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Abstract In conventional speaker recognition methods based on MFCC, phase information has been ignored. In
this paper, we propose original phase information and a modified feature parameter obtained from the original
phase information, and integrate the phase information with MFCC on a speaker identification/verification method.
The speaker identification/verification experiments were performed using NT'T database which consists of sentences
uttered by 35 Japanese speakers (22 males and 13 females) with normal, fast and slow speaking modes on five
sessions. Each speaker uttered only 5 utterances at a normal speaking mode (about 20 seconds in total) for training
data. Although the phase information based method worked worse than MFCC based method, it had some ability
of speaker identification. By integrating the phase information with the MFCC, the speaker identification error rate
was remarkably reduced for all speaking rates in comparison with a standard MFCC-based method. The proposed
modified phase information was more robust than the proposed original phase information for all speaking modes.
Key words speaker identification, speaker verification, MFCC, phase information, GMM

DI L BEERATE (4], ¥y FRLPC FHRRZ2ZHAT 3 7EME

L kL8 RVENTW3S [5], ETMEICETBHEL LTI, SHEPOBKREE

GMM ZRAW=HEEBRICET 2MAL LTI, Reynolds 5,
GMM ZAW=7F X M RERERIEZRRL TV 3 [1]. BBk
BT AMRL LTk, 2T LBEROTEEEOLHIHLT, &
BESCTVERAVEREERLC X 3R AEESBEE 2, HET
FLOSEOBEC & 3EREIEERME 3] L8153, FERICH
THRRL LT, BEMELS IFEET 3 B2 RASTA I X

EERERTEHEL LT, 7L —LEOBBHRZEA L GMM
L BEEBINE[6], AT MLLEYFEEFMETBHELLT,
S LOMBHHICH T GMM L L 3EEERENRREIIT
W5 (7], £/t GMM ZAVEEERSICBI 3 LEDESLED
B (8] mENBEHA LN TS, GMM LESHEMEEFIVOMBICLS
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LEDXSIC GMM IL X BFHEIRTF A M REEEEBRICBNT
—EEFEL LTEDN TS, COFETREANSOFEELIC
GMM TEFEEHLILHETIVEST B, 127D GMM THWAHR
Br5 A—RIFHERIE MFCC ZRVTWA, L L, MFCC 3R
FEHOTHET L—L07—) TERORELTZFIAT 0T, M
HERNMERE N T3, MFCC REEDHEAMEZL M. BiROEHR
BEBRAEYV, SEHREBEEERCENTHATLNREINT
&7 [5),[11]~[14]. ThBDELA LR LPC HHFICEIVTHE IR
RBhb 3, MEBRESERSEET2TEEND 20T, EEER
CERT3 LR ENS. W OO DRI AEOHRZERICET
UEEh, EELEARE TN TS [15),[16], FHBEBTOMED
EEMHER [17], [18) IKBEETh TV 3,

TRz, O HUMEIC X3 RE3MEOThE—BEE3MHE0
FIAERRELE19), L L. fERFETH S AEHE 0 i3z
MHhEWCEEDLOTRERZL UTHBENTLES RRNS -7,
22T 0 CHRT B EERMEIC S Uit UTATAENE {cos 6,sin 6)
AWK [20),[21]). AT, FHERE - BEREOLDOMABHEHRD
ANERRMT 5, AN GMM TOSE, MFCC L AMEEHO
GMM DEBADEER, 2 DDMEHEHET GMM L& 5iC MFCC
ICES<{ HMM (REEFEED 116 FH HMM 2FEEEMELIET
V) O 3 DEEBADERERET., BEROAEHEE SE LA
ISR LT 3, BB, GMM & HMM DA &bRic &k BiEHEE
B [22) BRLDOHEBTHRBE N, B Jin DL ZOHMER
RLTW3 [23), BIBIC, 2V —VERICESEMA THESRER Y
Ia2l— LT, ESEETICBI 3AEEROENEEZIRTET 5.

2. {4815

HERDFEEFE T, MFCC(Mel-frequency cepstral coefficients)
BELLUTAVTED, BHICEENTW3EHRR—RRTH
TW3, B 1 Tk, BRLEEREBOERLE hiciifL/RT—2X
RY PIVERLTVS, B 1 »5AHEE, FREBORBICX-TIE
HICHERRIT, FHOBICL-oTHREEhZT LIS, Thic
HIE, BLRMEMEEOMEEL FORBEEERL, ThEAV
T GMM ZERT B & T, TFR M OEERR - EEREET
SHERIRRT 5.

