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SUmmary

[. Title
Development of Voice Commmander System Using

Neural Network Pattern Recognition

II. Objectives

Voice, as the most natural imeans ot communications has been used
as a key tool for conversations bhefore the invention of characters.
Active eftorts has been made to use 1t for communications between

man and computer due to 1ts mtrinsic nature of communication

media.

Since the scope of expectation can be extended to the tool for giving
information with speech synthesis and to the tool for imputting
information with speech recognition and understanding, voice has
various application areas and the possibilities of creating high value-

added applications.

U.S.A noticing these possibilities has done big projects by investing
lots of money since 1970. With rapid development of high perfor-
mance computer and digital signal preocesing technology along with

the presence of powerful statistical HMM (Hidden Markov Model),
the time has come to realize the real-time speech recognition and

vaious speech related application systems.

But still it is not possible to communicate computer with natu-

ral dialog. The developed countries set the development of small



vocabulary speech recognition and understanding systems for short-
term target, and the development of voice typewriter and automatic
translation system for long-term target. U.S.A set the goal of ATIS
(Air Travel Information System) through the DARPA by CMU,
MIT, BBN, SRI, and Japan has developed a typical speech un-
derstanding system, TOSBURG (Task-Oriented dialogue System
Based on speech Understanding and Response Generation), while
EC has done active research and development under SUNDIAL

projects in EC projects.

Furthermore they developed the nationwide speech databases, the
kev factors to improve the speech recognition performance, and
made CD-ROM copies distributed for research. At the end of 1980s,
they have pursued the succeeding jump 1 recognition performance
by accepting natural language processing and its related knowleges
and by mtroducing the new computational paradigms such as neu-

ral networks, fuzzy theory. ete..

Meanwhile domestic laboratories. universities, and companies have
done speech projects independently, and Isorea Telecom and ETRI
have done jointly automatic translation project in early 1990. But
the research on Isorean standard speech database 1s still needed and

the useful application system based on speech recognition.

Upon this research trend, this project has the goal ot developing
basic technologies needed continuous speech recognition and un-
derstanding such as digital signal procesing, speech recognition al-

gorithm, real time unplementation, and telephone line intertacing

technology.

And thus the development of hvbrid speech pattern matching algo-

rithms, i.e. combination of HMM or DTW and Neural Network 1s

_8_



the first goal and the application to the various Voice Commander

system 1s the another goal of this research.

III. Scope and Contents

1. Development of speaker-independent speech recognition system

using discrete and continuous HMM

2. Development of neural network pattern recognition systems
such as Multi-Layer Perceptron, Spatiotemporal Network, and

Hidden Control Neural Network

3. Development of application syvstems based on speaker-independent
speech recognition
e the voice commander prototype directly applicable to vari-
ous applhication svstems through telephone line. with sunple
(uery processing
e the speech intertace for robot control by means of keyword

spotting

IV. Results and Recommendations

Neural network pattern recognition algorithm as a primary result
through this research can be applied both for military and comer-
cial purposes, and the speech Q& A Voice Commander system and

robot control system can be widely utilized as a new man-machine

iterface.
Also this system can be used as a simultaneous input device and

doesn’t have any keyboard trainning when faster input to computer

1s need and when both hands and feet are occupied.



The developed application system using telephone line has unlim-
ited possibilities with its usage of telephone line, and can be used for
controlling various electronic equipments and unmanned or remote

systeins.
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A B YA” A3 AP Jles v Y, AXEdojF o2 E 0Ad =
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e Hidden Control Neural Network e} -+&
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SOEL.
o 2HAALY NYAAYL T 2RA2W HA
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BASYH SHYY A2 AY (2EE)
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o HAIJME £3 Ao 2933 Voice Commander 24 8 Aj2Adeo] X
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mander 1ejsjo] 2~
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2 23N E 1IAE =M B f 3] gL 349 doixed A, S4A49Y
oA FHQ 249 S8R AddiX o] BAE FHH o2 Vel
2ol

w822 o Eofolle SAHALEREH AAAARY ffARYE R 4
21o) =, I F33U FEE AS5S6A4 0 710t SEEHA G S48 A
A71E0l len, HMMeo g tgiZEHE §EFAZQA Bdof 7|23+ dof &
AA4] A7t @83 R Y. HIols HMMe $AE dA AL 4
g} SoA A&3= LR parsingoly F9AFEH(Context Free Gramimnar,
CFG) & 98 89 AN 2d g AlS J4E ADE 98 A7) 95
E oz AtH16].



EAHA oA HEE G & AL A2 o) vt 239 ofp| 7= &3}
E &80, 3489 dol3 UL F34)18 = 24 oA 29 (spoken language
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5 24 ALY AAAM Y gl Y AT T gubs| W 3 UTH25).
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SANTE WA AAH e} FHEY FLE THEL BRLETY IR
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28A2] e AL BE S48 9L B3 2&AoladE A4S e 7] o
Fof] 2R Mo Alg AN E EFoTE 4087 0] £ e A Vet u}

2tA] S0 &3t 5% gelujeo] Aol dEo g WAEE o] ol of
Bofl, A&5248 & AR 2259 o]AkAel J]z g AP £} gk =, &4
L = T B 24 e 8
B AR vl &S QA Ho. S48AA T o) ofu]go|i} o BTt &
A s oF 8 ZAF upE o] 8 A4 H = #Abo] 5= Zo]tH20)].

SR8l o] &5 B FEHAE 249 Aoy Dol &3
of TP (S E), Bole Y7 =29 BAE #33te FEHE(FE), 90
AH(9uE), YA o] & (pragmatics) o] Y. FAE AAAdoH
oA N ZF AAFEY X727t ol 873t A HAY. oleFol= =T
5% gtolE o FARE SA4F B A E. 71 Z(symbol) 348 Fof F
T, 9u]. YRR A2 323} AR E Fo] e=d HAT gEE W KL
A1, ol th3A 2 T FeTAe| 7hed AR Bl Y.

0" 212 AYAA 4089 AR S EAEAL AT d¥HE S =
SR A 220023 A FH3E& (segmentation) & A &2 lattice 2 &Y=
k. & 24 lattice & 4 3o] FolU2] & 3w Dol latticeo] | F&
A3} oju|H S FHHA WA oJu] WL F3c}[41].
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38 2.1 A A SAolMA| 2 9 A2 A%

AzrElgl ony, HARPY, HWIM. Hearsayv & &A1& B3] AR o
TR S80l3) Al2Y F5& FEE SA4X g9 AAAd AR FHE A L33
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o 8Eo°f Hearsay-119 7/ g& 53 Z+5 A4 & o] &3+ Blackboard 2d o] A
A= 3. AFAFolY AAJAA Y M| & 3FS Y. £ ITEY, 4,
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A2 8o 7143 48A7t AlEEE AZI7E H )i

19859 & DARPA S 2494 ZedEt: $44038 Addelz Hadn
A 3lol| Dol T2 A4 4ds A4S FEE ol ESHIA ¢4 FH
stA e, 2 F40] HMMelth. &4 DBel 3ul, #F8 ALsde a2z

\

rlr



g W7 or S44Ud49 girled a1¥ e HMM 7%t BE57% i3 d5348 Y
] x| 2dglo] Agssict. CMU ¢ SPHINX[16]v BBN e BYBLOS[5]59]
HER A2 ZA EFANY AW w2}, 3530 FHFRY vz
€ FeillM 38E TAEE Bl =d 2 dojY S&59 bigram, trigram
= Wol AHE3aL /Y. ol T XS5 AAB L] FEFAY AL ol & AA
o] SAHNYLRE B3 A& RA3E § TF A EE FHARY.

|

a2iy HMMef 71413t S E85A 2 QA 44 Rdx 1 AMA 3ot F-a3t o)
F Yo x Bq8tal 45 TAe] X3t oj2R17] wFol 1988EFHEH S8 U4
o ApAdoix 2 o T g T8-S U4, ST LAl 7] AR
th. =3 RAdH e r|el dAME T ErAd](written language) 25
B ¥3}d ol (spoken language) & FFHA 22 A g 3tof It A2 A
olxzle] FL8480°] AFH FAAH} AAAAA Y [F71FA el FHAAR
B gl el 5]{11][25].

