, L, BEARE AR T L, S
Wi 4 L3 &N 5 ID52, ID55, ID61 ICBWCERROFEMm L 220, RET —XIZk
DAED FINEBSDOZERITKT LEAMENE . ZAUCITIBTEERE 2 KD 5 - DFE T
— A MIEATE DN D, SEEEARRAEMEZTAE LRV EL D Bk E R0, Kk
D BT H 2 xtG s o> o ORI SE BRI 0O @ OME T & 22RO @ O E T A 5L FE A
TETCWRWZ ERBaIn., ZhdEy, (RETFT—Z 2RV WEE, FE87 — 2
WD & TIART — # D F BT, BEOEEMEICEL DR L ol LT
L.

D Z e, RET —ZICES L G RE O ET — Z 3l L TR 72 FIE
THDHI EDHALT.
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%35 BERGKRE, MEIMEBIUVREGIKRE
(RET—2%FEALELES)
EZ| D BIELIRE HMERINE |HREerBRE| &@F
S1(x) Jf2(x) E=f2(x)-f1(x) F(x) BN
w12 -1.0079 — — -1.0079 | fERs
# | 2 -0.7238 | -0.8906 0.0000 -0.7238 | fak
;g 60 -0.1862 |  -1.0000 0.0000 -0.1862 | fapk
S |6l -0.1862 |  -0.5775 0.0000 -0.1862 | 724
& | 8 -0.4843 | -0.0467 0.4376 -0.0467 | 15k
Eg 55 -0.0806 0.0980 0.1786 0.0980 | %24
® |57 0.1455 0.2833 0.1378 0.2833 | %424
g 7 0.7069 — — 0.7069 | %4>
& 138 0.7478|  — — 0.7478 | “e4
> | 5 -0.0989 0.8314 0.9303 0.8314| %4
w 17 0.4618 1.0213 0.5595 1.0213 | %4
# | 18 0.4618 1.0213 0.5595 1.0213 | 724
gg 20 0.4618 1.0213 0.5595 1.0213 | %24
S | 58 0.6470 1.0625 0.4155 1.0625 | 724
# | 6 0.7223 1.0843 0.3620 1.0843 | 724
F; 15 0.7223 1.0843 0.3620 1.0843 | 224
gg ) 0.7223 1.0843 0.3620 1.0843 | %24
B | 48 0.4171 1.1105 0.6934 1.1105 | 724
gg 29 0.2272 1.2013 0.9740 12013 | 724
¥ 140 0.3739 1.2298 0.8558 12208 | %24
) 55 TR ES0DEAE, E=08T5.
30 A 100%
—r / | 0%
25 Hoxe 7 g0
~ S
2o | | EBosA / 7%
= - / - 60% {g
= 15 — 50% o
i@ [[=2
/ - 40% i
10 / L s0% g
s L 20 &
- 10%
0 A A f[]. Il_j — 0%
A 5 0 5
28 2807 A\*\LO 4?\*\4 o .
0 07 0° V5
F(x)
X 3-10 #HEEIKRELMEmOETIROETHEEDRBFR

RBT—2 ZEALEMES)

3-20




4) HEmfEZE =70 25 fMEOFHE

WIS, RABT — 2 N HRO =58 1 BX O 2588 L CAEZEO ORISR OT — 4 O
O LEEMEZ R 72 o727 v 7 MICEE T 5 25 EETORAE (ZRITHEL TV DR,
AT 20, b LUTEITHER TR TH L b D) OFElAIT o7z, ZDOREREZ K 3-6

IZRT.

*3-6 HENEZF-LGV2DME (T 0) OFE

D BEGKRE HEIMR | RERBIKRE
Ji1(x) f2(x) E~f2(x )/ 1(x) Fx)
14 -0.2101 — — -0.2101
44 -0.1607 -0.1223 0.0384 -0.1223
56 -0.0819 -0.2836 0.0000 -0.0819
13 -0.0649 — — -0.0649
62 -0.0192 -0.0290 0.0000 -0.0192
45 0.0161 0.1167 0.1006 0.1167
43 0.1345 -0.1304 0.0000 0.1345
49 0.1794 0.1408 0.0000 0.1794
54 0.1044 0.2138 0.1095 0.2138
51 0.0478 0.2930 0.2451 0.2930
19 0.3111 — — 0.3111
53 0.1812 0.3644 0.1832 0.3644
16 -0.2510 0.3770 0.6280 0.3770
10 -0.2310 0.4817 0.7128 0.4817
47 0.1842 0.4880 0.3038 0.4880
1 -0.1486 0.5330 0.6816 0.5330
41 0.0227 0.5700 0.5473 0.5700
9 0.1019 0.6783 0.5764 0.6783
11 0.1019 0.6783 0.5764 0.6783
46 0.4568 0.7698 0.3130 0.7698
23 0.2750 0.7757 0.5007 0.7757
4 0.2996 0.8156 0.5160 0.8156
39 0.6291 0.9030 0.2739 0.9030
37 0.3066 0.9035 0.5969 0.9035
35 1.0000 1.0816 0.0816 1.0816
) R LR ES 005 E1L, F=0LT5

25 RED O L, fEREHITESNEEINLS BT ch Y, LaedHESNZERTIT 20
EATCh oo, FHEFE R AR T 2 2 & & BRICRENOREFTIC OV CEHIFHE 21772
S, BHFAEERO S 6, ®ERLAM LI TV bERR & HE Iz IDS6 (&
KEETERNR), RECHW SN D35S (~y K& v 7 rERE) BIXORAeERE
F)3 R RME & 72 o 72 IDS4 (BUKESTEERE) ZHhH L7z, £ ehickir 2#m
FREED /N2 — 0%, EROET (ID56), AEHEEDAEE (ID35), #5A (ID54) 723&
ESH, ZHCHEWEHEENEET LI ENEX LN, £, LI TWDHRERT
X, EICHBET TH Y, MiskO EFHDVIITHICERT b, EAKC~y KX 70
IHEROFREZ BOE LTV 5. FAEREOMEZ U TIORT.
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ID56 1%, REANTICEDE, a7V — MERET LR ABETLA LI TND
EFTCTHLHN, fARLFMINEFRTHDH. FEI-1DLEBY, FHRICIIFEDO LE
VB OREA TV DRI FER S, BEET D IRIC b oo TRl Th o 72 F 72,
THHOBR T, B L COABIAROWE AR L 2o TNDH I LD, ZHIIXZH
NTWDHHDEHER SN, FAELNE, BABETICERIZIZRLS, BRBZH LT
BRNZEDPERINTWD DD, HHOE TITH L TEBEFED 27 Y — MR T 0%
FB5IE T CIER S R EE & HE S IR ICfERR R & B X bz, 2LV oiric &
2 AR A R T 2 & T T

