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ABSTRACT

The thesis presents the efficiency development of voice control for car
navigation systems using the high-pass technique with Butterworth filter, Chebyshev1
filter, Chebyshev2 filter, and Elliptic filter. The comparison of various filter techniques
able to analyze the human voice audio database by 9 wordings from 225 audio files
which are range of frequency from 150 Hz to 4500 Hz. An ambient noise when car is
driving, heater, and passing have frequencies at 580 Hz, 430 Hz, and 1000 Hz,
respectively. The specification parameters of filter order are from 1 to 24, cutoff
frequency is 500 Hz and sampling frequency is 16000 Hz. The results have been shown
that Butterworth filter and Chebyshev1 filter with filter order 5 and Elliptic filter with
order 11 can use to reduce ambient noise. However, Chebyshev2 filter cannot filter
ambient noise at 500 Hz. Therefore, the high-pass filter technique with Butterworth

filter and Chebyshev1 filter are the optimization techniques.

Keyword : Car Navigation System, The High-pass Technique, Noise Signal
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2.2.2 Speech Recognition
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https://wp.me/p8Nwyx-to
https://wp.me/p8Nwyx-to
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2.2.6.1 AYUENIARY Wave Length ALEMAALRETEEY SIS uTR T
rAudaydnuaiununueneduildiuily fe wandi unuuouluwnugiumuszerns uay
AU InUATaIaE svesUSIamil i g s i sunlas fedraduy dnfundudes
USanadi fdaudsuulas fe usatueinians odmsuad uuilmadnlui s mds
Wasuwasieauyliiuasauuulvind aduilsdduresszaenisnnnueninidunaudi
AURUSUUUNNAY ﬁUﬂﬂﬁmﬁﬂaﬂﬂguﬁuiﬂEJF’YJW%JEJ’]’Jﬂa‘Iuﬁﬁ’]WhﬁUﬂ’J’]ﬁJL%’J%@Qﬂguﬁ?uG]‘Vi’]i
femnud 5ﬂﬂmimﬂ§mmmﬁﬂlﬂ/\lﬁﬂuqzyzyﬂmﬂmmﬁ’gﬁ?uﬁammL%’JLmeméfuﬁuﬁ‘ﬁ

annsaeulmdu

C
A=— 2
7 (2)

44' 2 d'
e A fio AueIAaY
C Ao AnuduasiugygInalaviniu 299,792.458 Alamnsaeiund

U

f Ao ANUDVBIARU

2.2.8.2 Aud frequency

a a a a g & A ¢ a & LY ~
AUl Ae YSuadivavendwiuaseimgnisaliiaduluaan 1 n1sianinud
aunsoilalpeinnuatisainiiamis Tuiiuiuasiimgnsaliagy duiiEisie

szuzaaztdudiundurasanudnuiene na1nidldlunisiedsuinasu 1 seu

2.2.4.3 SEAULAS

' ' [
a o

wneds @eeganddsiinidsausazdesgenunnssiuiuegiuannusdlunis

[ o < = 1w

Y
duaziiiouvesing TngRduindssazgininingfdudn mgnfienn Wudindaziiszau

9 Y

R
BRI

2.2.4.4 a1u (Period)

v A o 1 A d' a Y 2 a a A
ﬁnLUUiS‘EJ%L’Ja'WIW’]LL%UQI@‘]UUﬂaU%QLﬂaQUV]ﬂiU 1 99UMHULUULUUIUMT U

[

wnudtyanualsinenesd T
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2.2.4.5 uBuNa3n (Amplitude)

& o =

LOUNGIN AD TLELINGIFAVBIATUINNFAUNUIALAR

Y

2.2.0.6 89557 (Speed)