Utz LAV Aol HERYS o] S A 4o} 4L X2}
dad ol A2d 2 2 S A E A HMME, Toly &% &g
o) M= Aojmde] o FH5a Dolde] YT Aok T Aot ol
Aoke AEHQY Ao Tz &) @ol(FAH S bigram el trigram #3
5 Goj#e] B g o) &3t A9 ¥dd16]. o] ¥ bigram °]y trigram 5
AU AHGEL P H2EE FAAZT o3 FFLA. A= €
H (regular grammar) o]y EH4XFEYS ¢ BU 2 AYstE AlAHE F71
staL k. oluf, A& AU L et 459 dojrde 7|¥H8le] Dol H H(



2o} lattice) & parsing3ts 23 Ao FHEE Hu % 3= Told e s
= BAE 298 4 AH38)

T804 Tol T AA} U2 B oA BV X 2 F Y oo o A 3}7]
A Sxolv Dol 59 FEIREH latticed] parsingg Ao 2 33}
Al A 7ER 9] WP ol AtH A=, o8 T parsing] WA E A DoHS
I dold FrE 1Ydte] A eE &= lattice parsing 412 &3 FIHA &
A A= A5 T U L2 FY FFEF7E At olfjol AAA oA Z A
2] 231+ LR parser, Earley 59 gutaQl ¢ ug|ZSo] A L7153, AA|Z
A& FHoF st ASH 4 Y] ALHE R = /KA A7t 7HF
g Chart parser, C.Y.X €33]&% 24202]o] o] &= 11 1t} 22][23].

=8 A48 parsingA] f]o 71&3 AAL 4 A4 Ao BESAFAM 71¢
st o8 3 of&2, Tl Fd T A A A YASHE R E Y. AU
< FE A2 Ao F¢E Fi UAAWL SELAAA 2R FHAI= FALe] of
e x2jet Jo ME 2 ATl A7 Ho. ol E f3 doj¥] A53H
A4} A 2Q o] &= trigram 52 Aol A kel o3 QG Aol X oo F ¥
& 433, CFGE 243y A F dojA]+= N-best GojdE gutsts
LR parserof @&} 314 parsingg 3-&3= o] AGHUT. £ 9o J|e
g dojndel &3 Gl HAFEE A& 2E 3+ beam B
)23t Aol giErRolny, Dynamic Programming(DP)& o] 43+ A* €4
= A3l ATH38|.

AdFo gE FYl &3+ bigramoly trigram &% & ¥ o A 33t A
7% e, ojdf dojrde G2 WHEAS2 v EHA oA S FT

2E 3 A EE THA7IE AT 28y o|BT FAHoF AF o] HE
CFG-a-°ﬂE EY A A fo] BAAH/ o] EXLRALE AR 23 g2
& B8 A A7l dE] CFGEe €HE §E3= &8 CFG 9%
SAdnd 3} wyo] At It} 23] =3 By A WL P g
22 diolet & Ale g A= BHE HET A



2.1.2 JF8°oll= w8 di3}

g4 d0l% BAAle P L 2407 YA WA A, Aol o
Fots hstel EHHE ArFold 32 Goo] B G Wol FEHoT W
5= 4] giete ol

Y4B EFol Yetyds AHrE2-34 (spontaneous speech) ol & &AL F
A, THFL Fol THIL, Toju} dEol F¢ ALY EEoluy o £ H
Aol ¥Iddlo] £} 3 7lao] 8T 2o Bopr Fe AA U oA g F o)A
T ol & UA3}7] 7T ol¥rt. o] & Sz SFedolM 9 A2lTEA garbage B Y
o] M¢tE|GFom, FAEL 2L A FFZ(phrase structure) o & 3 &
gt AT parsig WY kevword & AA71EE9 & 4= Wlo] A=
= Aok AL AEdM F/AHE = A E
ool X3t Halo] T AT ¥ aH I ATH42).

obustnesseld] n| &= o

AFAFolY AddAX A M E F3lolaiy thatx o st I+7F 38 5
RAAITE A3} A9 i3 ojyt Bd3r FHLE F2 FARAE AHYAA
22 Aol FAUY ol ofvf gl BT HEL ofFAXA G2 ARG AFZ
S8 €% 7k, &d3te] Agoly £, Aoy th3to] S A &
gt 23] & o] &AM O3 LB E AF £+ FES U & WUHE A F3)
T FlEde] otdd A TR F4E& B8] €A Edh= A7 @i el &4
212]9] robustness A8 FA3] 4+l oY, T ARojy FHFRE
52 BhAof HJF X2 & o] &3t Ao WAT, 3} EHFHE o] &=
S8 o13, 3 ABE L3t AE. o o3 fuidE FEHAS glol=
i 3HA] 29 A ¥Ho| gl

Fl

S E ol BAEH Fe £&F 2L AP LE AU, 7o F
AG 223, 24 59 388 AL Ak AT LEFEE o &HM A%
gd2e] 74U F& Feste PYE 21910 do. & SAUWHA A F2A) o
 S&FHE o8N BRI, oE, 2E AL AIFo T YLIHE Ao



TR3TE Aol AR 33t A H1W3] A== Vo7, TAT Fe] u|d o)
A 24 T 8% AEAoltl. o]zt BoA] $SEAN SO o8 Lol
Al g T FHEIAT 43 3o Y3 AHEHE AR E AN 143
A AT Hire kg $41E AT Y4dr)eot.

2.2 S@olsli=t di3 Al 24

2.2.1 A=Y

AFE SEdol 4% TAR Yeluigolze A o 2Tl AHHANAE X
3w 2 e st §adoldo] ¥FH . FHEAM TREA SHAY) A
¢ B7o] ATHm Ut

HNMMof 7)¥bet 383 SALA T 245 oA AA e g 2
ol 7VedhA HAew, S48 2T AR e diste d87s ol FolAA
HA{oh SAAB/HE FA 39 o= ICASSP. IC5LP, DARPA Workshope| s+
b FHIole 262 oA e T A A A de] dfst 37 F/7E ol 73 3

o, Z e AZ%ont HMMe] g 972 8e. 448 $42 A ¢4
oH gl Alagel AlMo] YZH 2 U Holth

LA ola) B g3} AlAd A= CMU, SRI, BBN, MIT Zo] 49| 5=
DARPA g A E9 JFrrt 713 At olgdt dt7j# &S HMM & 7ivte g
=8AAE TS 3 SEUA ATl B WIAFRES ADAAX B F
of RuUjAl 24<213]2] oL s A3t vt MITAME S804 3 AA A
A2 sE AE B T3 AF &4 Ao A2 VOYAGER[45]7} 7H L= A
o], CMU = SPHINX][16]&8 7|92 2 8+ multimodal gg)#H o] A& s g3
of Aot A JFYol+ multimodal iAol EC2] A9 BE Uhrt Fojs
A SRR T E st SUNDIAL =2 HE5} 53S0 Y 25].



LM ATRY 25U H3 TIHEQA Foj, dof, Sl INZ
AE YE22 FAZAE 7Y 5 AT F st APA 2RI ASURA 7 7
HAH38]. ASURAE 2494, 71ANY, MEAS, ARSARE & £ 8}
ATReol8e 71 eg= ETL. NEC, kDD, 4] So] 9o, AP L =
HLg At olelvo] 2§ 3431 sl

2.2.2 DARPAZ2 &8 Aol A12H

1970@ ] ARPA T2 E9 253 1987 DARPA 9] &4 Aol =2
EZF ANEHA[R. HFE Attsg e Ui 2 HMM & v F 28 o 3154
tf 3t diojepyo] 27} FulH i A EdgAd S dAdAd ez CMU, BBN, SRI,
MIT FolA Z4dola) A 26 /s 2812 Aok T3 F52 FEAAES
24 ATIS(Air Travel Information Svstem) & 43 310 AF&x1e} A FE{7HY
th3}& Al =] dstal .

