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A Mandarin Speech Synthesis Method Using
Articulation-knowledge Based Spectral HMM Structure
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TEAPREERIIER T » A it — HMM 1y45HREET » sRER S EREH
TCZ AR MRAVARRE R > DUESOE S IREEF ARG - RSN - TR RIS 2 5L
W EET 75250 FAPIRR = ZRAY 88 5 RIEK - 2 F SR BT A Pt (B S HRAH
GHE - BT EHERTELHAY HMM &55% - BFIEA = FErY HMM &7
AREEHENEFEE T GRS > DFHEAELE: - B RG0E - (EHHY
BRESHER Y - EUR A ZATHTFERY ANN fREHAR AL © (HEMRE A
AIZE I B Y HMM BRRREEA © B PMEIRIPRT &R - AIEDE 6 Z A
FEHYEL SR A E RS (HNM) Y (F 3R S Rl - B BRaas e » (/]
e e HY HMM 5T & p i AYEE S EEFHEE HMM &G AT & Ry I8
B Rolfties o RSN o M-I Bk R ) Bl 5 piGRE ) Z TSP S R Y 2 45
R WEURAERSCHY HMM §5f% - EEETE HMM & S AE S R (AR B -

BRgEEE: ST EAK - HMM 451 « S8R ~ JHEEmiGE - BEUEIREE I

Abstract

In this paper, a new HMM structure is proposed to work with a limited training
corpus in order to obtain improved synthetic-speech fluency. Spectral fluency is
improved because this HMM structure can model the context-dependent spectral
characteristics of a speech unit. In addition, instead of using a decision tree to
cluster contexts, the knowledge of phoneme articulation is based to cluster contexts
and reduce the enormous quantity of context combinations. To evaluate the
proposed HMM structure, we construct three Mandarin speech synthesis systems
each uses one different HMM structure for comparisons. In these systems, the

prosodic parameters are all generated with same ANN modules studied previously
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but the spectral coefficients are generated with different HMM adopted by its
corresponding system. As to the synthesis of signal waveform, the signal model,
harmonic plus noise model (HNM), studied previously is commonly adopted in the
three systems. According to the results of listening tests, the speech synthesized by
the system using the proposed HMM structure is indeed more fluent than the
speeches synthesized by the other two systems. In addition, average spectral
distances are measured between recorded sentences and synthetic sentences. The
results show that the HMM structure proposed here also obtains smaller average

spectral distance than the other two HMM structures.

Keywords: Speech Synthesis, HMM Structure, Articulation Knowledge, Spectral
Fluency, Discrete Cepstral Coefficients.

1. &35

RT3 E B A F RS 20U 7] K5 (hidden Markov model, HMM)» 2R i i s
BEIn(3 £ %) 2 SasE E #E (spectrum progression)fE % (Yoshimura et al., 1999; Zen et
al.,2007; Yan et al., 2009; Gu et al., 2010) » 7 1% 7F &k —(EEEA0E > Fher (i I S E-E0m
HMM RIS 7 4 — PR H I SREE R R & 0 281 (0 FH AT i2E AR AR EE R U= B Fp 5T A S
HMEEHEE9E - (£ HMM ZR{EEEE B9 G R » 8% BE 59 & 15 0 HE /Y mT 3 g 4
(intelligibility )55 514 (fluency) » F4FHIE » Tokuda ZE A ELj> HTK (HMM tool kits)Ffr&é
Y HTS 555 & RS (Zen et al., 2007) » F2HLABIRVRE R4S ~ 37 H Tt & > AT 2L
W9EEE & G Rk (54 HTS seduk/DaT 2o R RIBLR T « A 38 - & A A I8 S8 (global
variance, GV)ULECHF - HTS §RAGHTE EVAEE B 48 & 48 AR\ BRI S » (HEA R
HYEE 2153 R RIAY (muffled) (Toda & Tokuda, 2005) °

FEAHRSCD » TR TR - (E5 HTS 925N - BEIL.0VE 4755 HMM f3
T AR, - RARR B R B AR A R R - TPV —
1l ELA T (Rlexibility 958 85 &5 e 1 56+ BS54 MU M T i = 914085 s
(timbre transformation) 2 T + AESATL £ s £ 1 (0 A A7 2 LRI R 7% (Gu & Tsai,
2013) © F—TETEE B CTTHAE R » 735 MR A& R 35 5 (9 R B 2 1
RN N 7 YNSRI E R g b8 e
25+ BRI E T HTS A9405R(Hsia er al., 2010) » 555 HTS FfE 2 HORIEE
(T EEHBN (pitch contours)PEEE F36 RS AT + I A RN BES T S 4
5+ T PR R TR 7200 2 5 (5 B SR -