WUINITARDUN A LTIl anLeLan

2.3 Fast Fourier Transform (FFT)
Fast Fourier Transform (FFT) fia 9ana37ui 19 lun1sA1uad DFT (Discrete Fourier
o & < < a | .24' = =
Transform) @ DFT Hduaiuanesnnagiiiuanudfuluntg wsginaiisinesnaug il
JU AUITILAILBIAUTENDUNIIAIUDLEDZUNN FINITANUIUTALNISIUULIBLI19ENINS
o v v [ g.j/ Ly @A Y] =l d" .:4' 1 v [y} ¢ [y}
AR DFT Winagtdunng astuda FFT ARofaenniliiliuingauins g linadwsineaiu
WA 1SINIWINNIYE LIATLS1YIINTAUIM DFT Wu dnauu@ianninilagiin1seiuiodl

a o‘d‘ o 1 Ly a § gj o o 5 5 = oA
WALYAANALATNUIULNINU 256 NAAE M DFT UUILNINTITATUIUNINUA AT KIDINUAN

[ (% '
- [ [ [y = =

virdu asauadndu FFT wdanisAwia ssdu desusuigiuue Jeasdanvitduans

—

[ [y Yo

§ai] BanadnTTIlEYINTU256%2.4=614 ASavintiy Fariesnin 65536/614=106 Wi

'
a

nswdasyisesimunnlunisudasdyaradulauuiamisdyyianid unainduves

A o q'

a1 egluguvesdymralulamuanuivisedygyruni urlinduvesaiud Jeasseniy

AR}

MU “@anasu (spectrum)” anasuvesdygruiussleguuindimsunisesniuy
gunsaulussuy d0a159199 WU 19930581 (filter) wavdnlolalwas (equalizer) lWuny

wananinisiasizndgyialu lawuninudazagninsesendygialulamuian

umnsdyaadlulauauideninmnsiu fsuuadan (bandwidth) wazguseaunady

Vosd eI B9l lanuauURAN9e) VOSFYYIM AAIUUNINEITU AR08 19LTU 99T

g} q

nsosumazLuvIzsaulndygiugsnavaud uilswulule Turusiaziianisaanau

(attenuation) TUBNYIAUANUINTY LUUAU
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2.3.1 mMsuUasiSesinailosmeaivesdygyianduiuaiy

luauilazesuneiuvesgninisuuasyisesineilosmnana (CtFT: continuous-time
Fourier transform) wseuviieSureieulunisguuivesnisulasisesiineiliosmiaian tiely

Tumsiansanndyyia lvuausuuledasamnsaneanisulaslisesta

(M dygnumy x, (¢)

() Eﬂjny:u'l:f!ﬁumn x(t)

N /

I g 4

AMUTENBY 4 (n) SYIUAIY X(t) Uaz (V) Fyaradlusuniu x(¢)
2.3.2 gasnsuuasyises

Tnealuduaalidiuauauisafiansanlaiudyyiuniuiidaunainifu
A1BUUA A8 LYY NINUTENBU 4 WAASHYIUATY X(t) ffauaannidu T uwag
fyanaluduau x@) fatuaifiensan et T fanetlnarietun sxlandyaia
XD wag x(t) Aodyananiodrdy  iesandyainnu x0 awnsadeulneglugvves
aunsuliFusfisieiieamanald fe

9 Y

Xp () Tk = _oo A/ ®0! (3)

1 T/2 :
a, ==/ " x, (£)e ol dt @)

de W, = 2TV T 9nnmuseneu 4 WUNFYRIU x,(1) = x(©) Tuyasaan || > 7/2

way x(t) = 0 dmsu | > T, Asduanns (5) awnsasulauy



_1T/2 kwot Jp — L (@ ikwot
a, = Ff—T/z x, (t)el@otdt = ;f_oo xp (t)el*@otdt

DINNUA b
X(jw) = [ x(t)elk@oldt

Wiguiguaunis (5) way (6) aglan

(X (jow)e™
/ area = X ( jke, ) e,
X (jka, )™ | /
@
Ko, (k+1)e,

ANWUTLNBU 5 ANNLEAAIAINURUIYDIFNNS (6)

ar = = x(jkwo)

