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Abstract

With those booming technology industries, speech recognition has been the
subject of attention, which now covers a wide range of applications. Such as: Apple
brings it into Siri; Google develops it into translation program with different countries;
and various technology companies also apply speech recognition to perform different
commands.

In the 4G generations, “Internet of Things” is well known. Through the internet
of things, we can save the consumption of human resources. Moreover, it can bring
great convenience to our life. As we know, it has a close relationship between
networking and speech recognition. This study hopes to learn the speech recognition
principle better. So that | can have a deeper understanding about speech recognition
technology. Next, | tried different algorithms to understand which the best speech
recognition method is. So that users can input digital audio files for real time, and
print out the results after identification. Hopefully, it can be used together with
internet of things by converting the identification result into operating instructions.
The challenging tasks to learn include Matlab programming, understanding its
instructions, trying different audio sequence capturing techniques, and identification
methods.

Hidden Markov Model Toolkit (HTK) is a portable toolkit to build and
manipulate hidden Markov model, which provides tools consist of a set of library
modules and the C source codes. The tool is an advanced facility which provides
speech analysis, HMM training, testing and results analysis. Both continuous density
mixture of Gaussian and discrete distributions can be used to build complex HMM
systems software support for HMM. The HTK release contains extensive
documentation and examples. HTK is mainly used for speech recognition as well as
many other applications, including research speech synthesis, character recognition,
and DNA sequencing. HTK is commonly used worldwide.

The system is composed of users’ instant record digital audio clips and show
identification results. After Recording, Matlab starts to use both "Zero Crossing Rate™
and "Volume" to detect the number of syllables endpoint which inside passage and cut
them. Then, HTK system extracts these syllables feature values. After that, with the
features we can train the phonemes HMM models for identifying.

I use maximum likelihood decision method to realize the identification of the
phonemes in which | select the closest syllable from the phoneme group. Finally, the
system prints out the results of the identification of numbers what the users just say.

The study shows that the system performs more accurate for identifying
particular speakers. But, for recognizing general speakers needs to strengthen the
recognition rate. As a result, this study presents two proposals to enhance the general
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speaker recognition rate. The first one is "grouping speakers" that grouped speakers in
terms of male, female, elder, young and so on to identify with the different model. The
second one is "feedback library" that transmits the identification error of the model by
the user through the interface and then the database can be corrected. | expect this will
enhance the recognition performance.

Keywords: ATK, Matlab, Real-time, Speech recognition, MFCC, Databases
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( Initial HMM ) J— Comi)
\ J { hmmist)
o (PR g -
Forward/Backward " N
Algorithm @ [x
[ ¥ (p
Update HMM Parameters /
N No MMF
<Converged >—— M5
’ Yes m"vctym
s ™ frees MLF
Estimated HMM |
—  J
g 24 ® 23
8. HParse
A2 1] i
ayl=( ling | i er | san | =i | wu | liou | qi | ba | jiou ); -
it syt i) Hparse digit.grammar
i output\digit.net
Grammar

(gram)

HPARSE

v

Word Net
(wdnet )

VERSIOMN=1.0
MN=15 L=23

I=0 “W=INULL
=1 “~W=I1JL.I.
=2 “W=sil

I=3 “W=ling

T=4 “W=I1TL.I.
== W=

I—6 “W—er

I=7 “W==san

I=8 "“W==1

I=9 “W=wnu
I=10 “W=liou
I=11 “W=ai

I=12 “W=ba
I=13 W=ijiou
I=14 “W==il

i 25

] 17 HParse %354
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9. HVite

)|

Recognition
l Network

Create Recognition

Network

v

| Start Recogniser |

Unknown

Speech

Y

Read and Process

Observation

| Generate Lattice

Lattice
(SLF)
Y
Convert to
Transcription
Label File
or MLF

‘Another
Utterance

HVite -H %s -l * -i
output\\result_train.mif -w
output\\digit.net -S
output\\trainFea.scp
digitMonophone.pam
output\\digitMonophone.mnl’,
targetMacro