BBN & HARC(Hear And Respond to Continuous speech) 2= &4
A2 shgsta led, HNMel 7(8hg BYBLOS 8= Q&84 141 4]
2¥ & A183t51. DELPHIE:= dolA A2 & AH83ta Avh5). BYBLOS
= YAl dal bigram Bdo] 7] 2% forward-backward &4 & 43 3}
N-beste] ¥R & 28%c. DELPHI+= N9 2RFEE QB ITEA FA
¥ F(category) £7E 918 AA = mapping unitel] 7123 4 H g A3}
tojetdjo] & HA Aol SQLE HEst= Al Ago|tt. BBNZ dox 8| & ¢l
mapping unito}l @ FAR-FEHE FAY T EALZ A B35, o o &

=YL AEd A (2¥ 2.2).

o

ol F& parsing s

CMUedl& A543 8 dAe 2 3t 24U 3A 28 PHOENIX & 713}
T At ATISE FxA 2oz 43 4804 o= CMU 9 SPHINX[42]&
A+ YY &4 & 9v] phrase slot o2 ¥¥eta. FeFH AU SQL = A3}
2 Atk o] AlA2 FEoly 8R AL F A HE garbage HMM 2d-& =) &3



i
Ay 574 ¢

BYBLOS
| =8 U4

N-best
Y

DELPHI |
A o} M

Y
MRL

dl o] Efufio] 2 W1 7]

Y
SQL

a9 2.2: BBN9 &4ol#] Al2€dQd HARCS Ael g8x

N A4 EsE A T7E BYE o 43t By g AHag oz R
A4 AL ALLB T glon], &) BB bigram ZWE o] £ slxojo]

=3} AT}

2.3 Voice Commander A|Z2¥]

Voice Commander £ 24 FH A28 & 24 B3 9 F3F L AUY

Ald = Qe FA2A A HE AFEHAMEEH 4% S ez 785



of &+F VAZIZ7IU A Al 2d g 887168 Al2dolzt & 5 AT

JYUAE S8 22 AHE3L7] ol AFH o2 278 239 AP B of
Ut 2% FA7I4 971 E7] T2 o€ A8 $&AIAHAME tgFsA 3 &3
T A & T3 Aol glew Aoy AU A AT FEHY £
A & 257 W2 Bl At =8 7|& FFYH JdEAxQ F|8=Y v)

Zof W3 F 7]7] BAEA|l FEo] AFEo HE do FAY F e BHE
At

o FolAE AT AR A EE 2% A2
o Eol} o] BhE YRl FAAIS 243w % WA 2%

o CAD AN 2H"le HEHoj} 71 8. =9 function 7] | &

48

o FA A7 doletuo]l 2 Fof tigt BF o

o THE Ao

g opdt &S A &3S A
ol Sofsta el o] &2 WFE LR ¥, AASYH B RAFE, 1Y
Gl & <4 didez 3t s A4 o 7|9t Al 2ol n, BT = A et
Aot vl B A<l g 2 vl ol(unknown vocabulary), 873 &2 S H I
Ho] sl o)2i3 Ho] A& F8 Follgleo] Hi .

n) 22 o]u| Voice Commander & ##AH



2.3.1 AP F&

gol A4g Bl AXSHAel A 2T Al2we] HYolF&(keyword
spotting) 71¥& MY QAYAd, FAelA 2748 TOSBURGSH Z&
Al 2glo] BAH o\ @ 4 AH38][39][40]. A F@ol¢ FATAS ALER}
o W2 F ulgls B URIYe] BYL Y dE L WAL WY o
fehe FAHA 45 PHoE A52HFY GUAS ANFozH Dol
e A4 A4 WFE GRS AR B 5 Sl

o]Z{ g WY o) &2 WA SH N4 ol oo HFF FH R4 (gram-
mar)y @o] 3 A& (endpoint detection) ol 285+ Bgg So|9, wa}
Al AEZHARAe Y FLHE S0l A7) St

A7t 253 A= A olFxE Yol Level-Buillding DTWeol 2%
23t vl @Yo 2718 HMM Fo] d¥tsts]o] AHEH 1 flow, 117 gl o
gk uby A A3 HMM &9 sfeldg=d 7Y e s flvy. HMM & o]
8 Al ST 2 9P A3 i 5o FAAE UAZE RoX|v, Of
arbage 2@& 43 AM v o7& VD32 Ut <|AT BAE )

RE g
2o g g o] Yehd 5= sieH44] [19].

speech signal <« {non_keyword signal} + {keyword signal}

garbage model (non_keyword template)

« silence + (channel noise) + (extra speech)

garbage Zdof it 7/ld L 2 T2 HEA /L3 THE Ao]§ S4U¥
Hlo] 2 A| A" 2 L8 v, Al 48 A A5 HMM Fx9 A|28 28

a2 FolA AM3] dFE A olt.

AT WY AFEHAN AT AFEL AW o323 FAR 2218
Ho88e 2, AYTE A% 2237 9% 2UD Wy, $HRY 9 AL



of gt A Wt AES8AY oz A 38 Tog 48 4 Q. A
THA S AATHRAAN Do] e Tl & ¥} &2 I 2 ZelE subword &2
4dE AY3IAY, BA F4E 7|Eo2 AF ¥ S48 BoM 2d Y
+© triphone ¥, FAIS W4 og AFo Bl g FAlo] M S R A3 &
TR 7= 9 F$4(context dependent) subword 99, gutal el 241124 A)
AHE-5] = &3¢ R} (acoustic unit) & A I Z 3= A|A2€Eo] ¥y $
. U4 2dE =2 Level-Building DTW, HMM, 2172 gl o] g9 £3}3
Al o] AR Ed F2 9 dolg) v il F71A] class & E£/dte=d £3

AU

T3 A general probability descent, linear discrimination, #$3%

=
¥ (Maximum Likelihood Estimation, MLE) 52 &£ 3%t

EAHJ A A2F o Z = o] ATLT ¥ AFtLoiA oA Wilpon 5o 7§23t
A=) =t o] S AT E T A Ao 3l AR 4ol <AE
A hAre g 3t UH44d]. v o= F&(silence), A4S (transimission
noise). YAt Are] doj(extraneous word) 2 T HE v, 4 o] &} u] 3 4] o] o
dal M2 SH2U HMM & F438ta glen T E 3 F 21§ HiEY
& AT = WS Y3t ot of T80EA S AR st 4PN 3}
ASHo g 95.17%9 Do A ES Yehdl 1z ok ool 48 9 &gA] A=
A2 a3t & B
- <silence> collect call please
- I want a person call

- <silence> Please give me the operator

MIT$) Rose 5ol /e AAQE Haoz A8 4 St task® A3
3L 20702 @A ol & U4 st AlL"o|tt. 3R S & ol &AM SaE T
AHES TR en, HMM# S4 Zd¥ S F3 Yioig udolof gidt
Y g (selective training) & 3P ow, AF Yy HMM & st U4
719E& g} AAEPo g 7470 H e U EE VeI 3]].



HYol &

l ¥ o7t S0l

uE =% % I - 2 b T2 I — ,[ FE o o] |
B 7|2} XefolE 9} (AEHR =) | DojFyd R
AY A AL K T ——/
Floor Mat | 1
%ﬁ-—lvl&
=8 %'E
L A |
39 AMA| SHAEAY o ~
= BELE 1‘ —8—2}91“]}‘5‘ ~ ““‘“"""‘*J
FEIHI A2 Fwrisl —
Xejol £ #H AT dU

Multimodal 2%

o Bt} & 8-FoF 2|4 of 2% l
off 23] 2

Y 2.3 248 A U3 AlA" TOSBURG 119 Al29) AT

2.3.2 S8As5diz3A2" TOSBURG 11

TOSBURG(Task-Oriented dialogue System Based on speech Under-

standing and Response Generation)+

221 228 g3Fxa]® multimodal LG A

g FAE gl Axte g F33{38]39][40].