! EABIARIC S 1h

] fJ\fJ\O‘CL‘éﬁR

FE3-1 ID56 ok (BIRG&ERA)

ID35 1L, FFICZ R LTSN RE THDH. BE 32 D LBV, REEENHESHIT,
RREE U 7- & FTIE, A FERREE OE D72 TS T 5. AR &0 D IRE L4 & FIRLC
BURIZBW T HERDB 2L 20 b 0 LHERI S 11 5. BLHNR G & T & J8 B A FE R
EESDICHAESED L9 RBRN WD, BIRICZEES KD S FTREEITEN b O
EHHND.
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FHE3-2 ID35 DRR (RELEH)

ID54 1%, MEBBRENEHNRERT Ch 5. BURTIX, BEE33 7T LE0,

1.0m HBEOEANZEER SN OO, BEAIZ iﬂ#§<ﬁ%Lt%ﬁT%D A
TROLHEWEAICLDbDEEZOND. ZHICEY, HEBHLEL-REBIZHL LD
EEZOLND. LNLRNG, T4%, BALRDIFREEITKR->TnD 2 &), THRT
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IFEKBEIEER G DN HEEE T CTH Y, ZOBRAITHTIRRNEN L2 80D,
R PR ED T2 DIITHRORICEE T~ S @A Ll TE 5.

FH 3-3 D54 IR (Figra7&FT)

BHFAEIC L 2R, A=V ORI XD EENRFMTIEL, B
RIC KL D EMMZREME L 72> TWD DD, ERD & B, KETE LN SHrERIX
BHURADN O/ ON LR EEETHBERTHL LEZIDND.

oDz s, (RIBT—#ZHWESH T, R - Ze0BEELZ 525 2 &
MTERDPSTT —ZIZOWVWTHEMFOBBIREENFRE L 705 X 2 7 EZEAT
25D ERHALMNE R T HEEOR LN WT —ZIZOWTIE, T E TRREL
NERLDEL Z ST D T ENEEL S RERPEL o T, RFEELFIFT L2 LI
FOBERBEHR-REOHELITA DI L Lot ZhUL, KETIRET D FIED,
SHOBKEEFEZER D LTHEFICADRFEDOOLHSTHD Z L AR LR
LR CTE S.
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3.6 F&ED

AETIE, KRG IORETH SVM & AV RIEERETBEE AT, LE
RBFBT = SEDHABEEEE L, SRERWET B HIEL LCRIET— 4 0
ERFEOREERAT. RECBT 5 EB 2 ERE L FIORT.

MR L R DT — 2 DEIRD RN E TS, (RKIBT — 2 &8 - BT 5 2
ECREOBRVOBIRABET S LN TE, HEARETMICHATS Z LN
AlREL B Z bD.

ARAET — X OIERK T, FIET — 2 ORRAZITOeWZ & &, TEX A28 -
EEOEENZL 2D L 97 SVM D/RT A =X E@ETHZ LT, RET—X
ZRAWVIRRWHIEIZEART, BEOBWIBEHZHET 5 2 L3 L ol

ARAET —Z I BRO LN T SBEE A WD Z 8T, ZHETRE - fEROHE N
TERDPSTREOFROEIEZ RT Z ENFAREL e o7, 2D ORMEIZH L
T, BHFAEZIT, BHMRR N OE DD F R & RE TH LIk £ 23F
HChidrZ L amR L.

CINHDZ END, RETRET L FIEICL T, BEMFORERE IR FTHE
L7720, BIRFEOEBRIBA 2 BRETT 5720 DO—2DIBIETH 5 fElRE & =1
WROD T EMWFREE I oTz. ZOBBEITHR LA A MR DEEEZR ED
WNIA=BHMA DT EICEY, BRFEEORERREETMNERT LD L
EZzohb. 2, REICEID2EWVMEAIZELY, SVM I X AEREORETFIE
OFEHEN I HICH ETEZ LD EBZBNS.

KEDORG L I~ - KERRIIBEREICR SN TWER, FEOFRAEZHERT 5
T2 DI DO KEBRGEA~DIGHO R ARIET 2 Z ENEE LV, Lo T, 5#IT,
TR OO FE A BRSO N OICEE )9 2 fEREESE, K0 REFA~O®IGICE Y AT
WEZWV, IBIE, BIEREREZEDLIEDICHLE LR DHFEET — X Ol T OMRFEHIE
IZOWT, SHRBHPNELEZ NS,
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tARZEATHCE, 5241 B, pp.93-103, 1975.

AR, AR BETFIEIC L 2 BRAREREOIRE, tARFSHIE, F 290
B, pp.89-97, 1979.

Hillfn—, %EECE, WEHE g OBEMREFEMIC I 2 ME L HEHEA O
Ar, 1Y ZEEEE, Vol23, No.d, pp.24-28, 1987.

EEfEE, FAE, ZHBR, B8, RAH, BHIE—: 8BS l=a—7 1
v U —7 & T IR ER SR A AR R HEE L, IOBFREE, Vol.60, No4,
pp.3-14, 2007.

AR, WIINEY, WFER, KAFZEM, AG)ID5E, KEA: =2 —7 11
v MU — 7 RV EARTERIERICS T 2 LWAREO U 7L ¥ A AFETRICE
T HHFGE, EARFEEFHCE, No.581,VI-37, pp.107-121, 1997.

TH=R : tRBEHT, AL, 1969.

Cortes C. and Vapnik V.: Support vector networks, Machine Leaming, Vol.20, pp.273-297,
1995.

Katdz, Figsy, HohiE, &)IREFE R — b7 ¥ —< 2 T K DRE IR
RABRE LI L ATAEREROGREFHE, #BhF45E, Vol.60, No.l, pp.3-10,
2007.