2.1 REZMHOThE—BRETEIHE

16kHz TY 7Y Y FENIEREHICBNT 256 HOY > FIVR
B2YID T, ThRERT—) TERT ST L TUTO 128 ADIRA
RY PVRBS (0 =21f)

X2(w,t) + Y2(w,t) x e/0t) o

T2, EAUCABE w THY0 WAL > THENRE->TL 3

(b) mel filter bank output
1 AREHEOBHEEM. AT 4280y Hh LA

(c) phase (-n~m)

EWSHENMECS, COMBEANOMNLL LT, H3EMLTIHEK
B w Oiffe—E LT, MOATRIcET 3 Mgz iEnficRD 5
WS FER L of, AL LT, BEREY w 82 «/4 Lix
BESICLIRARET S, bbb,

VX2, 8) + Y2(w, ) x e190:t) x 0T =001)) 2
LB, COLE, MOBER W =2nf T
[X2( ) + Y2(',2) x 10" 8) x 35 (F=0(w:0)
= /X2 t) + Y2, £) x 8

=XW',t) +5Y (', 1) (3)

LD, w BT/t DEBOLIERICET 3 o ANEDMHERERET
BTLNTES, COLE, (3) ROEERS LBBBRMNEOEDLS
K%,

X(W',t) = /X2, ) + Y2(o, 1) X cos{0(,2)

W
+—(7 ~ 0w, 1)} O]
V(W' t) = /X2(w',t) + Y2(u', ) X sin{B(w', ¢)
+2(% - 0w, 00} )

k. SEOERTEERRE w =27 x 1000Hz & L7z,
2.2 {nEEOFIRZROWE
BERDAIIEIT A—& O(w', t) DER, —n~7 OREZEX 35
BHBYE, Elen—0 L O = —n+0 &6 DNENFEIAE
BRPEVCEEDLT (1 -0 — (—7+0')|=2mr - 20" &, K&E%
BLLTHBEATLESIRRO Do, ZTTE Db HIC cosd’
L sin @' ICEHBL. 0 ICHET B EEHICE R L fEHRER V5,
TORE, LROMERIZ
| sin(w — 8') — sin(—n + §')|=2sin(6') ~ 26/
|cos(m — @) —cos(—m + 6')|=0 &h&ELxB,
nEH. 0 OESEFBBRONEE T+ « I—ERHTRRT S
Eb 55, GMM TEFMLET AV BERTHHLEX NS,
LUTcSEEBRUEREE LD S,
(1) fERD MFCC
(2) 7V TEBBOERL U IeNBUIT— AR bV
(3) 6w, =0(u',t) + £(F — 6(w,1))
(4) cosb(w', 1) , sinf(w',t)
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# 1 BUMRHURTS A— R L B EERAIER (%)

B (%)
AR e 32 B& |64 BE

MFCC 98.0 | 97.7

6 (60-700Hz) 59.6 | 52.6

& 6 (300-1000Hz) 51.1 | 61.0
1 4 (600-1300Hz) 38.1 | 36.1
® | cosf,sinf(60-700Hz) | 72.3 | 73.4
% | cosd, sin 6(300-1000Hz) | 59.7 | 60.4
7 | cosd, sin #(600-1300Hz) | 32.7 37.4
# | spectrum(60-700Hz) 76.4 78.0
B | spectrum(300-1000Hz) | 67.1 67.4

spectrum(600-1300Hz) 64.3 67.9
spectrum(1060-1760Hz) | 59.9 57.1
spectrum(1480-2180Hz) | 47.1 50.0

MFCC 96.4 | 949

6 (60-700Hz) 56.0 | 5L7

4 (300-1000Hz) 474 | 56.6

B 6 (600-1300Hz) 344 | 34.7
W | cos#, sin 6(60-700Hz) 71.3 70.4
% | cosf, sin 6(300-1000Hz) | 58.4 | 57.6
7 | cosd, sin 6(600-1300Hz) | 33.7 | 39.0
# | spectrum(60-700Hz) 73.9 75.1
B | spectrum(300-1000Hz) | 65.9 | 67.0
spectrum(600-1300Hz) | 61.4 65.1
spectrum(1060-1760Hz) | 56.0 55.9
spectrum(1480-2180Hz) | 45.3 47.0
MFCC 95.1 | 95.1