() FEmi ®

1 MEEF PR F P P N gE

temnp = strreplc’,'qi','7");
temp = atrrep(temp, ' lioun','6');
temp = atrrep(temp, ' jion', ' 9');
temp = atrrep(temp, ' ling','0');
temp = atrrep{temp, '=i', " 4');
tenp = gtrrep(temp, i, 1");
tenp = gtrrep(temp,'er','2');
temp = strrep(temp, =an’,'3');
temp = strrep(temp, 'wu','5');
temp = strrep(temp, 'ba','8');
dizpitemp);

2. FEpIEER
a. PlEEF

1 2 +3 ~4 +5 6 ~7 8

b. PS5

outputthmninacro. SOFFREEREE(Outeide test) B4 result_test.nlf
o Ly 0 0

B 19

L g

17

Bl 18 F ¢ @ics 2 25545
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qﬁfﬂ;_\:-%'a ;‘% a8 L
(£) PR RIEE)
xR
- R VIS T S S N
= B F RS A £

L outpatthan\uacro. SOMBIFAB(Ouside test) &% remulttest.all  FRIGETE,
I N T

0,
2. outprt\hmm\macro. SORFRERIER(Outside test) B resnlt_test.ulf  IFREES 100 /0
g g g s g g g g e

3. ontputthamimacro. SORFERRIER Outaide test) BE result_testalf SRR 80%
A L A L

4. \han' .50 AIER(Outsid | alf
ontput\huntmacro. SOSFRERER(Outside test) B4 result_test.n RS 60%

ooy oy o p g 9 o g

5. | output\hanhmacro. SOBFEAAIRE(Outside test) BEE result_testali  FRMEERE
R D A D A D DS ‘ﬂ‘l 40%
6. ontput\han'\macro. SOBFEREEH AL (Ovtside test) E5E result_testalf  HEETES
Y L L S N S M 'U‘l 20% I I

7. output\hnatmacro, SOBEAREEOutside test) B result_test.nlf  PFHMEEE

DU T T T A O T 3 O%

8. | output\han\nacro.SOPMMRAIEI(Outside test) HE&: result_test.nlf  PMMEME
L 01234567809
S. outputihan\macro. SOBFRREABE(Outeide test) B4 result_testnlf  HFRGSTA
WE 0 R v g g g e , . N
= 1 S
10, output\hmatmacro. SOMFEERIR(Outside test) B result_test.alf  IFRESEER = lE; E"J ;gt'j‘ L= EE"Y
T =S '8 S Rl 5 ‘0 N 8 ‘4

B 30 i 31

PP EE
(=) w5 g Rl (& H A E )

2

100%
80% 100%00 % 1
0,
60% SR
ountpnt\hnnnacro. SOREEEEREN Outside test) BE result_testalf  FHEEFE 6|%

B L O A N Y A ‘9‘| 40%

sz P 40%
ontputihan\nacro. SOFEEEE Ouiside test) BE resuli_testalf  HESER 20%
I C A S S D D A
outputthuntnacro, SOSFREEE Duiside test) BX remli_test.al!  HHEREE 0%
oy e 0123 456 7 89
outputthaninacro, SOFFEEAE Outside test) BE resuli_testall  HREEE
A U A D A T
ontputihnnimacro. SUEEEEH Outside test) BE result_test.lf  FRERE
B A S - N T S '9"

] 32 # 33

EQON] N2 F3N4ANES5ECE7EZNS

(=) % %
FHT R TR R R AT Y R S T
FLEGREH G *"” FaL) 0 FIRFREES T g 80% | t“iﬁ»?ﬁ’ FoF 5 AL
AR FOT RIS 5 m i B U el T B Flt kT e

£

.aJi«’f*«Lp%—*“'npéfpg FERETT 8 o

*ﬂk-
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=) T = e
FBZ": CIAKS /J< ’L‘

~ @G FERE R

2. FEIERRF BB F
AGE L B E F G Tl AR E N A A IR A (R 1 AR 10 & 5
— 42)—4c b a=sprintf(*%02d’,i); i H #cF v & o R
4.;#%%ﬁ%ﬁi
A BF 17 P38
B. #F 3 =~ PFyrE~4128
C. #&F 67 PBIFymss2
D. #F 97 &~ Fyue~0
5 #¥EFIFS A
A B3 0 7oA FE