TSR — K (Gu ef al., 2010) » RIS B3 17 2 E Ry HMM #5080 -
I 25 6 1953283 (spectrum progression) 3% » (B2 HMM [SURLT Epi 1935
(SRR G » {7 68 R 9 R S (spectral discontinuities) /4% 3 € it
A B AR T B RRR - RUEAE S A S AL - A EEE X
IR 4 25 AT AL 3 T 1 SCIR B R B A » DA DS P B4 X T BLAFH SO
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MR HMM #5830 o (R - ARG SCRE (BN EE S BLAL - BIARREAIEAR) - S RIS AT
U ECEEIBFERFIR RS - REERESAIRAEIREY HMM 58U > 30 H (RIS 3% 5 Mok
HMM fEAIPESr4HGISR - HMM &EfERYET 52U & 2 58  EafaER i -

HARENEEEEE GRS BaIE R 2 M RAZAE 1 FrE - @& T
ASLEJZ 3T 5 R (b)(E AR A (Artificial Neural Network, ANN)FE4H A< 4 25 {1E
= HIHE BT S BRI R (duration) ( » SF4HIE)ZE ] 275 (Gu & Wu, 2009) ; &S () k%
F B AERIPREE T AR R S (E AR R BB L ERY HMM Y @8R (d)BR A Tokuda %
NPEHHYTT7A(Yoshimura et al., 1999) » R5HH HMM Z5REE AR EAER &5
(e)BRA JehTb Feie Y IR SR M E N 1A (Gu et al., 2010) > RELSTHEAERHE &
RO AEEEPI S B AT R I & A B S HEN S S (pitch frequency)(H ; &% » &
B () (i 38R o4 35 1575 (Harmonic plus noise model, HNM) » & IS - 2E4
{E3£7] 2% (Gu & Tsai, 2013) °
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"~ v
Generate syllable (b) +
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I
B 1. &RERS T BIEERE

2. BRI RO &

FERE B WU > FARHY HMM SERERLAE 2 AR 2 22 2 45 (left to right) G518 » 2RI LA
TG R B /e R R S Y SRR (> IRIEEDSBE R G B R AVIB Y -
FEMEE b — (B EE S B oy B Rl BEGAEE T2 MR R GE R B B M E R 53 - &
PREE - BREHE R F BB - A —(EEE S B S A SR Z S & E T DALE S BT B AT Y
AR A BRI o BRI - BREEE Rl LIS - mlREA & SR E 2R
REA > AR EIAYATE SRS & B4R T ZE IUTE > 5EAIE H /& (21+37) x 37 x (21+37)
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= 124468 » Foifr 21 %7 21 HAREE © 37 R 37 WA PRILHREEEE - B
—SHH55E -

o oy [

(. 2. C2

Co5—te el 15— —e-C35

6 2. ZeE A4 HMM 457%
fE—HE /A E - AR B E R — S eV EER S - eI MHE R AR < 7T 8
&5 LI o0 48RR 11 8 > SRl UG sUA03% 1 PRSI (EREE sil”) - AHE - £ — (R
HENAGERARE > IR PHERR BB 2 ATRES 5 LUP /3R 8 81 sF4l 7 =4
® 2 pryl o EEREAIR AR EVERESEE LPE T a2k - BEEREELE 21
{EEERE - Hth P HER AR R AT REAH & AV SCAREE /2 (11+1)x21x8=2,016 i
# 1. BHEEGEEZRE LI 78

Index 0 1 2 3 4 5 6 7 8 9 10 | 11
Gesture a 0 ) e 1 u 1i er| n n sil
class yu g

# 2. BHERHRRETETH

Index 0 1 2 3 4 5 6 7
Gesture a o 5 o ; u i
Classes yu

FALLRY AT — B HIALAE > 40K H AT e AR & > AL Z e AE - HEB
FFT— S HHER NG E - L IERT— SRR 2 FTRESE LUP Ik 11 80 %%
1 FUR « M - EREEEERNE AT EAVER - IR MIREE S
iy B A REBFIAVER RO R 6 25 SRAM ST A AR 3 Ayl « BRGIRER - 1o/, /pl, /m/, /]
HEE M ESESE - FrLlEMEs B2 b 80« FERE - /d/, /v, o/, VEVSEEL
HE LS > AU EME s e 5 -