Ao &5, AEsolAH T, A}
B 24ed Al(cancel) ¥ 52

TOSBURG II(2¥ 2.3) & 4978 g ojol R AFE3olgio] 274, A&
4859 Y& F &3 A3V A gl o3 FEolvt BEUIT Dojof i T
robustness & ¥°|7] 98 A AL A& 53 AE Y A2 ERENA &

£29) HHe] thFd 2§ AT

T2 u] 2} A Bof &= parsero] 23] Ao} FY L

2335, MA o lattice &

A 2s BREAA AHEA AN T Hro PRV ZY FUE BHAA o



((act  order)
e EY  (FAA x 1)

(AS] x 3)
(WA x 7)
(A x 3)
r— = = 971 = A N v A
CoF 1 EwwA | s} .'i:z.EJ:ﬂ_l 71 9] A 2 M8

I 2.4: HHERRE LofA = ;Y Trecs) orjHH

E d3AFel . FEu|fAF= 8 Alaa Bo] #3. T o
. HH Tl EFFEY FEZAFEY FAE 4T &332 LREY S A&
ot e A M= T (frame) 9] FA o2 X A T ol slot 5
ol A& E3l vy FAE FH . FAld ujRE S FAAF A AT O
2.4 A 3349 A E A AT TN, TFALT T A
NBRE "FE T YHE Y= B (act), FEEE. AT T g3 ¥
S v &S It 2T U EFo]| VgD THo|Y BEYIF Tojof diyj
A F &R 2 Hojt ollmf 3 HE i AN RFeA Hrot

AHER 2% 2| H3E A 38ty AHEALe] g3t U3 E 88 7 UEE d)
3L lev, U3te] ojgo|it A8E 13l AHFAHUR &= B39 ol E =B
ATt 3 Ao A AT TGS B AHEAVE REgle] W3 E E +
=5 dAEUH.

38 2.00M = AA A A2 EF9 FHAM, AJ2HE FI1R] e F
ALE-ALo] W31E o] 38l AFEAIAME 8} task B sl S H BAA| LAY AR
oM Bl 3t glead ATNSE F3E] gl o] BRdo] @ ALg-}
o A" AHAZE i3] B e SYH R Y o] FA) Jle



JulEd F¥ 1 oulEY Fy 2

(&390 3t 1) (239 3t 2)
(act ) | (act ) |
(B3 271 &) | | (B8 27 %)
$gelel Y |
G EARY S act ) o OLELELDE
I | (B 21 %) v
AHARAN | - .- - g8 £9 22|
- CLIEARE: 30 A |
! 3} o)n] E 8 !
BT o 2F AX (act | W3toln] X M
! (87 27 +) !
AFE AL AEl R A = Al2E) e 2] AP
Al 2] AVeR AHEAL A

3% 2.5 ggaiae] o Aol SEEA

1 -1 —1 AT =0 E}

g $ dow, AHeA Feo GI gt SEd e FUH A 2

AR Aol A SHolH oA A4 B4 ulERF V] e vz
Ao} A2 gl tBe) ojH AR ee e 2P DA A F

) B

9, 37, 5% 5 4% 233 90 AWY AN2P$EF AAT Ao glom
N2agol A B 71228 A0 23 A29585% JYYn BT U$
o] B BYEA FoW 1 Fuel AFolo] JEY HYE FHM AP L 2

Fo}8 Yehl: B dYdn)

T8 A 2R ANE S40l09) ATE VIHES tiste) oY P E 7
Naln &7 onEWo] AN Lo B Al2go] ofehsteia Beh Ho] Jloha
o8 B, AFFo A UBE AL VY k. o FA BHE AL &



S8 % eyl eHHES 3t tdFol AHEAIE LHT U 82 ol o] &
stA |

SHA S FEREE AESE8H A AT E T3 oA, HE AAl, F
TEES A9 A1Z4AH T8 F multimodal $do] &€=}, o Y X3
= U3 TE =S 23, ded FAMA] AI7IE HESE N R UG-

TOSBURG [2 34 €€EF 48U S Bol5d 7 A=H/ dAHA
=d, S8 SH A 7les FAAM Al&"o] A FAHEY EF SEUHl 7Hs
StE & st Ut



3.1 Al2=¥e] 7/ilg W =3

3.1.1 Al=¥e] 7/l R EX

E A2 2 A3 E A3 SAUAAZIE LS, O 2828 AFEAE F
LS T3 A A AZAY T3S 4F M F EFE B UG

AT A3 3E aHe FRo A AT, A}
gel S4E A3 &4 47, A3 g IS 3 FFARFH&
71, AHge] olg 2 SANZE FFEUAM A7 eE YA E A H
gtil o] 2 RE FAY EAXE F&E3}E SHEL Fe7], NI EAFE G AT Y
e dF3teE Ao 3 B4 A2 FoE FAEHA UG

53] At /i E FHA AFREV dFSU R MFEE A4E U Y
o2 AFAM e FYo| FAFA Foly ofTF B F3] 244 oY A
R HFAAE T3] AHERY EHRT 7AEE flolal dad & AES



ol GE JAFTHEL TES 71T = ASETW ojy g, AR AFEHY S4 S
o UBE TRFCEZH ALEAI AT R {517 1o AFEH 9LV E 7
3t 13 22 JIQAEFAE XE F Ut

T A2 ANA 7 84 TS B A2 AR SEUZE &
A3t SAEAE T&dte Aeg, SAUII Ad g A4 gl 3R} w
2t g8 Jely+= HolgUd g 18 H¥d &A% (Linear Predictive Coefficient,
LPC) #4944 & 74 J2=Y, A1 A2EY, 09 9 A% 39 59 §4& 5
&% oF UdA7IY A2AY LR AMEEHE AR FEEHE dFZERS 7¥3)
© AEzAY d 54 S8 FeFoIt

g Fast gAAA BBl HMMe 2
< fldAM AAE dFIRERS 53 F&¢ IR HUdES Xe-ife &
AP (forward-backward procedure) 3 vl-g&-4 2] (Baum-Welch) & o] &3}
A ZF Gojujtiel 2 w2 R E R ALEEHE BE T4 E4E FEIIES
sl B3 og Qokym, 329 B4 E yvte g gl (Viterbl) 884 & AA- ¢
A Tol & A 3A .

=789 54 & 9 QY FBFE ¥t 8F o= PC DSP E 435 ¢
Aoz g3ty ded, NUE FFEH(PCO)olE S4UYE 21T U479 31
&8 L AL E st PC YA A& S dA|8ta, SR EAME &
B9 &, A % AHEAS] i3t BYEE st A3 A HAEAR A|LE S
AX)ete] i E AFE S A3Ae 7| el AAT ALV eE TEAA FRAILT
o @3 ALEES Fo|a QT

B A 29 e PCol o] 7i7t7e] AsAPLEE Husta A 598
=2 33 Qi 22ty Az Ao e ABHNL ASAA NAE BF
El7} ol 5 BeSIEE 3t FAlo] Az AU S AT Aojs} FAL A
o] W P F5E ALEASY YRV 02 $YHES B Ao, FA



G
b
ikl

-1
L 4

il PC

> NP F A

B [/ REAMF BT

7Y 3.1 Uese 9 hlE A SEANA 2 e s
of tha=o] =1 Mu| 2 7H538A dha [l

B A2d ] wiA] gt 48 84 AR AR A7 oM AHEEH = DTMF
(Dual-Tone Multi-Frequency) M| A& AT EHo]H o7 FHPA] AlE&A7} A
37 HIBE F& ZF ol & AAAHA dg=H= HEE UA3= ARS(Audio
Response System) Al2d 9] 7|53 4024719 715& §¢st= o0

3.1.2 AlX2=®{leo] A=

28 3.1A ¢ o] ALEAE 33X, 7HE & 1] T AT 3o A
A A7 E AHEAA F2ARTE BrlA, URART FEA Q] T Al R
271 =& FAYIAE T3 ANEAY B AU HxE HFEHY 462 AL
£ Ui3r o] 3 E FYFIH UFREIAA S MRE 48 7 A0



PC

| — %DC/{?/ DSP 1 / COMI

F
| -
e %Dc/“f DSP 2 // St
| A ws o =
~ * //DC/A/*7 DSP 3 /4 - . 1
COMA4 a2
e /DC/‘% DSP4/VY

AT A 2} 7]

