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ABSTRACT

$Q LQWRQDWLRQ PRGHOLQJ VFKHPH IRU -DSDQHVH WH[W�WR�VSHHFK

V\QWKHVLV LV SURSRVHG XVLQJ D FRPPDQG UHVSRQVH )� PRGHO DQG

D QHXUDO QHWZRUN WR JHQHUDWH )� FRQWRXUV RI DFFHQWXDO SKUDVHV

XWWHUHG LQ FRQWLQXRXV VSHHFK� 7KH QHXUDO QHWZRUN LV XVHG WR

SUHGLFW WKH YDOXHV RI )� PRGHO SDUDPHWHUV IRU D ZKROH VHQWHQFH�

IRFXVLQJ RQ DFFHQWXDO SKUDVHV� 7KH IHDWXUHV XVHG DV LQSXWV WR

WKH QHXUDO QHWZRUN DUH� SRVLWLRQ RI WKH DFFHQWXDO SKUDVH ZLWKLQ

WKH VHQWHQFH� QXPEHU RI PRUDH LQ WKH DFFHQWXDO SKUDVH� DFFHQW

W\SH RI WKH DFFHQWXDO SKUDVH� QXPEHU RI ZRUGV LQ WKH DFFHQWXDO

SKUDVH� DQG SDUWV�RI�VSHHFK RI WKH ILUVW DQG ODVW ZRUGV RI WKH

DFFHQWXDO SKUDVH� 7KH SUHGLFWHG SDUDPHWHUV DUH� D IODJ WKDW

LQGLFDWHV WKH SUHVHQFH RI D SKUDVH FRPPDQG DW WKH EHJLQQLQJ RI

WKH DFFHQWXDO SKUDVH� PDJQLWXGH RI WKH SKUDVH FRPPDQG �LI

SUHVHQW�� DPSOLWXGH RI WKH DFFHQW FRPPDQG� DQG RIIVHW YDOXHV

IRU WKH WLPLQJ RI SKUDVH DQG DFFHQW FRPPDQGV� $OO IHDWXUHV DUH

VLPXOWDQHRXVO\ SUHGLFWHG� 7KUHH W\SHV RI QHXUDO QHWZRUN

VWUXFWXUHV DUH XVHG� HDFK RQH ZLWK � GLIIHUHQW QXPEHUV RI

HOHPHQWV LQ WKH VLQJOH KLGGHQ OD\HU� 0/3 �PXOWL�OD\HU

SHUFHSWURQ�� (OPDQ� DQG -RUGDQ� 7KH PHWKRG SHUPLWV HIILFLHQW

SUHGLFWLRQ RI )� PRGHO SDUDPHWHUV� DV REVHUYHG LQ HYDOXDWLRQ

H[SHULPHQWV DQG LQIRUPDO OLVWHQLQJ WHVWV�

1. INTRODUCTION

2QH RI WKH PRVW GLIILFXOW SUREOHPV LQ WH[W�WR�VSHHFK �776�

V\QWKHVLV LV WKH FRUUHFW FRQWURO RI SURVRGLF IHDWXUHV� HVSHFLDOO\

)� FRQWRXU DQG GXUDWLRQ�

)� FRQWRXUV FDQ EH JHQHUDWHG XVLQJ VXSHUSRVLWLRQDO PRGHOV�

ZKLFK SURYLGH DFFXUDWH DSSUR[LPDWLRQ RI )� FRQWRXUV ZKHQ