*3. BREMBEWEZTE

Index 0 1 2 3 4 5
Consonant b d z zh j g
Classes 9 77 iy Wy Y K

i BRI F RS A BT REBTEIREEERIT LR - RENSEIAEE
AR AR RS EHVER R BAE 2 AR S LU 0Bk 9 38 - SRl BNk 1 o
9 9 EEH] - (B EEM/MNng @ 5 EELE  RENFEHEAES - IR
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PEZENE R AR S LIPS0 Bk 6 38 - SRy UG NA03R 3 Frdll 0 B =TEIE IS - 1R #E
FEN AR H AT S i RV RE F ) - HENRAGRNEHE - EIEREAR
AR EAVER « BB R LURME 7 M2tk > B R EREILA 37 [MEREE - It TR T
BEEHI R T AEAH & AV SCHREEZ (11+6+1) x 37 x (9+6+1)=10,656 i -

W BRI AT R SCAREE & 77 2 S HMM R - RIIFREES)4REY HMM A&
2,016 + 10,656 {l > EEMRE LR GREERIE - LHBREEETR 10,656 (& Z Hi#E
HIE A - AAMEFHRENHIGEER R E T HSEHVER > SRR AT 2 SR
I HMM FAUZA DB R o S50 R RE AV AR DR E - SRl bi2¢ & 5 H (50 P R SRt
(decision tree) ¥ HMM R (535 » FFEESBE 1 K 316K — (1 22 I HY HMM > 0k ]
RME AT 7R AV EIGREE LR - 40 HTS #il 2 sREULRR(F % - A8 > ASwSCERELSISh
—ENTFE )5 [F (approach) > HEZ LIRSS SIS ~ BREHME S CGEMENE HMM
TESXEE) - FEUTFEHRTHY HMM $ER8 Z 55t - DUEREA AT Y 7 K R B A SEE R R -

3. EEHTHVHMMEE R

WlE 3 FrEMREEA 6 (EiREE 3R HMM 1RSSR - Ih45EFR R iEE HMM
A SARAEARAY - F75% FY_XY FoR it HMM 256 Y BYIEAY(F R /2 4G SOARAE ) -
i B CX FRor#AEE Y Ay SCHREE S (context type) - CZ RIIFRIR Y & BEHY SRR - fRIZ
1 HIER 3 IRAISCAREE S CX 4145 12+6=18 fil ; AH¥HE > fER 1(FR T/n/Bding/ 2 M) Je
3 RIS CZ 34 10+6=16 f& - (E41 > BUREA 37 AR Y - FrLABIRERR A SOR
K HMM fERIERET 2% 10,656 i -

-------------------------------------------------------------------------

HEE T
- . =
- - .
o o o o e ..
- 3 - .
I
I
HEH

B 3. AR HMM RV

B TRV ENE LT R ANE LA (A0 6 K E0VEISREER - LM E R
¥1E 3 79 HMM 58] FY_XZ LE(F4EREZHE - BMIAA T AE - BEEE 3 hrimE
FIIIREE(EIREE 1~ 2~ 3)@AH T AT Sk CX - (BRI Bk CZ A AHRE + JE U
Pt E 3 piRm B ARREELIREE 4 ~ 5 ~ 6) AARMRINMEREUIR CZ » {HZ AT
AR CX AAHRE o ARERTZLAY R ERES > [8] 3 #/E A SOk HMM B8 FY_XZ > gh o]
DI oy figpk i 4 8@ 5 2 - Ee=X HMM A GY_X f1 HY _Z> JREIFR A2 DL By =t HMM
B GY_X F1 HY_Z 7 S A HU HMM R FY_XZ -

