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1. Introduction

1. 1. Purpose
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1.2.Scope
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1. 3. Definition, acronyms, and abbreviations

(Speech To Text)

Term Definition
STT = =
=8 IIY S S50 o 22 LolU=R 42 A2 LIEtY= A

SR
(Speaker Recognition)

ANN
(Artificial Neural Network)

DNN
(Deep Neural Network)

(Long Short-Term Memory)

RNN BH240|10 =249l 4|0|H 50 E35tEl QASAMEY LEO| =328
(Recurrent Neural Network) 711 7|Asts d1e|E
LSTM RNN 2| 27| 9|24 212 s Z25t7| s M E o

GRU
(Gate Recurrent Unit)

CNN
(Convolution Neural Network)

MFCC QR AMSOM 2EE 4 = featureZ, £2[0] 1ot ERS LIEtL=
(Mel-frequency cepstrum) ESA
STFT AlZtof| et #HstshE 21 AT E B2 A2t T2 2ot TS0l F2(0f
(Short-Time Fourier Transform) | H&tE A85t= A

FT
(Fourier Transform)

FFT
(Fast Fourier Transform)
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2. Overall Description

2. 1. Product Perspective

Web Server Live Model Server
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2. 2. Product Functions

ID | Function Description

1 | Voice Pre-processing 010|328 Soff Y2 S40f| M*{2|E M

2 | STT Execution S5 20| 2| e Hl0|E{E 2 &S0 STT (Speech To Text)E &=

3 | SR Execution st5El D20 dX2|E 0|8 E 850 SR(Speaker Recognition)g &
4 | Function Execution OlAlE| HAIIE E5f| S22 7|58 43

5 | Dataset Pre-processing | A= &+58 34 H|0|E0f| dx2|E M

6 | STT Training A 2|2 C|O|EE 0|83l STT 2% st&58 +H

7 | SR Training A 2 2|= H|0|E{E 0|23 SR 2&! 5t&58 43




2.2.1 Use Case

O

_ Web = Trained Model

User
Figure-2. Live Model Server
Use Case ID 1
Use Case Voice Pre-processing
Description O}0|3 2 Sof L2 Sd0 d*{2|E =Y
Actor User
Trigger Pressed a record button

Primary Scenario

1. A7t 00|38 Sdlf 398 5S8T.
2. MEAIHIES =2 53¢E 92 dE6tt
3. ALEH2 PSS SYS HAH 2| +~A5H0] A YTt

Alternative Scenario None
Exceptional Scenario None
Use Case ID 2
Use Case STT Execution
Description shgE 20| M 2{2|E H0|8E AE3I0 STT (Speech To Text)& +H
Actor System
Trigger After pre-processing
Primary Scenario 1. AAEIZ MAE| & S8 o2t
2. ANAEE S4E STT Modelof| HE6tC}
3. AlABlS HIAEZ BiSiEl HDlE BHESICE
Alternative Scenario None
Exceptional Scenario None




Use Case ID

w

Use Case SR Execution
Description StEE 2HIo| A X2|E O|0|8E H&5t0 SR(Speaker Recognition)2
=
Actor System
Trigger After pre-processing
Primary Scenario 1. AAEI2 A X2|el 3493 Bor=2ct
2. A2HEI2 248 SR Model of] &35t}
3. A|AHEI2 SRO| Z1tE BHEtSiCt
Alternative Scenario None
Exceptional Scenario None

Use Case ID 4
Use Case Function Execution
Description QIMEl ZANE Soll S5 7ls2 oY
Actor System
Trigger After SR & STT Execution
Primary Scenario 1. A|AEIE SRO| AHE BHOL2LY,
2. A|AHEI2 STTO| Z1tE Bot2Lt,
3. AAEIE SR 75”% HIE e = S5 StAE Mt
4. AARIZ STT 2142 HIE 2 Z QIVHE 3fzte I ¥3d Jls=
48iCH
Alternative Scenario None
Exceptional Scenario E.1) 3. SS&[A| t2 AL B2, of|2{E & otct
E2) 4. S5 A2 7|s¥ 32, 022 Sttt