10) B W, AR R, AT ORE, EiR EE, a e, wI T B E R
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1) EBEE, RN, KaEz, HIREE Do REEREOHELET — 275
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F4E MENKRBRICBETAIMKRIEEO—OHREICHT 5 —RE

4.1 #E

REREOMIEICIE, FEETOBERT2 SICRESNL 0 — IR (LT, xR L)
DRETAIEATH L. L LAans, ZbELEETLERAAE (LIT, GHRE
A BN L, ITEORBERRN ORI LA LT 57200 FRIERDREE 2 2 L7
EOEMIZLY, B L) ITREREMREEZOERD TIT, BUROER TOEH
EPERNEWVWIEERHD. 2072, 5%, TRTOREICHRLAE LT 5 2 &I
EHE - BHE» O bRETH D LEZOND.

O &S IRk L, AER AR E TR D LT Ve EOBFET — 2 ZTEH
LT, fHx ORIENE T HARELHIEL, BACHEENEZR D3R IO )b Al 72
KR LA BRET H Z ENFEE & RAUE, OB Am-CrReflm ORI RT3 2 — D Ok
RICRDbOLEEZOND. ZOLX) BT ABEOTR Y EAD—DE LT, &
R FIETH LY R— by Z—< 32 (Support Vector Machine : LA, SVM) %
W THITE - VR 72 RR Ll E O KEBIEOBMRN O KREOAE LIERELFIT D5
M Fm (LLF, oBtm) 2REL, SEoBm» O Ol faRE L LTERT LS
ERREL N Lo TRESHTWS. £, ZOMETIE, MARFEORET —4 05
RE LI BEEICE S ERE & MR OME T —# 1O E Lo BEmic &S
fERREE L AT 5 Z LIk Y, R IREZ ERNICIHET 2 FIELBREINL TN D.

KAL IOFZEL, BEAOLRFELZANDLZ LIk, ETHRLZBE 2 - Habsk
EOBREFTMMAITA DR TCRERMRBELZET TVD. LOLRRL, MRIZEOFE
filcdiz> T, ARLOFEWIOLEFR L, PEETOBER TR ED L HICRRDL B
OMRE 2 £ O 2 O THEIZ OV TORR TENRIZOWTIFHER 22 S TVRW., £ 0
72, MARLRABEE 2 CTHROLTELRET 57201001, TREI & OXRTHE
R D THEAMLEDETHAWEEAICBIT A3 ELNROFMAIT O = L NLE
L%,

ZITC, RETIE, K6 VORET HREMLRER L OWR TR O 5L %G
AL, WwaRoSERHARECREFTORET —% "BLOBEOKERERE Y2 AT
RIEKENRFECBITOARTEREY B —ORELRALT Y. TOMBE, FE L%
RILEE Y 2 —IZEDW R TOREMRIL, BRI NOE LN ERE DAL
—HT D ENHERSNI.
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4.2 WRIEEIO—DREHAEOHE

KETBEI 0 —DOREICHE->TIEL, KES IYDIRET S SVM & VI~ fERERE
M FEZERT 5. LITIZ SVM OMFZER L OVSVM 2 W25 THEE 7 0 — DR E
FEIZOWTIRARS.

4.2.1 SWWOEBE

SVM (% 1995 4E(Z Vapnik 52 K> TIRESNZ Y — U BHEFEIO—DOTHS.

SVM OBEEE A K 4-1 12777, SYM X, MESBERFREZR T — & BE & FEM B B &
AWD Z EIC L @REHEERIC~Y Y B 7 L, MESBER R kiE L 95 2 & TH
eI DBET DREREZFFD. T DR, mIRITRFHZER CF — 2 2 BT % % B Vi
EFES (K 4-1 @ fixy=0 OE. LT, 78fmE). ZOMEZHWT, SKEOFHEE L IEHR
AT DR L ST — 2 L OEBEANEBEHT S 2 CEREZFM T
TE5H)O.

RETIE, ZOMBREFMEFEL AV CEL SN2 BIEOREERE Ax)], %D
RHAERRE Ax)2 # B E 2 R TBEY 2 —OREXITH. 728, SVMEHTICEIT 5
HETEIX R EORE L1, FERAEEZ+ L LT, 2070, Ax)ED-c0lZir3 < 1E EfER,
+o|E SN ERREFHET 52 LR TE 5.

X2

B sxr—smE) | | SEEA=0DSRIRE (—)
O gpar—sauemmn | | ISHNBFLERENEL

NBE)-0M>RLE(+H) | O
(BN BIEEBIRE AEL f=0

Xy

4-1 SN O EX

42



4.2.2 RAERIEEDI7O—FEEFIE
SRLRE 7 0 —IZBITHMROES L RBERRLOREIL, BIEOR EERRE
Foo1, R TOME T4 ICIBE SN D RHEOREGERE Ax)2, RIEGHREDOE(LEIC X
DR SNDRR IR EZESNTIT).
RETRETHAELRE T n—&H 42 1R, T/, AETRET 0 —0OREF
N DA TR

ERE R T—2DUNE
v
REOREBERE)IOEL
No | -EskIBfL: &
xR AEARIETAE
Yes
®RBEOMEBEREA)2OEH
|2
SERIREDEH
- ESNER: B
WIT A Df(x)2>0 SRR ARIBREN TS
and £>0 REGHIEELETE
Yes
ERIER: S

R f(X)2>0E TS TIEMNLXIRL
MBENRIRELZTIEERTE

X4-2 HFEIFEEIO—

(1) SHEEEORE

SVM FEHTIC N 2 s HIEAE 1L, SAHm O - HEMRRK E L, HERETEED
KERBRELTD. SVM ZHWTINOLDOREREZ ST T L Z & TREORAELIFEREL
HIRT DB ZS5 Z LR TE 5.

7k, BT OREARELX, FRROFEEZETHIME TH> THXRILOFEST
BOBWVNZE-TERDILDEEZOLND. TD, RETIIEX ORNET — ¥ & %t
RLOM TSN TWRWAE, FEEET.O A0 TS TV 24, PREET &I T0N
TENTWAHREFICHE L BT, 5T LR ARE OB HIZ A2 5 Bfm O
ExRITHOZ &L L.

(2 fEERENCEH

BEOREMAERE Al 1%, FHMESRmAZY T 5088k T 5 08m & Yi%itm

T—H ORI L > TEHTA2ZENTEDS (K 4330). kv, BHEORE
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fERRE & 595 2 LN T, REMLMREICE SO ROBER 24+ 5 = & 3 AT4E
L 5.