82



----------------
-

--------------------------------------

fovxt o MY Z &7/
P GY X2 &@8

: R H

E GY XI8 fussessssssessssssessasnnet  FPETIEIES ¢
sasssssssssnnss®

B 5. BREY EFERZ AR HMM 41#

FH Yl BR BEATHEEAY SR 7 R 18 TOCAREEEC - B DAFRMIFR L 18 {E - EE =\
HMM ##8 GY_X1, GY_X2, ..., GY_X18 (&l 5 #51]t) - REEFREE Y HIRTHELE T
5% GY Z G T HMM 2B < B0t - — (B8R EHE BRI SOARHE 2 Bk 16
TESCHREE R BT AFRMTAR 2L 16 fli- Bzt HMM 4 HY_Z1, HY_Z2, ..., HY_Z16 (4
4 HHIH) - RERFREE Y IR FELE S 7798 HY Z H Fom-Bal HMM 212 FEL -
WL —{E B R E AT B HMM (AL 2 18+16=34 ([ > [ EUFE AT 37 fH#REL
Pt AR R B LAY B HMM Y EEETE > 34 % 37 = 1,258 {[ > 1,258 LEE 10,656 &=
AR R Z BREE HMM /D 751 % -

BRCELEE 21 {EAZEREYY HMM AR FRPHEATZLZ Bi5E HMM BV (R
FHHEAE o Y —{I82 RERIREAY SCHRAE 3 2B 12 T ST S > BT ARRAPI RE 2 Ry — & R 7
7 12 {li-Fez( HMM 28U - 2R B B T B B0 0y © b - — (A EHEREAY SR
TYHERK 8 TESCHREES - AT AT AR 2 Ky — (A REE L 8 (H Bzl HMM AL - sRER
BRI By - Ath - —(EAFRERR S LAY B = HMM AT E 12+8=20 fE -
MEEEF 21 fEE) - Fr DAL FR 2 AT Ee( HMM AR T2 > 20 x 21 =420 ([ > 420
EEHE 2,016 {24 SCHRAE 2 B B HMM /D TEF25

4. EhEEHS
4.1 5l eRPE B
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T T FEB MR T S =58 1,208 ([#EEHVEE - ESEaaRA
(script)Z: B Rt SRR Y S R P PR BEH - FHETA 10,173 (B8 M #k = AV HUBER B 22,050
Hz - F 7 HEECIE BB ) P B H B PFE 7198 - WM E SR HTK B2 {E forced
alignment JR¥ - MSEWIPAVFEIE AR - BN TER(E WaveSurfer #AG AT
IEFERRHYF BB -

BT SEF B EE V) B — Py R EHE - SHERER Ry 512 (B4R - ME1E
iy 128 (EEEASEL o HE EHEL et ERREAUL 39 EHEE2E co, c1y ..o 350 B
& F R BRI FEEE (5% (discrete cepstral coefficients, DCC) (Cappé & Moulines, 1996) >
DCC (REMIEUT % » S FRMeHIHIIATEER (G & Tsai, 2009) - [H4h » —{EFHHE
H B & R E R ECERAE S —(E 4 T > BIfEA c30 0 MR — (B S HEMR O 2 B I M
(Y > RIEEIE cso FVIEFs 1 SZRIEETE c30 HIE R 0 - — (i HMM &8aE5I1%E 2 1% - Feffmtnl
PRI P R B HY c30 HYME - ACHIET -8 HMM JRFEZE & K (voiced) BiffEEE (unvoiced)
ZREE - PARERE] R AR HMM IREE LA AR FBNDT - 5540 SRS HH R ElE
HREY - B ARAPIHESRR R e S0 IO 40 4 - DLEEF DCC (AREHY— & 7208 - FE3I8R
E—{E HMM Z 1% - R T 508k HMM AYRERI S8 dh > thBE0 k%48 HMM REEH B R
HyEHEE S I {E Bl S -

FEARH SO —(EEREHAT 2 B 4 253 2 2 B, MMM B0 S8 2 3 (RS
ik - 3 ELIRBS R s R /e A A 4 B 5 B - R > B0 (B R
FEEE HMM B > FeMHEE A 2 [ERRRR L S - B &R &40 F(Gaussian mixture
component) & £ —{H HMM jREE b FoM H 5 E —(# S i & - B Bz HMM
Z A&k - AR = K 510 (segmental K-means)j# &% (Rabiner & Juang, 1993) » &
T SR