Use Case ID

5

Use Case Dataset Pre-processing

Description AT SAEE 24 GO0 M H2|S 2
Actor System

Trigger Whenever in need

Primary Scenario

1. ALEI2 4 Datasets H2{2| AT A4S}

Alternative Scenario None

Exceptional Scenario None

Use Case ID 6

Use Case STT Training

Description A 2{2|= H|O|E{E 0| 2slf STT 2 st&2 &
Actor System

Trigger After pre-processing

Primary Scenario

Alternative Scenario None

Exceptional Scenario None

Use Case ID 7

Use Case SR Training

Description d 22| H|0|E1E 0|83l SR 2 st5= +H

Actor System

Trigger After pre-processing

Primary Scenario 1. AAEI2 M X2 4S8 Lor=2Ct
2. ANABRI2 SHEE SR 2ES WMottt

Alternative Scenario None

Exceptional Scenario None




2. 3. Constraints
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2. 4. Assumptions and Dependencies

HTTP S4IALE
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3. Specific Requirements

3. 1. External interface requirements

3. 1. 1. User Interfaces

U-1: ed sg 4 9l= User InterfaceE ¥ HE)Z A2

S8 =58
Ul-2: Aal Z2aLE 31016t 4~ Q= User InterfaceS ¢ HEIZ A&

@ 127.0.0.1:5500/test htmi X +

<« C  @® 127.0.0.1:5500/testhtml * B o »Q

"status": 200,

"stt_result": "gzt &I,
"sr_result": "parkwoojin",
"func_result": "E2E Fot"

Figure-3. User Interface Oi|A|

3. 1. 2. Hardware Interfaces

HI-1 : Microphone
HI-2 : Computing Hardware ( Can install Chrome Browser )

3. 1. 3. Software Interfaces
SI-1: Chrome Browser (>=83.0.4103.116)

3. 1. 4. Communications interfaces

Cl-1: TCP/IP Protocol
Cl-2: HTTP Protocol

11



3. 2. Functional Requirements

3.2.1. Live

Model System

S4S YYD 0] M2 THU=M ME0| &[0 A2 2HE 712 &, STT Model, SR Model&
g3 L2 2 o R oVt sizto] WY 7|58 SELIC,
3.2.1.1.Voice Pre-processing
7|5 D022 Saf Y22 240l H2E 4+
R S48 Hxe2|2t STT 220t SR LM 42| SYZEE 0|50 STT
7|83t SR 7|&2 s£dst7| 2I5t0] AFEAIR R E Ytz 240 EAYEE
ZE5t= AYE Dotct
M HA | AFBAZRE Y 242 way IIY ZUS TEC}
Al 20| w2t MFCC, STFT2H 22 S8 £ 22442 A 2E oY
Input AEA S8
Output AEAL 242 EYEE

3.2.1.2.STT Execution

s StEE REOf| Mx2|E 0|6 E HE5H0] STT (Speech To Text)E &
My STT2t Speech To TextZ2 AFEAI2HEH B2 SHO| EYYEE
0|235t0 st&% STT I\/Iode|01| 425 AFEZ}7t Yot =20 382
AFE 7t iMst Che O W8S A HI0|E{ 2 Metsth= 22| 2ty S LSttt
Input AtE2F 54| EJZE
Output AEAL 42| & H|O|E

3.2.1.3. SR Execution

7ls st5El Do M X2|E H|o|5E 4&510] SR(Speaker Recognition)&
L
A SR 0|2t Speaker Recognition2 2 AIEAIZEE Y2 29|
EYYEE S5 E SR Modelof| AE5l A|AEIN| SEE SIS A=
Y S YSHCE
Input AtEZF 4o EJZE
Output AtE 2} AlHSH Aol Tf| 0| E

12



3. 2. 1. 4. Function Execution

= QME ANNE S3 S2E 752 2
A AERL S92 A T|0E{ 2t AFZ At AlESH 21t9| 0|8 E 0|50 SFE
AFEALE AMSHD AR AL S8 7S sttt
Input AL} 49| EAt G[O[&], AtEA} AlESH Antol Tf| O] &
Output AMEA SEN =2 Vs
3. 2. 2. Train Model System
o= 84 HI0|E] Train SetE A 2| S H&{A STT Modelz}t SR Model& & A|Z LT