—7F, XELOHBEREBRE A2 1L, EEOMFELINELSN T IHENZEY TS
SFEIC T D B & FHEE R AN & OREREIC K> TRET 2 2 L3 TE 5 (K 4-3(b),
X 4-3(c)). ZHITKY, xR TREICOWTREZOREMGRHRE A2 285 H+T5 28

WAREL 72 5.

A
A HET—HREILL) A FET—HGHETAL)
A ERET—2(REIML) A ERET—AHERILL)
A , A ,
1 10 Teono A
i & A ‘\;A
= flx)1 H| A A A %2
& & N
A
A
A A A
A »:é;
HETHUMES BETEETHHE
BT BT (28517 HEFE 4
SNERER - SN E R
(a) FHEDRHESIRLE fi)1 (b) RIFER ORE R f0)2
PR L7 L&E o) (BEEET A MHE L7556
A
A HETFT—2(REILL)
A EFRET—RGIRILEL)
A fx)2 >
1 &
i a AN
E| A A A \
A \
A \
A a4 A S
P,
BTLERTIERTS
S aRmae E4-3 RERRE F)OEHES
M E -

(c) BEOXFEOREEIRE fix)2
(PERE T+ R T2 BE LTI G A

B, REAEL T LOREICEWT, MERLTICHETZ®RE LG, fMELOT
FEET) TIE AW, BER &R TOBMRICTENEL, RO TIZ LY #Ea
BREE D ERRANCHERS 95 & W 9 3l (Ae2<Ax)l) &b Z&bEZ6NS. Z0XD
AL, MR LTOMRDENEHETE L7200, A)2=A)1 £ T 5.
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7o, ROTHFERORBEERE Ax)2 L BIEDERE fix)] L DZEIL, SR ILOM L
L DfEREDENBTHY, ZOEEZHRIMR E L LTEADLILNARETHD
VoI b OfEE AWT, SRHEICR LEGEAS R TARET S ENAREL 2 D.

4.3 HERAT—FOHE

4.3.1 ®NET—4

ARETIE, TR 1 EICER SN - AR REERETRE 7 LT (UL, HIL £
wANT) DBAFTEZLORNO 16 HITF (Wb IBITER, K4-4) kv, &
4-11T 4 627 FT RIRTAR L @ 163 @R, XRILH Y : 464 BFT) & oWat5T —4
L7z

4-4  RER I

F4-1 AEIOIRLEEHHBOBER

o AT 4
Eie JEHKE &
®MEIEL 11 (27) 152 163
- R T 7 (16) 222 229
% BEET+ERMHLET 6 (8 92 98
T HRT+ERT 1 (3) 39 40
i’ BRIGEHIERBLET 2 (2) 95 97
sTERIHY /AT 16 (29) 448 464
WEt 27 (56) 600 627

KREEDOEEITRLUT—2EME D HE



B, AECHTREI LICHBEE 2% E Lz ET, BUROAESERBRE Ax] 1L 0%
KRB ORAEERE Ax)2 OEHEITH 2D, WELZRET — X122 T, K41
ICRT ERBVMRTOREB LTSN TV TREICESWTHEETo 2. 2 21T,
RETIE, IIRLOBE 7 v —IZEWVVERDTRIS WA REICX L, 472 THEEHE
HTOMHAZBRE LTS

IO, MHRTOMENTEOEIMCLVALNIEELMEE L LT, HET,
PERE T+ ABAIE T, BERE T+ BT, BERE T+ % A5 IE T +HERT O 480 OME
TE&EELL.

4.3.2 KET—4
M DHEIE & 72 DB EDO K ET — 21X, HI FHE D AT 5 fRERRERS L OV

NREREE CER 3~ 17F) RO K ERSEL AV, 2720, KT
DIHE LA TWDRIEIZ DWW T, BB CRR LA T L7223 A LT fRERIRE 2
WD 0ENS D Z Linh, ILRREEREE (FRL3 E~FR 17 F) NCEfOKE
EERD OB, RHE AT AERLIRE & 72 DR 12 FELEDO R EFTEROHEHNDL Z L L
L.

HRLOFELS LOTEEOKERAEMR LR 4-1ITRT. KLY, KERERRZ
ﬁ%fzﬂ#k@k<:ﬁﬁ Lo TIREGHEN 1 HFOTHELH H. AETHWS SVM
X, 7= 2O HICESNWTKEORELIIEREL DT L2 HHER AR ET LDFIETH LI
@,&%#ﬁm@mzwﬁw%é,ﬁ%@@ﬁﬁml%kta

ZITC, KETHE, UTOBXICESE, MERTICKVPAEOZEENET O LE
Z, MRLTOTENDRVER T, SR TOTHEPZVRIE LY LERTH D EIRE
L7c. 2OXOBRBRICESE, T —24BML, SUMTICHWSZ & LT
BT —2 & LTHWLKRET -2 OENZX 4-5 17T, £/, BT —ZEMN%
DREMHEFE 41 O () NIRRT,

c RAPROBEIIRIRFEAORE LY SfERTH D L EZ LN D720, HEEE L) L
SNTVHRE CRENFEAE LD THIL, FEROHE - HERREEF TR
HROFMECTHERENEZVELIEEZLND (K4-5(a)).

HETICE W REOLEMITET I LD, FRLOTENDZ2VREIL, *IHEL
DTENAZVHE LY LERTH D, FlE, EETLERTAETS LTV 54
HECTRENEE LD THIUE, REOHTE - MBS E2ET 588, HETO
HORETHRENRIVBFLLEEZLND (K 4-50b)).
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INGA—H— FOMEATIVEOT—2EH HR—p
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Extraction of debris flow’s occurrence and non-occurrence rules using site survey data
for the sediment disaster in Hofu, Yamaguchi, Japan in July 2009

2| ¥ R K Nl S
Hisashi SAWADA Shigemitsu SUGIHARA Hiroyuki OHISHI
i N 3< | o &I i

Yoshinori ARAKI Kohei FURUKAWA

Abstract

We set the rules for occurrence and non-occurrence of debris flow using the existing site survey data for the sediment
disaster in Hofu, Yamaguchi, Japan on July 21, 2009. Using only separable factors for the occurrence and non-occurrence
events, we could improve the rule’s accuracy rather than in case of using matching rates based on rough set theory.
Compared with the accuracy of the rules extracted from topographical or geological maps etc, these two rules’ accuracy
was equivalent. Therefore, we can detect high-risk torrents of debris flow without interpreting topographical or geological
maps. As the results, it is able to reduce the risk of damage at future heavy rainfall by using the extracted rules based on the
existing site survey data. Moreover, we can apply this rule to another area with similar conditions. It will be very effective
for setting up a plan of disaster-prevention measures.