42 FEECOEE

A SN EEERE S B A4 H AP B JRIRIZA0E 1 For e @B ()fF SZ
] 53 (text analysis) » SEICE LR A RIS ZE I — (B SO AR > IR DAAS 5] 1 R A 25 8
E AR R 5 S EESINT - 1058 ARSI D) B — 58T 5 RE(words) » 3l H &—({E 5
PR A S B S TP E R - #E > EEIEO)ES & FH 2 E S P (pitch
contour) ;2§ & (duration){H » ¥ E—(EF 6 - SBHTFEIIARERIE » B ARE R
i A2 P (AR A ER (ANN) - DL BITECHIH B S R S SoRIes R 2 B E > BATY ANN
Y e BRI - R EASTERVAET - 2B RIS RTEITSEER SL(Gu & Wu, 2009) ©

TEEIR(c)PREERER) ~ BERF 2 HMM B8 > B fRIB & (@ S Ein P& /9t A s
JEREERIRIER R 2 PR T ok B4R ek > A B e ~ SRRIESR 1~ 3% 2~ B15% 3 Wy 4wt
SRR AT 25 (18 BE T (B BEEGRR B WY 4R 598 F0 L FiT & SCAREY 43 B4R 5% 18Il 4R HH Y B =X
HMM R > 3% H— (8 BT (B REECER B S EV AT ~ R R(EE L= HMM > B -
ERTRAYUO(E e HMM (R SRR —(E S HifY 528 HMM (R o fE & B (d)IR E &{H
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HMM IRERAYEE B B HESRL - FeMERH Tokuda 55 AFEHIAY J77%(Tokuda et al., 2004) » {45
ANN EANZEREE » Z5HE—(ESE HMM 2 Z{ETREEFTE S B RIS RS HESL -
B (FIEBR () A & S HE 2 AEEH 48 (B) DCC 1480 » — (% #{E I T A2 R AR
{5t (Maximum likelihood Estimate, MLE) (Tokuda et al., 2004) » Rl » Rig X {H HAYE
ST AT HE A hIRE =045 14 Y A (weighted linear interpolation, WLI) (Gu et al., 2010) »
AT E LB EHER DCC (2% -

EESE OB SEFEN S Sl - — {85 BT (P R m/FIEE R a/) Y & {E S HE
HBE A IR—(E S SR EEAL Hz) » 7T ANN ZE AR EP S BEEAL
% F# H PN fdi(Lagrange interpolation) » DUK{G & S HEAY & SHHE - #53 » R EBH(Q)R
Fi HNM E5E A EEE S E9 a0 TP — (85T & FHERY DCC (R8BS SiiRE
TR EHE R 2 E S HE 2445 HNM sEE (B9 a s - ZaitsE 395 B HNM (5
St AEN R U7 7A T2 F A AT FEER S (Gu & Tsai, 2013; Gu & Tsai, 2009) -

4.3 SHEEEREE M

TELBAARSE SYC B SYD o AHiE ity il (BElsah & S A% » SYC TRt
TEHIZI » B —(E S AT B BT IR A .+ SRR BH A ES HMM
FEXHRAIFESH (B0 4 2 GY_X) » it ELERRHI F B HMM 6974 SRt (F 5 (0
B 5 2 HY 2)» FrLLEH & (R TEIR SCIRBE RS A CX) » BEAR S 25 s — (e
B35t HMM (401 GY_X) - IR » ERLHIZ4E SYD H + £ — (S AT B (e
HESE R IS T » JREIAE ERANAT LB HMM R 5 SA/ESOHR » A0t — (A Rkt i
TSk —(HATHEL Y HMM - AT EHA LY HMM » B9 2ATE3 dit e £
HMM » US4 500R  SEBUETE » BAEHI (R L ES HMM 3R E 85 SR SOHR » 20—
It A et (7 . MM » ZATT R RHAT K HIMM » HI0 2478 1 ke
[E4E3 5 HMM » DU 500 - BEAh » B SYP Fm S s i s ) B3 5 2 ik
Z4(Gu et al., 2010) + 1 SYP &R » FMIEH G —TREIE AT A HEE T — (H o
BELRENT HMM > 55— FES R TR HMM (B BRI 3 A ety 3 2
KA - (AT » S8 AT AR I 463 6 - A3l i = (B %5 SYC- SYD fl SYP -