SDUDPHWHU YDOXHV DUH FRUUHFWO\ DVVLJQHG� $ UHSUHVHQWDWLYH

VXSHUSRVLWLRQDO PRGHO IRU -DSDQHVH )� FRQWRXUV KDV EHHQ

SURSRVHG LQ >�@ DV D FRPPDQG�UHVSRQVH PRGHO �)� 0RGHO IRU

QRZ RQ�� 7KH PRGHO UHSUHVHQWV )� FRQWRXUV LQ ORJDULWKPLF VFDOH

DV WKH VXSHUSRVLWLRQ RI SKUDVH DQG DFFHQW FRPSRQHQWV� ZKLFK

DUH DVVRFLDWHG WR GLIIHUHQW OHYHOV LQ WKH SURVRGLF VWUXFWXUH� 7KLV

PRGHO LV XVHG LQ WKH SUHVHQW IUDPHZRUN DV D VWUDLJKWIRUZDUG

ZD\ WR UHSUHVHQW SURVRGLF IHDWXUHV LQ VSHHFK GDWDEDVHV� DV

SURSRVHG LQ >�@�

+RZHYHU� DXWRPDWLF DVVLJQPHQW RI )� PRGHO SDUDPHWHUV LQ UHDO

776 V\VWHPV LV D GLIILFXOW WDVN GXH WR WKH FRPSOH[ QRQ�OLQHDU

GHSHQGHQFH RQ DQ DUUD\ RI OLQJXLVWLF IHDWXUHV� $V D FRQVHTXHQFH�

PRVW SUDFWLFDO 776 V\VWHPV KDYH GHDOW ZLWK WKH SUREOHP LQ D

VXERSWLPDO ZD\ E\ LQFOXGLQJ D KDQG�WXQHG� NQRZOHGJH�EDVHG

H[SHUW V\VWHP LQ FKDUJH RI SUHGLFWLQJ )� PRGHO SDUDPHWHUV IURP

WH[W�

,W LV� WKRXJK� FXUUHQWO\ LPSRVVLEOH WR GHVLJQ DQ H[SHUW V\VWHP

WKDW SHUIHFWO\ PLPLFV D KXPDQ
V LQWULFDWH )� FRQWRXU JHQHUDWLRQ

SURFHVV� ,Q YLHZ RI WKDW� FRQVLGHUDEOH UHVHDUFK HIIRUW KDV EHHQ

GHYRWHG WR WKH XVH RI VWDWLVWLFDO WHFKQLTXHV WR UHSODFH KXPDQ

H[SHUWLVH� 7KLV LV EDVLFDOO\ WKH SKLORVRSK\ EHKLQG GDWD�GULYHQ

DSSURDFKHV WR LQWRQDWLRQ PRGHOLQJ� 2QH VXFK DWWHPSW LV

UHSRUWHG LQ >�@� 7KH PHWKRG LV EDVHG RQ 065 �PXOWLSOH�VSOLW

UHJUHVVLRQ� WUHHV� D YDULDWLRQ RI ELQDU\ UHJUHVVLRQ WUHH WKDW

HQFRPSDVVHV ERWK ELQDU\ VSOLW UHJUHVVLRQ DQG PXOWLYDULDWH

OLQHDU UHJUHVVLRQ� 7KH PHWKRG SHUPLWV WKH SUHGLFWLRQ RI SKUDVH

FRPPDQG PDJQLWXGHV �$S� DQG DFFHQW FRPPDQG DPSOLWXGHV

�$D� ZKHQ DOO WLPLQJ SDUDPHWHUV DUH H[WHUQDOO\ DVVLJQHG�

PDNLQJ XVH RI D PHDVXUH RI GHHSQHVV RI SURVRGLF ERXQGDULHV�

,Q WKLV ZRUN� ZH SURSRVH D PHWKRG EDVHG RQ QHXUDO QHWZRUNV

WKDW \LHOGV DOO )� PRGHO SDUDPHWHUV QHFHVVDU\ IRU WKH FDOFXODWLRQ

RI WKH )� FRQWRXU� LQFOXGLQJ WLPLQJ SDUDPHWHU YDOXHV� 7KH WH[W

PXVW EH SUHYLRXVO\ VSOLW LQWR DFFHQWXDO SKUDVHV DQG XQGHUJR

PRUSKRORJLFDO DQDO\VLV� DV FRPPRQO\ GRQH E\ PRVW FXUUHQW 776

V\VWHPV�

7KH XVH RI QHXUDO QHWZRUNV LQ SURVRGLF PRGHOLQJ KDV EHHQ

UHSRUWHG LQ >�@ �0DQGDULQ� DQG >�@ �*HUPDQ�� EXW WKH\ GR QRW

PDNH XVH RI D VXSHUSRVLWLRQDO PRGHO� 2XU LGHD LV WKDW D

VXSHUSRVLWLRQDO PRGHO LV D JRRG ZD\ WR UHGXFH GHJUHHV RI

IUHHGRP RI WKH V\VWHP�

7KUHH W\SHV RI QHXUDO QHWZRUN FRQILJXUDWLRQV DUH WHVWHG� (OPDQ

�D SDUWLDO UHFXUUHQW QHWZRUN ZLWK IHHGEDFNV IURP KLGGHQ XQLWV��

-RUGDQ �D SDUWLDO UHFXUUHQW QHWZRUN ZLWK IHHGEDFNV IURP RXWSXW

XQLWV�� DQG PXOWL�OD\HU SHUFHSWURQV �0/3�� 7KH IROORZLQJ

VHFWLRQV GHVFULEH WKH PHWKRG LQ GHWDLO DQG VKRZ WKH UHVXOWV RI

HYDOXDWLRQ H[SHULPHQWV�

2. NEURAL NETWORK MODELING OF
F0 MODEL PARAMETERS

2.1. Network Configuration

7KH LGHDO FRQILJXUDWLRQ� QXPEHU RI OD\HUV� DQG QXPEHU RI XQLWV

SHU OD\HU IRU D JLYHQ SUREOHP FDQQRW LQ JHQHUDO EH HDVLO\ SUH�

HVWDEOLVKHG� DQG RIWHQ D JUHDW GHDO RI KHXULVWLFV LV UHTXLUHG WR

REWDLQ WKH QHWZRUN FRQILJXUDWLRQ >�@� )RU WKH SUHVHQW SUREOHP�

EDVHG RQ SUHYLRXV UHVHDUFK� ZH XVH WZR W\SHV RI SDUWLDO

UHFXUUHQW QHWZRUNV� FRPPRQO\ NQRZQ DV (OPDQ DQG -RUGDQ



QHWZRUNV� DQG DOVR WKH ZHOO�NQRZQ PXOWL�OD\HU SHUFHSWURQ
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)LJXUH �� 1HXUDO QHWZRUN VWUXFWXUHV XVHG LQ )� PRGHO