Key Words : Rough Set Theory, existing site survey data, occurrence and non-occurrence rule, debris flow
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Extracted way to expanded rules
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Table.I Example of rules by using the Rough Set Theory
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Fig.2 Debris disasters and total rainfall
from July 19 to 21,2009

NDUTUIFAEL D, 2D X9 GG, /—/ViEkOYLR
INZATH Z LDV RIITH %,

=) OYEEOEE & L ClE, BT —1 1R
T /L—/L D BREAEN— IV THDHGE, V—L D OEET
Ua TRRIEE LT, KVfaREFZZ OGN EEEE
TonElE (TPA L) oS 2RAN—NETHIET, IV
— U ZE F B RAEEFEDEEIML, WO H 51—
Nlied, ZOWETE TP FgRE= 4 AND PHIRKRE)
fid=> THEN J&/4] &SRk U784 r— L 2 fhit 7
HTIENWTEX D,

FREDFNETIERANL— TN TS FIREARE L,
7 Y3 LU ofEEesx 52 TOv—vahhitd
5o FlZIE, M—11TR3L—10351% TTF fiiE=2
LUF AND “EHJERAJEC=3 LN THEN FE34E] &9
PR U= FERAEN— VAT Z E R TE B,

3. ERT—2OME

AT TIE, — VAT 5 kGt e LT, Pk
21 47 A 21 BICiU R A2 TR 7= 5/l K 0 HabiEN
Z3 L0 RN RN 2 %E Lz, £/, L—10
T HT=> T, NI 2 BRI RS CHREL X
NTWDZLERMETHD Z LD, Lo REERFHEZ
W29 % TATERREERD 5 B, LLUFIC R 2R 23
BEN T DA [ B L O oB&i (191 3%5ik) %
stg L Lz,

kG 2351 2 FERTIRILES L OV SR A T 4
X —2 |2~ 7,

31 HET—4

AFFFEZ BN T HERAE Uit &0k, 1o RS
EHEE (ERk 21 42 9 A REER) (2B W CATnFEAE
L7c EBEPRXN TV DRI CTH D, I RBAI A
AT D 191 RO H B, H21.7 B FEIC B WA
PRASFEAE U TRttt S 32 Y960, AV FeA: L7gh o =ik
PEIX 159 PEiE Th o 72,



20

25

WBiE4EE, Vol 64, No.l, p. 17—24, 2011
F—2 BRITLONTIAVRGBLIOTA 2 FRERF
Table.2 Range of categories for each factor and result of 72 test
HhTIVES N2ERERER
2
2R 1 2 3 4 5 rE s%ééﬁzﬁ HIE
1 ERE (m) ~0.25 0.25~05 | 05~075 [ 0.75~10 1.0~ 2035 9. 49 E3:1
2 FIEERE (kmd) ~0.1 0.1~0.2 0.2~0.3 0.3~0.4 0.4~ 19.97 9.49 =H
[ RAEREE (km?) ~0.01 0.01~0.02 | 0.02~0.03 | 0.03~0.04 0.04~ 6.13 9. 49 T
| 4 JIE (m) ~05 05~10 10~15 15~20 20~ 353 9.49 ]
B 5 FHgEEaE ) ~5 5~10 10~15 15~20 20~ 564 9.49 ZY
Bl nemunazh JERE | ZmE | EmE - . 14.38 5.99 %1
% 7 HBMBEOREVEERE & A - - - 0.00 3.84 E
. 8 BEEK = A - - - 0.41 3.84 B
i 9 ERHBEIMFEERMEGET) (m) ~200 200~400 | 400~600 | 600~800 800~ 32.05 9.49 EZH
§ g |10 RERHEMEBFHES (m) ~0.5 05~10 1.0~15 15~20 20~ 12.32 9.49 =H
BR |11 GBRHEBLTIOE (m) ~15 1.5~3.0 3.0~45 45~6.0 6.0~ 1.82 9.49 Pl
K12 gEpLREOMK KE BRE M oy - 403 7.81 B
R REMEREOHDE BB Wi i i B 1.97 9.49 7Y
14 REMLEREOHEE aALE EAREE B HEERL - 3.43 7. 81 el
W | 15 Fih- RO RIS EEICH T EIE 0 0.01~0.1 0.1~ - - 1.20 5.99 Y
E 16 RO IS EEICITHEE 0 0.01~0.1 0.1~ - - 0.40 5.99 Z4
|17 HLLNBREEE Ei3 H - - - 0.41 3.84 P
PR | 18 B¥RERIE (mm/hr) ~40 40~45 45~50 50~55 55~ 6.39 9.49 ZH
B |19 +EMEEK (mm) ~180 180~190 | 190~200 [ 200~210 210~ 11.26 9. 49 =4

MEY  MERRIIRETHY,
MEA  MERDIZERNESNDL D,

3.2 iify - ET—4

AT L= HE - T — 213, BEF VT % &
D F & Ol R AR KL O A i fai ik
AT — 2 XA b U - VBT — & % Haik
L7217 EH E—2) L THER L, £, 77
ENTEGET — & 245 Z LN TERN 2, HHE
T—XXHT VI E L CTH o7z,

3.3 BRT—42

H21. 7055 58 B O BRI T RPN 2 h SR Tdh - 7
Z LD, AR TCIEEEMZS RN B 2155 2 L AVATHE
RL— =T A X AR o, £, f#TICEE
A LR — 218, TH21 H ORI CBIT 5 1 &
BLOTERERRAENER E LCERT 2 &L
HIFE - WE T — % & [RRRI R LA AT - T,

