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F1E FLHIC

1.1 HROBER

FRE 23 4 (2011 ) W B2 A HEIC X, BARENICK T S 2010 F o
WHEHIC &L DI HIT 4,863 AT, 10 FEFEORAD LD L & bIT, 1952 FLIk
57504 TABERST 2000 42 HIZFHEl-70, Fio, 238 F R E MK
FOAEGEERES 6 Flf TR L., AEERITI6ESDICI0FTAUTER T
[1]. ZoHFRITIE, EAERICELDI Y — MV MERE EFSSBEEERO D O
ED, =T ANy IRWMRERERT 470 EFWBEAERFIZ AR~ DA F/NRIZH
252Ny 7 v —7F ¢ 4k, ABS (Anti lock Brake System, = ifig [& 55 B 1k %5 & )
X> ESC (Electronic Stability Control, ##{§ ¥ P28 1E) 72 EFi a2 KRR ST 2
TAT =TT 4RV EMZEFIROMERNDH L. S bITLERZM
R ZRZB T 2720, 2011 FICHNER A RE LIEE 9 KA L 4 ARG
2015 EFE TICRBFHIC L D2EEHZE 3,000 ALLTFIZT D L) BENET S
NTWD., ZOEROLEDICITHEEOLEEDOHRNLETHL LWL SN TE
D2, BCT 7747t — 77 A BINOERDREREERIIAARTH D,

TI2T 47— 7 40 ERITIINET, BLREBEELEERMA—DRBET D
SeEZ e HEH (ASV) HERFISIT X > TEIFOBRIE - EAML - B X BHRE S
W, ZL OEMMPFEBEA—DORMICHERH S TSR 8], 727747 8—7
T4 BRI AR S D A SE B o & A, S T, W OB RO

Birwov o 4T52 Y, 1—7F X ECU (Electronic Control Unit, &
I E) 7o C OB RAEER, Hilj LA OBEEER ML OEEET
TNRA R Lo TEBEINRTWVWD., H#Ht o oM Er Y, 3—L—Ftk
Y EOEREM N THEBOFEHCHEOWY LTSl eHEL, >
— RNy 7 LTWBH A [4][5][6] [7], %7 A K 5 B B B i CME— K & 82 L
TWHEATICE Y TR EMAITE L, EloEECRmkER &N X
DIEfEICHIE CEX 5 B2 oD, ABFOHAERORm EICX T, ¥4 VICE
BEFTAAAZEEL, METCHEET 224 YO EL G L CH@ I
ETHIENRAEICR > TERE., AYOZEKIELEREZHML, ZOMFHRE H
i ~HE L5154 5 TPMS (Tire Pressure Monitoring System, # A ¥ Z8& JE B o A
TA) FTTICEMEIN, TAY AT —m N T E~DEEN RS T
HILTWD [8][9]. FLMEESEL WL L VBB &2 IS T 5 5o
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WEFEN A ¥ A= DXL EEBEICB N TITOATEY, ZokH>REr v
VKRR E O A Y HERIZA TV V2 M A Y EEIEN TV D [10] [11].
[1211 3% A4 YO EBOEE ZBEHEICHE L TEXAYITh»D NEHET S,
KOO LTIV P EATHINTHD., [IBlIEFA YA T —F 4 F—
[ {2 MEMS(Micro Electro Mechanical Systems)z( 3 #i ik £+ o % &2 BEfF i), £ o
MO NS 2 A Y IThnd ), 22RE, BmoMih, KEOAEZHEEST 5
AT LERELTND.

ZDEIRBAXITDND N Z2HET D EMOENIC, BEmoORE (BT
) AWETLHMAREIN TS, BRKRESLEEHOHBEY LT IITZ AT
Bl OZENEHRT DEOICEERERTHY, ERO LI E TITMEE
I L HEETE R o7y, KVEENICHERSHET 22 LA RDLNT
W5,

APOLLO-project(Ji& & 1 f#] 2002 42> & 2005 4-) (% EC(European Commission : X
MEBR)OY A —FE2ZIT T, FICT—my NOHBEA-DILEBEA—T, ¥
AXYA—T1, RFEFEMEEERSIM L, 1070V V= M2 AYOREKOH
EHZHET 27027 b ThHDH. 207y bOEKREE [10JI2B W
T, RFZRE UV EZHOVIA TV V2 AL YRBEINL TS, Z0X%EE
YHEALTDA TV N EAYIE, ATV T =T A4 F—ERIC
LED(Light Emitting Diode) & Bt v {1}, = O NI DO ENL & A — VR EMITHE Y
Fle7x M AF—FORERBLAFAH Lz 2 RoefiERigs oL, ¥4
AT =T AFT—HOEMNICERT D LT, XAXITNnnD 3 GO %H#EE
T5. MEELLERE S KEGTRMONIZHTL2EEST MO OIS X AT LK
MOBEEEEZREET 227 5 ThHh S [14].

[15]Ti%, SAW(Surface Acoustic Wave : MR mE) e+ N by K7 o v 7
DEHEEWET DL IR ENLTWD. T RLDLEVYREXA YA VT —TFA4F
—HEHNOL MEBIZA Ao THRASHTEY, EroiliFEF 4 SAW & & 3
BT HMIEICR> TS, ZRICEY Fry Ry 7oL ML, B
BB EHEET D .

EHELIXIZINET, FAYNEITMEE | V20 1T, £ o8k
RBICE - TELT A2 RHL, ZOWMEE LT A VIREIOR#» L ER
EATH Y T A DT EE R RE A BB S D Bl OB 24T > T & 72 [16] [17]



[18]. BA L7 AT LMZFEMMO L HDRE THRITE 5 —0, Lt %
L LB L TV AR EDOREN D 72, RKFERITF A YHEIZE D DT
IEEE Y OETEO RN O REREZ AT 20w a7 MIBEEL
FV—ROABEICHLHERTE DL RMRRV AT LATEATILODOT VA
URXLDOREEBERET 5.

— 05, WA E TR ERN OB EROT NS, BICHAMHATEZ
OREREER/TLIERLAHNCTORNTH LS. HlxE, ol
Mo, ANEINTZV AT LOREBEZHET 2UMED 1 >OffiEL LT, #al¥
RICHABFOREOHRR LT LHEREERNOBER I TS, RKIFFETITZ
DX BRERTFELNY - URBEORFOTFIEORMAEL, ATV V= b
AAXYHIBIICHT A EICL - T, LVfiFLy AT LATHRATHE [16] [17]
[18]1L AL LK & HHEAEN T D e NA MEEZF T HEIINOARE L AR
¥

1.2 FRFRXDH K

2T, Bl TiFgE [16] [17] [18]ic > W CTHERt+ 5. % o R fE 5 % & P
L, KFEOBWEZRAMKIZCT S, FEIET, KX CREST L7 VTV X L&
MT 2R THL XA VIREBOKEAE XA YOBHEE LS ETHRRD . H
4FETIE XA YIRBOET LLIZHEMH L7 HMM (Hidden Markov Model, Rt~
NaATETN) CHEHL, REZEMET VBV TIEBELREZ FOMEET VO
We, ETAOXRy NI =K, BICEETADONRTIA—FEZHET HT2DOD
TN ZLIZONWTHHAT L L LEBIT, A4 VIR ZEBEIRERIZET VL
L CHIBIT 2 B> Tk 5. % 5ETiX, SVM (Support Vector Machine,
YPR—= PRI Z =< 0) CHLTHDOANR=ZAERET N NT A — 2 PN il
EMBEOME L TREDL ZEIZHOWVWTHAT L. 72 SVM AR —F kI & -
THBMALTE D LV ) — I ZRMBRICIN A, FFICARGRL CEERER L 2D
ARG 12 I3 2 7 — % Th 5D, DTW (Dynamic Time Warping, 1 i ] 1 4 )
71— 3 v LT GA (Global Alignment, KIEMT 7 A4 A2 k) H—FILDOEHKIC
DOWTHH L, BEREH~DOIEHGIEE ERERICOVWTRND . KEICHE
6 THFEDOHBRREZREZIT .
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o, TOMBEEZEHEL, KIFEORBNZPHICT 5.
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EOMEE —~FICHESLICLTWVS. ¥4 ¥D MLy RNEHITIE, K 2(b)
R ZEBIA N QRaA ) OFEFKEEZIEEL WD, XEEDILK 100mW
T, B P CTHIE BNEE/L DI EROE R A HEL TN D,
EEE T 1EME YA T T, BELEFCESESN, EEINZED

LIV END., FY—VT U THIEISNTEETIT, BRT X EEEEIC
LoTHERA—NMNTADEAN—=VT 4 T T F~HEENICERE S, BICEHRA
DFENTEE~ XD D, ods, F—F oMl 24bit, 7V 7 L — MI
20kHz TH % .
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EOREHNTVWOIRED Y = v N AT 2. FRAMEEFHIR B I
TARBENAFAE LR WRIZHE L TWA, B, FRCBEERVB LR EORM
WBWTHHENEL RDHIDT, AR a VHoOMEEL BN RKRE R AN
EFRHELESAICHEZTW T2 L21ICLTWD. 2B, ¥ A ¥k 265/65R17
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EoFlZ K 3@ICRT.2 00— 7 [ Z#EMmmES <, ©— 7 2A#EMm Th 5.
LR CIEEEm 2 b ORI BB N2 O, MmN FLy ROBjE R0,
R LB ENZ ERnHETHDL. —F, 3(b)IT R TOKEE TIX, EHEETH
THLI 7 REYNHEBEICEZ D0, BN CEERER S AT DM
bbH., LT, BYICXY Py NRTLAOEAW D EHEAN CTHRKEINDS 2D
o, B T (B L3R CABE) OBE L XA KW E W FEME AT 5. 7z,
3T/ TARER 2mm OIBIE T A7 7 L MgEHE TiL, Py F7m v 7 LKE
DERICL Y, TS (AR ORBHLAIALRELLoTND.
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D%, £ RRINEIE 2 EE O RFRSEEIC BT 2. R EBIT R EIC L > T
EAT 50T, EfLERTZT 5700, HigE L BEFH LY 0 FUEZ
BIDIVENDD. 0%, REILERRINZEICT A V2NV T 4V ZEZHNT
FREBE O ERE IR OEB L XL 2RO TRMEL LTWD. BRI EER
IR OMBECR S, BEHEFICOVWTEHAL SR TR,

2.3 RTHARTEHARBLEHATZILIYUIA

22 T LoREE I, 2 SR EEEGRA G bE T, TR 4 127
TR R B0 4 BBEICH TS 2ok Ky )
EIBHICyy—_y MEF/EF/BREICHB L, S mBEieE s vy —y
NESNESRMED 6 KIREZHBI L TWD. 2 BRI OV T EEKR R
FHEIZO N TIEFBERL TR,
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2.4 RTHEORERER

CTDVAT LADOREEERIET 57720, 4% 2 v — X (5 17 :2008/12-2009/3,
% 2 7% : 2009/12-2010/3) AiE CalBRZ FEhi L T\ 5. M, AN ERMRIE K, 1L
WIH 4 & e 100km FRED 2 2O a— 2 & FE L, #MIZ 3~5 HAETLKBEZKRD
oo FEEBRHEICITERFE AMNC B HEHEBNFE L, 500mBEDOF = v 7 K
OBEBEHERE, BRICHT D AT AHEMEO EBRIEEZ, O (E%), X
(FRE), AN (EELHEENZIEERTS) O3BRBETERHELE. EZE (O)
1, FRRE (A) 2057 FLTHERKTRLELOEZELRE L,
B E A, Y AR LEMAR ALK 5T T. B LRIy —Xy b
EIEBSORENMEL o), HF2FTEHENENLKEEFIRESMELE., ¥—X
ViBLTCOFEEEEZERITELED 74% 058 2 ZF1E 82%m L, [17] [18]Tix
FHENRRESMELEEFLTWD.
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2.5 EHTHROMEREATROBH

bR X oz, SATHFZE [16] [17] [1811L Z 1 ViR & » Kk & 412 2, FEH vl GEME
DHDHKEE CKRmIREBAZH TELLATLAZERELE. L2rL, —KoBE®HE
DHEZELEZBELIZEX, UTOXORMESAND D.

1. HEESCY A 7R EEHOB VI RERBPMLETHY, VAT LOEM
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2. 1Oo0H AKX, 15D by RXXX—2 (JEOTH A V) IZLMXGTE
VA

THRRSEATHRSE [16] [17] [18]7°3 A FIE M E B & W O Fr Bk e Hl &~ o Ml &2 8 E
LTHY, T 5KHRERZHETHY, FLBREPRBEELRINATND Z
LICERT 2D THS.

ZIT, AMETIE ROEB A~ EE TE D WEREN S AT L0 %
AEE L, HiEZR CEEMNOERELEL TS, A VIRBERO SR TERE
THY T A2 A DCHEREEZ NS D FEELRET D, £, YA VIFHER
A—F—DOBAICEDETEHR YA ARFETLDT, A4 F¥F A A2k
PElcoWTHb@ERT D, OB IR IR0 DT — X ORMG L ICEST L
BAERBIZHET 2720, =202 A YH A XOT7 =2 TEETE, R
BOIAYHAXDOT —ZITbAIETELV AT AxBET.

WETITET, KR THI YA YIRBORFEETI L, Lo XD REITH
FOMEEMRHILBMNEERT DD REHIFREEWRICT 5.



FIE A VERBREEORE

ARETE, KAHETWOIZAYEINEDO L) RBERICEELZ T LT D
Dk, XA YOBPFECKEIREO L O THIAT L. 20 ETKR
WFTE iR < REEMAREZPAMICT 2 & & bic, HEORMZ EE(LT 2 T
DOWTHHT 5.

3.1 Z2ANVORMNERLIRKET DO

RETIHXETHOXY A VIRBIEROREE, ¥4 Y KEMOMAERIZXLD
2 A OBBYZEE) LIS TS 5.

A A XITHBBHESLATF —La— RE T LATHRAZERBMEEICZ2Z->TEY, JE
MERETRBE LA V2 REICERSEMELZNTDE, 200 OHEEY O
PEEEREIC L > TR EDANARFFHICESE XA VIIERT H [19]. & A T 2iE
T 5L, TOEBEIXAYOR LOMNELEGENICBET 2720, ¥ A YN
OIEED —mICEBEBRMEEE P2 AT 5L, 2OEBIE ERD X
D IR B AV EIERITAE D B Ry e B R BB S b & Ok U 72 R E W PE D IRV TE 2 /- T,
B 6 (XM HimaE 2 A vYo#EITHmE LeLGEDOKEDOH &% A ok
OB EZ R LD THD. EHMICIEZ A YR EmEIZH LT 6, Lk
A L T OfuENMEH N OHAND Z EICER LT, BmAaiAR L
RO H LSRR T A EICB T, BRICE—7B8ns. ETPOX A YIRS
RS 2L, TOXS M~ mip XA Y ERICHES < K JE 3 7o 4% B I P
W2, ZATYERBEOERIZERNT 20— R ) A AN E = )4, AT LK
HHEOWEVICERT 2RE) e CHEi) & B R RBAIME SN EERGELND.
INHHZAYPLRELND EERREESX, —#ITIERBGRTL2Z LIk TH
AYEBEBELERD., TORBOIZD, A VIRE & Z A4 Y OEBRYZEE) & & O T T
xRN 7 ST E 72 [19][20]. # A Y e m M OMEERICEY, 4%
WCADSNDIEEBIILL FO X HICKHTE D [20]. 120, A YO 2 —2 (1
DTFFAL) CELDANTHD. by FOBERZ A YREERIZ & 20 E T
W E T D 7-0lc, HEICS U CHREDREEF ORI N X A YIZAS &
nNd. EBEOX A Y Tix, "=y F (BEOEGMER) 2 E8EEAE
L, REZXAVLF—Z0BIEDLLCT D50, A7 M2 b &EHE Hz ©
WK 5 EARBEFOB v IcE—27 BB D. 2 DHICKEMMIZ KD AR
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oD, ZDO2ODANNEBETDHE, BEEOETROZ A YIREBIB X OF 1 Y
FICHWETARHEERTED [201. K 7 EXATYDORRE -y TFICLDANL
BEMMZEDANZET VL, A4 VIRBIICERT 28BS PHIL2b DT
b, WEEZIAL, BMOB LIS VPEREEOHEREICLE LRI E—7 BEH
noHEEbHIT, BaMMIZKX2MNRaBMEINL TS, 2z T4
Y EREMOBVICEDANRH S, K 82T L5110, AHREHFDOZ 1 ¥IiX
MLy REBEE XA YHNEHOSL MEICHSEMBZEET D, TRICE > THEM
HHEO LI CTIZHBY 2> CTRE2OBENR T 2. Z oo ids 8RR L2 %4
SEDH. EBYH LRI ERROMSEMIC L DB NSNS DT, BY
HLBICM Ly Ry 2 REAKRHTHZEBANTDO—2E D [16] [17]
[18]. 2B XA XY ~DANITHERBIZL > TERT DI ER > TWND
[16] [17][18]. ¥ —» E v FIT LD AL, A7 FIVOEE Hz O A I
Vs BEOR, BE EICERKBELE Vo, HREAEETLILOND D BAIK
T9 5. BEMMIZK D ANIE 1kHz 2L EOE B ICBLAL, A Y23 HAAEH
ToORG (TAZ7 70 b, B, OK) KXo TRRSL., WUV LTVEE CTILX
AN~ 7 mpA Yy FIREICHR S THEMBHNTHNTHEY BAELT, I E
% lkHz UL EO BRI N AETC D22 ER a0 TWnd. Y HLEICE LD b
Uy R7 ey 7 OEAIEENEL 1kHz 225 2kHz fHEIcH 0, 2O R I3 1L
FEIZ b Ly RREZXTWDEMNITKET 20T, BEEEKEMNK, BEY H LA
WZETr IRt x It SN D KO REMETIEHNESL D, ZOXI R A=A
THELDZAT~DOANTHES S XA FPIRBIZOWT, WETIEEMARAIZF RG]
AR LR G, BEIREBELEFHEOMT THHT 5.
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3.2 BEWREBEILIZESZFAVIRHREOEL