- A
TR \o\'a‘fg

FlL % - AREES R 2 29 Matlab #cdl i * o T (x5 3
B R e - BREBRA AP T RSEE RS EAAS
SR BTG H2 S FL G NA AR RE SRR
JEE G o B Y FF FRRET LY PEE A AT D 2 R
PR ¥ ¥ § RN S R ARR AL IR 2 ENEY €5
e o i R A dy Wore s B L Fue e Bh2 TR R R & ALRPN R
%%ﬁ%wu:@wmw&%wumm hORFFERF L RS
ﬂﬁ%a. lf%h% BFOEATE RS RN LB (g o
A A A 7R

%

B A
7

} _l"'_")\“\ F."
-

’

E
s

L (Mg Rr#ETRE: Ay {*Wéﬁﬁéiﬁmﬁﬁiﬁ%%%ﬁﬁﬂﬁ
TR E s FIP R AR AERF o FAMR Y AETRE(GA0T ~ )
CHRRARFHERLTHE T R z‘hi%%pq"}i RplE TR
FOLURERGEF L f 82 2 SN LATPIRT AR o SR MR R SRR AR

2. W@ * ¥ 4G (Graphics User Interface, GUI) ¥ #- MATLAB ## @ iz
S GUI g @ GUI 2 - A RA; i & Ad i+ F’ fidoo
S PR EFE TS N o deT B R E  ER B ERMEER LR —‘ﬁrfi’
TF 2 Bt g o KPP EFHRH o Frflei v 5 iz
BESH N P BEA- TSN R 'ﬁ LBV - Xtk WE g
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?“gw ilﬁfﬁiﬁ °

3. grHp k(b W) 4 g s

9
7

212

=8

'

T
{

0-

- ~ HELd #& #% /7 42 ]

"HIO0ET-Zb Jab"
al
w
=l

HAO0ET 3 Ll
al
£
=il

"HAD0GT-3b Lk
=l
=an

Bl

IO e Lt
il
s

sl

"HIO0ET4b Lk
=l
El

=l

TEO0E-Sa Lak!
sl

W
sl

digitSyl.mif
EEAE

Z HELd #& % /i #2. ]

~0 <VecSize» 9 <MFCC_E_D_A_Z> <Streamnfo> 1 39

<BeginHMM>

<NUMSTATES> 5

<STATE> 2<NUMMIXES> 3

<STREAM> 1

<MIKTURE> 1 3.33333%01

<MEAN> 30
000.00.000000000000000000000000000000000000000000.0000000
000.00.0000000000000000.000

<VARIANCE> 30
101010101.010101010L0101010101.0101.0101.0101L01.0101L.01.01.0 1.0
101010101010101010101010

<MIXTURE= 2 3.33333% 01

<MEAN> 39
000.00000000000000000000000000000000000000000000.00.00000
000.00.0000000000000000.000

<VARIANCE> 39
L0101010101010101.0101010101010101010101010101.010101010

template.hmm

C AR

PR AR T
LHAPF o EHFI ARG A ETH AT

AL S R o

Y

"H10037-2b Jab”
B
e

sl

HAOIET-30 Jab"

R

"HA0067-3b Jab"
sil

e—| | [ — £

7 34

a
n

sil

006740, Jab”
=l

H

i

=il
HIO0GT4h I
al

:

a
digitMono
phone.mlf

B A

~o
<STREAMINFO> 1 39

<NUMMIXES> 3

MECTURE 1 3333333001

<MEAN> 39

-3.300057¢-008 1.159037-008 1 900063008 1.008827% 008 1 4252272008 91027582000
1.396707e-008 2,614 36009 5,91 748e-010 131 98606008 -4, 8722336009 - 7,69 5636-008

HCom: PV" 4,601610e-001 2.8604 39003 -2.11 74 56e-004 -9,083900e- 004 | 3694 20e-003 -1.4201 49003 -