ADC : chgzaA e A% Ags  [——]
DSP : dajg A% 3e2]7) A Pt
COM . 54 xE < >

Oy 3.2 FEdd AR

st=2lo]

A" 3.2o0M = B AR =g Fxo A iEdE =8t . 44
AL FEEY Fe& %= dAgdzA g (Digital Signal Processing,
DSP) 2=+ PCe & AEH oA 2o B5F /71X B2 = gl+d o
T e e PC AI2E R Filaas PCY HEFA A8 #H 0] 2 RS-
232 7129 718 FA9A] (base address) & A8 FH 7|7 EEUEH | AE 3
gutow Ztzte] Az Al eE COM1, COM2, COM3, COM4e SAxE
g ggut=o. ZH A3y o 5.5kHz-48kHz o] Agl Ag Alo] TV Fujp
54 eI = o2 -1 AE % YA|g-ol'g2 1 Hir|7F GA =] .

ol Z}z}te] AZ AR PC &9 dojg 9 Ao AE = F=9 £
AZ f3 PC 9 42| Z32]d AHYPEE DAAFNA =He=d o] & 93 PC o
AAE] 3l 98 E 8 21 (Interrupt ReQuest line) 3 IRQ10, IRQ11,



—_— |
xg
! s S 9@d
| |
vieje] L » PC-DSP
¥4 4o | PC B2
gade | X239 |
I dedhkn
- ol
| HMM,
f HMM: |
HM M,
s L
@
@
HMM,, _,
t HMM,,
' Az E
(7H 7199 2=A])

a9y 3.3 PO #ela AT Eggo] AL
IRQ12, IRQ15 & ztzte] Az A ¥ o] gdaba Uk

PCuel yA= v+ steg 2o SAUAE AT Z=H. A4 Al
5] &= Zt dojultie] Axigo] o|F € (binary pattern) 22, ShliFoly <
Abgt 53 e w8 24 dolelr) 8kHz o] L E3-E(sampling rate) & ¢ A
g A= EM A A glow, T ALEALLL] O 3R] ALE2LY A4S A
TYT FEIJEIHN =3 F AT E 5o U

A E 20§

a2 3.33 1 3.400A 8 o] 2ZEHelE F REoR s £ ded PCE
i} DSP Zo&= ZpZte) Al2¢ #l & 93 Fejx T2 Y] Y $IH T 2
t}.



e DTMF
! 2] ‘T

S

Ay 54
A 2 T
7} j
l T
Y
-éﬁﬁﬁ
ARPAEH

of1d 2] / 2ol 14 2]

a8 3.14: DSP AZ o AL

PCeo #2A T2 IR ¥ 7j9] dIZXBEE Zpztae] F4l& &3l mA]A]
$t AAREE FIL LI 2N 49 EAFE % XS s 2 A E A
A= F Hol o, FHA TR IOYPL =T Y] FY ALEAHE FAC AMn| 2T
T JAEF 3= B E AT UFAYE AUIES Ho U

PC #eja} Z2de Aade voo A7 g2Ae ALets .
DSP #aA7} 8 78k 3ol 92d, 4L $98E oY nf=3ax v
o &g etk =3 Hu) 640K vpo)Eute] okl MS-DOS 2} #7] 92

89 FAE TEY = Y52 &= 7M7Y AR (virtual memory) & &9 3}
3 e 1% 3.39 7719 A 7 2 elv], HMM 9| HzdE& A4 4]
S dole] ukE #YW Fol e FadEe AA S Ytk

b o

VAR A3E & ARt SFTHIH SHE Feds A%



Aol A AL YT VEAE #A2HA TR IP0] PG, U5 A
HAA 2P FRT 7]e L HAVHAIE 894 4 gled DIMF £ H3pd
& U2A515L ALE-Rbele] F3E U ALEAZE Yot AT E Yo|dB E
7 A= DTMF A 9 S F, ALEALe &8 & 553 24 533, AHEAS
=4 e PCo ¥x7|d%A o A= e 24 E A 48 AR E, 5L
B ALY S22 HE 48U HRF B S &% S8 EAY, F
€3 S4S UZAHYH =AY Frd 8 Ao A= A= Aol =8 F
(matching) & 3 &4vl23xnd g $A5E 48 33 WE (observation

sequence) & AH&3 = A8 ARV 20

ot

o
>
B
ol
Y
L
.
I
o
3
iy

ri
Yok
rx
o,
12
tlo
>
o
2
do
il
i,
ko
A
b
e
Rad
AW

< 2.

Wol mal ge] Yehbs theret WMol AU : k. whabal
g AFs o3} m: AL £
Mot AE BAE &3 o] WA B

Y
2
0

3 3.5% A3 A A E veEl L e AFEAY 538 242 WY
2319 €] (Band-Pass Filter, BPF) @ &% (preemphasis) 378 & AAA 30l
U Rt g HE £4E dojdE F&(word segmentation) A = =
ojuff LEZA SAHNZE 0P 2ot FojA o] & 3y ZdeE 9. &4
T A el SHo] SABIE=AY JF-E BID3T] M= ZHIER oA
o A& A4NA dF T dAA](threshold) & doAMTE S48 Zedeg, IX
o Ztod A3 B vEE TR £

¢ X4 (y;: 2T A3, z;+ €9 4%, N2 9 £ (number of

samples))
Yo & Iy

— 41—



dY &4 1=

l

aneae

A JAEY /
2 ol 2] A4

o 2} / ZHE-of i 2] B3

¢

2B E LA T RE
d g P Lt

'

4 #3F 9Y

aY 3.5 41X Y B BB



yi — x; — 0.902;;, 1<i1< N

o HEEY (a;r st b = e UE 2] 5% & Yehil:= R4 (parameter) 3, v,
E UIYHE AT g, & €AY 2 F)

Yi €< — Eﬁzl JNT E? AT n_k
a; +— {—1.4363, —1.2436,1.6427,1.3785, —1.0043, —0.7028,
0.2155,0.1505}
b. + {0.3878,0.0,-1.5513,0.0,2.327,0.0, —1.5513,0.0,0.3878}
o Zt AT g S XS 98 MUY ES w & L5 Hed
thaAol el Lol =S 4 el dell F3tA |8k (VT
o] 37, 240)

. i 2mn | |
w,, +— .94 — 0.46 cos AEER n=1,...,240

&80 5+ 8kHze XE3EE 24312 glow ]2 30Ya 2t} i
ez B2y i 3t zyd e 30 x 8 = 24072 A=Y, 1Y 3.6
Mot 2ol wi Zed IodRuith SHEHAAN FAAE =Y 190 XA FE A3
gojM Fuls] Zag7tA 2 o] Rojx)n] Ax] 84 A5 XEFof upet Zajele
& 7P Ao

olZR T A FTXERH 24K 1TE F&3H7] f¥M 22 AR E AMEEE
9. ZAYE T dA VEE x(n)olF A fRA ZAAS A= G
29 4oz F3

240
Es + 10log), Z x2w,

- = = =
aaSdTE

S49 Fol AeHA ST s 102199 Ay A& AP qp & ALE L,
A8 & A2 HE 1224 J2EY ¥E ¢, & &34 g9
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4-1: Distortionq + oo
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2H 3.114Me 8 A AEAA] AHE-3ta Q&= 73t LEVES o & Y
B3 led, ZHAM 92 g Ale 4§ Jedl = Al (state) A 3y
o dojx Ae 5 oA A A= Sy oM BUA Ho. A E S0 g o
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o FA4RT A MdolE T

HMM S 2452 Al 7IAE il 5 ded o9 A Sl 5,29 A
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B QoM 48 HE] FA 3] g3 AAEAE AN S48 L= di# O
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24 23X gdeo v AP (HMM Parameter Extimation)
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a9 3.11: HMM 9 parameter estimation 9 14 &

o 4: Ag Mol BB EYX (1<, j <N, 1<tLT)
A={a;;}, a;; = P(Qi11 = S; | Qi =S;),

B:dg JE g8 ¥X¥Y (1<jJ< N, 1<k M)
k)}, b;(k) = P(uv, at time 1| Q= 9;j),

B = 1b4

o 7. V| AHl & FX

® Q . AFEi L] AlAE, Q — (QhQQa'--aQT)