6 (60-700Hz) 59.1 | 51.6

6 (300-1000Hz) 48.6 | 57.6

4 6 (600-1300Hz) 309 | 317
VW | cosd, sinf(60-700Hz) | 67.7 | 72.0
% | cosd, sinf(300-1000Hz) | 56.1 | 55.6
7 | cosd, sinf(600-1300Hz) | 28.1 | 37.1
# | spectrum(60-700Hz) 74.9 73.7
& | spectrum(300-1000Hz) | 68.4 68.3

spectrum(600-1300Hz) | 60.3 65.1
spectrum(1060-1760Hz) | 52.4 51.0
spectrum(1480-2180Hz) | 41.6 47.0

3. HEEFRLEERY - REOREHZE

AHETIX. MFCC ic&3{ GMM / HMM ZAcR < GMM
LEBEDLED, Z0oDHERES>TEHEERS - REET HRFIC,
MODEL 1 DL MODEL 2 DRBEEBEHICEE L. FHLVLR
a7 Ly dUToRick 3,

3 =(-a)Liyoper1 +eLiopEL2 (6)
EDDEFNERHEDR BT, HFLWADT L BUTFORC KB,

Ly = (- B)Lyoper1 +B{(1 —a)LiopEL2
+aliopprs} (7)

TTT Lyopgr & MODEL ® n BEDEEDRET, n=1, 2
Voo Ny N BBRESORTH3. a b f REAThBEMTEMR
HTHB.

BEERITR., BALER L OEENEFMEEL LTREE NS,
BEERE [24]~[27] TR ANBHICHT 3FRAOZFETIVORE
AA7 LHANCRES B MM L OR/MERIC X b, BE RAOHIE
275, REOFERERT5HIC. ThETIRWVWOHDERE

98 -

g 97

% 96

g 95

jﬁ 94 wuyue 60-700 Hz

o ~i=-300-1000 Hz

S 93 -

- =#600-1300 Hz

-";3 92 7| =se=1060-1760 Hz

% 91 q | =st=1480-2180Hz
90 . g Rt sy

0 0.2 04 0.6 0.8 1

MFCC Weight coefficient o phase

2 MFCC (R#UST—ARY bIVOEHEDEEROFEEZRE
(BA% 64, REHEE=3 FHEDTH)

FESHEENTE, Rosenberg ik, HREHL LT, BFAE
HICHLTRET 3 35— FESZAVTAEOERLAEERRL
T3 [26]0 Tk— MEEETVAEE, METRVEENEENED
T, APETEAVE, FHTE, aR—FOFEEOHIE 3 L LTk,

4. BHRERR

4.1 ERBRT—4

FERTHEALLT 23, B 22 4, & 13 5% 107 Al
b3 5 RKfAic, &, B, BOVAC—RFTRELRE NTT 7—%
R—2TH 3 [22]

RBURS A—2ik, EALEEY 16kHz, 7L —LE 25ms, 71—
LA 10ms DDA T, 12 RITO MFCC IcET< GMM & 25
RFTO MFCC eI HMM DiEh, 2 BiThREAE (7L—54
£ 12.5ms. 7L —LJAH 5ms OAHE) ZAWTHIHYT 3, #TICAB
O 1 OB FEORE TRE SN 5 XAV, TX TR, 20
f1d> 4 FEHADSE 5 XD 1 XFORMAVE, PEREREIN 4 DTS
%, TAFTRAWEXR, Z2HCHAVEXLREESEHN, 25FE. 2F
HTRALTH B, ERICHVET X MEFOKEIL 35(8) x 4(FHA)
x 5(X) x 3(HEE)= 2100(X) TH3.