WUAT a, NFUATT (5) astuaunis (6)

x, (1) = Zl?:—oo%X(jkwo)ejkat =%TZ,‘;°=_OOX(jka)ejkwotwo

16

(5)

(")

W T=2TU/W, = NMMNUSENBU 5 LaAIANBUNE09dun1s (7) F9ann1AunIsmn

uilansmves dyaia X (w)e ~tet

mMuualn W, = Aw auns (8) anunsaleulvulauaunis (9)

X (6) = 5= N X(fkAw)e/ ot Aw

uananilidle T —>eo gl W, —0 AU

)
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[
[

FaduLil e W, A= 1A% eeunueuasan (summation) Tuaunns (9) aziUd sty
LATRIINEUIUS (integral) wagilunavinlu x,(t) — x(t) Asduaunis (9) awnsadnguluy
Tawu

x(6) = Jim x,(t) = Alai)r_r)loi S X(jkAw)e A0t Aw = — [7 X(jw)e/*tdw (10)

e W = 27T fip AMUATUINIILUUSREUNDTIWY WeNaTaNaun1T (10) wudl

o w al

Toyeua (ot mmaaLLam‘Lw‘aq‘LugU%waiwLL‘U'UG]aLﬁawaan%’umﬁmmﬁﬁmm
U4 (<00, o) 1il0 upamAgavBILAazesAUsENUAINA W HywiauUsium Ly X
(jw) ﬁ’aﬁ?umsuﬂaqwuﬁm ilvanansawUasdeyeyins x() ngiugﬂsuaaamﬂizﬂawmLaﬁu%
fdadeweouiinsounquaasn yneunud Tasfiniwes X (W) asiUusuenvuIaueanagn

YDUAAZIAUTENDUANND W

2.3.3 MsmuannskUayisesiuuisa (Fast Fourier Transform : FFT)

”LumiﬁﬂmmmiwﬁsmuﬂawﬂﬁaimuL%%ﬁ’u Wun15aanaun1sAudaliduas we
U = a a r-ﬂ' = U o r.:! 1 Y} v r-ﬂ' a0
fensivsednsandiawisuiunisamnalaedsgeindudaulagianiziile n AN wae
dl' g £ ) o = I ad v 1 4:91/ [
[ 9aNANNG IO UTDINITAIUIUAN 2n ANae 2 Fanateundu Nlog2N 35asnanitiende
N5aANBUNILIANIABITNIINAITUUINNENTDITBYR X(N)BY YiT0ILAANDUNNAUASY

NSWUAINNGUTDINAANSVDS X(K) NOUAIANNIT

X(k) = YN=1x(n)e 2 ™5 k = 0,..,N — 1 (11)

o n Ao 91uusiegsly 1 nseudyyiu

K filo annuuesnsondgye i K = 1, 2..N

AU UUNS I U UNATURAZAUN UL U UM FIIUALUNASUNISIATIZINT
nszaneivesalnasuNaIURIama s uresdyprandssiulawuninu dgadudygiun

A1SUIANAINUMULUUALNASUNSIUE LS laNNANN1SA 12
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IX(P)? = |25 -0 x(m)e~i27fm|? (12)

anasundsIures x(m) 919azwuandudiSeuvesilsnduanduiusves x(m) lamiu

Auns (13)

IX(OI? = (DX *(f) = o Tx(M)e /2™ (13)

%

Tunsddauys rim) uilsidudnanduiusves x(m) nswdasisesazmldianie
nasuvesdaaddludyaulzUseneumedygrugamlanuslauazilondeyy ol
anugiladianuenuarndsuiluinduge deiudddamnsowdandunisesld dwiunis

o a = &

a o =¢ = | o o = v o a
ANAYYI AINAITANININAD AITUNULUUVDINA N WAL UNATUTIN DL UL TUYLI83709
AanFusnndunus(Autocorrelation function)
A1sUsEU A INE U UNATULUT S b Ty was1tums n (Non-Parametric
power spectrum estimation) 15 Aa18dATDINITUTZNIAAIVDIAT UATUNUILU UVD
o ° @ | ad . = a v £ s s ¢ &
WHIUVDITIUIU N A288191A87T Periodogram %ﬂQﬂﬂfﬂﬂule‘LlIﬂEJ L9937 9131597 YALNDT