SDUDPHWHU SUHGLFWLRQ H[SHULPHQWV� �D� (OPDQ QHWZRUN� �E�

-RUGDQ QHWZRUN� DQG �F� PXOWL�OD\HU SHUFHSWURQ �0/3��

2.2. Input and Output Features

7KH QHXUDO QHWZRUN WDNHV DV LQSXWV YDULRXV W\SHV RI OLQJXLVWLF

LQIRUPDWLRQ WKDW FDQ EH GLUHFWO\ H[WUDFWHG IURP WH[W� ,Q D UXOH�

EDVHG V\VWHP� W\SLFDO IHDWXUHV WKDW DUH XVHG WR GHWHUPLQH WKH

YDOXHV RI )� PRGHO SDUDPHWHUV DUH� WKH SRVLWLRQ RI DFFHQWXDO

SKUDVHV ZLWKLQ WKH XWWHUDQFH� QXPEHU RI PRUDH� GXUDWLRQ� SDUWV�

RI�VSHHFK� WLPH �RU QXPEHU RI PRUDH� HODSVHG VLQFH WKH ODVW

SKUDVH FRPPDQG� WLPH �RU QXPEHU RI PRUDH� XQWLO WKH HQG RI

WKH VHQWHQFH� HWF� >���@� )RU WKH SUHVHQW QHXUDO QHWZRUN

PRGHOLQJ� WKH IHDWXUHV XVHG DV LQSXWV WR WKH QHXUDO QHWZRUN DUH

OLVWHG LQ 7DEOH �� DQG WKH RXWSXW IHDWXUHV DUH VKRZQ LQ 7DEOH ��

7KH SDUW�RI�VSHHFK �326� FODVVLILFDWLRQ LV EDVHG RQ WKH $75

&RQWLQXRXV 6SHHFK 'DWDEDVH >�@� DQG WKH SKUDVH FRPPDQG IODJ

LQ 7DEOH � LV D ELQDU\ IODJ WKDW VLJQDOV WKH SUHVHQFH RI D SKUDVH

FRPPDQG EHIRUH WKH DFFHQWXDO SKUDVH LQ TXHVWLRQ�

,QSXW )HDWXUH 1XPEHU RI

FODVVHV

3RVLWLRQ RI DFFHQWXDO SKUDVH ZLWKLQ XWWHUDQFH ��

1R� RI PRUDH LQ DFFHQWXDO SKUDVH ��

$FFHQW W\SH RI DFFHQWXDO SKUDVH �

1R� RI ZRUGV LQ DFFHQWXDO SKUDVH �

326 RI ILUVW ZRUG LQ DFFHQWXDO SKUDVH ��

&RQMXJDWLRQ W\SH RI ILUVW ZRUG LQ DFFHQWXDO SKUDVH �

&RQMXJDWLRQ FDWHJRU\ RI ILUVW ZRUG LQ DFFHQWXDO

SKUDVH

�

326 RI ODVW ZRUG LQ DFFHQWXDO SKUDVH ��

&RQMXJDWLRQ W\SH RI ODVW ZRUG LQ DFFHQWXDO SKUDVH �

&RQMXJDWLRQ FDWHJRU\ RI ODVW ZRUG LQ DFFHQWXDO

SKUDVH

�

7DEOH �� 1HXUDO QHWZRUN LQSXW IHDWXUHV

2XWSXW )HDWXUH 7\SH

3KUDVH FRPPDQG PDJQLWXGH �$S�� LI H[LVWV &RQWLQXRXV

YDOXH

$FFHQW FRPPDQG DPSOLWXGH �$D� &RQWLQXRXV

YDOXH

3KUDVH FRPPDQG RIIVHW �W� RII� � LI H[LVWV &RQWLQXRXV

YDOXH

2IIVHW RI DFFHQW FRPPDQG RQVHW �W� RII� &RQWLQXRXV

YDOXH

2IIVHW RI DFFHQW FRPPDQG UHVHW �W� RII� &RQWLQXRXV

YDOXH

3KUDVH FRPPDQG IODJ %LQDU\

7DEOH �� 1HXUDO QHWZRUN RXWSXW IHDWXUHV

,W LV ZRUWK QRWLQJ WKDW SDUWLDO UHFXUUHQW QHWZRUNV �-RUGDQ DQG

(OPDQ VWUXFWXUHV� KDYH IHHGEDFN ORRSV WKDW FDQ PRGHO

FRQWH[WXDO HIIHFWV VXFK DV WKH GHSHQGHQFH RI D SKUDVH FRPPDQG

RQ WKH WLPH �RU QXPEHU RI PRUDH� HODSVHG VLQFH WKH ODVW SKUDVH

FRPPDQG� RU WKH LQWHUDFWLRQ EHWZHHQ DPSOLWXGHV RI QHLJKERULQJ

DFFHQW FRPPDQGV� DQG VKRXOG WKHRUHWLFDOO\ SHUIRUP EHWWHU WKDQ