A CIEETHTO XA YIRBEEOREEZ, A v BmEOMAEFERIZLD
A Y OEPZEE) LSO T TP Lz, RETIEZ A v OBIRZE) A~ 2R KA
REIZEBWTEL, TOMEBEIA YIREBBEZOREN ED X S IZEALT DD
TS5 MO NIAT ATV, Uy T AT 70, JEFRK, Wi
A2 Z N ERE 30km CEITLIZFO X A VIREIEE CHD. Vo T R 7
7 RTIERHEAYHREEEMTDANCKKEEHRST L7020, WBIZE N D H#EH
o —27 XYATORMAEDOMNRIREN KT 47 A7 70 M~ BRL
TWHZERGND. —FH, EFRPHMK CIE, A7 -2 WME LR MHICE
WTHEMERDB R ChHoTelod, RIAT AT 7L MTHAXEERIZHEIE O
MIRIRB AR T LTS, M T, il EEREOKOESESCHE K TIEY A
YERmAEM L TWHE (M) (@SR NISWe, BEBtY L
REDBIWT DB IS P> TRAET I T LTy 7 OBAREBNBHE I NIZ <o
TWLZEN, BMOVHLIKICHENADIE—7 X0 b ZORRAEICK T HIRE) L~
ABREFTIETHWDLEEXLND.
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22 FFBEKICBTFLRIAT AT 7V e T2y KT A7 7/ D FFT A%
J MNVERBLIELDOTHD., AT MVF LEERFEICEB L, Z0FE %o
— B RBIEIRTAT AT 7V IR 2048, Vv hT A7 70 F3 66 5T
H5. £, BIEK 122 EBICtREEIToLERTHY, AEEILICET
L7ZpfEERLTWVWD., Uy T A7 7/ FOEEORKFEBEHE A =X AT,
EROEIICH AV EKRBEOBBEIZEL D BONKEHA TH DD T, BEAIA AR H
OB AIAREIL TR I AT AT 7V N EORBAENKE . T OKBEDEZEIZ
KD @ JE W oy M ME U, B2 SR IO Bk 0 M L BEIE T b e JE R I TR E Y
HAVD D, F OB ITE A 0A BRTSEBIC X T/ S0, 14 B L O 15 &
FERIS, FEBICBT DL RIATAT7 7 ey FT A7 70 b ARMA X
N7 MNVEHBLIELD, BAXOZOMREEIZtRELIToHETHDH. AR
W, MAREIZE I 15 & L7z, A7 bV OREIT FFT & RARIS, BYZ0A
AR IR SO A A FEIKC R T A4 7 A7 7 )L b L ORBEEN KX <, B2 Hlm k<
BEOH LB T @A IS CREEN AR DD DY, E Ok 8% B A Rl aE Ik
IZHART/hE 0, B6IERTIAT AT 70 b EEFEKD FFT A7 bV & g
LR THD. EEOT— X ST 180 M TH 5. £ 17 13K 16 & KT t
MREEATSTRRTH D, BEHIABETIE 2kHz A Lo & A TES O L
AR ERLTEY, THREEREPNRTLEZ &, ROKEE#E O M2 72 MY
DR LY A VTOBEMENK T LD, BEEAAROBEIZAL DD N
RLT, BOICERT2EmBEREREBSERLZOEZE2xoND. —F, WY H
L BEICOm 0 LB BEIR T, WICESO&EBEEAEK T LTV 28, ZHiEFE
PRICEBRER TSy, B0 LRI SN2 DMK T Lc7e®d, BV
HUREHEISNDTLAT ey 7 OFAREB LB LD EEZILNLD.
18 BEL VUK 191Z/R L7 ARMA A7 ML THRERRBERAA LS. X 20 1%
RIATATZ 70 N EHFERDO FFT AX7 M EZRKRLIEERTH L. HEOT
— X RT3 R TH L. FM 2L 1EM 20 DREREZERICtREEZIT o ILMERT
bbH. BHIARFEILDO L)V RKE REWIT RV, BRI I & % o I T
B RE B D 500HZ LA B L ARV ARV, 20 Z EE 22 B X ONK 23 2R L7z
ARMA A7 RV THRETH S, Z OEK T Bk o FEEKim o R & Rk,
oM LEFCiESnsT L7 ey 7 OBEABREDWD> LD EEZEZLNS.
ZOXOIT, FAYREBEEOREEIL, BEIREBICIE U T, FEoEREEIC
Bd—J7, BB 2 AARCEM, O L EVWo e ¥ A Y OBMAEE LU T,

(\“F
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ReRANEIC 2T 2 DT, ABFZED HBY L 3 2 IEHE 2 ¥R EH B o 72012,
INbaBRLLEAA VIRBEEORBOERBILZIT) 2 &, BRUOZTORHEZ
HOTHEYICET V75 FIEEHBETLIIEPRETHD.

3.3 ZAVEREEEORHBDOERLE

AT TIE LR O XD ICABEER S ICEND 2 A YIRBOR S E, T4 VXL
T 4N ERWE R, B IO Cepstrum £ L - TE &AL L 7. Cepstrum [21]
[22]1%, HARBEODH CTHASH TVWIEFLETETHY, & DR
/I ANRT M EREEARRLTEICANZ bV ERDDLFETH S, 3.1
THH L2 L 20T, @& u Bl ETRICK LTy BBl ETRO X A YIRE) T,
B H L BEIREIEE A7 Mo T wy 7 BEAAREEIC G T 2 8 R I B
HE—7DO@EmIRER EDBRBEATIEVIREBEAT L. 202 LB —K
[ZART VO AEE & WO AR IE Bl 0 (2 0 BlE L CARFIEAT T D D E R IR I
PLTWDEEZ, EHFRHETHWSL LD LPC Cepstrum % EFE ¥ A VIR E) O 4
MEERIT2FHEL L THERMALE., —RICEFRBBTIT, AHOTER O mMT
PEC DT AVRE [23]1& MHEN 2 8 BB 2 5 2 2 2%, RAFE TIlEx %R~
AYIREITH L0, V=7 2B EEE 2R L7z, A Tl EAARR 2 EOE &
fEFEICHOVWTHAT 5.

EFPRIARL LT, B 24 TRTEOCEBEREODEDORS, 7L —LJEH
TRERMITT D, 740NV T4V EERAWVEFETIE, £ 2ICFTRHEDOT 2L
AEFBLEINENOREOHERIIONNY — O EESEHEL L. oF
DIEHOZ7 L—AICBT S R#E  x ZRATEZLND.

Xis = LS Gy
ts_ﬁz tsi (3-3-1)

i=1

SIFT A NVEZREDA T v 7 ZADHEE, GIET 4 NV ZFHEDEEDORERS], N
BRIZCEENLDT—ZOETH D, AWFZE TITIEE LIREE OBl 100km/h T
BL K I2H Tl AR & A PIRENEIE ORFRINN 2 FFHZ IR D70, BRES %
3[msec], 7 L — A% 2[msec]l& L, BEICIEINI UV ITRBEH W, T —X
W% 10kHz DY > 7Y 7 L — FTIT 272D T, NIZ30 ThHDH. AN
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TR 2IZRT 6 OO ORLLZT7 4 NV EZEHEHLTHDDOT, FrE~X7 bv
DOWTHEIL6 Th 5.

Frame shift &<—>
&——> Window size

X1 Xzi X3

X1z X2z X3z
Feature vectors T e T2 e .

Yig Xz4 X24

X15 Xzs Xz5

Y16 Xz Xz6

{ J
|
Sequences of featurevectors
24 Z A YIRENL I O R HOE &k O R
Type FIR/IIR Low cutoff freq[Hz] | High cutoff freq[Hz] Order

Low-pass IR 500 - 5
Band-pass IR 500 1000 5
Band-pass IR 1000 2000 5
Band-pass IR 2000 3000 5
Band-pass IR 3000 4000 5
Band-pass IR 4000 5000 5

T2 THTUENT 4 NE DR
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—J7 LPC Cepstrum (X £ 3L FOME THE T /LI L TRHRIE TR % b
FEIZL-oTko 5.

m
Xs = Zai Xs—i
i=1

(3-1-2)

2L X (X s 2B 2 AHEERSI O, a 3B FHIEE, m T8I T3k
BThd. ZOFRKS a2 ANEFEARLT, SLICHDHBEREEZRD D
Z & TLPCCepstrum £ :cZ# L FO X HICEHET 5.

n-1
c,=-a, —EZ(n -i)ac, (3-1-3)
N5

L, nZTr 7 AR ARETHD. ABFZETIEm=15, n=7 &L, ZO 7D
TTANTAREICT V=LY —fHEZMA T 8 ORBEEIZIHONT, TNE
NWIWRAENE 2RENZ LD, FF2ARTCDOHHE~Z Fr e Lz

A TR REFEIFHBEEO —DTH 2% A YIREEIE O RFEEEIEIZOD
TR, RKEBIVOESETET ELROKFEEZH VXA YIRBIEEOET L
IEFiEEZNICESS KRN FIECHOWTHHAT S, £9, RETIE HMM (2
KA FHEICHOVWTHHAT S.
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F4E BEATILAITIETLIZEDZ2AVEIOET
JL4E & BRI K BB 3 Bl A &

AETITET HMM O E#EZH L, 0% ¥ A VIRBOET VL, BLUZ
& B Lo BRI B GBI W T EARRICH AT 5.

4.1 BhTILaAT7ETI

HMM [ ZREEZEMETFTLVOBELEHE N~ L a 7HE2 A L, HOBRERTH S
L&, BWAEAIET 5 BELROREBICAHSTOND LRETHEF AL TH
5 [24]. RIEOBEBIIMARMICRASND 0, WM ETHEL > 51E 50/
F—URBBCHMLTVWSFETHLD. TEEMLESNAFICE L L TEHHFR
HOHREBE LA T, BEHOCEHINBRRIER 2 BT ALERD LD
HMM Z )5 L7 FER B E S shdgk LT & 2 [25]. ABFZETIE, AiE T
RS 7e k5 IR SIS ko TERIMIC L, BoWMMET S X A YIRS %
HMM TE 7 UL 5 M 21T - 72, AHi Tk HMM O JEAR LK 7L >0 T
w2

411 =nra7EFI) [26]

RINT =2 %W/ H556, BHEMOMEMBEZIRAL L TT—2OMEL 5 £<
ETNMETHENTEDL., DEVMNRSMONREEZED D Z LIZL>TET
NDOEBMEED DL LENTED., TOELHEMAET LO —oOR~/La7ET
NTHD.

T @ O BLRME D & 72 5 R F] 0={01, 0,, ... ,01} D HE X BTz & & O [R5 A7 1 e
ROFIEEHZ VT,

T
P(ol’OZ"“7OT) = P(Ol)tl:g P(ot | 0]_’ 021“"ot,1) (4-1-1)

ERTZENTED., 20L& EHBAENZ OEFTOBLAIELLSN N IS TH 5
LIRET D &, 25 IR ka7 AR S .

-
P(01!021”'10T) = P(Ol)gp(ot | Ot_l) (4-1-2)
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ZOETNTIEABHMEILEROBHMEIZOAFMEST o TWD R, EEORM
BICBWT, J0@EOBMENOORELMKTILERND LZH5EITITEKRO
< aT7EEEE 2D, Bl 2T RO~V a7 EEE O R BRI

T
P(ol' 02""'0T) = P(Ol)P(oz | 01)2 P(ot | 01, 0t—2) (4-1-3)

D, FBEICLT43RE MK~ L a 7S ~OIELAEETHSL. Thire X
BICHEROREEHLZHONCER T2, THITRXTOBNELZEZT-L X0
HE : or OS2 ERIIRAATREIND.

P(OT | 01’02’ ) “’OT—l) = P(OT | OT_110T_2!' "’OT_M) (4-1-4)

ZOXIEMEKROINLATET T, HDHBRMEIZZENLLETO M #E o B3 E
CEHESTLNTHD. MOEEZECEIXET VO ZMET ERX 508, ZoRE
ELTETANTI A= OEITIAWITHKRT 5720, M OEIZMEIZIE U Ty
WCHRETDOHLEND D,

7
/
/
/
7
/
/
/

O={0;}: Observations

25 — D~/ 3 7 EEH

412 Bh~razesiroiERik [24] [26]

HMMIZIRBE 2 fERIDICUI B 2 5 Z L IC ko T, EEHREF 2 BT E® 2
BEOEAGLELTHI ZLENTEDLHET AL THY, HFFiak [27] [28] [29] [30]X°
Ak [31] [32], DNARECHI O fEMT [33] [B4]1FIZIASISHEIN TV S,

ALITIEBAME O~ a 7EPIZ O W TR, A F 00 BHE IS 5G
HMIELEBEBAL, vV a7 HEEERT 20PN BELAR THL LIRET D &
REEZEMET NV ZG25. HMMIZ Z OREZEME T NV OBELEB P BIRER TH 5
Kk A EMIRT 5N TED. ZORBNERIARERICERSNIZH
NEEFEBABICHENHE I END Y ALVORTHY, MO AL ORZEHEL T
H A REZ OREITHEHICL BRI TE 2R, HMMD R T XA — X %20, IRIEER
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RN EX={X1, Xo, ", X7} T DL, 0085 2 507 F TOBNMED %5 0={01,0,,",
OT}O)tE&i)

P(O]6)=> P(O,X|6)=> P(O|X,0)P(X|6) (4-1-5)

LERED. T THRHAUIE T DAREX() THUME o % )9 2 e 5 BIE % by (00)
ETDHEPOX)TUTOLIICEED.

P(O|X) =r_[bx(t)(ot)

(4-1-6)

B Ao I A CTHEBEAK YL L <, HAMBBEEICIIHE . kit &
SHERWDZ ENRTED., RIFETIEH, EFBAERTCHNICHY SR 5GMM
(Gaussian Mixture Model, E& A 7 A 534i)  [35] [36]%4 £ A L 7-.

M
bx(t)(ot ) = ;Cx(t)m N(0;; £y tym s Zxciym) (4-1-7)
[b,(0,)do =1 (4-1-8)

7277 L, clX GMM DiRAL, M GMM OEA%, N(* w28 u, ndksy
BATHI S DX EEH U ANAMTH D,

FLREBRINEZ S={s}L L, i HFEHOREND jFH~EBBT LIMEL a & T
%5 & PX)IE

T
P(X)= lt_l[ax(t)x(m) (4-1-9)
Zaij =1 (4-1-10)
ERED.
S DI IR R R o 1,
7 =P(x(1) =s,) (4-1-11)
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> om=1 (4-1-12)

Thd. ULXy, yIHREMREOESZ r={x), REBBHEEROES % A={a;},

HAOHERSAOES % B={u,2}e T 5L, HUM DT XA — XX 0=(1,4,B)TH 5.
FoTET AL MBEZLNTE FTOLREIENX 4-1-512K 4-1-6 &KX 4-1-9 XA
LTUTFTDOEIITHLND.

P(O|M):P(O|6)ZZ(be Hax x(t+1)J

t=1 t=1

T
= Z( 0)x(1) 1_1[bx x(t+1)j (4-1-13)
t=

X

X 26 {2 HMM 7 Z 7 #i&E 2R 7. WREEBIIHMGIRE, K TREZEO TS5 KR
LY, BWELHEN 2RO~ LVaT7HEEHELTWALIHEETHD.

{a;}:Transition Probability

{Si}:States

{b,(0)}:Output Probability
"""" {0:}:Output Symbols

26 HMM O 7 5 7 ki
413 EM 7A=Y XA

ATE T L7 HMM O EEBREZ R RILT 5 /37 A —% 0=(n,4,B)% & L H#E
EIWL L > TRO DL 2 A E LT EM(Expectation Maximization) 7 /L = U
ALNdHDH., EM 7Y XALNFEREEDO - THY, E(Expectation : HIFFH)
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AT T T, BEOET AV NRTA—FELE 0RO TH AT A—FHEL 0
OB E L TETLOLEDOHAM: Q0N % ET 5. = D% M(Maximization :
KA T v 7 TQUONEHmARILTH. ZDOAT v 7 ELHICHDYIET Z & Th
THEE S L IEREBRBOMREAREOND.

EXT v 7 TlE, TETNLVOMBEEOHHFMEEZRDO L HIWCHET S.
Q(0,6") =Y P(X 0,6 InP(O, X | 6) (4-1-14)
X

22T, PXIOOYIIEELEK D ESRSM TH D, POXOITEELLE & BLIZERKD
FIRFFER DA TH Y, \ \
P(O, X |6)=P(x,| ;z){H P(X, | X, 4, A)}H P(o,, | x,,B) (4-1-15)
n=2 m=1

tRINDH., TZTHAt TIREE 1TV D ERZL L(sy), WAl t-1 TIREE s;, WAt
TURRE sj 12V D [AIRFFE = % H(Se1i,Sy) & L, it(4-1-15)%:£t(4-1-14) WCRAT D %
RNEf5d.

T S S

Q(6,6") = ZL(sl,)Inﬂ + 3 3 > H(sy;,54) Ina

t=2 i=1 j=1

T S

+2.2 L(sy)Inp(o, | B)

t=1 j=1 (4-1-16)

MZ2T 7 TiE, ZOXMA-1-16) 2 RKILTHLIRENNTA=FE2RDD. n
BIXOACEL TEXA-1-1008 L O @-1-12)Ic " T X o2, #nEnofn 1
WD EVIHBINR D DD, 7770 VaRERIEZHANT, KD LI I
Rkobihsd.

L(sy)
e (4-1-17)

IECH
iH(st_l,i,st,-)
ZZ H(Sesi 0 Sk)

i (4-1-18)
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—J, R TIIHAOEREEIIT T A 5Mm a8 LD T, p(oB)= N(X|u,2)
LD, T ERM@-L-I)ICRATLHE, NT A= b SICEHLERZENMALIZ
KRIETEDL2DT, UFToXksitkwbinsd.

Y L(se)o,
Hy = (4-1-19)
ZL(Sti)
Z L(Sti)(ot _:ui)(ot _:ui)T
Zi == iL(S ) (4-1-20)

b R 0 EE BB D W R & e R AL 3 2 BB IE L(sy) & H(Sew,i,Sy) & B ERIIC K D 5
MEICwET D, TOHiEL LT, K<MbLeb DI Baum-Welch 7= U X
LFELFT 74V —=FR-RNy U= RT7 LT ZXLEREEINDDDNH 5. L(sy) kD
H(seaisg)EZ DEH# L <A ROFEMH, BLORRORIEERLY,

L(s;) =P(x(t)=s;|0O,M)

PO, x(t)=s;|M)
- P(O| M) (4-1-21)

H (S 15,84) = P(x(t=1) = s;,x(t) =s; | O,M)

B PO[x(t-1) =s;,x(t)=s;,M)P(x(t-1) =s;,x(t) =s; | M)
) PO M)

= P(0,,++,0,, | X(t~1) =5,,M)P(0, | X(t) = 5;,M)
X P(0y, .0 | X(t) =5, M)P(x(t) =5, | X(t=1) =5,,M)

1

xP(x(t-1=s, | M)XP(O—H\/I) (4-1-22)
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EREND., ZZTHIMEMER aqp L HBAMESHE B EBEAT D, ailE, KRS
{01,05, 01}D & ZH HEZ] t F TD{01,05, 0% B L7z & &0, REE s ICHFEET D
HRTHY, Bdd WLt 5 T £ TORERIN{0,001, -0} BB S/ & &
2, Bl t CRIESGICHEET IR TH-> T, TNETNKRDOLIHIICEERT H.