3.4 ATIJURSL

B 2 1F, SRR L ORESH T D EHEZ
KOOI T I XKENHEITHZEThHD, ZONE
BoMR AR ET DT, BEMZESOE I EE 2 B
RO D ITEENGH D H DD, FERCHGENMEE L 72 1)
BEORENEBIIE 20 SN E W HENAET S, A
WHECIE, T X 5 72U A RNk 2 72 DI EOMSE
WeBEEL LT, T—EFDIEL5E % LIEREO 5
b A BRI A T T,

728, ARZE ClILV— VIR O PEE D) & B &3
L1728, TAMOBAERBEINT 5 &7 =Y AL
T2 BRI T AULRIHRSEE P G D34 U 5 TR &
5o ZORITONWTIE, KEITRS mE B E R ORes
OHT, BRREEIT>72,

30

35

40

45

50

55

20

COERIEAERDOIEAE - FEFEITH L TOBEEE R0,
ZOBERIBZEARROFEE - HEFRAEICH L Tl L o,

4 ESEBEEREOBRE

AWFFECHRAT T —2I1L, ko LBy, KERA
WAE O D E SR & B 2 DAVD I - MK 25410
TS THIFE LTe T —4 TldZel, FEIBERICED
T H_R= 2L E VTV DB VT ZfH LT D,
BEEANTIE, T2 _N—2{LENTZEETHDH Z Lo
5, TOFMANELTHDHLOD, HMRR R XY
S & OBREMED EOER 2 L CGREZT 72D
TR, AR 2 L - bOTHH L
D, SERAE L OREMENMERWER 2 S A TN Z &
NEZOND, T, BEFHNT & iz aio
FEAE « AN —IVORHIZHT- > TIL, TIVT O
THH O G SEEFAE & OBHEMED O EE 2l L7
LTI TEEEHN T EIT) ZEDBVBETHD EE
Zbivs,

FIT, AWETIE, BEENE YToORY s B E
W2 A 2 e O% AW T HRRORA » FIEFAETER
EOBRCEN S HER T2 & & bic, 7Y
& TARORBAEROBRE ST 52 Lok, A
TROFEE « FEFEAEIK U CHBEER R <, D 2/b—/L i
BOYEE YNkt U TR E 24 U VWEEER UUF, &
SYBEMEELR) o 21T o7,

4.1 hA 2FRE

MENLZE [ ARORATE & IR AT CIIEEA
DEFDTNTZEN RN & LIRS, BERE R 2213k
XL > THEZ NS,



10

20

25

30

100% oy
——EZRE S
- - REEE PN
—o - REMHE /) N
-0 - RERHEME R XM (),

—O - HIEMEEH /)

90% A
80%
70% A
60% A
50% A
40% A
30% A
20% A
10% A
0% -

FAER(%)

HFTURS
X —3(a) TApeREERDEEIY 5 N

Fig.3(a) Factor of increase of debris flow occurrence rate

ZIT, omy HAROBELIFEED 2 T—TTE
W, HDLENN s FEO AT Y ZRO%E, 17 A
VIR T D, o BRRORE, HRAET— 25 (5
432, FERA159), b BT YIRS HT—H DRk
¥, n: 7T —X0OE (191) TH5D,

HEKE o % 5%& L8R, N@)OBRERHES B
FE s—1 DOH A 2 TR DHIE S 1%, % ElliuE
RERBUIFER SN D, T772bh, FTAISI-ERIEZE
DFEBSTR N A TROR/E & FEFAE CHERIEZE)R 5
728, ERRORE LIRS Lol E o LB
Zbivd,

A 2 FREOFEREZER -2 Alord, £Xo, a7
ROFEA & FRAENTHRE U Tl 2 R OZIRIY, BER
N SN DR, Tk, RFEN7 S
TERHERS TR (fn), SRR T PR X,
TR 6 ER E 725,

4.2 HFITVEELTAFROREEDRERF

A 2 FREE, HATOFRE LTI L TER
EDOBANCEN S B IEDEREE LR E T, #3°L
4T TV EOHIN LS T HREOIAERI N 5
R ZR LTS O TIIE, TR0, @bk
KOBEECSHT=»>TlE, BT 2 VEOBINE-> T A
TROFEARPBEINT HER (L— AR OEE PP ORES
WX L CHEEECRWER) 28T 52 &gl
5,

AR & HFRANT LTt A F 6 ZRIC
DONWCHT TV EE EAORAEROBHRZFEBL L T4
A —3 TR, M—3@& 0, BiiE, kg R
RIS, AR HAVFEX R G, T8N
IO 5 EHIE, ZV0EnH D5 HL00, HaRd
FAEZRN T 7 2V EOEIMZ I 2 A2 2
MRS LT, 2D OB I — Ligi o dkE 9

35

40

45

50

55

60

65

70

21

WB54EE, Vol 64, No.l, p. 17—24, 2011
100%
90% | —THIRRHBEEIBTHYES
80%
70% -
¥ 60% -
# 50% -
i'H o O — —
g 40% o
30% - N
N\ A
20% - N - SO
10% \n’ N g
0%
1 2 3 4 5
HTITVRES

B—3(b) AR EAT LR

Fig.3(b) Factor of decrease of debris flow occurrence rate

WAL B B 18, —AEIROYERE Yk 5 —
IVONKEEIR T 2SNz 5 Z LINARETH D EEZ DR
Do =0, WAMERE AR ST, M—-3b)D LB,
J 7 T UAEOEIMFE,  HETROFAERI B H1E
MR LT\, Z0O7-8, L— A8k ONEE Y7 %17 -
T8, WV VOREINTF24A LS5 2 EESh
5o ZOX D RHERICK L TIE, HamRORAERERE
ZTHT AV EOKIERWOE X H#1TH 2 & TL—/UHE
IROYEE P2 fES L— L ORSER T 22 5 2 & 3]
BETHDHEEZLNDD, TROHER ML, —AIC
oA e EOSMENFERECTHIUE, ZDEIHIEN
IEEREEEEZOND, FTo, AL THERE LicHE
BlDIE AT H T VDK O 2 21T 723
A, ZOERERWTE LD L—E, ARFFETON}
BHEENZ OIS 5 2 LN BIIMER B2 bR D 2 &
BIRAEEND, F0D, BT TV EOKEERWOE
TN EDE LT,