3.2.2.1. Dataset Pre-processing

s HEE 58 S/ lO[E0]| HHe|E 3l
My | 558 Cloje M2 STT 2% 52 93 558 24 Ho[Ee SAEE
ZE 4L X H0|HE d/gstn, SR 2 58 2ol AFEAIE S/ T|0|EQ]
EYYLE ZEot= S Yoot
Input st5& 24 Holg
Output ALEAL 84 EXEE
3.2.2.2. STT Training
s | H2lE ColE2 0183 STT 2 552 +3
=rs! STT&t Speech To TextZ ¢t=0] 24 G|O|E{2t &A} H|O|E{ZE 0| &35t0{ CNN,
LSTM2L 22 A1 2E=-S 0|85t e5E STT 22 S d4/dst= 2tFolct,
Input ot=0{ 24 H|0|&] L 2} H|O|&
Output StGE STT 2 &

3.2.2.3.SRTraining

7ls Hdx2|E G0l E 0|83l SR 2 st&2 =3
A9 SRO|2t Speaker Recognition2 2 AtEAHH 240 EAHEE 0|82510]
CNN, LSTM2} Z2 A3 RE S Soff sYst At8AIe| B4 EYZEEE
7tefd = U= 5% SR 2EE MHSH= 2tEo|ct
Input AEAL 29| EHEE
Output St&E SR 28!

13




3. 3. Non-Functional Requirements

3.3.1
°

3.3.2.

3.3.3.

3.3. 4.

. Performance

38] O|LIZ BIRIZ QIAIE 4 QJO{Of BH}.
ALg 2L 40| 22} Glo|EfQ} STTO| 223t 217t Ax|afof Bict.
Q7}El B1RtS] S 7|'50| 23E|0{0f i},

—

Reliability

O| AAEIZ Elefd YAIS 0|85t0] 7HUE of HO|Ct SHAY
4 Qe ETE Qirt O] AlA%O| A2l= S 233 4 9
el AA-E Agot O A8 HWSH A2ldE 54

-

AAgo| A2lEE 23T

o2

I
A2 ALEAL et 391t

—

Security
AHEAe| &7 TIO|E 7t &[0 do|H o2 At E BRE YAISH0] STT, SR
ot7| okt

0°I"
+o
2

Portability

E8 2SHAL =00l #EE[Z] @212 Chrome Browsers SdiiA d2g 4 UL

= AN
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4. Appendixes

4. 1. MFCC ( Mel-Frequency Cepstral Coefficients )

MFCC= 20| BN 2ET 4= QU= featureZ, 22|02 1R5t EA S LIEI = £X|YUCH 374
QA 22t QA S Y, 8% A2 2F & U2 =0Qle] 2AIE sl &st= Hl ArEE Ut
Framing

Windowing FFT
1 1
1 | 1
1 [ 1
v | \d

oy — r‘bw —
Audio Signal
«--- Mel Filter Bank
Mel
MFCC < Spectrum

'Y IS

1 1

1 1

1 1

FF log

" J
Y

Cepstral Analysis

HAY QL2 MSE T2 UH(20ms - 40ms) 2 LH=0 FFTE A &3l SpectrumS F+5t12 Mel Filter
BankE& A &3 Mel Spectrume 756t &, Cepstral 248 &35 MFCCE 71&LICH 2O AT =
AlZHof I Sz A2t FHS BHELICE
O17|0] FFTE &5t FOt40f T2 Se| Heio =2 Oty JHO| HHO0| 7tso LTt 0]Z40]
Spectrum@L|C}.

— T T

o 2 ol HUT, 0217 ZT40] Tt HEE 7121 SpectrumOllH 29| 198 S
QUEUCE 021D 1 ¥BE 253 0f ABSH YHO| Cepstral 2AYLICH

Spectrum& AtESHH 2t T CHHE M|7|E & & A2, =0fM O FH7t Z5ta SRS
| =
=

cf 1) FT (Fourier transform, T2|0j| g&t})
A|Ztof| Eist &2 ot Qe SO JE22 = Edliste Aoz olo| 2y LS E st FOH4E
& 7

Ade T g2 g2 Zoliot B

cf 2) FFT(Fast Fourier Transform : 114 Z£2|0j| H2t)
ASE R4 Y202 WS Y12|F22, 7|29 O[A 2|0 HEHDFT)S CIFT W22 S3d 4
UEE 2[Hoet 202

15



4.2.STFT ( Short-Time Fourier Transform )