FEEIE = (A TRIPIRE R DS 555 B A P AT R S 2 HE e 25 (A
FOEHEL - SEAIIE + 8 50 A HIBkaR ARSI —H A5 SYC ~ SYD il SYP 2%
BREE  DUEES (B 2GR R & A A R » SR S R S
ERIE AN DCC 5347 » LISFELHITIE DOC SRR s RIFS - B - (N
DCC I & S E SRR T4 A A BB EHEN A A  EnaES
SHEEE I DCC AN - 2GRS 50 NEE AP A B S HE LA
S ITRERE » 55— (S ) T B -

% 4 FAIEONIE - SRS = [ A S0HTEEIERE © 16% 4 WA SYC 2T
LEHIEHE DCC [ » RS R SR sl a5 TRy DCC [ » 1] SYP S LA
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fE DCC [A] 5 » f sk S8 a) o frHskay DCC A& « ko - B S i R Ay SR
BRE) Z [T SCHRAE AR A e £ 88 (modeled) - B SYD Z&HIIENL - AIEMIHAY DCC SHEE
PERE > SEELE SYP RERHVHR S » EFORIE 4 MIE 5 Ay hay+FL=( HMM 4518 - #YHE
AR T AR A {18 A AR BT 2 Y SRR (R R R -

F 4. FHEDCC FFE LR
System SYC SYD SYP
Avg. dist. 0.633 0.640 0.732

4.4 EHEEHE

TENE B —Rall SiEE 12 A IRV S > 32 SCELEE 70 (EE 6T - JAFTRE T
Rl A = (8 RS A G R EEE A - £ RIEL WC ~ WD Rl WP 2R SYC ~ SYD
M SYP 5 = (B Z &P & R HY B 18 - B E 18 i B0 T Ay 4 HE K T B IR
http://guhy.csie.ntust.edu.tw/hmmhalf/ o

#i WC ~ WD fl WP ={lEAE > FAMTETRIG LV IE i g e - —LBGE T 12
L2 W& > S XIS ERRE > 2N DIBEM R PIREE WC A1 WD B+ F£55 e
AE SR - ZHE BRI EE WC R WP 515 T FEREEHERM - ZHERID
BEt IR IS WD fil WP 545 - AESTEENERT - 2 WE IS mEE gL - &
FIZERA 4G — (8 7 BORBE R ARG VRIS R - SFrAaEE K-2 2 2 73 > 2(:2) 0 Fomik
FH(HIFBELAIE (R E)MIGRS > 1(-1) R EE FIE)ELAT&E (&) H MO - 0 73k
IRITHEA A -

=RIEHERR 1% - WPUREEERX P AR T A IEASE - A& RS RE
BaEy P OB 22 - SRS EINR 5 FrnaVEE - /€% 5 AIRISE —XNE _RE %Ez
Y3557 8Rs-0.833 #1-0.417 » BHYTEFOREE WC EE WD 1 WP 8 R01iths - AR 2
2B B AEE GIERE R > RPN E RS EEE E A - bl
HMM 4EREHHE ] LUA RIS GRS RIS © 2108 =G 5RHY V778 0.250 -
Z T B EHE RN > RPVERIEFRR WD Ml WP S5 is  FE SRR = 52 -

xS BHER FHFT

WC vs. WD WC vs. WP WD vs. WP
AVG -0.833 -0.417 0.250
STD 0.718 0.900 0.866

S. zl:ll:ll:l

FEAE R S > BAPIIE P B 2R A58 o R HU AR SR - A — (55
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BRI 2 SR 08 » DU SCHRAE &5 2 B ¢ BES1 - S — e BRSO e 2
B HMM 45 DABAEATRATRIIDET T » 58 — 30 2 T SONRRE R o
MBS BRI » FARCE & B S AT -

BT S A SRRV B HMM G508 - RIPIEET T RIS, - e
HURTFABFEREA] » SR - S PR » G P, HMM S P S 38 1
R30S 47 .2 PR » P4 0.732 /051 0.633 5 B4 - BEMIBFRATES LB TS
(854 B MMM T SRR -+ L A3 AT MM S5 HEEOR P07t - T BAER
SRR TR AU AT » Bt HMM G STR0E & i B T -

RABPATEA RSB RINE T ELBEB T A G50 22 s 5 5 HTS HCBAy &
Y BRI R SN LR © B A BN UEE R
T AVSSIRH 67 L AORIIE » AT RIS S AR AT EAO R - DU BRI AR

BRRNIGE -

6]
G BIR et E 2 AR S R - BIRLE Rt E SRS NSC 102-2221-E-011-129 -
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