4.2 HV—-UBEICL HIEERMRER

4.2.1 FEEBHIER

i) BUHISHEINS A— 2 TORER
RS A— & BFETLIC GMM(EAH 32,64) ZIER L. BR
HBERTH> IRBRER 1 WWRT, HEROABERILIENAICR T H#iE
ST BB 12 HORERICHT 34148 {6} D 12 KT, SED
HrkEEEI {cos §,sin 6} D 24 KT TH B, F7: spectrum IFHES
T—ZRY MIVOEREEGIR TOMEERERERT, 14 {6}, #
KT {cosb. sinf}. NEUIT—ZARY FLOWTh, EVERR
HRTHEMNTHo e ThEFNDEEEICH VT MFCC OB
BE &ho b AAEERIC L EERBIOEAZE DT LA o T,
Eie. SERRKUABHEE {cosd. sinf} HNREROMIEHER {0} &
DEEHTHAT ebh ok,

ii) 2 DDOWE/S XA —2DEHFADYER

GBI COEROBREZRIF T, MFCC LANSEHRRNE ST —
ARZ MVD GMM ZEHEbE TEBRET >/, MFCC LS
T—ARY MV L DB EDRIC L BERET o ISR ER 2 ITRT,
ZO 2 ODMBEDLE TR, HEORFHE., HOEE., BOHEED
3 EHEOVHOERTH S, FHEHHK (60-700Hz) TONLIT—X
R MVEBWEBECREBOVERT 97.0% OFHRE2B, £k
MFCC LAl OB EDLRIC X ZEREToIERZR 3. 41TR
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[ | —— MFCC+phase(8}(60-700 Hz)
—8— MFCC+phase {8}(300-1000 Hz)
—a— MFCC+phase {8}(600-1300 Hz)

Speaker recognition rate (%)
\O o
¥ =

91
90 2 2 s A s i s A
0 02 04 0.6 0.8 1
MFCC Weight coefficient o phase

X 3 MFCC At {§} OMAEDYEROELEME (A 64
REHEE=3 FEHDTLY)

99

98.3

98
97
96
95 }
94 }

93

@ MFCC+phase {cosdsin8) (60-700 Hz)

Speaker recognition rate (%)

92 } ~
@8 MFCC+phase {cosfsind} (300-1000 Hz)
91 || emae—MFCCHphase {cosd,sind} (600-1300 Hz)
90 e s s Il 2 s 2
0 02 04 0.6 0.8 1
MFCC Weight coefficient a phase

B 4 MFCC LAiH {cos §,sin§} DHEHEDERROEEBME (B
B 64, REHE=3 FEHDOT)

Fo TTTIE, 128 EOAARERD S B, EVEBREHEIE (60-700Hz)
TD 12 BOAARZ BV AFEICRE BVEHR T MFCC HHDRER
BEW 50% ~60% BAOETEHTLMNTEE, WEBT—ART PV
LOEBADRICHN, RERREEDPI R T LHTER, RO
GRS {0} ZRVA T LIc kD, BEOREMEET 99.0% [20],
VBT 97.0% T, BVEEET 96.6% DEBR B (3 BEHOT
BT, 97.4%). S LA {cosd, sinf} ZRAT B LICX
b, ZhFh 99.3% 98.0% 98.1% DOEMBEB/: (3 EHDOTHT,
98.5%)o LH L. ArifEsOBMRAIAIIC I 3 EEORE L EXT,
FOMLRDED oK, BBETHIC, /18T7—ARY FVOREEZINX
12 3 DDRBUS A—2ZAVTERLTL, BRBEALLEd-
feo RADLUENTIRR LI MFCC IZ#3< GMM & MFCC e &3
< HMM O 2 DOEBHEDERBRTEAMFIRED 0.8 DL 2B
BUVERNME Sz (3 WEHOTHT 97.9%) [22]. T OHARRIEK
%L, BEMOBMRTEAVSRTVS (23],

iii) 3DOFEOMEHFEDERR

ZhEDHERM S, MFCC It T < GMM., MFCC &3¢

—
=3
(=]

N3 o -]
(= ~ o0 8
T T T T

-3
H
T

——0=0.8 normal

b
T

~m~ 0=0.8 fast

Speaker recognition rate (%)
N -J
W

o
N
T

——a=0.8 slow

-l
—
T

~0-0=0.8 average

0 0.2 04 0.6 0.8 1
phase Weight coefficient p GMM+HMM

5 MFCC ic#3< GMM. MFCC ic£3< HMM Lfiff {6} D
GMM OB EOEERE (BAH 64, B (60-700Hz))

90

100

99
_ 98
i3
%’ 97 |
g 96 I
a 95 |
o
3 94 -
- - a=0.8normal
S e | = a=0.8fast
% o b - 0=0.8 slow

=~ a=0.8 average
91
90 — A
0 0.2 04 0.6 0.8 1
phase Weight coefficient B GMM-+HMM