] 35

20

2047631004 -2.22144 8- 0¥ - 250354 5e-003 -2.32877e-003 -1.430510e-003 -9,930731 -0 -
12654420003 -3:.933405¢-004 7.0043342-004 1.240005e-004 -2.498102e-004 -2.1 329552004 -
36565448004 5 589008004 -1 240089 004 2564449005 -2.58664 16004 4 687635004
61310308004 4.121 3320004 3.040503e-005

<VARIANCE» 39

4029271001 291278064001 347715564001 4. 2410544001 4.1 590054001 3.25575%e4001
376412704001 354658564001 31006208401 3 01072824001 2. 7067924001 25232316401
1,03621 26001 164118664000 1 0505054000 1.1 704864000 15106254000 1 6668214000
175957964000 1 3378394000 | 803604000 187196764000 1, 77194604000 | 66523204000
1 43862204000 9708523004 2950675 001 1.763700e-001 20145680001 2.633410e-001
2978780001 3266076001 34043520001 3 5878256001 3.5563420-001 33726526001 3152898
001 2.83084 36001 1.475728-004

hcompv. hmm
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= ~HHEd ?"% p % (macro.01)

~0
<STREAMINFO=> 1 39

<VECSIZE> 39<NULLD><MFCC E D A 7><DIAGC>

~h"a"

<BEGINHMMN>

<NUMSTATES:» 5

<STATE> 2

<NUMMIXES: 3

<MIXTURE> 1 3.333333e-001

<MEAN> 39

-3.800057e-008 1.150037e-008 1.900963e-008 1.098827e-008 1.425227e-008 9.1027582-009
1.396707e-008 2.614369%-009 -5.941748e-010 -1.319860e-008 -4.872233¢-009 -7.694563e-009
4.601610e-001 3.86043%-003 -2.117456e-004 -9.083000e-004 1.369420e-003 -1.42014%-003 -
2.047631e-004 -2.2214482-004 -2.5035452-003 -2.328774e-003 -1.430510e-003 -9.930731e-004 -
1.265442e-003 -3.933405e-004 7.004334e-004 1.340095-004 -2.498102e-004 -2.132955-004 -
3.696544e-004 5.589008e-004 - 1.94038%-004 2.56444%-005 -2.586641e-004 4.68763%-004
6.131030e-004 4.121332e-004 3.040503e-005

<WVARTANCE:> 39

4.029271e+001 2.912780e+001 3.477159+001 4.2410542+001 4.159095e+001 3.25575%+001

i 36

2~ HRest 2" % 50 = 2. macro.50 # & p %

~0
<STREAMINFO:> 139
<VECSIZE> 39<NULLD><MFCC_E_D_A_Z><DIAGC>
~h"a"
<BEGINHMM>
<NUMSTATES> 5
<STATE>?2
<NUMMIXES> 3
<MIXTURE> 1 3.333339-001
<MEAN> 39

9.569440e+000 -2.750445e+000 -2.476514e+000 -4.489776e+000 -3.829736e+000 -2.686209+
000 -4.166689¢+000 -3.205840e+000 -3.830730e+000 -7.347855¢+000 -7.850455e+000 -
5.650592e+000 7.970228e-001 -2.862872e-001 1.326642e+000 7.8231262-001 1.196349e+000 -
1.111420e-002 -1.698502e-001 -3.463871e-002 -4.426633%e-001 -1.241272e-001 1.127800e-001
6.654242e-002 2.558294e-001 -2.081805e-002 -1.211085¢-001 2.090633e-002 8.676448e-002
1.116498e-001 1.164631e-001 1.397860e-001 8.931107e-002 -8.015735¢-002 -3.114138e-002
3.951019e-002 4.436139%-002 2.662078e-002 -2.565573e-003

<VARIANCE:> 39

3.255151e+001 7.176430e+001 3.509531e+001 3.649323e+001 1.0495382+002 5.151472e+001
5.900343e+001 8.813634e+001 4.181998e+001 4.570561e+001 2.560419e+001 2.620058e+001

s 37
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