(Sir Arthur Schuster) Tul 1989 38 Periodogram @nansanilaanaunis

Per(f) = 2 (2N x(mye2nm[” = Lix(p)P2 (15)

NSMIAIMNENIUANLU LML LALUNATUNT DANE S U SUNAT AU TN LA 91n
aun1s 15 Fuduiugiuvesisuuuldlewisunin (Non-Parametric) 19an15Uszanaien
anasy WesanAanueTiaLaznsasuUsTINTRvesdya  adulngannsunlaain

~ ! ! A v & oo a v aaa aa .
UAMULANANNIINANRAYAIUUIILNITAAAUNIITNILAAAMULUTUTIUVDIIT Perlodogram

2.3.4 MIINATIEIMAINNDVDIT Y 10U UD9AUY

a ¢ ! N Y] & v @ O P o = s A = &
N13ILAINEHANRIATIAITUO VDN QQJ/WWLU@Q@ULUUSUUWQULWG ﬂﬂL@iﬁJﬁJ‘lwaLaﬁNsﬁﬂLﬂu

'
a 4 o v =

Toyafunvinstuiindesiunssuiunsniidneawisana .wav dyarasdeatuduiuy
lainsfafpaziUdsuluniuian (Non-Stationary) &esndundesdrlnadesnuuadudiudie

A Ad1LNTOULARTAIUNIATUILAT AT LA
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2.3.5 MTAATIZRANDU IS YUY

= ¢ a a ¢ Y = o o a I a I3 a
LﬂalmwaLaﬁﬂmﬁNuﬁmLLaj UM Ey]ﬁy]']ﬁuLﬁENLsU']QﬂigU'JUﬂqijLﬂi']g‘ﬂﬂ?l']llfllu

o = Y l a 9] a ! ¢ v av v ° a ¢
ARG EN LWE)V]']ﬂqsﬂaﬂﬂjr]llﬂm@ﬂﬁﬁy]mqﬁuLaSQIULLmaglwa %aga%l@%mmamiww

ArAunmaeaeululsaA Ll sy audesaely

o

TN @le-Sided Amplitude Spectrum of X0

nmilszneu 6 dyaandesiiadignzuiunmsudaniSesuuuia

o

ngUdyarandeadiongnszuiuniswaiiiesuuuiii nszuiunistinisudasy
Susuvuisiazannrtvesnnui niiat wludygrandeseonun agwuan dyanandosdl

AANUDELNINeYlUYIANNET 2 KHZ

236 mﬂi’f@’mﬁaﬂi@ﬂﬁ%maﬁﬁmiamﬁ’umiLLanjﬁa%LLUUL%a

UDNIINNTEUIUNIINTOIF Y IULAINIUAINTDIRTNDATNATUALOUAINUANIUNIT

Uszendldnsulaaisesuuusinimnudndusgiann vlinsulaaisesuuusiazdagly

' ¥
a =

N153ATIENAIYRIANNATLANTY nFIINMsdyaaudsudgiinsesidneadninudn
WAUANNDNIY YinlazaInsan vuaan N Tudinsasnaneadinaviakauanudniuialble

A1 N Awnngaulunisiunlganu
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Filter Type Design Function
[b,a] = butter(n,Wn,options)
Butterworth [z,p,k] = butter(n,Wn,options)
[A,B,C,D] = butter(n,Wn,options)
[b,a] = cheby1(n,Rp,Wn,options)
Chebyshev Type | [z,p,k] = cheby1(n,Rp,Wn,options)
[A,B,C,D] = cheby1(n,Rp,Wn,options)
[b,a] = cheby1(n,Rs,Ws,options)
Chebyshev Type |l [z,p,k] = cheby1(n,Rs,Ws,options)
[A,B,C,D] = cheby1(n,Rs,Wn,options)
[b,al = ellip(n,Rp,Rs,Wn,options)
Elliptic

[z,p,k] = ellip(n,Rp,Rs,Wn,options)

[A,B,C,D] = ellip(n,Rp,Rs,Wn,options)

2.3.6.1 Butterworth Filter

Magnitude

-

o
w0
T

=]
™
T

=}
-~
T

=}
@
T

=}
o
T

=}
=
T

=]
w
T

=}
L
T

=]
o

o

\

.\

\\

107!