0/3V� 7KH H[SHULPHQWV ZLOO VKRZ WKDW WR VRPH H[WHQW� WKLV

VXSSRVLWLRQ LV WUXH�

3. EVALUATION EXPERIMENTS

3.1. Training on a Prosodic Database

7KH SURVRGLF GDWDEDVH XVHG IRU WUDLQLQJ DQG WHVWLQJ KDV EHHQ

GHVLJQHG DV SURSRVHG LQ >�@� ,W LV GHULYHG IURP WKH $75

&RQWLQXRXV 6SHHFK 'DWDEDVH �VSHDNHU 0+7� DQG FRQWDLQV

YDOXHV RI )� 0RGHO SDUDPHWHUV ZKLFK KDYH EHHQ DXWRPDWLFDOO\

FDOFXODWHG XVLQJ WKH PHWKRG SURSRVHG LQ >�@ DQG WKHQ VOLJKWO\

KDQG�FRUUHFWHG�

7KH GDWDEDVH LV GLYLGHG LQWR WKUHH VHFWLRQV� UHVSHFWLYHO\ XVHG

IRU WUDLQLQJ� YDOLGDWLRQ� DQG WHVWLQJ� 7KH WUDLQLQJ VHFWLRQ

FRQWDLQV ���� DFFHQWXDO SKUDVHV GLVWULEXWHG DFURVV ���

VHQWHQFHV� WKH YDOLGDWLRQ VHFWLRQ FRQWDLQV ��� DFFHQWXDO SKUDVHV

GLVWULEXWHG DFURVV �� VHQWHQFHV� DQG WKH WHVWLQJ VHFWLRQ FRQWDLQV

�� VHQWHQFHV FRQWDLQLQJ ��� DFFHQWXDO SKUDVHV� 7KH GDWD

HIIHFWLYHO\ XVHG IRU WUDLQLQJ FRPHV IURP WKH WUDLQLQJ VHFWLRQ�

7KH YDOLGDWLRQ VHFWLRQ GDWD DUH XVHG GXULQJ WKH WUDLQLQJ WR

SURYLGH DQ LQGHSHQGHQW HUURU PHDVXUH WKDW LQGLFDWHV ZKHQ WR

VWRS WUDLQLQJ� $OO HYDOXDWLRQ WHVWV DUH FDUULHG RXW XVLQJ WKH WHVW

GDWD VHFWLRQ�

7UDLQLQJ LV FDUULHG RXW XVLQJ D VSHFLDO EDFNSURSDJDWLRQ PHWKRG

IRU SDUWLDO UHFXUUHQW QHXUDO QHWZRUNV� DQG VWDQGDUG

EDFNSURSDJDWLRQ IRU 0/3� 6116 YHUVLRQ ��� >��@ LV XVHG IRU

QHXUDO QHWZRUN GHVLJQ DQG VLPXODWLRQ�



3.2. Predicting the Existence of Phrase
Commands and Their Parameter
Values

$OWKRXJK WKH H[LVWHQFH RI SKUDVH FRPPDQGV LV VLJQDOHG E\ D

ELQDU\ IODJ� WKH RXWSXW RI WKH QHXUDO QHWZRUN LV D FRQWLQXRXV

YDOXH� )RU WKLV UHDVRQ� D WKUHVKROG LV QHFHVVDU\ WR REWDLQ WKH

SKUDVH IODJ IURP WKH QHXUDO QHWZRUN RXWSXW� 7KH WKUHVKROG LV

DXWRPDWLFDOO\ REWDLQHG E\ LQFUHDVLQJ LWV YDOXH LQ VWHSV RI ������

VWDUWLQJ IURP ���� DQG PRQLWRULQJ WKH QXPEHU RI LQVHUWLRQV DQG

GHOHWLRQV WKXV REWDLQHG� 7KH WKUHVKROG WKDW DSSUR[LPDWHO\

EDODQFHV WKH QXPEHU RI LQVHUWLRQV DQG GHOHWLRQV LV VHOHFWHG�

7DEOH � VXPPDUL]HV WKH UHVXOWV RI SKUDVH FRPPDQG SUHGLFWLRQ

REWDLQHG ZLWK GLIIHUHQW QHWZRUN FRQILJXUDWLRQV� 1RWH WKDW WKH

WHVW GDWD VHW FRQWDLQV ��� DFFHQWXDO SKUDVHV� RXW RI ZKLFK ���

DUH DFFRPSDQLHG E\ D SKUDVH FRPPDQG�

1HXUDO

QHWZRUN

W\SH

1XPEHU

RI

HOHPHQWV

LQ KLGGHQ

OD\HU

'HWHFWHG

�'W�

'HOHWLRQ

�'O�

,QVHUWLRQ

�,Q�

'W�,Q
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(OPDQ �� �� �� �� ����

7DEOH �� 3KUDVH FRPPDQG SUHGLFWLRQ UHVXOWV�

7KH QHXUDO QHWZRUN DOVR SUHGLFWV WKH YDOXHV RI WKH SKUDVH

FRPPDQG PDJQLWXGH $S DQG WKH SKUDVH FRPPDQG RIIVHW W� RII�

L�H�� WKH WLPH IURP WKH SKUDVH FRPPDQG RQVHW W� XQWLO WKH

EHJLQQLQJ RI WKH DFFHQWXDO SKUDVH DW WKH SKRQHWLF OHYHO� 7DEOH �

JLYHV WKH PHDQ�VTXDUH HUURU IRU WKHVH YDOXHV ZLWK UHVSHFW WR

QRPLQDO YDOXHV FRQWDLQHG LQ WKH GDWDEDVH� FDOFXODWHG RQO\ RYHU

DFFHQWXDO SKUDVHV ZKHUH SKUDVH FRPPDQGV HIIHFWLYHO\ H[LVW�

1HXUDO

QHWZRUN

W\SH

1XPEHU RI

HOHPHQWV

LQ KLGGHQ

OD\HU

06( IRU $S

�[ �����

06( IRU W� RII

�[ ���� V��

0/3 �� �� ��

0/3 �� �� ��

0/3 �� �� ��

-RUGDQ �� �� ��

-RUGDQ �� �� ��

-RUGDQ �� �� ��

(OPDQ �� �� ��

(OPDQ �� �� ��

(OPDQ �� �� ��

7DEOH �� 5HVXOWV RI SKUDVH FRPPDQG SDUDPHWHU SUHGLFWLRQ

+HUH� WKH 06( HUURU LV FDOFXODWHG DFFRUGLQJ WR HTXDWLRQ ����

ZKHUH S LV WKH QRPLQDO YDOXH RI WKH SDUDPHWHU DQG S
 LV WKH

SUHGLFWHG YDOXH�

3.3 Predicting Accent Command
Parameters

$FFHQW FRPPDQG SDUDPHWHUV DUH DOVR SUHGLFWHG E\ WKH QHXUDO

QHWZRUN� 7DEOH � JLYHV WKH 06( IRU WKH DFFHQW FRPPDQG

DPSOLWXGH $D� DQG WKH RIIVHW WLPHV IRU WKH DFFHQW FRPPDQG

RQVHW �W� RII� DQG UHVHW �W� RII�� 7KH 06( LV DOVR FDOFXODWHG XVLQJ

(TXDWLRQ ����

1HXUDO

QHWZRUN

W\SH

1XPEHU RI

HOHPHQWV

LQ KLGGHQ

OD\HU

06( IRU

$D

�[ �����

06( IRU

W� RII

�[ ���� V��

06( IRU

W� RII

�[ ���� V��
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7DEOH �� 5HVXOWV RI DFFHQW FRPPDQG SDUDPHWHU SUHGLFWLRQ

3.4 Comparison with F0 Contours
Extracted from Natural Speech

,Q RUGHU WR HYDOXDWH WKH RYHUDOO SUHGLFWLRQ UHVXOWV RI )� 0RGHO

SDUDPHWHUV� ZH REWDLQHG WKH FRPSOHWH VHW RI )� 0RGHO

SDUDPHWHUV IRU WKH �� VHQWHQFHV RI WKH WHVW VHW DQG FRPSDUHG WKH

)� FRQWRXUV SURGXFHG E\ WKRVH SDUDPHWHUV ZLWK WKH )� FRQWRXU

H[WUDFWHG IURP QDWXUDO VSHHFK IRU HDFK QHXUDO QHWZRUN VWUXFWXUH�

7KH UHVXOWV DUH JLYHQ LQ 7DEOH �� 1RWH WKDW WLPLQJ SDUDPHWHUV

ZHUH FDOFXODWHG EDVHG RQ WKH RIIVHWV SUHGLFWHG E\ WKH QHXUDO

QHWZRUN DSSOLHG WR UHIHUHQFH SRLQWV IRXQG LQ WKH QDWXUDO

VSHHFK DW WKH SKRQHWLF OHYHO� 7KHVH UHIHUHQFH SRLQWV DUH�

EHJLQQLQJ RI WKH DFFHQWXDO SKUDVH �IRU SKUDVH FRPPDQGV DQG

RQVHWV RI DFFHQW FRPPDQGV DVVRFLDWHG WR DFFHQWXDO SKUDVHV RI

W\SH ��� EHJLQQLQJ RI WKH VHFRQG PRUD �IRU RQVHWV RI DFFHQW

FRPPDQGV DVVRFLDWHG WR DFFHQWXDO SKUDVHV RI RWKHU DFFHQW