A =P(0,,-+-,0, %, =3 |M) (4-1-23)
By =P(0,,+-,0; [ X, =5;,M) (4-1-24)
a; By =POx({t)=s; M) (4-1-25)

X (4-1-23)~(4-1-25) & , 2t (4-1-21) 5 L & (4-122) IR AT 5 &, L(sy) & O
H(St-1,i,S¢) 1

a. IB
L(s;) =P((J)t—|1|\t/|) (4-1-26)
a1 P b-(O )ai'
H (St—l,i ! Sti) =— ]l-:)(ét) |JMI) J (4-1-27)

LxREIND. X4-1-22)8 L O (4-1-23) 1% U S AF & ik L RNk - &
BEHEME S &, apB LA ppidZzh T i,

L

_Siaj,tl P(Xt I th):| P(Ot | Xt)

a.. =
L i=2

[[s-1
:_;aj,t—l aij:|bj(0t) (4-1-28)
s-1
:Bjt = Zﬂi,tﬂ P(Xt+1 | Xt) P(ot | Xt)
i=2
s-1

= :Bi,t+1 aij bj(ot+1)
=2 (4-1-29)

Lo RO TREINS.
LEBHBHLTELEMT AT L2 WEZHMMOZFE 2475 B2 £ &0 5

39



EUTDOE TR D.
1. NI A—ZoONPEEHFHET D
2. A EMERapl BAMESMERL{GICET 28 m 42 EIT L (H4-1-28, K
4-1-29) , = OFEF D B L(sy) K O H(Sp1.i,84) & K o 5 (Ki4-1-26, KX4-1-27)
3. H7IlT RO TEL(sy) X O H(Se1,i,S5) 02D, NT A =X ZHHT 5 (X4-1-17
~34-1-20)
4. LFREHDHWHEMEDWZEND £ THRY T,
ZOXI A TIEFHMMO WL 2D NRT A =2 27T K-> TR D FHiE
WOWTHH L7z, RETIEZENL DO FIELMLE > TERMIET —~ ~ D BAKE 7258
A HFEIZONW TR S,

4.2 HWM I &k B ETILIEE L HIBI A E

K TIEETHOZ A VIREEE O %, 4-1 § Tk ~72 HMM TE 7 1k 7
HFEOBAET L. AL TEROH O MEIL, ¥4 Y 1EERSOEET — %
ADsnice &, BEREZ 1EHET HHBMETH L. A58 TITHR] 5%
DRIRNDH2ODFIERRRT 5.

<EEEFELIOHE 7 D —>
1. # A4 YIREBVEE AN
2. FUVELT4NE, FFIXLPCH T ARNTAEROTHIEOEM A E

B+ o
3. FERT IO TONRITIA—FEROTEBWAKmIREIZHIET 5 E
TNLVOEEEZTNZENREET S

4. b LENEWETIVICKIET 5 B immR BB 2

MEFELITIE, ETIETEXLFELZANT, A4 VIRBEROFEEZEE
t3%5. 3 A7y 7ETTOREREHEICHEL TWEET VICHT L LELZR
M3 5. FMIZIE, FIATATZ70 b, Dy NTAT7 708, BE, Bl
K OVEEE R RE A K Sil (silent) IZXIET 5 5 2D HMM DR T 2 — X 4
&0=lru I faapt %, 41 ETHE R FEEACT, ZEAF -2 0bRD 5.
REOERBICITHERESICHEIFMSIELALRVERGAOERELE TN
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TWLDT, ZOWESET MET 272D EFRIKRELZ LT Sil © HMM 5
7.

QT ICEfE T NN T OB %2~ F. Road T KT A T A7 7V b, v 7T
A7 7, BEE, HEOWTANZTHIET D, Z A4 YIRENT LR LI, B
AR Z AT, BHIRERE, MO HT LW EEDIRFIIARETHLD. £
ZC, AU TIIBEICEM R L XA Y ORI AKX 28 [T LK O
left-to-right £ 7 /L CEXRT. HMM Z#ELT 2 LT, REHZ V< SIZTiXEw
M E 2208, 2T — XIS TIRIET B LM, RSN D 72
FTENE, T2 OHBEZHEDICRACTERIARVBEITNL. —F, 2TF
NWIXETNANRIA—FZHOERICHEIFHRE A NOEREHAIEND TR, @
FHIZORD S THELZ TTHERKE 2D [26]. # A VIRENIEH 3 CTHPIL
ek oichnded, REBAAZL, B, KBt HL o3 >osEMikgicy
FonbsEZXOND. ERKEND D 5EITITE A BRI M-I RN, B
RTWHEHTEBMY B LOBIIHBEIREND Z LB 00> TWVDLOT, KHFET
IXBAA, M TIREZE D TS5,6, 7TIREDO HMM TET VLT 52 L & L7z, HMUM

DFEIL 4.1.3 THH L 72 Baum-Welch 7V 3 X A THro72. 728, GMM DR
BT, 2, £33 LTz

FPEHE T ORI 2 T Vb L7 Road 28, HEIFHREDOET L TH S Sil
WCHRENTEHEEZ B AL, ZOoMELZ, M 291737 L5 HMM O % v U —
7 LTHERT S, 2F 0 Sil ® HMM & Road ® HMM #7725 b¥ T, —D
DETFTNETSH. 2L, SIHZOEM BV IEST DL L, DF 0 mEEITHIC
HMESNDIEFERXEPEEBNWLSICEH, REETREEILRFICEE S WD HE
BHREXMEPELS GBS GEICORICTEL LI L. EfTHFOY 72 A L5
DI, BN A VIR T 2BV AN L50T, EEICIEXX 29 ©
HMM O %y b U — 27128 W T, AW Sil OiERED DM O Sil o Bl 46K RE
~NROEBREBZZDVLENDD. ARG TIE I HEEI LIV HLEEEEL T
AELELED, Z0BBEZREROCHMM OXy N —27 20, Lo k)

WCHEIREZ LICHELZTT VIOV T, Viterbi 703U XA [37]IC L » T
o FE 3T LA
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A T
P(OJM )= max { be } (4-1-1)
ML, 4 27y 7HTENLORELZRHEBE LT, HbEaWEELZRTETF L
SRS T 2B EIREETH D LHBT S,

<IEEFE20HET7TE—>

1. Z A VIREEIE AT

2. THATVENT 4 NE, FTIFELPC T T ARNT A ERWTEEOREEE
i A P

3. FET—HINLTPONRITIA—FERD THEWZABmEIREIZICT 5E
TN, BRUOELENOKmIKRELAND 3 SOREIRELRE LTZET
NOLEZZENENRENT 2

4. HH—ODOKEREICHISTL2ETLVE, TRUND 3 DO EIREL
HAELEETLVOLEZHK TS, Zhix 4 MOKERES TIZOWNWT
TV, ok R»r o REREZ T 5

BETFIEL RIS, TT3IETHERLFEEZHANT, A YIRHEFOHHE
EwiT 5. 3 A7y 7HTHKEREBIZHIETHET L, BLOETLZERL DK
FARBELSL D 3 SO KEREEZKEG LT X T2 LEEZHHT 5. 5EMICIX
RIATAT7 7N b, ey T A7 70, JEF, Hf, BIOEFHKEZ
#9 Sil (silent) 15T D5 HMM I x T, RIA4T A7 7/ FoSD 3 5D
BHKEZFEEOEET N, Uy FT AT 7V NSO 3OOKEKRELZ £ &
DIET I, EEUSNO 3 OOKEIREEZ L LOET NV, WSO 3 SOOI
mMREEELELDLEETALOEFH 9 2O HMM 1220\ T, XT X — X4
B 0=[r.u.T{axix %, 41 B TR RIEFEZHWT, FEAT -2 01 b6KD 5.

BEFIEL LFREERICK 29T RTHIBRHMM Oy FU—27 2+ 5. oF
» Sil ® HMM & Road ® HMM %# S X &b T, —DDOET NV ETH. 22T
Road T RTZ7A T A7 57k, D=y RT A7 70k, BF, i, BLXOR KNI A
TAZ 7N NS, U=y T AT 70 RUS, EFLUS, WAL O HMM @
WTNPIIKIET . 4 AT v THTERNENDET VO L EOELE% Viterbi
TN ZALZE>THEIBL, UTIERT LI REEETY, BHEIREO M &
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N

I
Y

E’(O|MDRY)>IS(O|MnotDRY) — DRY & 5]
P(O[Myer )> POIM o) = WET &3
ﬁ(o|MSNOW)>E>(o|Mn0tSNOW) = SNOW & 1|71

E’(O|M,CE)>|;(O|MW,CE) — ICE & %]

772 L, P(O|Mory), P(O|Muer), P(O|Msnow), ﬁ(0|M.CE)ci%n%‘m NS AT 27
FAR, Ty hT X7 7N, EE, WECHET 5 HMM O & 0 R EUE, P
(OlMuotory), P(OIMnotwer)s P(OIMuotsnow)s P(OIMuotice)iFZHZEN KT A 7 2 7 7
VRPN, U=y BT AT 70 RS, EF LS, WA LANC RIS TS HMM @
EEOELETH 5. EEHEOBEIREICHI S NTLGAEIEL, YRBEmICxsT 2
HMM o ok fE U{ﬁP(O|MRoAD)7&H:$xL B o WE S IS 2 B IR RE T
MNT 5. FREFAETORERBICHIET D HMM O 8 B 725 24 3% 8% if IR 78 PL Sk o
HMM X 028/ Z W&, IS(O|MDRY), FA)(OlMWET)x IS(O|M5NOW), P(O|M|CE)
ZHEB L TR LENEHWIEEmEIREBICHNT 2 L2127k,

20 I
|
=
S
s 0
g ]
8 |
s -10 !
. | .
Sil Road |, Sil
-20
0 0.05 0.1 0.15
time[sec]

27 1EfiR T VAT o B
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|

state2 state3 state4 state5

o>

28 6 IRKHE left-to-right HMM o 5

ﬂ (]

O— Sil —> Road —> Sil —>O

K29 HMM DRy hT—7

4.3 =B
431 EBRFE

AR OBMIL, H2ETHRRZ LI, ¥4 VIRBEELH» HEBENICKE
BR7 B R BB A R B AT RE T, Ho X A Y ¥ A AEHTICxIT 5 N MMERE W&
AT LEMESTLHZLETHDL., ZOHMIZEL L, ITFTD 2 8%A1# %ML LT
FEBRAATo T,

1. BEREBIINIAT A7 7V, Uy T A7 70, EE, BED 4
FEIZ B3 5

2. PLy RRXZ—0 (HEOTHTA ) BNE—TH A ANELD 4FOH A Y%
HAEL, TOYNLZEEHT— X ET A MNHT— X2 2IRT 5

KFFRICHNET — 2 OB EMEE R 3 RPER 4R T.Z A YIET TR
TYFANCAL y R AX A BLIZZAK Revo2 % 7=, 3B H 0 # iz X
TRTEENMTY, RBREHEFE 1L LADPYFRICRARLEZ. FIATAT77 VMR
Y=y hTAZ7 VDT =21 (K) 7V FA N TN— T 770 F
THR& LK. FIAT A7 70 MIAETRMICHO SN S FIF s ng—
WK BETHY, vy FT AT 70 MEIAKKEORE IR Imm 2725 k5 EH
ST REERN Y — IR BE Th L. ESXNEEOT —21T (k) 7V
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FAMALBET V- 77T RTRELEZ., JEFIEATHICS % B4 H
DIEWHETHD. [AMOEE O MR L RIEICRBLZT, A YHEECETO
ARIHLN, TAFa—ZANTEHRINTZLEBEH-RKRETH L. HEITES
5 10mm oK TH D, KR ERBEICHBELZ T, A YHEMICHETOERT
HHNB, TARaAa—ANTEHRINLIFELY -RRETHDH. 60w ALRTER L
L, #AYEEEFAZEFHAME LT, MEEE V2 FZ A Y NEOE @ H O
MBI T, v b0l E ADa s N—=2% L7027 1L—F
10kHz THWNIZHE L= PC IR L. l, A YO HEN~ORBRIL, &
RN GEERIZH L TEREFEZRET LI EDOTELRY v TV T %25
AMIRNTITo72. A VIRENIFERMFICE O THEBHICINER S LD D, KBS
T HECR RIS G T 2 WA E SN 2 EHETGFOREE TOW I L THE
Lic. &MFICB T 280 M LicEE A FOREORE £ 5127, &KH
HTT =2 BN RRDLDT, a—RAEHOHINICEZ2bDTHS.

Index Tire size The model of a car
Tire A 165/70R14 | TOYOTA \Vitz
Tire B 195/65R15 | TOYOTA MARKI
Tire C 195/60R15 | TOYOTA CAROLLA FIELDER
Tire D 185/70R14 | TOYOTA CAROLLA FIELDER

# 3 A A XLHABREMN

Road condition Velocity
Dry asphalt 30kph~90kph every 10kph
Wet asphalt 30kph~90kph every 10kph

Compacted snow 30kph~80kph every 10kph

Ice 30kph and 40kph
F 4 FEIRIE L T — F WG EE

45



30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 204 217 221 212 182 152 175
wet 66 72 69 67 61 67 50
snow 180 221 234 222 188 165 -
ice 73 71 - - - - -
@ #A4F7tA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 215 213 209 209 199 188 162
wet 75 72 69 75 68 67 74
snow 154 253 242 220 194 207 -
ice 62 60 - - - -
(b)y #1414V B
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 200 211 209 200 198 177 137
wet 71 72 69 75 68 67 62
snow 158 250 252 175 166 122 -
ice 66 66 - - - -
(c) #14F%C
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 183 219 202 200 195 188 162
wet 75 72 69 67 68 67 69
snow 121 183 128 193 364 277 -
ice 66 66 - - - -
(d) #A4¥YD

x5 BRMUHEOT—2K
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432 HMMIZ LA EH#HE

HERL L7z HMM 23 & o PHEHUIR BB 2 SO L 2 IRBNE R O R &2 Lo K D 1cE 7
MEL TV D xR T 5720, RERINZFH 7. GMM OEAEHIT 1 & L.
Bl 30 1ZZ4AYANRRTI AT A7 7V ~%& 60kph TEATLLKED X A ¥ 1 [FHE5
DW= EH L LT, Viterbi 7 /LU XA THEE LIZIRERY 2 1B LR L
b ThHDL., MPOREFEZIZTRXTCRKIAT AT 70 MZxHET 5 HMM @
Kx T bOThs. T VIT 42H T2 L 512, Sil & Road ® HMM %
WMBEDLEERY NI =7 2R LTZbDOEL, ETNAVDONRT A —H|IX 1Y B,
C, DO&ETOT—X%ZHW\WT, Baum-Welch 7 /v T XAk -> THEE L. 7
B, RRHFCIHBERECHETIERNEEN 2 BMETFEEOET L O %Y
MNREETH DD, OIWERLIERIAT AT 70 MZRIET D HMM O 4%
BIAAIRRE DRI & K TIRRED R ITH D Sil DIRERFNICT OV TITAHME L 7=,

30 () 5 RREE 7 /L ClE, #2 i T (state3 12 kF i) & Z AL BAAMIT IR E % 43
JTWaolzxtL, X 30 (h)D 6REET/LTIE, BOVHLEZEOKEFIZ 1SR
REAZH VY TTEY (stated [TKH), HI W TN EEBY HLEZEO MLy T
LA7ay 7 EAEREBORFEENBL TS EEZLND. I5ICK 30 ()0 7R
REDE TV TUE, B 0A BALE AT TIREEN 43 22 T B 0 (state3 12 xbik), IRAESKL
D Z DD, KVFEMIZH A YIREBOEEZR A ONLD LI ITR-oTWVD.
fERiE [16] [17] [18] CTIX I O R # /e 5 fHIR & B BYICIRE L TV 722y, K
BRAIC LY ZTORBRNMFEN T — 2 OfENL bR S,

47



state3

0.04 0.05 0.06
time[sec]

0.03

0.02

LNE- @)

(a)

0.05

0.04

0.02

time[sec]

REEH 6

(b)

stateb5

state3

state6

stated

state2

0.04
time[sec]

0.02

NG

30 Viterbi 72U XA THE L7 MR

(c)

f& % 51
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433 HMMIZES HBIFEDKE

RIWRTHATY 4 HEONI BOXAYORT—FE2FHM, EVoO 1 HED
AAXYDOET =2 %7 ANHEL, GMMOEEGH 1 DOET VIZONTRET A
FaefTole., FEAT—ZICER SBIEARTERTCORERBGEEND 2D, TV
NI A= FTRINENBRLZETOREROT XDV L5, K 31K 32
[T HMM DIRBEEH Z B4, & THREZ EH TS5, 6, 7 REE LEKZALENIZ
WCHOIEERE, TAMICHERLEZZA YLK LEB D THDS. 22 CTH
IEZREIL, #AYN L BEET LI EICH DI BEMETFEORELG, I
FLOFETHEREZHAL, Thdx —o2o07 — S & LTHMINTEREREE
fig L 2t L, EZXBAET —FRBTCHELELOTHD.

B 31 @ICTAT LI, HEELZLPCHT T AN AMEEE LEKOREFIEL
DIEEFIX, R 6 OET /L TIL 84.6%~92.6%TH YV, IRIESH 7 DET L TIX
87.2%~92.0% T > 7=. FHRICIRREFIE 2 O EZFIIK 32 @)IZRT Lo ITkEE
6 DET/NTILB845%~926%TH Y, IRIEE 7 DET /L TIE 87.8%~92.4% T b
ofz. —HEHEE NV RANRT 4 V2 FBPONRT —fEOEE) & LI REORSE
FIELIOEZERT, M 31 O)ICRT Lo, KREH 6 OE T /L TIE 83.4%~93.7%
THO, REK T OET L TIE 805%~90.7%ThHo7-. £H|ETIE 2 O IEZKR
K 32 (D)IC/RT L HICIREEEL 6 ODE T LTIl 83.4%~93.7% ThH v, JRAESK 7
DET N TIE 80.5%~90.7%Tdh > 7. FEEOHKTIE, 2L A EDEMAET LPC
TTARNTAMERERA LIZET VORI B IEERERE» T, —F, KWFET
BELIZHMNFEDEWVICIDIEERORERETRL LR >72. £72 HMM

DREH DO TIE, ZHOFMFICB VW TESREDOET VLY & 6 7212 7R
DETNDOIEINEHEETH - T-.