O : 49 J¥9 AALY, O = (01,0y,...,07)
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St or ¥t WM o;(f) 9 MY W 3:(t) & A odle] vpe-9 )y
of 2%t R AL £ gug]F oA u-dA|y e ¥ ojt}.
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AN Q= AehY, O, = #9Lelth. the. 2 HMM 2589 vhg-93

oo ¢ AFHL o] LU= WIS WFSL AHEdte] EHY 5 Utk
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o ay(2)aijb;(Oy1) Be+1(7)
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1 5% HE 2 RE 713 &8 £ AHL(Q) & A3 P(O,Q |\ & 2
AR A Ao 2 M & ALY 58S I Wyolth. o2 $3 Dynamic
Programming(DP) o] ¥ && 2 &slgicd DP & 232G A (2714
= HARR) o At Hatolth. Z, A1t Ae) i oM ATt 41 oA A
el j 2 7t B2 vl E(log &)L loga;j +1ogb;j(O141) 23M A Zo| T
& Zte Fo §F HEni) F Ao oo @ A gyu| Lo A4t DP Y
o] o] &HY. ¥ AFoA AHES L4l &2 33 A

A b

e A
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5 maxg,q,¢r (1,92, ,qr, 01,02, - - -, 07 | A) & AL
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Uy (1) = ALZE tollAM A 1o QIEu AJZF T — 14
22 AHe] M<l(optimal state mdex)
=78} 0(1) + m; - b;(O))
V(1) 0, 1 < <N

02 JiO

Hi= bi(7) — max; (01 (7)a;;)b;(Oy)

V(7)) mgma\ S_(t)a;; 1< <N, 1<t<T
= ¢ « argmax; ép(i). 1<i< N
HHERHZ  ¢F —i(g”), 1<t<T

P(O,Q | A) ¥ max;670(1), 1 <1< N 2 2470, o] H¢ Ay
(most likely state sequence) 2] &&c] & Al &&l i3l dominant
oz A P(O,Q|A) 7t P(O|A) & & A7 E &+ Aol 48 A Y.
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697 || 1 2 [ 3 | A I
AFa £ 770 ) 4 5 6 | B
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941 [| * 0 1 # | D |

3tal A4 & FA He, v 3P AR 7] FHE S Tt

3.5 DTMF<e Z}X] 9l A

AutAQl FARR] Ayl HE W wjd A ojeh UG Foe EEES
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24 AEiHo| A8 T2EVHWE YALE FRY A2l oA A 2WE Y
A o 2 Zed AGZl FYHC] Gk AL G2z 4D Aol EA
A J7Ig du 8 44238 5 e 715 48e 240l e §
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A 71E & = A S AAFFoAE A3rie DTMF HEE 53 5338
7}A7171G A4 7171 8 AAE 5 U+ AlAdo] o] &35 o] AlE-Fol Y.
ol A| A FQ THL WY unich ALEAIL Aol =g A HE
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AN AFsHE AN Alutel 2ol 3 $F5 7| w)Ro] AL A= o] 2T vj 3t}
Hol A2 oz AoiF 471 QA Hv) GapA Aol M)A ATt

T AEEE AT E 3 AHEA B 7171 BA 2 ARE HoM B

EHEZS AT 7 A= Ao o, 23 7]
&3t #2]o] & (keyword spottmg)‘ﬂ% 2| &-3}of ALEAY U3 7Hedl ol
ZAdH = ZHE Aojo] Q¥ AR E F&3A Hel Ut

WAlo] 2&yol] s 2&H Aojo] FAR HWhol: PCol ¥ A Fejz} =
2%0] oaf MBI LA EE o] QoA A ZRE A A AojA 5
g AgHA 2HES 7EHE 2L YA SR o2 U}

= 38 4.1oAef Hol A A 7t A A"}
TARRE tEd o] AMSE THRIAL em Aol HE AA RHES] Hol HX[xA
il PCEFE senial port & 3l Al 37 FEEHEE FHol ohE Holo

ATXEYE JA] TA FRECR 2 PC #2 221k 3, DSP
FA T2 OYPe R 449, PC A T2 WL HA] DSP =919 F4
THI Ul DSP B=e bEAel & AWdtes F T2 19, EXEY T3 1
2 At AMAle= 28y AR AdEjEl ol & BE, AR ¥ RRE
of €3t AMANIE YA = UALF 3l ALEA A9 ERE 7]7] Ao
T, REEE A 2E53EF Ao {13 & YA AT AL serial port & &3 A L3t
=5 5t= dl i dHF 22 A FHA AT

DSP deioAM 8= Z2IdE A ¥l 7ie] BE22 745 Qe
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IR, AHEAY] 3488 533t A3 FE, 558 a2 H 4
HE F3 &% SEE Fedc FE. vHAH2E £ A2de 94 FE
HMMef 9% 2404 & 2R

_.64_.



PC ; ; DSP ¥

a8 AHEA
18] o o] A A& HMM
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I 5 F X2
RS R Lj L LJ 5 of 5} 2]
./ Aol Ag
A9 R 717149 | o o] e} § Az A
Subsystem f 58 e
| A ez | ; st | aa
] AR AE | | AR/ $% ;_ RPN

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

78 4.1 BRE Aol £4 U4 AdeHel g &

4.2 AT X2 W 53 =&

A3 AL B8 YR AHERY 4 AR Al At s, WA
&(white noise), 3 3& 5 O &39 ol EATY. VI A FoM =
o]g1g L R4 E IHHA, EFFEE £Y3=d dY X AZE AN
71€% Yo niat Oy 53 gH, 2%, 848 FU HAES MM LPC #4 & =
Fact. LPC Aol s Y2 AE J2EYE 78l SHFe0] F8F
ot (19 4.2 F=)

o]st HMM = @2 94 HMMolaE Zoio] BERde, NaA2) &
EN2ZHAA 54N JAEH (123}, AHE F2EH(127), % 1 A
(221 & 119 WEUo] 9408 B HET 2648 SXHAEE 4 S5
37+ 2 dvit £&HA 2 o]dF HMM 9 24333 Q4o ALE3taL S
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S1/G1

3dH 4.3: 2R E g AAE 9% 5 network gl 34

S TR 4 do] A4 aIE L. U4 E Do} HolM garbage &

o] & AT TolEo] AAE FAdolso] HY. 18 4.3 8 A "M AR
¥ & Finite State Network (FSN) 22 T&sta led, ¥ 4}
<4 Tol F 84 Dol & on|dlr] gt B 47 S#+ silence, G#HFS
garbage 2 @& 9jv|dir}. T3 AE5SAHE 21% FONY 442 28 4.4 A

rie
o

HMM 9] AHe) 88 292 continous mixture density & A}-£-3131t}.

M
bJ(O) — Z (1}???" (O l /1‘]???1 SJ?H)

m=1

j: 11"'1N m = ]-a-sM N(O I ﬂjﬂl'}Ejﬂl) & AFEXe gHudxr 3
g Ueran

_ 1 _
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Composition of FSN for sentence using subword unit HMMs

subword PLU models (3-state Left-Roght HMM) . silence HMM |
3 O O & : PLU HMM |

word models (Left-Right composition for FSN of 3-PLU word)

O~0>0>0~0~0>0~0~0

sentence model (Representation of a 5-word sentence with silences between the words)

ojuf. M & mixture & 7. N & o] HMM 9] Atefe] Aol p =
£ WY x9S eEldt). A Heo] &Eo 3l silence 3 garbage Bl 9
AL A 749 full commnunication & 73 s oo Aol ndle] AL |eft-
to-right +2& AQgstdet. 28 4.5 9 (71 & (U) & 42 lett-to-right 3
I ergodic o] Al Mo] F2E Ui, N & 4 Tdole] o 549 A
£ d3l7] 3~ 5& F¢29,. silence ¥ background & o+ 5 7}, garbage
HMM o= 10 7} =& F=A}

st ZF A Do) ¥ dlolel, garbage Gl &9 3§ dolgl, 181 si-
lence ¥ background #}&9 diojgfol tdte] Tojdd HMM S =}
t}. &0 HE dolA oy melule] A (parameter set) S $olA] AE T
FSNeoj w2} loading 3te] 44 do] U4 & gt} U4 84 G2 EF2 v
Y] g9 o] level & XTI Ao 2A frame synchronous one-pass ¢
28 &[31] & FH3IAT-



1 (g
a, (3 2
a
a4 4., N |
a3 :323
A4
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i a 34
a 13
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a8 4.5: (7F) lett-to-r3 3]
( F) ] ft-to-right & 4e Mo () ergodic ¥ A M
i >, M o]



4.4 ol S5y

e €8] EF standard EM €318& ( vh-9x] 418 F )& AHESIY-
A48 mixture density HMM ¢} forward-backward & x}jol 2] 3t &5l &
Z & AATH28].