6 MFCC ic#3< GMM. MFCC lc£3< HMM kfiig
{cosd,sin §} D GMM DEHEHEERR (BEH 64. BB
#i15 (60-700Hz))

HMM, 80 3 DOREEZEHEDEEBRERETo k. BR
2 5, 6 ITRT,

MFCC i2&£3< GMM & MFCC it HMM O 2 DDEH
BbEERBORE BVERSBHIHRK 0.8 DL XITHEHET
99.3%. HVHMEET 97.9%. EBVEET 96.6% (ST 97.9%) [22) T
Hotht, MAEEEEEIEDEZC LTELRIUBMIRONE, fiI
1 {0} ZEBEDEILEL. ThTh99.6%. 98.6%. 97.1%(TFH
T 98.5%) ¥ T U7z, £ {cosf,sin§}) BB EDE L EiTid.
99.6%. 98.9%. 98.9% (T 99.1%) icH L Uiz, HEEEOR TR
BEEHT 99.9%0 @ 5Nz, BXHEOH LRHOTHTIEH L, 8]
BRBIZE L zc MFCC IZ®3<{ GMM, MFCC ic#3< HMM
LHBRT—ZARY PVD 3 DOFETCHAEDELTo T, Bk
RIZENTFN 99.4%. 99.0%. 98.4%(FHT 98.9%) Tholz, fitd
{0} LOEBADERERE DA LM, S8 {cosd,sin §} ITIZRIE
Tholk, CORRNME, BEERICEVT, MENRRENEFERT
HBT LHbH D, ELILSETo IAMEHRONREIC X > Tk HEE
SRRMIShie,
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#2 BERAOERVE 64 BE: %)

~--Phase_GMM -----MFCC_GMM
= MFCC_GMM+MFCC_HMM

——MFCC_GMM#+Phase_GMM ——MFCC_HMM+Phase_GMM

speed normal | fast | slow | Ave. - MFCC_GMM+MFCC_HMM+Phase GMM
MFCC_GMM 0.58 |1.28[1.38 | 1.08 2 <
_MFCC_HMM 0.70 |1.00|1.43 ] 1.05 6 T
{cos @, sin§} (60-700 Hz) 5.22 |[6.15]5.69 | 5.69
spectrum (60-700 Haz) 6.67 |7.94|721| 721 3
MFCC.GMM+MFCC_HMM 035 |091| 116|081 3
MFCC_-GMM-+{cos d, sin §} (60-700 Hz) | 0.38 [0.75 [ 0.77 | 0.63 .§4
MFCC.GMM-+spectrum (60-700 Hz) | 042 |0.88)1.06|0.79 &
MFCC_HMM-{cos ¥, sin} (60-700 Hz) | 0.28 |0.40)|0.83|0.50 3§ N
MFCC_HMM+spectrum (60-700 Hz) 039 |052|083]|058 &, AN
MFCC.GMM+MFCC_HMM
+ {cos 8, sin§} (60-700 Hz) 0.18 |0.37]0.71 | 0.42 0.5 '?.,
MFCC.GMM+MFCC_HMM
+ spectrum (60700 Hz) 0.23 |0.49 | 0.78 | 0.50 “5025 o ) ) . . . n

4.2.2 FHEREDOSE

EEBAICE T B AEEBORAOEWESR 4.2. 1 iTRLE, L
L. FRRCHAEIN TV 3 BREEEOBDHFICH 5, ET T,
AR OFERERRET B /2dIc, K& LA {cosd,sin f}
(RS (60-700Hz)) ZAVWTHESRAOERLToREY, &
ERAETH, BEERNCHA Sz GMM L HMM KBS BHEE
FIVEFBAT 3. TTT. EESHORGREEROLERELR
CTH 5.