10° 10!
Frequency (rad/s)

AMUTENBY 7 1935N5898UAUADIANUDGEHUMUUTAMEIITS


https://ch.mathworks.com/help/signal/ref/butter.html
https://ch.mathworks.com/help/signal/ref/cheby1.html
https://ch.mathworks.com/help/signal/ref/cheby1.html
https://ch.mathworks.com/help/signal/ref/ellip.html
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a o

NARBUAUDITIAINNDYBY Butterworth Filter 93lidNWaIEIIUTYU WagdinauUULTS

W agelsinudiaauAuRNYIUAURTL (Pass Band) lugvasuauven (Stop Band) 4z

N o

fanundenn vibideslddiansesdygyaiiidusu (Order) a39

151A11500BNKUUINIINTBIANUAAINULARIETTNITUNIRINTBIANUDA W WNNATY

fdumuiuiiuyszy NMUsENoU 7 wandsasnsesnudawuduivdesuulnmes

13

155 L1 89111015 FLASIEVAUNTLUIUNITTHIUNT VIN1SUI9R51N15UE sunUadLile

[
v Y

s = jW =co FUMAUAULAITU LI1@1UNTUTYUANNITAUDT -3 dB 38 AnudAnoonlny

Y

1o

(a) (b)

ANUTENBU 8 2995n5898ANANUDINE 3 Tna
(@) WATNIDIANUDN BN ULUUTALADIIISS

(b) 2933n5R9ADGE UL UL TRLRDIITS

15191171 R3 = 0.707R kag R4 = 1.414R ANYUIAYIHINTUN81aUVDI99INTDIDUAUAD

ANUDAEILLUUTRREIISA fiB

1

1+L3a8)s

IT| = -
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2.3.6.2 Chebyshev Type | Filter

Magnitude
[=] o f=] o [=] f=] [=] f=]
n w ES W [=2] -l = w
T T T T T T T

o
T

0 L B
10!

10°
Frequency (rad/s)

AMNUIENBU 9 193TNTRIURUABIANDAs UL UU TN 1

NARDUANDILTIAIUD VDY Chebyshev Type 1 2zd919ULAUAIUDANNYIILAUNIU

(Pass Band) lg¥aaunumea (Stop Band) aziin1nunineiasndn Butterworth uayaguay
ANLD V098 LAUETY (Pass Band) fianwauzidusag (Ripple)

2.3.6.3 Chebyshev Type Il Filter

Magnitude
[=] =1 [=] =1 [=] [=] o
= E= o [=2] - =] w
T T T T T

=]
L
T

0.1 FaN ——— ]
0 |Il'; ™,
10!

10°
Frequency (rad/s)

10’

AMUsEneu 10 219INTRIUAUABIANNRGIN LU TN 2



23

HANDUALDUTIAIUA VB Chebyshev Type 2 9xd%39UAUAIIUAINYIIWAUNIY
(Pass Band) lug¥asunumgn (Stop Band) azdauninadesnin Butterworth Wuldgafiv

¥

Chebyshev Type 1 Lwiszimmmmuﬁsuammmeqm (Stop Band) fidnwauziduzag (Ripple)