Baum 9} auxiliary $<42] ¥t 29l maximization & $3 HMM =3
4(likelihood function) ¢} local maxima 2 $H3 =& 3= vlvg 3 4]
|

& dg ok

QA N) = Tlog P(0.q | )P(0.q] X)

QA X) > QIN.X) = P(O | \) > P(O | X)

log 350 A2 RE Q(N,)N) & HMM ¢ Z glain|g] 4 Eo] ot Q &
TER iy 2 ger 2¥LY.

QA XN) = Q(m, X))+ Q(A.XN) + Q(O. X)

471 # = HMM 2] 27] e} X &, A & ™ Ho] & P HYo|n O
= Z Ae2] observation FE& ZA 3%+ 945% mixture ¥ X 59 ot g
AgE depdg. (O = {(¢jm, bjmy Zjm)}, J=1,--- N m=1,---, M)
HMM s}elelg] A &of o3t vpE-93] ¢u2F AFH T4 ] Q §F59 4



oleff, A O of thd}te] A|ZHt off Aef 3 2] & HA] mixture component of
W& FES (). ) 232

P(O.}q; = l )\) (U’A-E\T(O{ I k- SJA)

() A) = Sy -
P(O l A) Z,ﬂf:l (rij-mf\f(ot l “‘j?rh Sjm)
A= v
E'k — Z;.FZI Yt (} L)
! Z:;‘F-_—l Z.?/'{:l 71‘(]3 A)
1 = Ziz ul ) - Oy
’ Zrzl ‘}/i(J'&l‘)
& i1 7(J, k) - (Or — pj)(Or ~ pji)’
gk —

Z;‘r:]_ Yt (]1 k)



olg A5 FAY ALLE g Fo] FsH = forward VT ay(1) 2 back-

ward ¥ 5,(1) & o] &3]

oy(i) = P(01,-- 0, g =1 | \)

/31‘(?) — P(0t+11' 0, 07 ‘ {qt = 1, /\)

(]:’](?:) — T(';.‘I)i;(Ol) 1 <1< N

a1 (J) = S ai(Dagjbi(o4r), 1<t <T

Br(i) 1. 1<i<N

fjf(I) — Zﬁ__l /3t+1(j)(tij{)j(0f 1)._ 1 S I < 1



P(O, g1 = i,q = j | A) = ay_1(2)aibj(0) 5i(5)

7t BHEE Y # AG.

4.5 one-pass 8|Elv] S A S

AAH DolE2A e A4 vol A9 WYPEL BE, VAL A A gHE nE
A E(od. Dol XY, Ao 2d) & FEAQN = ZH AL VEHDZR Ve a1,

o] TAE EZHAT 218 B FE°] MY LA H ghed, Stack &g
Z, Jelinek[14], Level-Building ¢ 1128]&, Myers 8} Rabiner 9] &1 &([21],
one-stage DP &31.8]2, Ney|[24]. frame-synchronous DP 84 <438]&, Lee
¢} Rabiner[31] o] ¥42A Ut} o]&E& BF BHE A<t dlolA Ao T
Q& 7= 716 7Y, olF BH 2 FES FE Aol < E
FBAre] EMEo|t}. (o, Y synchronous £ ©o] synchronous)

8 4.6 = HMM Yol vd & 7l1vto 23 Finite State Network ¢
frame-synchronous HE€ly] &4 qa2|&FS dF317] AT =xolrt. Do
oA o] Aeiel Aejrle]e] HolE st viE¥] BN o2 RE T Y o P
gt v AlZF ¢t =1,---,1 ofjr Tolo} Dol Alole] HolE BT o7 1123+
g S 3= Zlo] 718 FA Aztoltt. ¥F FSN & olo}r] & o] grammar node
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g AR 27 F7HE o dF A Y grammar node & g TRSA| YT &
ol ol F99o YA AF2AM H4FE 5 A

J"olM ZHHoly ALY AR EL o= T dolo Sl dYg 24
o] HFE1 A= FF+E UEdY. F, A& A E EAIHY e A A
P11 <t< 4 5% Do Ao 923 & HeEldg. JdAME 9
EHIY 7Fed T g dodE vl ed (A-B - C - X ¢
A'—B' - D' - X'), A|Z72EJ A-B- 94 A'-B'— & 22 9old A &
B oly A1+ el o & duration & Yehd = 7 F-olu, WA dAME Bl B
& ¢ C 2 7AW T3 oM 9ol B o3 99 D 2 & vehdin

vl Ejy] &2 o] 2|3t 7}%53F duration F Ho)E 1A 2 E dold Fof 713
=< T FAE A (BT 2 99 7 dol oAM= Zhrje] HMM dol 29
off wz} optlmal HHE S 2= ) €4S g8 s 2A2A. 2-8d Dynamic
Programming o] W] 2oz, uf AjZF ¢ of TGej & 2] HMM Atef 7 o] =&
3l optunal path o 2 A4E3 g9 dof ) 2RE Holx o Lk o =7
Aef o] =€ = optimal path & 3 H4+&5& A4St path updating &
dg= g

o] path updating oA a2 ol & Wy S oteliet Zov HMM o vt
2 Ho|xof ] AYIY. ( A4S 7EE ZTHE FF A 2H A&

RAEgoltt. )

sum : A7+t A 5 HEQ local 2

tempmax : H2 A dolo BoRRE Y43T] j) o A k 2 Ho|7} dof
3 73 ¢ best path & +2& H+

likmax : @e] jj o vz A Ao 22 Do j) o 932 A kb 2 FHolr}
dold 3+ best path & 3 H+



lik[jj]lk] : 217+t o o) jj o Al k of £E3}E best path 9 32 32

likprevijjl[k] : A1zt ¢ —1 o] @} jj o A k of @3} best path 9 3

A
LIKprev(ii] : A|ZFt — 1 o] @ iz 9] n}ajg}t Abejo] =&3}+& best path <
T4 d
LIK][ii] : A1zt ¢ o] Do} 47 9 npa|ut Arelo] =@ = best path 9 2 A%
wtrack(t][jj] : A1zt ol 718 $& $= F59 A do
elapse(jjllk] : @l jj ol E01& F A7+ t 7HR] 9] duration Z©]

wlength|t][j;] : A1 1 of BYUE Dol ;5 9 & duration

tempmax = max{LIKprev|ii]| + Alu][jj] + init]))][k]}

AN Alu]]j)] B B i1 oA Bl j; 2] Ho] stabulgle|w, init]jjllk] &
©o] jj 9 27 At k o] &8 21t olth.

wtrack(t][jj] = arg max{LIKprev{ii| + A[ii][77] + tnet{y7][k]}

likmax=  max  {likprev[jj]l] + a[jj]llk])
je{states of word jj}



371M aljj)[j][k] & @l jj HMM o Ze) j ol Aef k 2] Ho] &8 =7
2 ol

lik[77](A] = max(tempmax, likmax) + sum

Decoding & 913t &L

MLWS[k] : optimal o] g9 ZoA k ¥l G

WLENGTH][k] : MLWS[K] ] duration 20|

olt}. 12 path update oA €| FHE ALE-3lo] §F3 (backtracking)
+ U3 ol 4.