EERADEEVE (Equal Error Rate : EER) %% 2 ICRd, &
EREORRLFEBRORBROEARIMTV S, HPIT—IRS
MV (RS (60-700Hz)) oD < BB SRR 3
FebIciFolz, B LA {cosf,sind} & MFCC X D& 3,
NEARY FVEb BOL, ERACE O ERE (W 5%D ERR) A8
bhiz, BEERI LIRS L, MFCC i2&T3< GMM & MFCC i
3¢ HMM DOHEHENHEANE V. MFPCC(FHEEH) L AiEH
# (SHEE OHESENRVOT. MFCC LIEEHREEASDYE
THERSOEESKE S KB E iz, MFCC It 3K GMM &fiI
FEH L DBERIE, MFCC IKET{ GMM &b 41.7%DHEN TS5 —
K=, MFCC ic&£3< HMM & figiE e oAk, MFCC o
3¢ HMM &b 52.4%0EN L5 —BIEBNRR TX /2, =DDFiE
ZHEBEDESB L. MPCC icE T GMM &Y 61.1%. MFCC i
#5< HMM &9 60.0%. MFCC ic#3< GMM & MFCC ic&J
< HMM OEER¥ XD 49.4%DHEN L5 —RBOBIBN T&E /. Eie,
MFCC tfiiifiERodaeid. MFCC T —2R7 MVo#E
AR LD BVRAEERER U, . HEEE TOMAEROH
FIRIRBKE W,

B 3585 A— %O DET(Detection Error Trade-off) Bif%
X7 THET 5, MARESRERIAT 3 &, RSEBLRRARO L —
KF 713, MFCC ODHDFEL DEBRICBATWB T LA 5,

4.3 HEBEASHEICKSEEEITNRE

Y=V EECHE RN THEETIERY I 2 L— MY AEBRRT
To DU —VEERESBIITHE S/ NTT F—EZR—ADHHEEE
TRELLEXZAVE, #5LLTE. ETHREST 2 —X0DR
REPOT—ARDLD LHEBZEDT - AF—YavHADLD%
Bz [29]e 12 KFED MFCC & 12 RIeOAHEHE (6} / 24 KD
% U (MR {cos 6, sin 6} (RIIEHIR @ 60-700Hz) ZFIMAL.
EHETIVE 32 BAD GMM ZAWVE,

HEEBEACLAEERI L EERAOBREE 3 LR LITRT,
HESBET T, AN X 3555EB®R YL MFCC IC K 3BMBOE

GED) : BEREICH LTI, BEROBIIOEEICKE BT 5, HEH
REAORIC, BERIOIS—OMEN 11TEI<. UL, BERAOKE
EEEEBICEEE fUE L (28],

False Acceptance Rate (%)
®7 BE3RBTA—RIc X BHEERAD DET it (64 BE)

7 V—VEBREEDNE, fHC, FEER - FERAIHLT, SNR
MEVN (0 dB) B4, B LI-AHBHHR {cos §,sin )} BIMOBRED
MFCC BHIDER LD & B ol BRICKD, MANEFIIHLT
BEETHB T Lhbh 3, FERFLEERELNLT, £TOSNR
ZHIZHE VT, MFCC LAEHHOMAEERIE. MFCC BUiOk
REDKEARBHITE. T, B UIANEHER {cosb,sin 6} 2
PEROMAER {0} LOENTHEC LATD oI,

5 % & &

FRETIR. Y0 UARIC X > TREZ MO ThE—RE ¥ 508
OFIFE L FORBEZRRL. HERO MFCC LA LTz, f8RDAL
S 7 — 013 —v + 0 OLBICEL TRENS Y. ThEBREcE
WyaTlickd, BRBEMNLEIEELNTER, Xz MFCC &
W L AR EH A bR TIERICB VT A IEROAMEBHROKER
ZEEBC LN TEN, TORRERIIT. MFCC It T3 GMM &
MFCC ic&3< HMM &0 2 DDfBE DRI, E5ISERREL
FefiARiEE {cos §,5in 6} BB EDE BT L TELBALARL N,
% LT AAEEH {cos §,sin 6} ICHT< GMM & MFCC ic&3<
GMM 2B EDE BT LT, MFCC i3 GMM &b 3 EEHD
YT 58.5%DIMEBHBHNED LTz, 2 DOMEAEDE GMM & &
bz MFCC icET< HMM @ 3 D#EHAbe L #icid. MFCC
I 3< GMM & MFCC icE3< HMM &0 2 DOEBEDE [22)
&b 3 FEHOTY T 57. 1% DIEEMBOFOD RO NIz, o, T
EEORELELDELEDETIRTNThH 99.9%,99.0%,98.9%(F
T 99.3%) ORBBHEO NIz, Eie. FHEOHRIZ. ALT—X
R—=ZZBWTHOHEDER [5], [22], (30], [31] & DRERITEM Tz,

ARTIE, WE LI AEEE {cosf,sind} ZRAVTHEEREDE
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