2.3.6.4 Elliptic Filter

Magnitude

2 =2 =2 =2 =2 =

- o (=] ~ o w
T T T T

o
w
T

o
]
T

04 / —

o A
107 10° 10!
Frequency (rad/s)

a

AMNUsENOU 11 21a3NT0duRUanInNiamuLuudaUdsn

Elliptic Filter ({Juinsdnlude Cauer Filter) 1udnsesmsussunanadygiu 18 n1s

U S

nsgiiieuEuanAil (Equiripple) ety Pass Band waz Stopband finisiasundas 1a 157

YU Pass Band Wag Stopband n1snsziiienvesniiutuduayi

[

AULIIDBNLUY Pass Band
wag Stopband agiiuitluag Stopband agtdunisnsesuwuu Butterworth Filter d@aulusiag

Pass Band waga39%a331n Stopband Wunisnseauuy Chebyshev

2.4 nudTeiiisades

NUITTes Leveraging automatic speech recognition in cochlear implants for
improved speech intelligibility under reverberation[12] YiauenIsiuuszansam e
Wnanuansalunsyaidilaievesldgunsaluszamyiion (Cochlear implant: )
lneldinalulagszuuiIdesyngnludlf (Automatic Speech Recognition : ASR) 914un

Aeaszauldes lusgauliunaisiieseiuge (T60 = 0.3, 0.6, 0.8 wag 1.0s) Faudgayn

=

dunszizgnainuainednnvenduiuianiidomelagldvennuluing (text-to-

speech : TTS) a1nu3dey ldanunsassuAnafignduasieiginig augneaes 70% lu

Y

ANMNNTNAADULEYY (T60 = 1.0s)


file:///C:/Users/paphawarin/Desktop/บทที่%201.docx%23_ENREF_12
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11U5 9815 99 On the effects of speech rate in large vocabulary speech

recognition systems [13] 33udludefianainilotninnisyas lnaiaueisnisauislunis

= o Ql'

USuupaanuuiugilunisiindemeiisniilaewiasiSaunsnseyfdnvas unneswes

12
a 1

Usedniam 5usnAenisAniiunisuTudd Baum-Welch codebook 35#aasuagiunis

Usuivesmnuiiasduluniswasuaniuzees HMM ludsianunauynsunseendesas

a o [y

gnunlulagldimadawuudanguagiiumuseay 91n91u33898U5UUTINI5IATIAYAT

saHlasTuIUdLTInNS 4 D9 6 Wasidus

U385 09 Multi-channel speech processing architectures for noise robust
speech recognition: 3rd CHIME challenge results [14] Y1tauen15andd ey antels

an1eniliFeans lag CHIME @ 3 dmnglumsidndemeniivseansnmluaniniingey

Y

flauaSaduauuy, savd, Sunuikasiuiiaudugh 9nmsineifauusues beam formers
ﬁiﬁi’fﬁ’m%’umiﬂizmamaﬁmmwuwmmfaﬁiyzmmmqwﬁﬁ TneLanieeg13989msI9d0u
beam formers Side-lobe canceller (GSC) flunnensiuauuutiufe GSC Aflmmindnis
USonUIn9iuY (BM), GSC #521n15USU BM (ABM) Lay GSC Aa8n15AauduaInunlsusiu
LUULUTUTIER (MVDR) wa ABM uananiiédldinsemansinadifiofudgadayna

deene 9u3delauugin Max Power post filters kag deep neural post filters (DPFs) DPF

o (%

IS a a ! 424/ 1 o ~ o v U
fUszAnsamaaninszuuiiugu egiddedAyidievinisinaziuunssuilagsid (OPS)