K VFEMICHEBRERZ DT T 2720, EITRIEBOIEEREZM T2, £ 6 1TFH
Hx% LPC 7 A N7 AMeELL LIZBFO HMMREESL 7T O E T VIZEBIT 5, IRET
B LOEZRRERE - BEREFICRLIZbOTH D, TireA & TireC 1L 2EMIC
EWIEZERZRLTWD 2, TireB 3 KO TireD O @I 0 £ FHIXIEZE R,
ZOMMEIEER TICRITREFE2OLATHLRKTH L. —FH, £ 8IIFEEL
N RNRRAT 4V EZFBRP ONRT —fEOFE] L LIEREO HMM IREES 7 O € T v
BT 5, REFIELOEERZEE - BHKEFBIIRLEZLDOTH S, TireD
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\Z 8 F 2 EE O 40km/h, 50km/h (34K &% LPC 7 7' X h 7 LMREL L L2 RelZ
RTEZEEPRKELS EHLTWE R, I TireA IZE T 5)EE O 30km/h X° TireB
\ZB T 5 40~60km/h O = v b7 A7 7Lk, TireCIlZE I} % 50~70km/h O 7
=y FT A7 70 bR 30kmh DEFITRKENMETLTWD., ZofniEE 912
FITREFE2O05E5THRETH S.

50



100%

90% |[—
>
© 80% —
§ N of state 5
< 70% |— BN of state 6
60% |— mN of state 7
50% . : - .
0 Tire A TireB TireC TireD
N of state 5 91.2% 85.9% 89.7% 88.2%
BN of state 6 92.6% 84.6% 90.1% 88.3%
BN of state 7 91.8% 87.9% 92.0% 87.2%
(a) B & : LPC 7 7 A N T A
100%
90%
>
© 80% —
§ N of state 5
< 70% (— BN of state 6
60% — mN of state 7
50% . : - .
0 Tire A TireB TireC TireD
N of state 5 82.0% 71.4% 86.2% 73.9%
BN of state 6 91.2% 83.4% 93.7% 89.0%
mN of state 7 90.7% 80.5% 89.4% 90.1%

(b) H¥pfl& : N AR T 4 LA
31 METFELORBT A FER
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100%

90%
>
© 80%
§ N of state 5
<
70% BN of state 6
60% mN of state 7
50% . : - .
0 Tire A TireB TireC TireD
N of state 5 91.4% 85.8% 89.7% 88.6%
BN of state 6 92.6% 84.5% 90.0% 88.9%
BN of state 7 92.1% 87.9% 92.4% 87.8%
(a) B & : LPC 7 7 A N T A
100%
90%
oy
© 80%
§ N of state 5
<
70% BN of state 6
60% mN of state 7
50% . : - ]
° Tire A TireB TireC TireD
N of state 5 82.0% 70.7% 85.9% 74.8%
BN of state 6 91.4% 83.1% 93.7% 89.1%
mN of state 7 92.1% 81.0% 89.5% 91.2%

(b) ¥ & :

N RNXAT 4 V&

32 METFIE2ORMT X M s R
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 75.0% 89.9% 98.6% 99.5% 99.5% 98.7% 97.7%
wet 100.0% | 95.8% 97.1% 97.0% 93.4% 83.6% 96.0%
snow 77.2% 83.3% 91.5% 95.5% 93.1% 89.1% -
ice 98.6% 83.1% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 97.2% | 100.0% | 99.5% 99.0% 99.0% 99.5% | 100.0%
wet 100.0% | 100.0% | 92.8% 98.7% 95.6% 94.0% 97.3%
snow 7.8% 48.2% 90.1% 99.1% | 100.0% | 89.4% -
ice 48.4% 68.9% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 81.0% 94.3% 96.2% 99.5% 98.0% 99.4% 99.3%
wet 100.0% | 95.8% 82.6% 85.3% 73.5% 76.1% 82.3%
snow 81.0% 84.0% 89.3% 98.9% 97.6% 97.5% -
ice 97.0% 98.5% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 65.6% 92.7% 98.5% 99.5% 99.5% 98.4% 98.8%
wet 100.0% | 100.0% | 98.6% | 100.0% | 100.0% | 100.0% | 88.4%
snow 67.8% 67.8% 64.1% 88.1% 83.2% 68.6% -
ice 100.0% | 100.0% - - - - -
(d)  TireD
# 6 W - KR EE R O R E

R & : LPC 7 7 A N7 &85, HBIFiE 1,

HMM IRHESL : 7




30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 77.9% 90.3% 99.5% 99.5% 99.5% 98.7% 97.1%
wet 100.0% | 95.8% 97.1% 97.0% 91.8% 83.6% 96.0%
snow 77.2% 83.3% 92.3% 95.5% 93.6% 89.1% -
ice 98.6% 83.1% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 97.2% | 100.0% | 99.0% 99.0% 99.0% 99.5% | 100.0%
wet 100.0% | 100.0% | 92.8% 98.7% 94.1% 92.5% 97.3%
snow 7.8% 48.6% 90.5% 99.1% | 100.0% | 89.4% -
ice 50.0% 68.9% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 84.0% 94.3% 96.7% 99.5% 98.0% 99.4% 99.3%
wet 100.0% | 95.8% 78.3% 82.7% 73.5% 73.1% 82.3%
snow 82.9% 86.4% 90.1% 98.9% 97.6% 97.5% -
ice 98.5% 98.5% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 69.9% 92.7% 98.5% 99.5% | 100.0% | 98.4% 98.8%
wet 100.0% | 98.6% 98.6% | 100.0% | 100.0% | 98.5% 88.4%
snow 70.2% 67.8% 68.8% 88.1% 84.1% 69.0% -
ice 100.0% | 100.0% - - - - -
(d)  TireD
F T OHE - KR EE RO R E

Frf & : LPC 7 7 2 b 7 L%, HIBIFik 0 2, HMM RAEEL
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 97.7% | 100.0% | 100.0% | 100.0% | 86.9%
wet 98.5% 98.6% 68.1% 77.6% 80.3% 85.1% | 100.0%
snow 39.4% 87.3% 96.2% 99.1% 84.0% 84.8% -
ice 100.0% | 97.2% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 99.5% 78.0% 72.2% 81.9% 89.4% 76.5%
wet 81.3% 26.4% 4.3% 21.3% 94.1% | 100.0% | 97.3%
snow 55.2% 58.9% 92.1% | 100.0% | 100.0% | 95.0% -
ice 100.0% | 30.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 98.6% 4.3% 30.7% 61.8% 95.5% 96.8%
snow 21.5% 95.6% | 100.0% | 100.0% | 97.6% 95.1% -
ice 100.0% | 53.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 99.5% 99.0% | 100.0% | 100.0% | 100.0% | 98.8%
wet 84.0% | 100.0% | 84.1% 89.6% 97.1% 97.0% 92.8%
snow 15.0% 92.3% 95.3% 99.5% 88.5% 59.9% -
ice 98.5% | 100.0% - - - - -
(d)  TireD
# 8 W - IR EERE DR E

Fefie . N RRRT7 0 v &, HBIFE 1,
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 99.5% 94.1% | 100.0% | 100.0% | 100.0% | 86.3%
wet 95.5% 97.2% 95.7% 98.5% 95.1% 91.0% 100.0%
snow 38.3% 83.7% 94.4% 99.1% 91.0% 92.7% -
ice 100.0% | 95.8% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.5% 78.5% 72.2% 81.9% 89.9% 72.2%
wet 81.3% 26.4% 4.3% 22.7% 94.1% | 100.0% | 98.6%
snow 56.5% 63.6% 95.0% 100.0% | 100.0% 96.5% -
ice 100.0% 30.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% 4.3% 32.0% 61.8% 95.5% 96.8%
snow 21.5% 96.0% 100.0% | 100.0% 97.6% 95.9% -
ice 100.0% | 51.5% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.5% 100.0% 98.5% 100.0% 98.4% 93.8%
wet 66.7% | 100.0% | 97.1% 98.5% | 100.0% | 100.0% | 98.6%
snow 14.2% 95.1% 87.5% 96.9% 93.1% 71.8% -
ice 98.5% | 100.0% - - - - -
(d)  TireD
# 9 HE - KimiRER" O R E
el - N RN 2A 7 g v 2, HBIFE 02, HMMRAEHE @ 7
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434 YA XuNRXMEORKRE

WICLIFEOZAXY DT —F THEELETT AN, hoX A YHEOT — % OH 5|
WWbEHATE 20 a2, FAKICGMM OREGE 1 L. FEHAT—% L7
AMNHAT—2%ZUTOLICEHELEZ. £ 1LICRTHXATA4HEON 1 FEEZEN
HHEREZ LIZ, TRXRTOHEEAEEND LI, RT—FHD 35D 2 %2k
FBed ., ZThaEed THFERT—2 T2, FEHAT—ZIZIER 57T AT
DHEEBNEENDTD, TETANRT A —ZERINENRR DL ETORERO
— X DK LD, EROFENT—FICBRHAESN RN >T2EY D350 1D
—Z L, MDA X IFHEOTRTOT—F 52T AMNHET D, Thx 4 E#

LT, I RCOFATYHERFET X LRDEIICHBHBT A MEITo72. K 33
~X 36Xt L,

M 33X A Y ADT—FaFEMITHEN LzL

M 34: 2 A ¥ BOTFT—FE2FHMITHENLEL &

M 3B AV COT—FaFEMICHEALE L X

K 36: %A YDOT—XHFEMAICHEALE L&
DIEZERZRLESDTHY, QIEFHEEIC LPC 77X T LMREE W72,
(D) ITFFEEIZ AN RANRT g L ZFRPE DO ST — O E % H v 72 B o 1E &
FThHo., HHEZA2EH THALELREFELEZH VL.

B@IWART R TireADT =22 FEMITHEN LzL &, REHT7DOE
THATIHEEER WU ETHY, 12D XA YA XDT —XDOH T A XD
AAYTHEBEICKEREBOHB A TE Hal@En a3z, L, X 33
~X 36 D@IZART LI, TireBDT —% THEEHLEKOIEEZR, KOMho ¥
AYXYDOT =2 THEELIZRKEO TireBO EXER/MOFHELY BEFRERLS2oTH
D, TOZ LI TireB DIREWE K OFREBMDZ A ¥ LITHER > TWD A[REMEE
REL TS, Bk oML 33~X 36 D bO)ICRTRMEEZ NN R T 41
FHEBPDONRT —EOEEE LEELAORKETHD. FEEOLEKETIX, Z2HD
ZMTLPC Y 7 A N T AR EBRALEZEET AR NEBER 7. i1z
HMM OMREE D L TIX, ZEDOFMFICTB VW TSREBOET L LV S 6 £7213
WEOETLDIEIVNERKETH 7.
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FUFMICRBRERE DT 5720, Ffim%s LPC 7 7 X b7 AE¥ L Lok
DETEREEOEERER T2, Fl 2, TireA THEE LI7ZKEO TireB O E& =X
33@)T/RLAELIICBI% THY, £ 10(D)THRLEZLIICEZEHDOEMET 80%
LI b o @k TR T & T B —J7, 30km/h O JESE R 30km/h, 40km/h O EURE 72
EMEZERPMMENEMER D o 7o, FERICIES & o KE ik TEA RN 50% K
MOEMITMDO L A VY TFEEHLELGA T RO, T 7 /00 3 E K77
LB HEIREBICH T 2IRGFEER DD 2 LR RB IR,
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100%

N of state 5
mN of state 6
BN of state 7

N of state 5
mN of state 6
BN of state 7

90%
g
S 80%
g
70%
60%
%
50% Tire A TireB TireC TireD
N of state 5 96.7% 83.7% 89.8% 95.1%
HN of state 6 96.5% 85.3% 91.3% 95.1%
mN of state 7 95.7% 89.0% 91.6% 92.7%
(a) H5E : LPC 7 7 2 N 7 MR ¥Kk
100%
90%
g
S 80%
g
70%
60%
%
50% Tire A TireB TireC TireD
N of state 5 84.2% 70.5% 73.2% 77.2%
EN of state 6 96.7% 81.3% 87.5% 86.5%
EN of state 7 91.5% 75.0% 87.6% 92.8%
(b) HFfE : N RARAT 4V ZFBBIEORT — D ¥ HE

X 33 XA YADOT—HXEFEHICHEHALEZLEXORE
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100%

90%
g
S 80%
g
70%
60%
%
50% Tire A TireB TireC TireD
N of state 5 82.4% 96.5% 78.6% 70.7%
HN of state 6 88.1% 97.3% 87.6% 77.2%
mN of state 7 85.4% 97.2% 80.0% 75.9%
(a) H5E : LPC 7 7 2 N 7 MR ¥Kk
100%
90%
g
S 80%
g
70%
60%
%
50% Tire A TireB TireC TireD
N of state 5 67.6% 90.3% 71.0% 53.1%
EN of state 6 74.7% 89.7% 88.1% 65.0%
EN of state 7 73.4% 95.5% 73.8% 66.3%

(b) Hrf -

N of state 5
mN of state 6
BN of state 7

N of state 5
mN of state 6
BN of state 7

N RRNAT 4V ZFBBE DN — O fE

34 XA¥YBOT—HEFEHAIHERALELEEZOKE
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100%

90%
g
— 0,
§ 80% N of state 5
< 70% mN of state 6
BN of state 7
60%
%
50% Tire A TireB TireC TireD
N of state 5 87.1% 80.6% 95.4% 84.3%
BN of state 6 88.3% 83.6% 95.0% 84.9%
mN of state 7 86.8% 84.9% 95.9% 81.8%
(a) H5E : LPC 7 7 2 N 7 MR ¥Kk
100%
90%
g
— 0,
§ 80% N of state 5
< 70% mN of state 6
BN of state 7
60%
%
50% Tire A TireB TireC TireD
N of state 5 80.7% 69.7% 80.2% 75.7%
EN of state 6 90.4% 79.9% 94.4% 87.6%
EN of state 7 90.5% 89.0% 92.6% 92.9%
(b) HFfE : N RARAT 4V ZFBBIEORT — D ¥ HE

X 35 A Y COT—XEFEHIHERHLEEEDORKE
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100%

90%
g
S 80%
g
70%
60%
%
50% Tire A TireB TireC TireD
N of state 5 90.7% 77.0% 86.0% 95.6%
EN of state 6 90.1% 77.3% 84.9% 95.1%
mN of state 7 90.6% 79.7% 89.6% 95.6%
(a) H8E :LPCH 72 b7 MMEHK
100%
90%
g
S 80%
g
70%
60%
%
50% Tire A TireB TireC TireD
N of state 5 81.1% 58.4% 70.7% 86.9%
EN of state 6 95.2% 68.9% 89.7% 95.4%
EN of state 7 86.0% 69.7% 89.0% 95.1%

(b) Hrf -

N of state 5
mN of state 6
BN of state 7

N of state 5
mN of state 6
BN of state 7

N RRNAT 4V ZFBBE DN — O fE

36 XA ¥YDOT—XEFEHRHIERLEZEEORKBE
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 97.0 98.6 98.6 98.6 100.0 95.9 89.7
wet 93.8 90.9 90.0 95.5 100.0 95.8 95.5
snow 76.7 94.6 96.2 98.7 98.4 96.4 -
ice 100.0 100.0 - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 97.7 100.0 99.5 99.5 97.5 97.3 98.8
wet 90.5 100.0 98.6 85.8 97.3 77.9 85.1
snow 27.9 76.3 96.3 99.6 100.0 91.3 -
ice 0.0 36.7 - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 94.0 97.6 98.1 98.5 98.5 98.9 99.3
wet 98.6 94.4 68.1 60.0 58.8 53.7 64.5
snow 95.6 98.8 99.2 98.9 100.0 98.4 -
ice 65.2 22.7 - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 84.2 94.5 98.5 99.0 98.5 97.9 97.5
wet 100.0 98.6 97.1 92.5 77.9 76.1 89.9
snow 83.5 92.4 86.7 96.9 94.2 87.7 -
ice 75.8 93.9 - - - - -
(d) TireD
# 10 TireAZFE T — X L LIcWo#E - Bk g mE o E

& LPCHY 7 A T A
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 90.2 98.2 100.0 100.00 99.5 99.3 98.9
wet 96.0 85.1 90.2 86.6 94.2 97.2 100.0
snow 87.2 83.7 73.5 71.2 69.2 58.8 -
ice 71. 1.4 - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 97.2 100.0 100.0 100.0 100.0 100.0 100.0
wet 100.0 100.0 82.6 100.0 91.3 86.4 100.0
snow 100.0 100.0 100.0 97.3 96.9 78.3 -
ice 95.2 100.0 - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 92.0 98.1 100.0 100.0 100.0 100.0 100.0
wet 98.5 97.2 81.2 70.7 69.2 61.2 75.8
snow 50.0 62.4 56.4 78.9 60.8 70.5 -
ice 47.0 40.9 - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 86.9 99.1 100.0 100.0 100.0 98.9 100.0
wet 100.0 98.6 94.2 100.0 95.6 89.6 97.1
snow 66.9 54.6 28.1 53.9 48.6 33.2 -
ice 100.0 10.6 - - - - -
(d)  TireD
#£ 11 TireB 287 — X & LW - Bk & O R

& LPCHY 7 A T A
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 77.9 94.0 99.1 99.5 97.3 95.4 87.4
wet 92.0 83.6 82.0 100.0 100.0 97.2 100.0
snow 61.1 89.1 80.3 92.3 78.7 76.4 -
ice 94.5 21.1 - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 88.8 99.1 99.5 100.0 100.0 100.0 100.0
wet 100.0 100.0 98.6 100.0 98.5 97.0 96.0
snow 13.6 48.2 92.2 93.2 95.9 63.8 -
ice 54.8 11.7 - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 96.7 100.0 100.0 100.0 100.0 100.0 100.0
wet 100.0 100.0 87.0 96.0 95.7 72.7 90.5
snow 88.5 100.0 94.1 98.3 87.3 80.5 -
ice 100.0 100.0 - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 53.0 93.2 99.5 99.0 98.0 94.2 96.3
wet 100.0 100.0 100.0 100.0 100.0 97.0 91.3
snow 42.1 76.0 54.7 86.0 75.3 59.9 -
ice 98.5 15.2 - - - - -
(d)  TireD
#£ 12 TireC 2T — & & Lo - Bk i3 o R