ZNBHOZ Eond, AR TCIRIRRE, Dk, 1
F7 VS, ARHERE TRVFE/EX R (efn), 18
IO 5 BRZ S BRI ST 52 L & LT,

5. THRRRLE - EREIL—ILOHH

51 BE7—X

T 7EGERNT T, REERT — 2 2635
R T — D, L0 FR— L EERCE DA (FE
) RS 2 LR E 2 D, BEEOZEY T
1T, L OEEEEAIEE L L, HUELI EORREE L
27—V OORERCER 2 B EHER & L CRRAH LT/,
AIE Cli 7= L3810, ARV T, KEFEORAE -
FERAN TR U ColEtE o OB 2 A O 21T -
TWb, ZIZTIE, ZORSBEEHEZERIZ OV T O
RETEN LoD, BHEOGHTFIEE OH#E1TH Z &%
HIZ, BLAFD XD ekt r — R &2mE L,

A=A 1 AR 95%LA B TCRyINERIE, Doy
EREE RN e A



10

20

#z-3

BIr— A

Table.3 Result of extracted rule of each case

=t

OB,
2B B — Al RS RO E

Vol. 64,

No.

1, p.

17—

24, 2011

5]
lr—2

EZZAD
il St

i
op
P

ERK

=B
EJeS[OF 4

PLRERIL—IL

A EHEILRIL—IL

=L

FHREERE

=)

LE

EAEE

EEER

RAE

FERE

RE

ERE

RE

FERE

FEEE
(RED)

FH—h
(R

T—A1

95.8%

RISEE, SRR EFEXME (R
). RKHE TR TR KARMGR
EOHELE, HIEREEH

11 27

43.2%

94.3%

1

3 79.1%

100.0%

BAENE
RIKEEI5%

r—2A2 o

97.9%

ERR, RIGEE RKEELEE
R (#8FD), KRMLGREDHELE, B
HEE. TERSHER

38

45.6%

94.8%

7 84.1%

85.9%

o) 13
ERRS
r—23

99.0%

ERR, RSEE AROGHE R,
SRERHETE L ROTFE KR (HOFD)  RERHE
HIMTEYES, KROLGREAOIEE,
TEREEK

21 39

44.0%

95.0%

8 83.9%

91.1%

=

724 RO

80.6%

5

5

ERER REEE AROOHESRHE
EREE T EFERME (R, LIER

6 22

54.3%

94.7%

3 88.2%

80.1%

EfEH

KA EDEIENL— VAN DNV — VO ERKEL, JREL -V OREREENRE 7 — R

BIL2FHELEDOL D,

Fz—4 IamRrt - EREL— (F—R4)

Table4 Occurrence and non-occurrence rules of debris flow (case4)

ZR/

3008
puk=eS0s

RREREL
WEERRE
(#:%0)

(km?) (m)

TiEME
B

=L

Ee HIE

R

(mm)

FFELD

5%
D1

HiR—k
(R&h
D6=
D1/191

%Y
AT

D4
191

WS
(R&h
D5 =

D2/D1

2E
T8
D2

51E
5

D3

BREASE | BYHR—F

JL—IL6 * 021 * 400 | * R

91

88 3 100 96.7% 47.6%

JL—JL1 * * " w * * Jeset

112

109 3 79 97.3% 58.6% 97.4% 60.2%

JL—JL19 * * * 400 | 210 | FEHE

115

112 3 76 97.4% 60.2%

JL—)L38 011 6001 1901 HHE

149

131 42 87.9% 78.0%

JL—IL29 * 011 * 2101 F4E

152

134 39 88.2% 79.6% 60.5% 19.9%

¥ PX P ¥

JL—L33 | 0251 * 800 T 2001 FHE

153

135 38 88.2% 80.1%

MKERICHET ST (1) 1%, BROKMELE R 233%

D HEOTE 95%LL BTl NEIRIES 1 HEA],
DO BEEEIR N e 2

 HEGTE 95%LA B Cl NELRIES 2 FEA],

DO S BEEEIR 2N e 2

TR B K] 0D A

=
=X 3
r—2Z4 5

e, T 7ELOHGITRERN LA LT L— WD
T, AR A ESES 2 & & BRIV —/ LaEodk
RO (LLTF, hiEL—L) BLOVL—L oA V%17
S (LT, fAdbmELr—L), Z 27T, fiagb
VYRR — WD — L DBESROKHES, YriRL—v
OB ENEr —AZBT B EELL Lo b o (B4
r—2 1 T, FAEL—LOMEE 43.2%, FFEFAL—
IVORE(SEE 943% % ZRAKHEL §°%) &L LT,

5.2 JL—ILODLE

K — A BT D — VRS R O 2 K — 31k
T, BRIV, FTERBEEESEOBRICERE TS L,
AN bE L RA 7 —RITER (9 BSERITES
BEMEEN) 2RV —Z3TH Y, FOBROBARE L
99.0% & FEF I wm&@ofw 07, BEEE D
HIKL 2B — A =/\Hﬁr$%l®%a%ﬁﬁu\f_’7~z4
T%D,%@@@EaxdﬂM%kﬁwﬁ%&@ofm
B, ZHUE, BREFE CSERN (5 B3R EE s
HR) TH L7 — AN OEGE L T HR5%HH 5 2

L9HZEamrLl,

25

30

35

40

45

22

*OHEE, FOLIRETHLRNVWI LETRT,
LERLTEY, BWESELELZEEHNE LIS
’@i%ﬁ%ﬁﬁlhaihéﬁé%ﬁﬁé_&;wﬁ
A LR OFH G o TR 5 2 E i) Ch 5 =
LERLTWVS,

LU D, &7 —RZRWTERE SRRV —
IVOREEEICER T 5 &, RN — VO EE Z %
AR TCRE LA THER S RN S DD, FAEL—)V
DYl E LN SR B E BRI SN O R b 3 6D 7o — A
1~3Tid432~456%Td D Z LT3 L, mmBEhEEN o
I AN — A4 TIE54.3% L KI10% BN D RE T & 7
S TCND, ZIUTHAE DO BYLRL— /L OREEE I\ T
HFEBROBIR & 725 Z E GRS TR Y, 7 — A4 T
62D /L—)v (FAN—NVBE, IERAEL—NIE) 2RV
HZEICXY, HEEH882%, ViR— 180.1%ID i\ FEE
2 LEEOEVIL— L ST 5,