W\SHV�� HQG RI WKH PRUD FRQWDLQLQJ WKH DFFHQW QXFOHXV �IRU UHVHWV

RI DFFHQW FRPPDQGV DVVRFLDWHG WR DFFHQWXDO SKUDVHV WKDW

FRQWDLQ DQ DFFHQW QXFOHXV�� DQG HQG RI WKH DFFHQWXDO SKUDVH �IRU

UHVHWV RI DFFHQW FRPPDQGV DVVRFLDWHG WR DFFHQWXDO SKUDVHV WKDW

GR QRW FRQWDLQ DQ DFFHQW QXFOHXV � W\SH ��� 7KH SKUDVH FRPPDQG

UHVHW LV DOZD\V SODFHG DW WKH HQG RI WKH VHQWHQFH� DQG WKH YDOXHV

RI WKH QDWXUDO DQJXODU IUHTXHQFLHV RI WKH SKUDVH DQG DFFHQW

FRQWURO PHFKDQLVPV �α DQG β� DUH UHVSHFWLYHO\ IL[HG WR ��� DQG

����� 7KH PLQLPXP VTXDUH HUURU EHWZHHQ WKH SUHGLFWHG )�
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FRQWRXU DQG WKH H[WUDFWHG )� FRQWRXU LV FDOFXODWHG XVLQJ

(TXDWLRQ ���� ZKHUH )� LV WKH YDOXH H[WUDFWHG IURP WKH QDWXUDO

VSHHFK� DQG )�© LV WKH SUHGLFWHG YDOXH�

3.5 Informal Listening Tests

,Q RUGHU WR IXUWKHU HYDOXDWH WKH UHVXOWV REWDLQHG ZLWK WKH PHWKRG�

ZH DSSOLHG WKH )� FRQWRXUV JHQHUDWHG LQ WKH SUHYLRXV LWHP WR

QDWXUDO VSHHFK VDPSOHV RI WKH GDWDEDVH� XVLQJ DQ /0$ ILOWHU

>��@� 7KH JHQHUDWHG VSHHFK VDPSOHV VKRZ D KLJK OHYHO RI

QDWXUDOQHVV� ZKLFK HQFRXUDJHV WKH LPSOHPHQWDWLRQ RI WKH

SUHVHQW PHWKRG LQ DQ DFWXDO 776 V\VWHP�

1HXUDO

QHWZRUN

W\SH

1XPEHU RI

HOHPHQWV LQ KLGGHQ

OD\HU

)� &RQWRXU 06(

�ORJ�+]���

0/3 �� �����

0/3 �� �����

0/3 �� �����

-RUGDQ �� �����

-RUGDQ �� �����

-RUGDQ �� �����

(OPDQ �� �����

(OPDQ �� �����

(OPDQ �� �����

7DEOH �� )� 0RGHO SDUDPHWHU SUHGLFWLRQ HUURU �06(�

4. CONCLUSION

:H SUHVHQWHG DQ LQWRQDWLRQ PRGHOLQJ DQG SUHGLFWLRQ VFKHPH IRU

-DSDQHVH WH[W�WR�VSHHFK V\QWKHVLV WKDW SUHGLFWV WKH YDOXHV RI )�

0RGHO SDUDPHWHUV XVLQJ D QHXUDO QHWZRUN� DQG WKH UHVXOWV VKRZ

WKH YDOLGLW\ RI WKH PHWKRG� ,W ZDV VKRZQ WKDW WKH QHXUDO QHWZRUN

VWUXFWXUHV VHOHFWHG LQ WKH SUHVHQW H[SHULPHQWV DUH DEOH WR

SUHGLFW WKH ZKROH VHW RI )� PRGHO SDUDPHWHUV� LQFOXGLQJ WLPLQJ�

UHODWHG YDOXHV� EXW WKH VPDOO QXPEHU RI QHXUDO QHWZRUN W\SHV

WHVWHG DUH QRW VXIILFLHQW WR GHWHUPLQH WKH RSWLPDO QHXUDO

QHWZRUN VWUXFWXUH� )RU QRZ RQ� RWKHU QHXUDO QHWZRUN VWUXFWXUHV

VKRXOG EH LQYHVWLJDWHG� DQG DOVR WKH HIIHFW RI VFDUFH WUDLQLQJ

GDWD� ,Q DGGLWLRQ� WKH PHWKRG VKRXOG EH FRQQHFWHG WR D 776

V\VWHP DQG OLVWHQLQJ WHVWV PXVW EH UHDOL]HG LQ RUGHU WR FRPSDUH

LW ZLWK WUDGLWLRQDO UXOH�EDVHG V\VWHPV�
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