& LPCHY 7 A T A
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 92.7 99.5 100.0 99.1 98.9 98.7 91.4
wet 94.0 86.6 95.1 97.0 98.6 98.6 98.5
snow 18.3 87.8 97.0 99.6 100.0 98.2 -
ice 91.8 29.6 - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0 100.0 97.6 97.6 90.5 92.6 97.5
wet 100.0 100.0 95.7 85.3 75.0 55.2 85.1
snow 1.3 17.0 65.2 98.2 99.5 90.8 -
ice 32.3 36.7 - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 98.0 99.1 97.6 98.0 96.5 97.2 98.5
wet 100.0 95.8 73.9 89.3 61.8 59.7 85.5
snow 48.7 78.0 94.4 98.9 100.0 100.0 -
ice 86.4 39.4 - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 95.1 100.0 97.0 100.0 100.0 100.0 100.0
wet 100.0 100.0 95.7 100.0 87.0 81.8 100.0
snow 35.0 96.7 100.0 100.0 100.0 93.5 -
ice 100.0 100.0 - - - - -
(d) TireD
# 13 TireD P E T — & L LW #E - Bk g O E

& LPCHY 7 A T A

66

RS 7




435 HAOmZBEEHL L THWEZ GMM DRE¥ DR E

AT £ TiE, HMM O i EIZ vz GMM ORAH%Z 1 & L TET V2
FKLBET A M EToTCEREN, KETIHREAEEELIYE, ZOEELHAI
fRERT. R IWECARTHAAYAFEONIHEOI A YDOLET — X FEHM, %Y
DIFEOEAYDERT 2% T AMAEL, BT A M&1To72. ¥ 371X HMM
DIRREE 2 7, R &% LPC 7 7 A T AR¥ L L, HBIHIEEZ 42 HiTHHL
TFELELEROEERZ, TAMHIERHLEZAPIEICRLEZLDOTH
5. K 37THARTIEY, TireBZR 3FEDOX A ¥ T GMM ORAHI{RE LD
W2, MES EF LTS, XVEMCKREREZIITT 5720, ETRGEEBOE
BREH~T-. K 1413 HMM OREEEZ 7, BEEL LPC 7 7 A 7 LMMRK,
CGMMDIEEHZ3 & LIEREORE - REKREFOKETH L. £ 61C/" L7 GMM

REH 1 OyE LB LT, Tire ADREBETO RZ 47 A7 7L F= Tire D
OARHIE O EFOREE XM ELTWb 23, Tire BOWKOKEEIZRKEIKFLT
W5,

100%
90% (—
>
3 0 .
= 80% [— GMM mixture:l
(&)
(&) H .
< 70% B GMM mixture:2
B GMM mixture:3
60% —
50%
° Tire A Tire B TireC TireD
GMM mixture:l 91.8% 87.9% 92.0% 87.2%
BGMM mixture:2 92.3% 86.1% 92.0% 91.3%
BGMM mixture:3 93.1% 87.7% 96.9% 92.6%

X 37 GMM DIRA o &%
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 95.6 98.6 100.0 99.1 97.8 98.0 78.9
wet 98.0 86.6 90.2 95.5 97.1 95.8 100.0
snow 67.2 87.8 97.9 99.6 95.7 86.1 -
ice 98.6 81.7 - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 97.7 100.0 99.0 98.1 95.5 93.6 95.1
wet 100.0 100.0 100.0 98.7 94.1 86.6 100.0
snow 26.0 60.1 94.2 99.6 100.0 95.7 -
ice 0.0 18.3 - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 98.0 99.1 99.0 100.0 97.9 100.0 97.8
wet 100.0 100.0 94.2 85.3 82.4 85.1 100.0
snow 89.9 96.0 97.6 99.4 99.4 98.3 -
ice 92.4 97.0 - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 96.7 99.5 100.0 100.0 100.0 97.9 98.8
wet 100.0 100.0 100.0 100.0 100.0 98.5 100.0
snow 85.1 78.7 75.0 95.3 87.1 72.2 -
ice 98.5 98.5 - - - - -
(d)  TireD
# 14 GMM OEAHE 3 & LR - B ke o R
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WICLIFEDH A Y DT =X TEHLEET AN, X A YHEOT — X OH 5]
WCHHEATE D0 E2d 2. GMM OREEGEIZFERIZ 1, 2, 3oV Tt L.
FERT =X T AMNAT—FEZUFOLIICHELL. £ 3ITRTHA Y 4FE
ON1FEATRY, BREKEZ LI, 7XTOoEEBRAGENDL LD, BT —4
BOIHD2E5BT D, N2 E O TREEAMAT 4L 75, 2EHMAT—#IC
FR SIEARTRTORHBEBNEENDLI LD, ETANRT A —FIZRINENERD
ETCOREHROT —F DK Lid., LLOFERT —ZICBRHAS NN -T2k
VDI FDLIOT—FL, MOFXAYIFEOTXTOT—F%T A MNIET 5.
INEAEBHRVELT, T XTOXAYHERFET —F LD LOIZHWET A b
wAT o7 38~ 41 1FFhE i,

BHFATYTADOT—FEFEHMITHERN LR L&

39X ATV BOT—FEFEMITHEMA L L &

Bl 40: A4 v COT—FaFHHICHEHLEE =

M 41: 2 A Y DOTF— 22 FEMICHERN L L &

DEZFERZRLELDOTHY, FEEIZLPC 7 7 A2 N7 A E H iz, HBIJ
BT A2HCHA LEREFELEZH V. FEALEDOENET, GMM ORA K %
2FEITIITHWMSIELZLICE o THENM ELED, TireA THEEHLEKED
TireBDWEE L, TireD THE LD TireBOREEIZRELET L.

KX OFEMICRBER A2 DT 072012, ET&MEOEEREZHRH /. £ 15
#* 16, £ 17, & 18 1%, HMM OIREEK % 7, &% LPC 7 7 X F 7 AMRHL,
GMM DR HZ 3 & LIZRFORE «- RMEKREBEOHETH L. 43.4H T~ 7
£91Z, GMM OEG#Z 1 & Lck, —#HORMAETEZERMELS, ETFT VO
Y| FEARAFPESC W IR B T DR fE DR B D Z eIz, REH%E
WMOd Zeicky, ETVORBENEED, TOL) RIKEEEZHERT L L %
HEELZZR, #RELTERBEODRWRFZUET L LITTE o, flx
X3 10 L€ 15tk 325 &, Tire B ORI TOHKES Tire C O 5L, T8 L A ¥
EAMETFTLTWS. FERICER 11 LF 16, R 12 &K 17, £ 13 L £ 18 DL
TH, WEMEZH-TZHBEREOREENMETLTWD Z ERbnD. 2k
GMM DIEAEEWL LI ETETFANT A —ZENRMRK LI-=DIC, BEH
EHlERILZEEZEXZDOND. FFICKR SICART LI, BEKOT — & gz
A_ThHRno T, BEHBHRISTroTelBEALND.
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100%

90% —
>
% 80% |— GMM mixture:1
b 70% |— B GMM mixture:2
B GMM mixture:3
60% —
>0% Tire A TireB TireC TireD
GMM mixture:1 95.7% 89.0% 91.6% 92.7%
EGMM mixture:2 96.5% 85.5% 93.4% 94.6%
BEGMM mixture:3 97.2% 85.5% 92.3% 94.1%

38 TireADT — 42 FEHMICHEH LI L ZDRE
100%
90%
9
< 80% [— GMM mixture:l
(&)
(&) H .
< 70% — BEGMM mixture:2
B GMM mixture:3
60% [—
%
50% Tire A Tire B TireC TireD
GMM mixture:1 85.4% 97.2% 80.0% 75.9%
BGMM mixture:2 89.0% 98.1% 86.9% 81.1%
BGMM mixture:3 89.2% 98.3% 86.8% 80.1%

¥ 39

TireBOT — X 22 EHICHEH LI ZOKE
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100%

GMM mixture:l
BGMM mixture:2
EBGMM mixture:3

GMM mixture:l
B GMM mixture:2
BGMM mixture:3

90%
>
[&]
© 80%
>
3
< 70%
60%
50%
° Tire A Tire B TireC TireD
GMM mixture:1 86.8% 84.9% 95.9% 81.8%
BEGMM mixture:2 88.5% 85.3% 97.4% 88.1%
BGMM mixture:3 89.7% 87.1% 97.2% 85.8%
40 TireCOTF— X2 FEMBICHEHA LI L EDKE
100%
90%
>
© 80%
)
3
< 70%
60%
50%
° Tire A Tire B TireC TireD
GMM mixture:l 90.6% 79.7% 89.6% 95.6%
BGMM mixture:2 90.0% 75.7% 89.0% 95.9%
BGMM mixture:3 89.0% 75.8% 88.6% 96.6%

X 41

TireD 07— X B HICHER Lz & & DBE
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0 98.6 100.0 95.7 98.3 98.0 93.1
wet 93.8 81.8 85.0 100.0 100.0 100.0 100.0
snow 90.0 97.3 97.4 98.7 100.0 100.0 -
ice 100.0 100.0 - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 98.6 100.0 100.0 98.1 97.5 89.9 91.4
wet 86.6 85.3 97.3 87.0 98.6 100.0 94.6
snow 7.8 62.9 93.0 99.6 100.0 88.4 -
ice 0.0 3.3 - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0 100.0 98.1 98.5 96.5 96.6 97.0
wet 100.0 93.1 55.1 68.0 63.2 58.2 87.1
snow 93.7 99.6 99.6 100.0 100.0 100.0 -
ice 50.0 28.7 - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 98.4 99.1 100.0 99.5 97.4 97.3 98.8
wet 100.0 98.6 84.1 100.0 83.8 83.6 97.1
snow 85.1 95.1 93.8 99.5 97.5 90.6 -
ice 333 66.7 - - - - -
(d)  TireD
#* 15 TireA O7 — X ZFH SN U 72 By O AL - 3% i K B8 15 O K5

GMM DIEA % : 3
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 97.6 98.6 100.0 98.1 98.9 100.0 98.3
wet 96.0 83.6 85.3 77.6 75.4 93.1 92.4
snow 98.3 96.8 94.4 91.4 88.8 66.7 -
ice 0.0 0.0 - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0 100.0 100.0 100.0 100.0 100.0 100.0
wet 68.2 95.7 100.0 100.0 100.0 100.0 100.0
snow 100.0 97.6 100.0 98.6 100.0 88.4 -
ice 100.0 100.0 - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0 99.5 99.5 100.0 100.0 100.0 100.0
wet 90.1 93.1 84.1 78.7 72.1 44.8 72.6
snow 95.6 92.0 83.3 88.6 74.1 77.1 -
ice 0.0 0.0 - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 95.6 99.5 99.5 99.0 99.0 100.0 100.0
wet 94.6 97.2 89.9 97.0 83.8 76.1
snow 89.3 69.4 58.6 78.2 71.2 41.9 -
ice 0.0 0.0 - - - - -
(d)  TireD
#* 16 TireB 07 — & ZFE MMM L 7C R O @ L - B iR RE 15 O K

GMM DIEA % : 3

73




30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 95.6 99.1 99.6 98.6 97.3 94.1 66.3
wet 98.0 83.6 85.3 100.0 100.0 97.2 100.0
snow 65.6 93.7 95.3 98.7 89.4 80.0 -
ice 94.5 1.4 - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 87.0 100.0 100.0 99.5 100.0 100.0 100.0
wet 56.7 88.2 100.0 100.0 100.0 97.3 81.1
snow 65.6 60.9 95.0 95.9 95.9 80.7 -
ice 0.0 0.0 - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0 100.0 100.0 100.0 100.0 100.0 97.7
wet 100.0 95.8 95.7 100.0 91.3 40.9 100.0
snow 96.2 100.0 98.8 100.0 96.4 87.8 -
ice 100.0 100.0 - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 90.7 97.7 100.0 97.5 98.5 92.6 76.5
wet 98.7 97.2 100.0 100.0 98.5 98.5 97.1
snow 57.0 86.3 78.9 96.4 86.8 67.9 -
ice 12.1 0.0 - - - - -
(d) TireD
& 17 TireCOT — & 2B MMM L7c R oL - B kR 48 O K K
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 96.6 100.0 99.6 95.3 97.8 98.7 91.4
wet 92.0 86.6 85.3 92.5 88.4 98.6 98.5
snow 19.4 94.1 98.7 100.0 100.0 95.2 -
ice 56.2 0.0 - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 99.5 100.0 98.6 90.4 71.9 61.2 81.5
wet 53.7 57.4 80.0 92.8 98.6 98.7 93.2
snow 5.2 29.6 72.7 99.6 100.0 93.2 -
ice 0.0 0.0 - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0 100.0 98.6 91.5 87.9 93.8 99.3
wet 100.0 98.6 87.0 58.7 47.1 59.7 96.8
snow 64.6 95.2 100.0 100.0 100.0 100.0 -
ice 10.6 7.6 - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0 100.0 97.0 98.5 96.9 98.4 100.0
wet 100.0 100.0 100.0 100.0 82.6 95.5 100.0
snow 47.5 98.4 100.0 100.0 99.2 96.7 -
ice 100.0 100.0 - - - - -
(d) TireD
#* 18 TireD O 7 — X ZFH AN U 72 By O B - 3% i K B8 15 O 5

GMM DIEA % : 3
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4.4 COEDERELFLYD

433 TRLUIEFERND, RETHEH L7 HMM % v 72 B otk g8 4 51 5 35 12 B8
LTI, R RRAT AN EOFBBREONRT —HOELH LD LPC 7 7 A T 4
REDIE O D, BEREHB OO DX A VIREIWEF O HEE > L ERILTE
TWHZ EnmRahlz., 6 REFL T TREOET VORBEN R, 5IRE
TIEETVORANBARZELTWD Z ERRBI N, —HFHBFEELT2D
DFELRBELER, ZOBEOBWNIIZLAE RN -7,

JEATHFSE TlE, 2008-2009 A4 2, J () 2009-2010 A FED 2 v — X b2 b
B ABEICE W TRIERBREZIT> T D, ¥ — X O ¥ IEAFEIT 2008-2009
EAZRIN T4% TH b, 2009-2010 FE A Z1L 82% TdH - 7= [16] [17] [18]. AT HF%E

V3 IR AR SELTEY, Bz -2 —KETHDLDOT, RFEIZHT
DFEREF—DRMETITRND, KHFFETIE, 433 TRLELIIZ, BEEL
LPC 7 7 A F T hR#E L LTy, 6 IRAEE T /L TIiX 84.6%~92.6%, 7 HKEET /L T
13 87.2%~92.0% DO IEZERTHEIREZ M TE TEY, HifH LR O &2

LICHRATIFE LD b EICREIREZ N TE 2Rz, L LKEESE
R REfE, EEEICA TAHADE, ZHOEKME T TIX 80%LL o E W\ IEZ 2 Cf
BITETWEDR, —HEZEREROBENEFEHENDH T,

434 TIHAA YT AXETICHT DR MNEOFEMEIT > 72, TireA OF —
A BRICHERLZEE, REKT7TOET L TIEMO ¥ A ¥ D IEZ R T 89% LU
ETHY, 1 2OFATYHAXDOT —FDOHTHMY A XADHX A Y TH @R EICKE
HCRBEDH BN TE DA EMEN RSN, LML, TireBOT —X% THE LK
DIEZER, KOO Z A Y DT — 2 THE LIKED Tire B O EZE R MO i &
DHIELS o TRBY, RETHHLZE HMM ZH W2 FIETIEEE2RZ A YA

WX T 28 N2 MMEMHIZITEE S TRV, 435 8 TIEZ oMEICxIET 5 72
DI, WAOMREBEIZH W GMM DREHE 2N ETE o REeM~7. L
ML, NI A—ZEERIEIBFEICKHY, HICHBELZN ESELILERND -
THEROBENYIIKR T T AR o, WHEKIZIR SITr-T X7 —4
B en, BEEHICHOSThotEREEZZ NS,

EADEEEEZ TGS, HEEOETRMEIZABOLZBEMES KT AN
—DEEIZELS>THREY, FAVYHA XTI RIAN—OBORLEREIZL > TRE
DT, WMEICHKEREERGFET L2 EEFHFE LI 2. Bl X5 2R
ETNOMGENERRESCEEICLI > TEELTWVDIZEERBLTEY, E
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BRE@MDDHEZDITIE, HE - XA YA XEMELEZOTCT —FAEEITH -T2
ETNEMETDLIENARA U bERD. HMM T E F R0 T TO RN
THND LI, BRINEREZHETT VTRZ, RiMWOAB TR TE D70
BAIBENICENTERY, ERREFO~ S AP LENIE, KIS X 5 72
UTNEALHBINCHEL TS EEXLND. A% AREOS 2B RIEL LTI
IR D Fodfl, GMM DIRE B O KL, IRBEBREO XX v 7 OFEREN
BEZONDHN, THDLETAVORFIETHELSNTE LT, AITHRMICREY
SHE/[BBROVEADPHMM ZH WS 22 TOTAY vy henwx b, RETIH/NT A
— &M 2 REFEI R E O KIRfig & LT o2 BREENEETH 5 SYM &
RpRB & R 2 20— VB E ZMAGDELEFEORAEZ LT, TOAH
PEIZOWTHEMT 5.
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E5E I—RILZEEZERAVE2AVEREBOETILIEER
AR 7B 3 Al A ik

AFETIX, £ SVM (Support Vector Machine, R — F_X27 ¥ —< ) LK
WFFE TR W R A &2 BENIC| 2 5 1 —F L Th D GA (Global Alignment, 7
H—=NAT TAALE) ICOWTHMNAT L. TORTN D ZHEIC L7 B kR
BIFIEIC OV THHT 5.

5.1 H—RILiK [26] [38]

B — R WEIEEE, L LTCEHEBR PO CaRICEEL TE T — ¥
FOFERTHD., T —FOFEREESLRBROEREW > Z & AREICT 2R
W72 FETH Y, I —FWIEIC K o T & BT — & AT IE % R IEAL 3 2 o
ZEMN TR 8T & 72 [39] [40]. Z DukE L o= DN SVM % FEMIAL T 5 WF %t
[41]TH Y, ZO®BEA 2BV, ICHFERED S, SYVMIZT —x/Vik
DREW R FIELER-oTWD. A—FRNVEOL ) —DOF R E LT, FFREH
hAE T 2RERH D X D7, HiEEREO7 — X I L CEHEBEHATES2L ) A
WD, TOXDREEEN, KETHRI XA YRBWFICENTEL LB %,
FERINZXMBLE LD —F NV THD GA T — NV EHWTH A VIR IE & T
(O ATTR TN el R AW R RN R - i E g

AHETIE, £9 511 TSYMIZOWTHMHL, N EZIIEMBITILRET D — KW
RFBIZOWVWTHERS., £L T, KIFETHWTEGA T —NVEZDEZH O
W & 7225 DTW (Dynamic Time Warping, @EhHREFE{HAE) H — iz >0\ T 5.1.2
WZBWTHMT 5.