TOX I IfERE oo E LT, TVEEEHN
TofEATIZ 31T 3G Y, B C R O 4G D A5
M DIRETHL Z ENETFEND, Bzl T =
BRI AT — 2 DEEAHE L, BRI 7T TV fEff
IR T — 2 DTS 5 & 5 BREROMAED
W CTho THRAET —& LIERET X 2Nl &
DA CHIUTRESE AT Z L3 Hk D, Lo,
Z DX 9 BREROMAE DRI TOL— /LB OYEE
WM eAT-o T8, L 0fERE B2 SN A iEcZ KOk



10

15

20

25

30

35

40

45

50

WET—ANEEN, L0ERLEEZ LIS
DORAET—ENEEND L2, —/LOREEKT
WCBRST2bDEBEZ LD, ZIUTKL, EoBEEE
K7 2V EAEINT 5 & LA OFAER S R
T AER T 572, L— ABEOPAE P L B KR
KTFEZREMRDHZ ENAREE 720, EBEEZER O
B W2 r— A 4 (LD — A L) BEEEENRS -T2
HLOD, FHIIRERE L TE LD V— 1V OFEE TR
{TpolebDEEZBND,

THBEDZ LD, BOmWER—E85 L
ZHAE LIZ8AE, 2 E TOBEEMZE Yo X 5128k
BEEZRN 0 E1TH> 28 X0 b, HaikoRE - JE
RN U COBEE AR D, Do b— LB OYERRI 5t
U TR %4 U7 W EZEEER T h 2 moBEr: 2R o fgt
2TV, YRR O % AV CTOL— L ORI A T Z &
DENTHDHEEZ LD,

5.3 TEHRRE - EREINL—ILOFEE
5.3.1 —RA4IZBVLWTHHLEZIL—ILOEER

AR THIH L2 — 0 5 b, b RENMENS 7
—Z 4 ZBWTHIHE LI — a2 F—4 1 TRT, XV
ARFFEChiE L7z L— L OMRBIZER T 5 &, 5 D%
R0 5 6 >D—L G&EA—IL 3, FEFAEL—
V3 AE) WD Z LIk Y, H21.7 BiFREOFEFID
%) 8 El % 88 2% DFEIE TR A[RETH 5 Z L IR TX
2o

i L7z — D5 BHEER X5 H21.7 BhFFSRE
WZBWCHRRAIAE Lo T2 o & LT,
[P DB NS < RIRHERE LD D/ D72 Wi Td 0,
OZERCE D L TIKIEHE R L TR Y, Bk
VDRI L) Z ERETFbNS, ZokH7
=S T 5 115 BRD H 6, 974%2H7D 112
BT, H21.7 BIRFSREZ 726 LEZMRICBW T
TAGPBRELTE LT, EREL—LE L TERYRY
D EFHITE S, Thbb, fhth LI EL— LA
WA Z 2Ry, (R TR A D EEi D
THRRREI % SRS CRET D Z ENARETH 5,
F7, YRIPEAENL— VTR LR WEGRIZ OV T3
RBTERNIC L DK EOEMRIEEZR L TRBY, 4%
HEEETY) ZEMMETHD EEZLND, ZDOHFTY,
Y U728 — s DR S D TSI K X
ERHEFE LW R Z VB TH Y, D ORMIERZ W
Mgk & D FHEA AT DEERICB LTI, R B
TR AT DR O T b IEF IS ERR R TH D
EEZBND, EBE, DL REHRERFOBERD Y B
60.5% DI CHAMMARAE L TV D, 728, 75D 04
FNOBECIE H21.7 B EZ 726 LEZENTE, &
AFAFEE L TR, D OPEROFHEI T M 7%5%
FIC &0 v A L7cgai L FEEl L TV b, 370
b, BIERERIEIIIER ISR <, ROSERIHCEET
HUERE VR THD EBEZHND,

55

60

65

70

75

80

23

WS,

F—5 BHEMZEL Ok

Vol. 64, No.1, p.

17—24, 2011

Table.5 Comparison with previous studies
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DETERMINATION OF COUNTERMEASURE WORK SELECTION FLOW
IN SLOPE DISASTER COUNTERMEASURE PROJECTS

Hisashi SAWADA, Shigemitsu SUGIHARA, Daiki NISHIMURA,
Tsuguhiro SHINOZAKI, Hiroyuki OHISHI and Kohei FURUKAWA

In order to promote efficiency in slope disaster countermeasure projects, it is important to grasp the
hazardous nature of each slope and plan appropriate countermeasure work. In this research, we utilize the
support vector machine mathematical technique to try to determine countermeasure work selection flows
for hazardous slopes. First of all geographical and geological predisposition and past disaster history is
used to determine slope hazard level and need for countermeasure work, and slope hazard evaluation
standards are set for each construction type. These evaluation standards are used to calculate the current
degree of slope hazard and calculate the slope hazard if new countermeasure work is added. From this it
is possible to evaluate what kind of countermeasure work would be most effective for each slope.

We conducted a site investigation of locations judged as requiring countermeasures by the set
countermeasure work selection flow. The results showed that, the selection of countermeasure work was
consistent with knowledge of engineers gained from the local conditions, and we believe the fruits of our
research will be effective techniques in considerations of disaster prevention project plans.
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SLOPE STABILITY ANALYSIS BY SVM TECHNIQUE WITH VIRTUAL DATA
GENERATED FROM FEW ORIGINAL DATA

Hisashi SAWADA, Shigemitsu SUGIHARA,
Hiroyuki OHISHI and Kohei FURUKAWA

This study uses as reference the conventional method of slope failure risk evaluation using a support
vector machine, and assumes cases in which only a small number of the study data required for analysis is
available. An attempt was made to propose a method of analysis using virtual data as a way of
complementing such scarcity of training data.

As a result of analysis, it became possible to construct separated surfaces with high precision by
avoiding the expansion of contradictory data in the preparation of the virtual data and setting the
parameters of the support vector machine in such a way that the number of times of additions/expansions
of the virtual data is made as many as possible. Further, by using separated surfaces obtained from these
virtual data, it became possible to evaluate slopes for which previously judgments of safety/risk could not
be made. In addition, it was confirmed by site surveys of these slopes that there is agreement between the
findings obtained from actual site conditions and the results of analysis obtained in this study, indicating
the usefulness of the method.
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