At =T, (2 Zol) o 3,

MLWS|1]| = arg max; LIK|¢]

WLENGTH]|1] = wlength{T|[M LW S[1]]

k1, t« 1T

t +t— WLENGTH|]

if (t < 0) stop

MLWS |k + 1] = wtrack(t + 1}[MLWS|k|]
WLENGTH/[k + 1] = wlength[t][MLWS|k + 1]]

k+— k+1



Repeat

52 o] Bold g s decoding ne e AFY F2LE G832
.

g2 A EF

2. W AIZFH(E =1,  Za) 2ol 1) M. FHE += F+EH optl-
mal path & 9 3 3l=d 23 #H H58 update g}
Z} do] L o dfste] optimal path & update ¥ o2 F x| &
=2
o To] h B oA
g i deo Wt local distance ( observation 3 Arg] 3 o]9
F21EE ) o AL
AZH t o Dol k9 Zt Aelo] €3t best path ¢ ¥3 A%
update
A7t t of Dol k 7} BYE B ol did 73 H4 update
duration Hs2] 7}
o FolEe FY VEYHZA (FSN) i@l A :
A dolz HE9 g3 ts et Dol 27] LR Mo
maximum 3 A& FE /M 2 A G & 3= ( optimal
4ol d g 3 S AT B AR )
AZFt off Do k o 7] AHE Al28H= best path 2 3 F4



update

duration 4 1 2 setting

3. A2t T olA 9 optimal 2% Tol2 HE 27 W4 ALE d3H 3}
3 $E Ao dojde A

A9 daglFolA duration H4E 1 2 3= elapse[jjllk] « 1
< U3}

4.6 AP 9l A3}
TEXE AHoj& g5 dolele 28 4.7 ZL NgE F 9 E 53 33

: E‘i-“‘ %%‘ 0177“* %%i], %'} {‘-7}2—

9%, 2 8% #, %, 9, o4, ol =

A

B

C: 44z, #F4=, fE8i e
D: &9, Ud, =3, ¥¥, 2l
G

 garbage B & (.89, 742,98 & 5%F)

A% HMM e st 2 Agol 189 g4 ole 2L thedt ol 533
fou, 152 o] 7017 BAE AAAYA M H LH}EE FERTH Aol
E28, BBl 59 mAdoE Baiel TRAAN S

[wa]22] (8]} [92]ee8] {e8) {<ze>) {81} {#} {F



. /

OH 4.7: T dolg YL MNEH £ +%

- [ | B8R ER] {&]|E&} [SIZ|HE] {<Z=>} {&"H|d8] {¥}
{FM8}

- &7t {&) [(EE|gd(eo] {#} {FA8}
- FH

- [A|gH] 92 {2} {7}

g dAHAE S A AAZRE 2R 40829 dolerE w33
ow, o]F 20%W 9 dlo|elE o, 2089 dojet: AP Loz HLIR.
FHE 24 doles £ 7ol LR 34 A% A2 =79 2HY 7% o
€, TELE SFTTE F&% 4 DojER Sae % 45 HMM o 24 &
ARSI 1" 4.3 o Y Ao 2o M2} A7 do 3SR FSN & 7
B3RTh. foA HBE Golst ol Alolg] Ho] sjetv]E & deterministic &}
Al 2%l 8ot F Feo]l 7159 Z$ 1 & 87169 B¢ 0 & F& H S 2143}



A, 27] dolof gt &2 7] silence ¢ garbage J A Fof £33 AT
NEANA F+E FU.

ol Sgel Qlol, 27] HMM siejulele) £32)% uniform ¥g3 k-
means clustering &i18] & & o] £3}o] 13}t =, o] <& utterance o o] g}
€ 3T Dole Adl 2 umform A &3t 7 Aeo $3= SEPHEES
A3E FA3al k-means clustering &3] F 22 clustering 3} observa-
tion & Yx FT(probability density function) 2} m}2}v] g &(cluster
samiple mean vector 2 covariance matrix)of tfd 27} & A3, %7)
Ae] B8, ergodic B B9 F§ dolg BE AH o untform A F3l o
left-to-right 382} 73 dole AL Aelo] 1 & FAT}. vlATIA R Ho] EE
ergodic ¥ 29 ¢ BE Ag oA RE A 29 Ho] &S uniform 31A
FRem left-to-right 9 7% self-transition 3} v} & A 29 Hol &

Bol i3 HY I8 4

mixture & = M £ 2 ~ 3 /) FUo}. 5 dolele P H=og M

o] & 7% covariance matrix 2 determinant 7} 0 of 717 A= F L7

;

). o], covariance matrix ¥ diagonal§t & Al&3 o082, ¥4 7%
mixture o 527} GolA| WA djo]etF o 5% el & 7% 3} component 7}
o] 78 W3R @ ¥l e mixture component 9 A FF o FFE v
Ao 2A AT oldrd. EM g8 & Tge] v ¥ maximum 10 ¥
o2 A, dEEY FFf 10 ¥ o}Ao] % L= JF9 FHo| o]FJH.

S8 Q2] A2 gt Q1] AY P Yo &9 AFEE 99701,
AU EA 95% 0149 H2 A EE YRz it} silence B w7 33} v]
A Fo] Eof thA] ergodic F 2] HMM of 23 3HL th4e] Goj(n|:4ia] o
A)EE Bul BoAA sue] WFE BBl 2o Y AN BAY 54 - &
FAQE Dol Sl AT dAF - & FH3E= o A3tk B71E . o



TRE A" i3 A AT A4 AP ulH A Doj o] ALl d3f o £
flexible ¥ Q4] H5& FATo 2N &AL, 7 F7H9 B3 8 duration
o] Al Aol didtey, = HA o] B AY 39 Ajzto]Hol} B o] F 4
v Y D58 I8 U8 o8 E3& st B o=, Al 29 SulE ¥
HEo 4] AAE FF E 7 UM

A2 YL o 33 93 €2l optimal @ &, F Fo] =9 index &
3 1z} doj &9 duration 9 geolt. odEEH Ze] 119 ( frame 2 A4 ) 9
A gl disleq,

G i (Gl S1 8= (G2 A4Yx S3 =4 G4 $4
1T 15 6 4 20) 7 26 3 13 12 2



o &

4 =

= Aol e A SAUA H ol EoollM 3T LAl g5
= Voice Commander A]|Age] AutAQ 7l4 Z3a A 25= Adxa] @ &
e HERAY e ANAHA 23R AFE T LR A E V2R 3
Al EE S TNERT

C AN E T 8ol FolA W
28 7154 & AYT Atk 24l o Ad=E TREE 4A4A 9 AAH Ay
4 71718 FESE A2 e AB-AAT Qe o) 2% ofe 7pE &, gl
de 2g 4 e M4 Ao

(N

VEAz P EA2EE AT 9HR ez A8HE LPC £43 o8 of
£ A2EY 222 58 SAUHE TS} AHRE, o4 HIM & 919
AE WE FAse] % gFasEe J8HA o HMMo] 495 9 3



3 wEle) AP AN o, o4 HMM & glaii: SAHHE 1z A4
st

T3 2 AFlAE HMol 22718 & A& AR Y SHFAM o
Hol 2% WS 3251 vl S0l MASE UL oM THE A
K

AHtA 0 B SAAJAA LYY FHo = 9o 7= S48 U~ oy A 538 7]
o] ol & AAIZ2E F8Y ¢ U+ 7ol B8, & AoMe I8 F
AN Fxla] 32l Texas Instrument AFe] TMS-320C31& a1 £3 Elf-31 ¥. =29},
ATLT A8 DSP-32C & A 83 5-32C R=F T3 AAIE & A"
3t Aot =3 PCY H A o]o] F3] 82 & A+e it A 2de]
H gl g X e AlFxH =9 Tiulo] X Edto| Al & 54
QA A3 AAL FAYE A Yot 7le® HESA -

TF B ATE FAFEY SO AT A 29 AL HAE GHH o
2 §4 BgEgen, A4 BE SAYAE Ans AW AR A2
ol A5 EY Sol $8HE S4B SHNH A2 & AT B e
FAZA AEHE AUE Bl S4A471&e) A6l 7leig Ao sldgrt
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