511 #E— bRZ ¥ —< > [26][42] [43]

SVM (Support Vector Machine, # AR — kX277 X —~< ) X, #0058 2
DA TRESNLEHMSD D ZEEZHVIHEITIETHY, 2L OBBFEEH
Wror bR bRMEEDENZFZEET VO —D2ThHb, FHRIZEZONT
AT — 22t L CRIT TR, REOHILRT — 25T 2RHEMEETH DL
fEPERER N E W & S, Wi ERGk [44] [45] [46] [47]1° 30738 % [48] [49] [50] [51],
AR [52] [53] [54] [55] [56], i AIfEMT [57][58] [59] [60] [61], J& i %k 4 bt
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[62] [63] [64] [65], /SA A A > 7 4+~T 47 A [66] [67] [68] [69] [70], 4 [71]
[72] [73172 E K2 e 3 B ~D IS AR B E AT TS, SYM A Lo X 9
BREMEATLIHBALELTUTOARBRDTONS.

ETINNRT A =R R IT L, ~— Vo R{bEEREL L TWND

EFETANTG A= PR TRGTEBEOME L TKRED

RN ANR—ATo D1, FHEa A MPRKRMNNS < THED

A —=FNWEIZ L > TIHMIBIZILRATHE T H D

Support Vectors

X 42 SVM IZ XL % 2l 5]

EFETNANRTA—ERN~ =V R EREAEL LT ZREFE - O & LT
FHZ L, KOZEOMRPBAN—ZATHDL I &%, MEETT V&2V 2l B
B MBREE R LN OMHAT 5. RIESBERTRERTFE T -2 DS X &%
NICH ST DHAMEREOEAS Y ZKRDEHIICEEL, ZTHhH5DTF—H% 250D
77 A uBLP I 2MEEZE 5.

X = (%, X0 %)’

(5-1-1)
oy | 0
-1 tyier (5-1-2)
Z 0L EHIT 2 EHBI & O R B K &
f(X) = sign(g(X)) 51
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g(X)=w'X +b (5-1-4)

LERTD. FELWITEAXRZ MY, bIFATDTETHLINAT ANRT A —X
Thsd. gX)Z1 0L X fX)=1 M LT plZmEL, gX)=1 0 & X f(X)=-1
ZHADLT o8+ 5. RITZOMEABERBIC 2R ITTHELELDOTH
L. —IRICIEANET — 2 2 EfEIC 7 JARECTCELMIILEGEL D D0, FEH
FiEFEP e A R b @< R D XD A RO TV, SVM iF~—Y 0o &%
BAL, Thai Kbt 5L EFETARTIA—FEZRODLFETHY, LM
DENEINTWD, v —Tr cr3HBIER gX)=0 L bIEWT — X RETO
HHEE LTERSN, UTOXSICHAETE S.
re L

[wi (5-1-5)
Lo T~—Yrak R+ 2ME W) 2 &/MeT 2B EMTH b,
SVM I Fo Lo icERTE 5.

.. 1 2
minmize —||w||
2

subject to  y-g(X)>1 (5-1-6)

ZIZTI1R LWOMBRBITHIZEOHAOHEMILOTZOIZEALLLL DT, KXHEB
BREWE RV, —RLTbhb,rd X2 ICEMBEEIT MBI RO T, M/NME F/ME
2720, KRixdEffs RN TED. ZofNMNE&E/MEMEEZ, 777
YU aRERBEEHNCCTRIMEICERT L HEE x5, FMEOT 77
T

L(wb, 2) = [wf" = X Aty -9 (4)-1)
— [ = X Aty -, - b)-1)
i (5-1-7)

THD. AEIT T T IVaJHTIZOTHD. ZOTFT T 70T a2 weE blgoD
WTIRM D LEFMEEIRET DI EITED
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aL(W,b,ﬂ,) (5-1-8)
i St 2 AX =
5 yl IXI

WA

P (5-1-9)

VWO BBRERS. (5-1-8)2 6, MMNEEDOELRT FAFLUTOLIICHEDL
no.

W= yAX (5-1-10)

A (5-1-9)FB L V' (5-1-10) % (5-1-NITRAT 5 &, K(4-2-6)D Wk HEE 55 .

maximize Z/Ii—%z;tiijyiijixj
| N (5-1-11)

subjectto > y4, =0 4 >0

Z?E X KKT 4t (Karush-Kuhn-Tucker &ff) [74] [75]% @A 42 &, LLFIZ
AT 3 ODFRMENALY L.

230 (5-1-12)
y;-9(x;)-1>0 (5-1-13)
4 {Yi 'g(Xi)_l}:0 (5-1-14)

FICA(5-1-13) X KKT A G L FFIEh, £ ToTF =¥ RGBT, 4=0, ¥
X yis g(xi)=1 BV DT L ERLTWND. 2O LML, 4#0 LD T—2 K
E~—Y RN 1ThY, pHEBFYEHICKRbEELEZA PR — X7 ML THD
TEEBWT S, —H 4=0 LT — & s (5-1-10)I2B W T, EANZ Flw
W OEEL 52700, 2F0, 2HRICL-TETAVEMBELLZEL TIE, PFR—
X7 MVLUANADT — 2 OFERIIREL 725 DT, Ltk MEOgIE A S —
AThD.

CZETEHFET P BIELSEEAIRETCH D EREL T2, EEOMBETIX
7 TADGUAEHMENANERDIGANVKZETHD. TOLIRGEAR, 0
FFE ClHREMELZMES ZEIXITE RO T, —HoRE T — X% Ol %7

81



RIDEIOIBRBEENLEIZR-TL D, ZOXIREEEZ N N—FK~—Y U HKID
VT b= ~ORERE S, BRI G-1-13) TR LESFHERICAT v
e &(i=1,2,-n) =0 2 AL, EMEG-1-6)ZKRDO XL IICEIETD.

minmize %”W”Z +CY &
! (5-1-15)
subjectto y-g(X)=>1-¢,

K(5-1-15) T, KRNI EHEAT L ETT X/~ —VUrNIZRAT S Z
LEHFIT RIS, EMETY—YUVEANLOHRMICIE LT AT 4 25 %
TWo., TNERAXPWICEKLEZBONRM 43 THDH. ELLSSEHTETNWDLT —
FRTIEEGO0THY, ~—VrAMIRBALET —F A TIRO0E=1L LD, %
o, MBI REZBA T, ol T ANDHEINTET =R TIXE>L D, O
FY yicg(x)=1 DALY O E, =0 B L, TR LA OB AT =1-y; g(x)
MENLT 20T, & 2t AL LTIRADEN 44 ITRTEI e VOB
B]emb., CIEEEHVWTREINDIRNFT LT 4=V DREIORO L —
RAZ7&2HETHF7A—=2THVY C>0 Th5bH. CooDMBRTIZyBETTRER T
—ZICKT DN R~ =V SYM O b S LD,

43 AT v B EQOBAICLD YT hv— U ~DFEM
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> Y -g(X)

-2 -1 0 1
44 v o UTIFEER

N— R =V Uil O & FEARIC, X (5-1-15) T L 72 il 59 A & B/ ME R E o X
bz B 2 5. EMEOTZ 770 VT VI UTFTOLIICRD.

Lo &2, = Sl +CT& - S Ay -(wx b) 1 £} T s (5110

A20 L u20 X7 7T 0V aFERTHDL., ZTOT T TV T U E W E bBIU{E)
WZOWTIRMWOD LEFEEEZIRET S &

oL

—=W—§ Ax =0 (5-1-17)
5 i yl 177

oL

5622 Yi4i =0 (5-1-18)
0

T oCd—py=0
s (5-1-19)

L n. ZOfRRENXNG-L-L)ICRATLIERNHMD T 77 VT %2155,

~ 1
L(ﬂ“):izﬁ“i _E;Z’i}i’j Yi¥iXiX; (5-1-20)

F7, 220 £ u20 B OK(GB-1-19)00 5, ISCHEY LD, LR oT, fiEd X
R A = e/ b B RE oo ROk R RE T
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. 1
maximize Zﬂ,i —EZ/IJ,J. VY %X, (5-1-21)
i ij

subjectto > y,4 =0 0<2<C

Thd. "—F~v—Y L SVM L OHERIZACHETI2HOFMEOHRLTHY, Co
oDRERIZEBNWTIEL, N— R~v—L 2 SVM EH—Th 5.

CIETHBEETANEZBZEZCELEN, SVM I —FNVIEEZEANTDHZ LT L
DIEMIE~JEIR S D Z N TE 5. X (5-1-11)F L UN(5-1-21) Tsr L 7= Bt [
ZBWT, &7 — X AMOEBIZIANERICB T 2NECTHMEND. 2z ql
DEHRTCFEERICTHREONBEICEESMZ 22 LICX->T, TOANZERICE
W, BB EEREIAL TS EE 2D, oF D X (5-1-20) TR L 7= MR o
TV TrEUTOIIICEETZS.

~ 1
L(/"L)ZZ/% —Egﬂviﬂj Y1y (% )8(X;) (5-1-22)

2L, ¢RBBER~OEGEZRY. WRIICHERTHFEERNTHAEZHE
WX RBREFRE I X SR 0n20, =3 VEBITERER~D G %% ONE%
ANZEMWNTHEEFR T 22PN TE 5.

K(x,,X;) =(g(x)- (x,)) (5-1-23)

H—xVEE K 2T T, T2 2RICHBERNA~GHR T L0, K
ZERORTIZLT LHFIRICEE LRV, TRV, FEEHOFMIZNET
LEtE a2 FOMEZENES 5 Z LN TE L. MRIERIE SVM O FlKI & K/
BT R o0 B i) RIS

- 1
maximize E A —EZ/MJ. Yy K6, X;)
i ij

(5-1-24)
subjectto > y,4 =0 0<2<C

LREIND.
ZETHRIBHBGTHS SVMIZE L, "= Rv =V b Y7 hv—V,
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MENDIEMIE~OIEREZHMA L CTE 7. 20T 3T REHEBEETE S
U, ARYE [76]F AW e mELREIC L > THRS 2R TE 5. &b BEMICIT &K
fkE Tk [76] [7T7] [78]&F HWTC, BIRMIC T 7T ¥ = T 0 A % T L i fig
ERDODOLIND.

App =4, +17- a
oA (5-1-25)
HEBE L 20 (5-1-24)0 FRBEE Z x5 &
A=A, +17- (1 Zﬁ YiY;K(X, X J)j (5-1-26)

LY, BTOTFT—Z 808 KKT &fEami/zd ETHEL#HEVIRL T, 1 OKEH
EROD., TN ERG-LINCRAT L & T, EARYZ bV w O fig 23Rk &
5. gX)EHERT DI —DDHEETHHLNAT ANRT A —X b X, LEOY K
— FRZ X220V, Vi gX)=1 B o Z tEE-oTRKDOOEND.

(ZﬂMKu“thj (5-1-27)
ieS

ZZTSEHYAR—PIRI MVOBRZFENOLRDIESTHD. HHGHNIIMEEOY
A= bFXT7 bV 1220 TRG-1-2N) &2 TIX b 1ZREDN, FFHE LOBEZEDOE
BEWMOTEOIZ, ETOVR— X7 bz L TOEHEZR > TH L.

b:NLZ(y,- —ZﬂiyiK(Xqu)j (5-1-28)

T jeT ieS

7L, TIRO0<A<C &R DT —ZRDOBWATOELETHD.

LML ZOFEFERET — X 2o ®mROITIEEDRLETHY, T —X
BRORTEHOHEROMENWZEDO AT LEHERKRENALEL D, Z o ME% ik
9 % b T 155 SMO(Sequential Minimal Optimization, % ¥k #5 /)N [ 8 5 3@ b 1)
[79]ThH Y, BAeERLR b 5EML SVM ORE(LFIED ->THD.
SMO ZE&THOT =X HOTNG, 7222007 =X {ICHIET 57 7TV aR
Bae@RL, T0 250777 VafRBICHETLEHSMELZ ZRMFENTN Z
ORI REMER D FETHDL. SMOIZKE AT v 7ICBWT, 9 ki
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T52O0D0DT7 770V afh L LEERIRTSLH., RIZ, hoT XToF7 77 0¥
2 /BT EREA L L TCHMEAEERKRIL §462 2525208 X HEK

L,
~ 1
H@:Z&—EZ&%mh&x
I IN] 1 2
:%+%+Z%—§Z

i=3 i=1
2

ALY Y %X

> A YiY XX

|
N |~
I
b4w¢421b4~

> AiAYiY XX

(V)
&

1

|
N |-
o_\o' =z
Pﬁ

|
—

1l

w

> Ak YiY XX

EWIHTBICAEBTE L. ZRERBAL T LIEOWTRERMBS LE

AR A BIBHLICRAT D L,

1 new_temp ) old yz(El_EZ)
2 - ™
n
LWV A, OEFRNEBFBLZENTED. LEL

E = g(xi )_ Yi

(5-1-29)

HHEEE L TE

(5-1-30)

(5-1-31)

ThbH. —J, X(5-1-28) XDl K =11, 45 D X H T A DELY 5 % FE % il

R34 5.
A, Ay
N N
c c L
\
U C >4 >4
(@) yizy, D% & (b) yi=y, D&

45 T 7T Y 2 RIE DG T
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A" DSELY 15 2 fE o # P IE
U<a"™<v (5-1-32)

ThHdH. 2L UEVIE, ity DHEA,
U = max(0,4,° —2,°) (5-1-33)

V =min(C,C +2,"" - 2,°) (5-1-34)

EEFRIN, Y=y, DA,

U = max(0,4,° + 1" —C) (5-1.35)

. old old

V=min(C,2,”" +4,") (5-1-36)
ThoH. R, X(5-1-30)TAL—FHICEHEND Lp1F, K (5-1-32) Dl % Z T
TUTFTOLEIICRDHND.

H |f lznew_temp > H
ﬁznew — /12new |f L < iznew_temp < H
L |f /,lznew_temp <L

(5-1-37)

L (5-1-2) X DHFIFIGHEN S, 1%y 4" yom " v+ L,V y, TH DM, 4"V iE
Koo LV EHWTUTOL>ICkRdDbN 5.

Alnew — /110|d + ylyz (lzold _lznewclipped) (5—1—38)

TOXIITLTERDE L E LV AEHWT, XA T AT A—XF b b BEREH
LTWL ., LB ABER EIZRWEA, xqlox3T25 SVM o hidy, &5 59
WZIRE SN H DT, FOROBE by 1X

b =E 4y, (4" =A%) K%, %) + Y, (4" = 4,") K(x, X,) +b  (5-1-38)

LB, — 0, LB@EAER ECRVWEAS, T D5 SVM O hiEy, &b
XoimlaEns o T, OO BME by X

b, =E, +y1(/11new_ﬂ10|d) KX, %) + yz(/ﬂtznew_lzmd) K (X5, %) +b  (5-1-39)
ML R REBIEESR Lo T — 2 RICKIE T AT VT UV 2’ B TR LILA,
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TIXUEV TH D EE,b & b, OXHITATKKT £ELZ-THMEERVES.
F2 EEEUAOE AT bi=b, 72D DT, SMO TiX by & by, D [ fE % BEfE &
L. ZOXS5ICLT, 2 RTHDT—FEERL, RElLTLHI2ATyTE52LE2TOT
— XN KKT &2z T ETHRIVERTZLICL->T, 2FE2R#E(LT 2. LB

DEIICERDITHHEN AR E DT, L—FREBITEZ 52N, 1 V—FOHE
el % KIEICEME CE 50T, MRELCEEICET .

5.1.2  GA(Global Alignment)# — % L [80] [81]

AT TIIANFSE TH W 72 GA(Global Alignment) 7 — X L IO W T4 5. GA
#— V% DTW(Dynamic Time Warpmg)ia FIv [48] [82iC B A = 1 TR &
NEbOTHYMEORBRFRIIENO T, £ DTW I —RVLIZOWVWTHHAT 5.
DTW X 2 oD RFIM 0L E 2 ET S, AMREBRETHY, HFFERBHSF
HEXFHEBEORL 20 TIRIASFHA S TWSD [83] [84]. Ay FHE 1L 4
WT, RIIMOHERER /N R D L) RBERARBEZEIRT LI LR TELH7®
RPN ECIHBMBICV =TT 5L R5E65TH, RINKSLF TV 7L
— MR ERLIGERIMOBELUEZHET L2 ERARERFIETHD.

LFROMMATHAEIND RIIMOBERE CH D DTW RO FHHE G IEEZ U TIC
WD, 2 OORRI x &y BEZXDLIL, TORERT MVORINEZREN
a=(ag,az,",an) & b=(by,by, b)) T 5L &, aDT TA AL e, bOT 7 A4 A
YhEmEL, ROXICERT S.

1=7,1)< 7 (2)<-<m(p)=n

1:”2(1)37T2(2)S---£7r2(p):m (5-1-40)

LR LpIET 94 A FORS I THD. T a D3 IEHRAKN LT, o & mp LA
BFICH CEZB DRSS RV EWVS U TORME 525,

(5-1-41)
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(5-1-40) & (5-1-41) /R T Z 2%, iBHORADS i+1 FHH O R A~BEIT 5 R
X 46 IR T HIRIODBREDODHLNFAIINDENI ZLETHD.

O : (1, (i+1) , my(i+1))
O:(m(i) , m(i))

X 46 ¢ O il )

TDOLETIA AL p T 5 DTW FEEE I

ki
S(m) =D xk(a,q b)) (5-1-42)
i=1

LREND. EEL, k FEEEI—FLTHD. al bDORIEZHET S & &0
BERTRXRTOTIA AL FOEAE A(@b)E T2 & &, DTW I — 32 I EMIC
w2 TERIND [48] [82].