STFT = GIIOIE{Ofl M A[ZHOl| Clislf T#2+S B2l L2 1 F17+e] G|O|EE 242} F2[0f Hetst=
YL
Fra/vz\ue 1 Frarm 2 Frame m F;a/miM
o \\// \ P ‘\
Vocalization f&kas \ ﬂ ‘ﬁw f M ‘w J{'%J F J'i M ’w ,Mll m. h
signal s(n) ‘r \J’u{ W \'Ur \,,,n‘ \ L(FLIQ \l J W I.'”J
i i i .
Splitting and ‘f-' I N "’ s i
windowing > Frame length” Window function
,J.,.U\JLN«\ & Frame overlapping
s(1,m) A
|
/‘Wmv ﬂ‘ﬂ\bf —\ﬁﬂ “fﬂ'-\hfh* ’“’\J\’w;\ {1“"'“\"
Y s(2.n) ! W
s(m,n) s(M,n)
! l
Short-time Fourier transform
P“;j.m Lower subband Upper subband
E s N Pamay DO e
Power —
spectrum 2 % [
: |l = 7 I'n,—.... o
0 fi (Hz)
15137 1 20508 3 12451
[l e (@, Bhx, (D (5D (6] [ (70, 0 (80,3, (9, (10}, >, (L1, 120
Feature vector X,
b '
X1 X Xl X
Feature Fiz Y2 -------- N Xar
vectors : : :
Xz | [ M K12 Y112
O£ S0, 92 0|2 -_r“HEI A2 AUCHD 42ESHH FFT2| 2 92 Z0| MAof Cis F2(of Hets
St= A& 25t STFTS| HR0l= 9= #1728 Y2l 37|12 (0~3%, 3~6Z, 6~92 Al0|2) LHH0
LER 21 CIOIE & 2h2t F2(0f HI'S*OFE Ag ZgUct
FTE SoiM 2217t & & gl Fi 214 4120 429 He 2 012013 IEte A0 7140
20| Ol= A|HOf| ZAlict=2| R = & 4= lsUth 1 0|fe S8 ASULE A7| 07| E0|H

0|0l w2t Time-Frequency A 0| 83510] STFTE AFEEHL(CE,
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=2/gelAl HE S0 i3l o2 THAIQ| X2| #HE HZI = HOo| 2 Hels 2235
F= AYUCH S4UA Y2 A E-ARE, S 2 AL A0 2 AL CIREO| 4THA = L=
Q&L

M-

goj=d
Language Model

&4 l S99y P2t
i oA R’

Waveform
_w_ 8358 Syzd _— s
Feture Extraction Acoustic Model Decoding
S w

ofF A
Word Lexicon

EdFE2 Y UM Fhi 24 S Soll 9% ELEl= FE2E FEcts AJYLILL ST 222
== S48 L30 S 542 & 222 510 tHE IHH S ddsts 20| 1, A0 222 OfF
e, 2 ©9l 712 712 S ¢0Q ALY A0l tis 28 A€ Sadcts -2 YU

C2E HA0ME 8 22 (Acoustic Model) 2t 210 22 (Language Model)& 0|85t Y& £

HEIS 220 Bl W5t QA 2SS LIEF-LICH

A0 2YO| U Y5t 2|F 2UE

i

Olzfet &= RS HAHM 39S BA2 ddstn dd= 24

17



4. 4. SR 2}A} QA nbY
SiAt QA E SH 2R SIx12| YEE 20t= UHE UL C YutH o= SIALA— (Speaker
identification)2} 3t t A= (Speaker verification)22 LH=0{ &IL|C},

Identification
result
(Speaker ID)

SFAHAIEH (Speaker identification) 0|2t 02 S YL 22 dlYot= 3HALE 0= 7= YL CH

SIAAEO| B AAR0| SEEA| 42 S| S4E FESHA| Rotl SEE S8 71 FArSt sfat2
QUABILICH 27| Wh20]| 3R} HSUHES AL

L, E—
REJECT

M A - A4>8:accept
% A<06: r‘eject
A likelihood S comes from speakerrs model

" likelihood S comes from imposter's model

32t AZS(Speaker verification)O| 2t {245

Y| g2 T2 At RAE 2HH[EE 53 el
IHet opat L2 FE ST
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4.5. NN ( Neural Network)

NNO|2t HZ2SH0|M LS P2 A= 2= HO|HZRE HFE 7} SH5S 5tH ot T2 H
of2{CrA LTt
dendrites
axon
. terminals
II"I1
. out
|n2
in
n