1 .
kDTwl—eXp(?S(ﬂ )J—exp( argAr(123)><|ﬂ|Z m@) nza)HzJ (5-1-43)
—exp| = S(x7)|= R L |
ony, =&\ T 7Sl ) | =argmax ) op) 5-1.44)

W s bEMFEEICE Y SOMBRRERD LI RRERNATH D 1 28T
HEZICHONWTIHER—THY, EEMEI—3 Vv exda2—2 Uy FEEE T D00
HAOLT o A—=FNETL200DENTHD. —FH GA I — /L Tl g /3 A
EBRIRTL20TIEARL, ETOWNERSZICOVWTHEZRS = & TZ5E OMEE
EiERDDLH.ZOFREIFX2oH D, —2F /SR 2K L Cargmax Z LS 22 & T,
77 LMTHOEFEMMENRIESNDZ ETHY, b9 —D0F, K SADOEL
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ARLEENDODAMRERLBE TS LR TH D [80] [81]. £72L, GA I —Fx/b
E— i AEMAERE L, [B0JICBVWTIEZTNEZRET IO D — RO
WMo THEY, FOBREICLY I —XAOEEEHITHEE SN DL EETEH
LTkL.

ZeXp (S(”)) = Z ﬁ’f(aﬁl(i) ) bﬁz(i))

reA@,b) reA@b) i-1 (5-1-45)

(5-1-45)iL, B TORERT TA AL NIk T DY 7 b~y 7 AER->TWn5HZ
EERLTWD., DEONALRAT EFOT 74 A FMETTIEHRLS, DI
DHFEBIRT T4 A2 MHIEHHICED 5 Z LI2 K > TRINOHEBINEZ G L <
W5, AFRICEWNWT, HIETHERRIL LD M EROX A YIRS K OEMY
WEFEMT 2856, HEE2AZCHR Y L & o 72 % SEI N O FE B o R 23
HEALBEWREZFEFSOOT, RBEARNRALETTHERL, TORBORATLHERE
WMAGZENTVDEEZIOND. ZOX)IRBAND, iR/ SXALANDIERZ
ZELTHWRWDIW I —X L E0E, §RTORREEZEELTND GA 1 —X
VDIFEIVARBFZRICITE L WD EEX, TheBEHT2 L. KRETIE
BRI 22 2 A YIRBYVRHT ~D W H B W THAT 5

5.2 A—RNWEZEZRVEHRFEE

ARETIEI —FViEE AW SYM I X2 FEICSOWTHAT 5. 6 2 =
TR A7z X5, HERHCBEME OB I, XA Y IRBE T O KR 5 1R R
WiE 270, o7V b= EAETT—F 2 WKL, —EOH T JEH
THEBEAREBTHEANZ "V EREET 2 R FiEEAVESS, 207 —4
RINOESIE—E TiE iR, e THFZE [16] [17] [18] TiX, 4 A YIRBE I ICH
HE— /BRI L CEBTTAMELZRROICED, TOROMEDES
ZHEMEOMBKE L TERTH I LICKY, BREORFMMMEICIGL T, L
o T, BRHEEEFNTILEN D DIEL, RBECE— B RHL
BRI bW, FAKT S ETa X NI ARIZRE TH o7, 5.1 BT
WA/ DI, GA W—FXNVERISORRLIFERINZEENICHS ZLNTED
DT, KFRETIETGCA I —RNVEHWT ERLO XD A FFo¥ A YIRENE &
DHHEM ST, WENL/OLNLDT —F RANFE L2 EHEMICHKEL, SYMIZEDY
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RIS D AT L OHE LA AT

B 47 X3 60km TDRY 7 A7 7 )V & EATLIZRDO X A YIRENIEE &, B
HO0km TDRY 7T A7 7 )V hZEITLIEROXY A YEBHEFEZLEK LZLDOTH
. WIIXIEEEEN RS, TOEBITKEME BB T 0, RINER
LT —HEWRT LA, RIDOT T4 AL M DHUENRHDH. 5.1 Tik~7z X
INCGCAN =RV TRINEHEKT 556, ETOMVELNADOMERD Z LT,
RANFELOBPEZR L. Leho THEmEFRSOE -7 EFRR 2 LE L
L720.

X 481X6X9 7 Uy NiZBIFH2E2Toa— N I—3x V&R LD THD.
= I v A

Ki,j :K(ai'bj) (5-2-1)
Thy, RFETEITO T o —F
1 2
x(a0) e[ - b, 522

RAWE. 2720, aldxioRA, bixx,0R, nld7 74 A (FFRAE L
DA EADEOHS), A@IXTHERETOT T4 Ay Nerd. LidnosT,
GAH—F VT X TEZLND.

Kea (X1 X;) Z HK( Az iy ”2('))

reA(a,b) i=1

——lla, —=b.
neAz(ab)l:l[exp( Ha H ) (5-2-3)

IOXEIICHEM L -3 VB E, 4-2-23 X0 SVM o BRBEEICRAL,
IE 7R P A5 5. SYM IZAKR 2fEHIZR TH DD T, AWFZETHELE 2%
%7 T A~OYLEICIE one-vs-all 5 [85][86]1%2 kM Li=. 2%V, FIA4 T A
7 7V b &M ESET S MBS, WET asphalt & 2 O & 43 384 2 4 Bl &
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SNOW & =2 53 ¥ Bgs, ICE & 2oz T 54 E TN A
EL, RbARAaT7TnEmdol= SVMIZx et 5 BBk ee B+ 5.

90km/h
60km/h
0 0.02 0.04 0.06 0.08
time[sec]
A7 R EE N F e 2 IR BB o g il
Xe | Ke1 | Ke2 | Ke3 | Kea | Kes | Kes | K67 | Keg | Koo
Xg | K51 | Koo | K53 | Ksg | Kss | Ksg | Ks7 | Ksg | Ksg
Xy | Ka1 | Ka2 | Kaz | Kaa | Kas | Kap | Ka7 | Kag | Kag
X3 | K31 | K32 | K33 | K3a | K35 | K3 | K37 | K3g | K3g
Xy | Ko1 | Koo | Koz | Koa | Kos | Kog | Ko7 | Kog | Ko9
Xp | K11 | K12 | K13 | K14 | K15 | K16 | K17 | K18 | K19
90km/h Y1 Y2 Y3 Ya Ys Y6 Y7 Ys Yo

60km/h

48 6X9 7 VU v RliZBIFA2E2THOa—F )V — R/
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5.3 EER

4 ETHHLE HMM Z W72 FIELFARICKETRKRELZ RI AT X7 70 1,
Vv NT A7 7, EE, HAO 4REITHT 5 BEICOWT, 4.3.1 Tl
L7ZbDER—DOT =22 HNTRET A M EITo 7.

GA 1 — X NATH| (77 2ATH)) F— RIS AEMENRS, DEVEHE LD
W TdH D Keali,i)ITME & DI TH D Kea(i, WX TEHM R E WEEZELD 2
EN B0 TIHERLENT WD, X 49 ITAME THWIK#EZ LPC 7 7 A FJ A
r¥ L L, A VIEH T —200HHE L GA I — X AVATHO%EERK ZRT .
SRy AT 2 R 79 (=0), SEAEALPENRVO T, FEEICEBRICEMN L
7277 LT8¢ Gea(iuj)ix, BLF D X 92k iz.

ca =109 Kg, (5-3-1)

K, (i,j>=K"GA(j,i)=exp[K'GA (i,j)—é{K'GAa,mK'GA(Lj)}} (532

Gep = K'ea—l "€, (5-3-3)

72720, VITEALATH, eninld K'ea DI/NEFE TH D . 77 2ITHE %5 % Bl

52 LI R o TIEEMMENRIENRLS DN, KFETIEIHABMERZIET D Z
LBl L. Rk 77 2475 0% S %2 50 1I2/RT.

B 49 AV AZFET—F L LIZKED GA 1 — X V175
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50 & D f/NEAE Z A L7 GA B — R LTS

531 GAI—RXNEHAVEFEORE

433 TRLIZHMMIZH. S FELFEKICS, ® 3 18RI XA Y4 HOWN3 M
DEAAYDOERT —FEFEM, oo 1 EorxfvYoesr—2%7 A ML L,
BT A NEAT-T-. RS WEART LI, BESEHET — T T,
Ho~nVF 7 T 2A~xIE5T 50 1Lvs, all Z8 AL TWD DT, 28 OBRIZIE
EAFIOEIT BT, MEORHERIRDATWS., [87]TIXKEDZ 7 R
ST DA, BN T SR BB o I+, AT L CiE-1/(K-1) &7 D K
IWCFETDHIEERBLTWVD. AKWFE TIXIESIE Z ny, ABIEE n, & LTI,
BB T 2B BAE OB % no/ny, AFICK L TIX-1 &R cFEH L. K

LIZFGAT—FNZHWIEFEORET A MERTHL. BEEL AN P27
A NVE BB DONRT —fEDYYE) & LPC T 7 A FT AR E LEREOEZR L, |k
FR2OoO0RMEICHALTENLENEH LY —VEBEOME R - 72ET LITD
WTOEZEREZHEH L., B, GA I—FXNVDF a—=U I NT A =% ¢tk
SVM D a2 A h/8T A —HF : CORTEICOVTIIfTEICRE L. £/, 22 TF
IEZFRLIL, AN L BEET LI EICH a2 EMELEORELG, I
RO FETHmIREZHBI L, Thez—>2o07 —X 8L LTCHBlENTE/MELEE
fig L 2t L, EZXBET —FRBTHRLELDOTHD.
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B 51 2R T KOS, FHEEZ NV AR T 4 V2 FiREO ST —fHOY &
Lzl & s, LPCH T AT AREELERHOEERL, T XTOXAYEMET
B ETHY, FEREIZELIDENIZIZEALERWY., N RART 0 VX FHiEE
DN —fHEOYEE L& D —F e LPC 7 A NT LR E LIZRKED D
—FXNVORMERSTZETVDOIEERIL, A TVTATORKFLTWSEN, £2TO
HAXEMET 0% ETHY, GA I —R NV ZHWEFIETIE, &FEICEKER
BEEHBTEDLZ ENRENT.
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100%

90% |—
BPF

> 80% [—
S
§ 70% |— m|LPC
<

60% — W BPF+LPC

%

50% Tire A TireB TireC TireD
BPF 99.0% 97.3% 96.7% 99.4%
m|PC 99.1% 97.5% 98.8% 96.8%
EmBPF+LPC 93.0% 95.7% 97.9% 98.5%

51 GA W —X NV ZEZHW\WIFEORBT A MER

FVFMICRBRERE DT 5720, ETEHEEOEZREZR 2. £ 191%
BHBEAEN RART ALV EZBBRBEORY —EORE L LD ELERE FHE -
IR ERICR LB DO TH D . TireA & TireDIZT 2 TOHFRMH BV TIZEWIES
KERLTWDH, TireB B X O TireC OKE O X EE RN KW, —F, £
20 IR E A LPC 7 7 A N7 AR EE LR IEE 3R 2 B - B i bR RE /3 12 R
L72bDToH . TireD OHAE 40km/h % B < &2 TOFEMFIZIB T 80%LL D &
FECTHMTETWD., ZOXIICFRHFBEEZ NV RRXAT 4 VX FEREDO ST —fE
DY L Lzl & LPC 7 72 b T LMRE L U 7o g O IEE R O R AR K AF I 13E
WRDHDL. IEDELSMETIEDIC, WEOI—FVEEOMER>ZET
NMZDOWTHIl L, EZXFLEE - BEREFEICRTLELONEK 21 THDH. F
MEZE N RARRAT 4 L HFBWP ONT —(HEOFHE & LRI E DMK - 72
TireC @ ik 30km/h =° LPC 7 7 2 K 7 AfR% L L 7= FF D TireD O B AE 40km/h (X
FEEES EH L7y, TireB O # ik o k5 <0 TireC @ #ifE 40km/h 13 52 H 09 70 16
IZid 72 > T,
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% 99.5% | 100.0% 98.7% 97.7%
wet 98.5% 98.6% 95.7% | 100.0% 98.4% 94.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 94.5% 84.5% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.6%
snow 100.0% | 100.0% 99.6% | 100.0% | 100.0% 97.5% -
ice 1.6% 63.3% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 45.5% 0.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.5% | 100.0% | 100.0% | 100.0% | 100.0% 98.8%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 86.4% 86.4% - - - - -
(d) TireD

® 19 FAHE - BEREICEB TS GAT—x Vi W FIEORKE

Fea
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.1% 99.5% | 100.0% 99.5% | 100.0% 98.9%
wet 100.0% 98.6% | 100.0% 98.5% 96.7% 88.1% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% 98.4% 98.2% -
ice 95.9% | 100.0% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% 99.5% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.5% 82.4%
snow 83.1% 91.3% 97.1% | 100.0% | 100.0% 95.5% -
ice 93.5% | 100.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% 97.2% 98.6% 96.0% | 100.0% 92.5% 82.3%
snow 98.7% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 97.0% 84.8% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 99.5% 99.1% | 100.0% | 100.0% | 100.0% 99.5% | 100.0%
wet 100.0% | 100.0% 98.6% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% 98.4% 98.4% 99.2% 84.1% -
ice 100.0% 27.3% - - - - -
(d) TireD

# 20 FHHE - REREICB T D GA T — RV AE H W= FEDORE
HB#E : LPCHY 72 N7 MR
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% 98.6% 97.8% 64.5% 20.6%
wet 97.0% 91.7% 95.7% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% 99.5% 95.2% -
ice 98.6% 98.6% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.6%
snow 88.3% 92.9% 93.0% 99.5% | 100.0% 89.4% -
ice 46.8% 46.7% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% 98.6% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% 3.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 99.4%
wet 98.7% 98.6% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 62.5% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(d) TireD
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100%

BPF

ELPC

mBPF+LPC

BPF

ELPC

mBPF+LPC

90% |—
Py
s 80% [—
3]
< 0% —
60% [—
50% , . .
° Tire A TireB TireC TireD
BPF 99.8% 96.3% 95.6% 99.7%
HLPC 99.6% 96.3% 95.0% 97.1%
EBPF+LPC| 99.8% 96.7% 96.4% 99.8%
52 XA VYAOT—XEFERICERLEEXORKE
100%
90% |—
Py
@ 80% [—
3]
< 70% —
60% |—
%
50% Tire A TireB TireC TireD
BPF 96.3% 100.0% 99.6% 93.1%
mLPC 96.8% 100.0% 97.7% 92.7%
EBPF+LPC| 99.0% 100.0% 99.6% 95.3%
f
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100%

BPF

ELPC

mBPF+LPC

BPF

ELPC

mBPF+LPC

90% [—
>
@ 80% [—
3]
< 70% —
60% [—
50% . .
° Tire A Tire B TireC TireD
BPF 95.5% 96.9% 100.0% 95.8%
HLPC 95.0% 90.6% 100.0% 93.1%
EBPF+LPC| 97.4% 98.1% 100.0% 95.8%
54 XAV COT—FEFEACERLELEZORKE
100%
90% [—
Py
@ 80% [—
3
< 70% —
60% [—
%
50% Tire A Tire B TireC TireD
BPF 95.8% 96.0% 95.7% 100.0%
mLPC 98.0% 87.8% 95.9% 100.0%
EBPF+LPC| 97.3% 94.2% 95.7% 100.0%
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% 98.6% | 100.0% | 100.0% | 100.0% 98.3%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% 99.5% | 100.0% | 100.0% | 100.0%
wet 100.0% 98.5% | 100.0% | 100.0% | 100.0% | 100.0% 98.6%
snow 100.0% | 100.0% 99.6% | 100.0% | 100.0% 98.5% -
ice 5.0% 10.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% 98.5% 98.5% 98.4%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 0.0% 0.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.5% | 100.0% | 100.0% | 100.0% | 100.0% 98.8%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% 99.5% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 92.4% 98.5% - - - - -
(d) TireD
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% 99.5% 99.5% 99.5% 98.7% 95.4%
wet 92.4% 97.2% 95.7% | 100.0% 98.4% 95.5% | 100.0%
snow 100.0% 97.3% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 0.0% 85.9% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 81.8% 98.5% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.5% | 100.0% | 100.0% | 100.0% 98.9% 97.5%
wet 54.7% | 100.0% 94.2% | 100.0% 98.5% 95.5% 98.6%
snow 100.0% 77.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 0.0% 0.0% - - - - -
(d) TireD
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% 99.5% | 100.0% | 100.0% 99.3% 97.1%
wet 98.5% 98.6% 95.7% | 100.0% 98.4% 94.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 0.0% 25.4% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% 99.5% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.6%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.0% -
ice 0.0% 41.7% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.5% | 100.0% | 100.0% | 100.0% | 100.0% 98.8%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 0.0% 0.0% - - - - -
(d) TireD
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% 99.5% | 100.0% | 100.0% | 100.0% 98.3%
wet 98.5% 98.6% 95.7% | 100.0% 98.4% 92.5% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.8% -
ice 37.0% 0.0% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% 99.5% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.6%
snow 100.0% | 100.0% 99.6% | 100.0% | 100.0% 97.0% -
ice 0.0% 0.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 0.0% 0.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(d) TireD
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 98.6% 98.6% | 100.0% | 100.0% | 100.0% 98.3%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 93.8%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% 98.6% | 100.0% 98.9% | 100.0%
wet 86.6% 69.1% 96.0% | 100.0% | 100.0% 98.7% 56.8%
snow 94.2% 96.8% 96.7% 99.5% | 100.0% 95.5% -
ice 78.3% | 100.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 99.5% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 98.6% 93.1% 85.5% 76.0% 57.4% 61.2% 24.2%
snow 99.4% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 98.5% 75.8% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.1% | 100.0% | 100.0% | 100.0% 99.5% 98.8%
wet 100.0% 98.6% 94.2% 98.5% 97.1% 94.0% 58.0%
snow 99.2% | 100.0% | 100.0% | 100.0% | 100.0% 97.5% -
ice 100.0% 37.9% - - - - -
(d)  TireD
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% 97.8% 98.0% 97.1%
wet 100.0% 98.6% | 100.0% 98.5% 98.4% 88.1% | 100.0%
snow 98.3% 98.2% 97.9% 98.6% 98.9% 99.4% -
ice 49.3% 66.2% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 96.8% 95.5% | 100.0% | 100.0% 92.8% 91.7% 97.2%
snow 88.6% 96.4% 96.4% | 100.0% 99.4% 95.9% -
ice 98.5% 84.8% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.5% | 100.0% | 100.0% | 100.0% 99.5% | 100.0%
wet 100.0% 98.6% 81.2% | 100.0% | 100.0% | 100.0% | 100.0%
snow 88.3% 93.4% 89.8% 91.7% 94.2% 78.7% -
ice 71.2% 1.5% - - - - -
(d)  TireD
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 99.5% 96.3% 91.9% 92.4% 86.3% 90.1% 89.7%
wet 100.0% 98.6% | 100.0% | 100.0% | 100.0% 94.0% | 100.0%
snow 97.8% 99.1% | 100.0% 99.1% 96.8% 97.0% -
ice 64.4% 91.5% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.5% 99.5% 99.5% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 17.5% 43.9% 94.6% 99.5% | 100.0% 90.4% -
ice 96.8% | 100.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 71.6% 93.6% 96.5% 98.5% 99.0% 99.5% 96.9%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% 99.7% 93.9% -
ice 6.1% 9.1% - - - - -
(d) TireD
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.1% 99.1% | 100.0% | 100.0% | 100.0% 98.9%
wet 97.0% 98.6% | 100.0% 98.5% 96.7% 86.6% 98.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.2% -
ice 89.0% 59.2% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% 99.0% 98.1% 95.0% 98.9% | 100.0%
wet 100.0% | 100.0% 89.9% 85.3% 75.0% 95.5% 95.9%
snow 54.5% 50.2% 93.8% | 100.0% | 100.0% 94.4% -
ice 4.8% 1.7% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.9% | 100.0%
wet 98.5% 97.1% 97.3% 95.7% 95.8% 98.6% | 100.0%
snow 98.7% 98.4% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 18.2% 21.2% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(d)  TireD
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% 98.6% | 100.0% | 100.0% | 100.0% 98.3%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% 99.5% | 100.0% | 100.0% | 100.0%
wet 100.0% 89.7% 98.7% | 100.0% | 100.0% | 100.0% 91.9%
snow 100.0% 99.6% 97.1% | 100.0% | 100.0% 96.0% -
ice 28.3% 48.3% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% 95.6% 98.5% 77.4%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 56.1% 3.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.8%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 95.7% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
ice 100.0% | 100.0% - - - - -
(d)  TireD

# 30 TireAZ¥EF— &L L-WRO®EE - BKiEkies oKk
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 96.6%
wet 98.5% 98.6% 95.7% | 100.0% 98.4% 94.0% | 100.0%
snow 98.9% 95.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 94.5% | 100.0% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 96.2% 97.2% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 98.8%
wet 100.0% | 100.0% 98.6% | 100.0% | 100.0% 98.5% 98.6%
snow 92.5% 73.2% 99.2% | 100.0% | 100.0% | 100.0% -
ice 59.1% 7.6% - - - - -
(d)  TireD

%% 31 TireBAZ%FEFT—F2 L LI-Ho®EE - BE KBGO E
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% 99.5% | 100.0% | 100.0% | 100.0% 97.7%
wet 100.0% 98.6% 97.1% | 100.0% 98.4% 94.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 8.2% 97.2% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 96.8% 98.8% 98.3% | 100.0% | 100.0% 95.5% -
ice 50.0% 85.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% 99.5% | 100.0% | 100.0% | 100.0% | 100.0% 98.8%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 0.0% 0.0% - - - - -
(d) TireD

%% 32 TireCxa2%¥EFT—F2 L Lo ®EE - B RiEMGORE
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30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% 99.5% | 100.0% | 100.0% | 100.0% 98.3%
wet 98.5% 98.6% 95.7% | 100.0% 98.4% 94.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 99.4% -
ice 90.4% 12.7% - - - - -
(a) TireA
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 80.5% 91.7% 97.1% | 100.0% | 100.0% 94.4% -
ice 0.0% 0.0% - - - - -
(b) TireB
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 0.0% 0.0% - - - - -
(c) TireC
30km/h | 40km/h | 50km/h | 60km/h | 70km/h | 80km/h | 90km/h
dry 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
wet 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
snow 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% -
ice 100.0% | 100.0% - - - - -
(d) TireD

# 33 TireD 2% BT — X L LIZFEOHE « Bk e E o R E
BB  LPC 7 7 A N T AR+ N RARA T 4 )V 2 FBEPE O R T —HO ¥ HE
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54 COEDERELEFLD

53.1 T/RLEMEND, RE TR L2 GA I — /b % v 7= Bk fe 5l 7
ETIE, SREBMELE LTRALERAY RARAZRTZ A LEDOFEBIEDO ST —{HO
BBEERLPC T T A M7 AMEHOEL L Z MWW TH, KX 90%LL ECHIHIT&
THY, 433 TxH L7 HMM Z W7z FIELL B o @ ks B C B iR 58 I B 25 /] ©
bH MRS, F7e 433 TRLELIIC, RFEEIFTRBREEN R D
5, FEATHIFE TIX, 74%~82% DKL TR mIRAEZ HIHI L Tk v [16] [17] [18],
HiR M E OB R A LICEITHEL Y bERBEICKmREZHI T 52 L
oL, L UKNEZKRmIRERS, HEMRICRTAD L, ZEDOEMET TIE 80%
UEOBEWEERTHH TE TR, —MEEROBRONEERDH . EEF
PIERWERHFIITICREO R Th o2, EERMENEKMEL LT, RN Rz
T 4V A BB OVEMEE AT — R VB E LPC F T AN T AMREE AW
T —xVEABOME I —FNAATHE L TCEIELEETVICBT S, 1Y BB
K ONZ A ¥ C DB OB RS R % X 56, 571277 . Ao ¥Rl TIES
~OHBITH o7, AR TIXEEIREL 4 FIZHBT 52 L E2F X TEn,
ZORMET, EFLEMEEOLE TRy BEE T 20 THIITEWKEE THIHT
EHZEERLTWVWD. R 34 ICKmIKEE & BmBEEAEOMEEEZ < L7 [88]
[89]. RIAT A7 7N, Uy T A7 7 b, BuBHE NI BT AT A
XOMEF LB HEBRRKE VI EETCRATCHLEARTH Y, Lo X 5 ICKERE
DEIEE 40006 3D LTH, BEMNLREERED ERMELZ RT ETHZT
o EEZRD.

TR N JEE R AR K
KZA47 A7 7k 0.7~0.9
Ty T A7 7 )UK 0.45~0.6
RS 0.2~0.4

R 0.1~0.2

#* 34 RREARAE L B Z A v MR O B £R
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TireB_/E & B8 O $I 3 N &R
100.0%
80.0%
ﬁ 60.0%
)
#F  40.0%
20.0%
0.0% . .
wet | snow | Ice wet | snow | Ice
30km/h 40km/h
WTireB| 0.0% 0.0% | 53.2% | 46.8% | 0.0% 0.0% | 53.3% | 46.7%

Xl 56 X A Y B O A O H B §EH
BF &  LPC 7 7 A b T AR+ N2 RRR 7 o v X FBiREE O X T —fE O )i

TireC_7 #& B8 O #1 5 N &R
100.0%
80.0%
o 60.0%
=
#H  40.0%
20.0%
0.0% . —
dry | wet | snow| ice dry | wet | snow|
30km/h 40km/h
B TireC| 0.0% 0.0% 0.0% 100.0% | 0.0% 0.0% 97.0% 3.0%

X 57 Z A% C OO B HEH
BF & LPC 7 7 A b T AR+ N RRXR 7 o v X FBiladE o X T — & O )i

532 TlEX A YA XAELEIZHT L2 NA MOFEMEIT-72. SFEMFEHLZ
AFEOX A YO ENZFEEHICHEHLTYH, B 90%LL ETHBITE TW\WD. 4.3.3
BLOW43.4 THFALEEITHZESS HMM ICE S FEIV L EBEETH Y, KiF

117



ORI D—=D2THLIAA T A AEFIIHT Lo A M EOEmESEZRLT. L
PUABEIREE - MEMOIEERELZFTNTL L A, FFICHKEK CHRE DKW SRIF
NWHoT2. LPCH T AT MMEEE NV FARART 4 VX Fi@W O RT —fHD T
HEOMEZRHEEL LEFERROBEREHWDS, TR TH —HE&MH TORKWE
EARETE o0, LMLE BITFERT LI, EEROBOEKIENE -
THRERICB W TR LIEEZTIZEAERESTTHY, DED 3N THNIT,
AMFEDOERTH DL XA VIREERDOHNDE, Z A YA XEEIT K U 722 5%
AR BI AN SR ICIT A D Z ENRE Tz,

. . B . LGRS
Bk | 2ET—F | TAMT =X
DRY WET SNOW ICE
A% A 0.0% 0.0% 0.0% 100.0%
214YB 0.0% 0.0% 62.3% 37.7%
24 Y A
24 % C 0.0% 0.0% 70.5% 29.5%
Z 4% D 0.0% 0.0% 0.0% 100.0%
4% A 1.4% 0.0% 1.4% 97.2%
Z4YB 0.0% 0.0% 0.0% 100.0%
24 Y B
24%C 0.0% 0.0% 0.0% 100.0%
Z 4% D 39.4% 0.0% 27.3% 33.3%
Ot
4% A 11.8% 0.0% 36.1% 52.1%
2 4% B 0.0% 0.0% 32.8% 67.2%
4% C
Z4%C 0.0% 0.0% 0.0% 100.0%
24 %D 0.0% 0.0% 100.0% 0.0%
4% A 0.0% 0.0% 47.9% 52.1%
24%YB 0.0% 0.0% 100.0% 0.0%
24 %D
Z4%C 0.0% 0.0% 100.0% 0.0%
24 %D 0.0% 0.0% 0.0% 100.0%

#£ 35 BHRMITRTDHEHAER TOH B REANR
& LPC 7 7 A N T AR+ RN RN RA T 4 AV ZFWPE O NT — O )l
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FO6FE &5

AR TIEZ A VIRBEHRO LD, HMM R GA 71— 3L & W\ o B S
TNITY X LERNT, BEAREBEZHR S 2 FIEIZO N TR,

A AYIRENT, YA YR RECTEENT DL X OBNRFEE L M L TR
DI L L, Hoo#EEERZICHE > TREVMBHE T 5 & v 5 96 E & Mo 5V Y
oYL Fox X EATARSE [16] [17] [18lIC B W T H# A Y O BB I B 9 5 R BRAY
RARRIZHE SV TEB T 24TV, JLEHEREALFR L CEoRBLEMEST L2 L
WX oT, 2O L) REEMMMICHIS LeMITELRIE L. fx 2&EToE
B - FEHTZAT O R TH A YIRS ORMABKEIREIZ L > TEMT D2 &% Al
L, TOWREE LT, A4 VIRBEEPOKEKREBZHMNT L2713 Y) X L%
B L. LOLEMTHRICBIT 2V AT ATEHERESCY A 7 2 EBEEOE
PROBERPLETHY, VAT LABEHELL VD 2L, BEXOB1oDH (X, 1
OO MLy RRXZ—2 (JFEOTHA L) IZLRIETE W8, ZiZE i Ehl
e &5 525, BB A MO KREBONTWE., 2 TR TIX, #EF
BIFEAT FIEIC KRS RHESG 7 LY X852 HWT, A4 YIREIERDO L5 H
A XA XEFICHT D32 MMEO @WK TIRE B 2R L.

—DOHOFEEL LT, HMM & M\ CTHHLE 3 O W & B IR i 2 & 7 v
fbL, RMTF—X T HLEZ L CHREIREZ T2 Hike2RELL.
IR E XM E%E LPC ¥ 7 A N7 A& Lok, 6 REEE T LTI
84.6%~92.6%, 7 JRAET T /L TIL 87.2%~92.0% D IEEF CHEIKAEZ KB T& T
BO, HEHSHEMEOFRS LICHEITHR LY b &R EICEKEIREZ 5T &
HZlwpRLE., ZOHOFEELT, GA IT—FNMITL->THA PIREIOFER
i L SVM Z W T EREZ BT 2 FEEZRE L. REHEOEKMLET
T 80%LL L@ WIEA R TR CE CTE Y, SITHZE [16] [17] [18]%° HMM % Fi
WIEFELIDV L ERBE CThoo. —HOBMEOT — 21280 TR E DKW S 4
W7D, ZOIFEANETIEFS~OBRYEHIIZEID DT, HIIXES L W%
KukE WO 7TV = oL, KON THD, ¥4 VIRHFHROD
HBNHEATXHTAXELICHT D3R MEOE WK BN AEE &2 5.

ZZTHMM ZHWEFEE GA T —3 NV EHWEFEORKEZIZ OV T
L7cw., ARRET NV EFMET NV, HD2WIEHRNBEEO T O FIERR VNI
DOWTIE, BETFE O THALAES R REmA 2RI TWD [90] [91]. &
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NANHY T —=FZ RNV THDEEITITAEKRT T VOHBIVERL & W &N RE
SNTWDHN [92], —MWIZIXEMR Y 7 A5 2 =K, @AlE T L0085
BIEIC K2R ITARET VXD b EWHBIEREZRSZ ENMbLL TV D
[93]. ARFFZEICEBWTIX, R SICRTEHIRCT— 4K I+ b EBE2LND
DT, ZO—WiwmP U TIEE-TLEERD. EHIEMAKYIZIEL, A% TIE HMM
EHWDFHEICBNT, KEHREZ 5, 6, TIREEICEEL, TOTTOREER %
BRTD, GA A—F NV TEEBICEUEZI Y HELTWD DT, RKREHK LW
DRI AR K FHMER W EF R D, AT [16] [17] [18]D M F b, # A4 ¥
RN E 2, 2 A ¥ OB B &I 55 < sEl (B A 7, H2th, Bk o L %)
WCHEBRIC BT D 2 Ly, ETAVEMEST D ETAHRMICR D LB XD, R
E LTI, GA I —F % HWV Tl /S 20 JE b &b C s i 12 L & ZE A
THIE O MARMFRICITE L T,

SHOFEE LT, GAI—FXNVIFEROLIICEBEEICHR T 5Em, it
HAMAES, BRTIIIVTAZ A LDLEREE L., 774 A MEIDHEREO N
AEFHBRL, FEBEOMBMSCEIET 2 ik T, @ik 52 &2 HIET.
Mz T, BRFRTIEZA VRS OBNE(L LR TRmRELZ T 2MELE
RIS, RMFRETRE LA VIREMBTEZH AL, 214 VRO XA Y
—HE M OEHREENFMCTCE DL LI E WA TE, RO LMSERN L E M
DO ~DISHATREENH D EEZE X TS,

TOEIICAKWITIE, XAVICEUVy VU TEEEVIHLERMEE NS TS
L EARRICT DIRBAENT FIEERE L.
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f+ &%

T, 5ETCRREZGA TN —FXNDT a—=2 T IIRTF A =X : 0L SVM D
TARNRTRA—=H :COWREFEICONTHMHAT L. fiNT7 A —2EH 43 1HT
ALz tireADT — 2 %A WT 3 NnEIREMBIETRE L. 2L, FHEERERH
DELHENDL, £ 5Q@QIERLEET — 40D, £5&MFHIC15 A% BRLUTHEHL
7. ol DOWTIEZ 7 2ATHID L DXt AENMYEZ T L2 R S BE L.

EFT, GAIN—FXNDF a—=U T RIFTA—=HF : glZO2NT, REMBIETH
HLUZREEZK 58I1CRT. ZOLEDSYM A RRT A —H  CIITRTLLE
L7, ZOMBELVEMEL LPCH 7 A T LGB E LEKIZ o =10, /N2 RS
AT 4 NEOFBBBEOEHEERH NS AEIZIEo =100 T 52L& L. £
K E%Z LPC 7 A N7 MR E LTERFD K o I2BIT D7 7 L4751 %X 59, FF
BEEZN FRZAT 4N EDOFEBBEOFEEEL LIERDOE o lIZBT 57 T LITH
Z X 60 IZ/RT . 59 X X 60 OMEEHNIC KIS T 27 — 2/ H LT —F O
FHoxtihEFR 36128 T. 7T LTHIF 5-3-1 K, 5-3-2 K, 5-3-3 XU Lo TH
BilbsnTWd., FEEZ LPCHT 7 A M AREE LD o =1, BLUN
RANAZ7 4V ZOFBEOVEMEE R NTZREO o =10 TR AEMERTR, Z
DZEVPHKERTOERTHDL EEXDOND. ETREESL LPC 7 7 X F 7 L14F%
BELERHO O =100, BLX RN RAART 40X OFBREOFEEEZ AWV IZEEO
0 =1000 CTiEfh o B Fff & OFEBERN @ ERRATERNE. 202 &iX, K
mARERZEEZ D E<HEAON TRV EEZRBLTEY, BEKTOERTH
LEEBEZOND.

o= o=
LPC 77X FF A 43.7% 100% 38.7%
NV RNRT 4V H - 42.9% 100% 73.9%

58 o \ZB LA ZMEIETRO TG E
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(c) o0 =100
59 R EEZ LPC Y 7 AN T LAREE LIERHEOX o I2BIT D7 7 L1754
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(c) o =1000
60 R EE N RRRATZ 4V ZFBWMKEOVEHEE LIEROX o I2BIT 5
7 Z KNETH
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EARIN = W HE [km/h] PR 46 % SN e
30 1 10
40 11 20
50 21 30
K7 A 60 31 40
70 41 50
80 51 60
90 61 70
30 121 130
40 111 120
50 101 110
S
60 91 100
70 81 90
80 71 80
30 131 140
40 141 150
50 151 160
JEE
60 161 170
70 171 180
80 181 190
191 200
30
211 220
O
201 210
40
221 230

# 36 59 K OK 60 ICBIF DT —XF LT — X BERM DX S
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WIZ, SVM DI A RNRTA—=F CIlZOWNWT, KEMBIETHE LIZHEE LK
61 IC/RT. ZOMENDL, FFHBEEL LPC ¥ 72 7 MMEEE LW, B X O
MEZ N RARRT7 4V Z FREOFEEE LREILZ, SVM O3 X h/XT A —
4 .Cx1l& L.

LPC 77X K7 & 99.2%

100%
N RNRRT 4 VEF 89.1% 100% 97.5%

61 C IR L RAEMBIETRD KK
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RHFTEIL, FHE DA IR PR E SR ARG R AR P,
FEEHEBRMFE AT B D A2 B OEEO S LT o b DT,

Bl OB IIARFANFRIDOMREOED F72 ERENS ZHEWEEEE L.
FLEANFRIEIESANFAEL L THIREFEE AR SN IZPT TOHRMICED bR D K
IR A E A TV EE LA, DIV EHEL BT ET.

MNFEEAZBELC, EELEERLEY T S o 7o i st B8 i o 48 M5 1 Je
HHkAE, Za—Emed, KRR LTERTFOBBEE —LECEH L ET.
HEFOZBERITIASGEMAELED DITHT->T, REZBIZRDHDTL.

BAMIEEREFERFETOMEICONVWTIHE LS, 0k hlEs 5%
TLIEEo (BR) 7V FARHZ A YHRARTE KO H RG5O BRI
R L BT ET. FICh B, MEBERK, HFAFFRICEEH VL
£ 7.

BB, AFREZITIICULEVERDBL XX TS NWEZEOELRT, BoOWRE
R TR 1 AR ol D= S
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