4.5.1 ANN (Artificial Neural Network)
ANNZ Q541 ZZ0|2t S LT O] AFEfe| A3 2|t 22 25t O 7| A es
gz SLct

Hidden
Layer 1

.......... >
....... 4'
\ ,p &
" .‘: A'b v“‘ ........... >
...... "." “"
/
0
/ . frlj‘v \\t“‘ ........... 1S
....... ,‘\ —_—
Input . [N,3]
W,
e [4,5]
[5,7] f:
QUZto| Lo M FHEO0| O AT, A= S8 11, 1 30| YA IS oM 21t MSE MEste
UHOIM 2Foket ARJULICE A=, A= S2 AZAF YA Input DataO|d] YA 7S (weight),
A= W20)| o st WSS st= A2 Output Data YLICE,



4.5.2 DNN (Deep Neural Network)
DNNZ 245 27l Ol Rl ot WS LU AREII AAE 2R 0|52

_ 1o

H=35HL HO[EE 72 A Y S BESHH 2140l 112 A2 =Lt

Deep Neural Network

Hidden Layer

| ?‘_, & N\ oupu

Layer

4

W2 CIOlE e} Bh= St AstEl 2F D) V|HE Soff S E2f AF8&1

=/ 1

4.5.3 CNN ( Convolutional Neural Network)

CNN 12|52 H0|E{2] E4& 22510 £33 HE S Tfofet= A2 LT
Convolution Pooling Convolution Pooling Fully
+RelLU +RelU

|
|
-1 L]
' ' ----- -
) O

2 Convolution 243} Pooling

O] CNN Zaneg|= nl
Pooling LayerZ %%”ﬁloi T/dsto] &nelFS SsLict.

=0 W2

USLEL

ol
N
mjo

Qutput

Connected  Connected perdictions

dog (0.01)

Cat (0.01)
Boat (0.94)
Bird (0.94)

="
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4.5.4 RNN ( Recurrent Neural Network )

RNN Z112|52 B540[1 =214 ¢l H|0|& (Sequential data) st50f Eote QlE4l

5| =l QA EL| of
SFYLC
0
O O O Ots1
1, I S
s W 25 3 %
d — > —0—>0—>0—
Unfold
U U U U
X Fe i Wi Fiet
O] ¥e[E&2 WRe et 27t S0t E42 71A| 2 AUFUL &332 E 0[&30 A2l st&s
7122|(W)E S3all o1l sh50l BHIRILICE 7| &2] |54, vted, 2140l 40| sh&2l StAHIE
SiESh= Y2|SYULICE SRl 1A shae| HE S T7hsstA ot A|Ztol| S&5&= S35 1A
AU
4.5.4.1 LSTM (Long Short-Term Memory)
Vi
Forget Gate A
'é LSTM Cell N\
Ciq (X
f:| | I
(0]
heq > ! : )
= ~ P
Xt Input Gate Qutput Gate

RNNZ A|ZHof| A5 Q1 CO|E S SHEAIZ o= URIT AlY 2He| ZEH0[ 22| gkE B0 2 7Hs5t7|
o
9

W20l RNNS| 7| 2|2 EAIE aliZ5t| 2l 1997H SMSUILE

o -

RNM L5TM

® ®
.

-+

®

RNNZ} LSTM2]| 2t0| M2 RNN2 Tt A4S £8li5HR| B LSTM2 Hidden LayerOlM & 471Z| 2 2|4t

40| 2 &L T} Forget Gate Layer, Input Gate Layer, Update Cell State, Output Gate LayerS
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S0l RNN2| 7| o|2d 2AIE sHEF LIt 21 HIO|EE 2t OfL{2t, 2 H|O|EE 11245t0] Df2He
CIOEE ClE35t7| flol AFEE LT

4.5 4.2 GRU ( Gate Recurrent Unit)
GRUE LSTME| 7tAstEl HHE e 2 |STMEL shEge 71E|7 42 0| ZE YL

=

Forget Gate hr

ht—l /_ e \

— X
X k—( i
It z.t ge & Input Gate
(o

& =

Lt

LSTM A|0|E 37HE 2712 £0|10, 2 7S AlLre wf 2ItAQ1 HIMY e4+Z8 48512 4ELICH Reset

Gate r2} Update Gate zS 72|20 Q&LICE.

Reset Gate= 2| AEE HY3| 2|MAl7|H= =422 AFBRLICH Update Gatex= LSTM2| forget
A

gate@} input gateE PHs2 =Z2=2 272} oo EO| z[4let HIES ZYELIC
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