o

wagn1sUseiduamn NI (PESQ) wuusug tnelanized138a DPF Usvauaiudusaly

MsUsulselneiade 17.54% OPS AzuuuLay 18.28% lu PESQ \eifisudu CHIME 3 flugiu

a

DPF §4lA5U WER 7iA7id@atil 9520 U ASR engine Tun1swaiuiluudnasshasdauanis

9 U

Uszillunaliu 8.98% taz 10.82% WER LA3odasdeyqaaias Max Power dauslasu

[

WER lagsiuianandmiutoyanisiauinazn1suseiduasaves CHIME 3 laun 14.23%

LAY 22.12% AUAIAU

38309 Normalized amplitude modulation features for large vocabulary

noise-robust speech recognition [15] l¢f Anwidieuiiisuusednsamnissdndesnnves

[%
Y

WYwEiUTEUUIINADAdnludi seudnssuunisinduresywdtuianumunugweides

(%
v a

FUNIULAZANLUTUTINTOI T d ey il atisuAus s uUsaluilf Asaaanlunsiiiuam

o

numulituszuuiIndeayafensaiayanaanvaueNiuseansamdmsusuuuunisza
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Ao lnga3deladiauenmuanvaensueganweunaannlasuaindanilun1saung s
wuulaiBaduves Teager Fudunasuiusulinduninsgiunaznisulasalaleivss
Normalized modulation cepstral coefficient : NMCC Aittauaugnirluilssuiisuiv

v v

AaaudATinunudeldsasuniulu Aurora-2 uazadstosa Wall Street Journal (WSJ) 7
#unsUfuusislva manaasunisansid ws) Idsudiuntsisluadsdoya ws) Aazen
waglasunisusuudslndlneldseuuidndomadrdnvivuinlg DECIPHER 489 SRI N3
naaesiiunmsngldfeulynmveaeusalilauuuy: (a) dug, (o) linsafuuas (o dvane
Fouly unssuivanues Aurora-2 Fugidumslaelishanst HTK wuuinpssuiiuandne
U Aurora-2 HadwsveuT1TEyINRaENTRA NMCC inausuansliifuiannnumumuyes

dessunuluieunnieuly

37UT 9813 93 Evaluation of interface and in-car speech - many undesirable
utterances and sever noisy speech on car navigation application [16] unAuilaSuey
nan1sUszliudumesing ASR (automatic speech recognition) UUTEUULNNNITOUUA LAz

Toyaidesyalusasudndidesds lnensuseiiulagiean s unisussutanaatanin

commercial product lag ASR module evaluation

U504 Efficient embedded speech recognition for very large vocabulary
Mandarin car-navigation systems [17] Unaauiuliauesanasfiun1soonsiant1a5im57

InsldniuszuuidndsananvIunarsdeanunsalseatananenisiuiausienisnieuiy

a

wazShwauwiuglun1sandilags danesiiuniausaielaseasiauniedien1sAuNIAg

%
o v =

auldl lagldngniseanidesniwiFunaruionantdgan1sIvg ne AN eI ukasdui

MEANNITIoU VWeg TUTEUUNUFIUMSAUMALaININaItunausanassulinayns
NIRANNINTBIATLLAENAYNENTFRA TER U TILULUTLATHAAALIAINTT U 0E 19
v o w ) ac & a ° a ° acs o aa
WudnAry dane3sulyairlunssuvdmslusasudlulssmaiukasdnasludsnandung
WP HanIIeaeansliiiiuindsnsndiauetudieanattunisandilaiiou 6 wi
LazUUIANNEAUT AU 2 WidlawWisudussuuiugiuasiliauwiugtasnin 1%

dwFuauiu3An 200,000 A
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Time-domain diagram before filtering
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o Time-domain diagram before filtering
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Time-domain diagram before filtering
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6. Left + Passing Noise

Frequency-domain diagram before filtering
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Voices sound Frequency
of voice sound (Hz)
Type Sound

Go 200 - 3500
Left 150 - 2600
No 200 - 1400
Off 200 - 1900
Wording On 200 - 1500
Right 360 - 3900
Stop 190 - 4500
Up 160 - 4300
Yes 200 - 4500

Driving Noise 20 - 580

Noise Heater Noise 4 -430
Passing Noise 10 - 1000
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Hz wagAudveddssnazagluyIsseanns 50 - 4500 Hz Farudavegluyisninuias

Atutlafioans Filter fadesdagiasunmuiielnlaidesinesnis 394 High pass filter

e lianudvesdssmnrwdnlule waathan plot nsawl fae Filter Wugu Tu MATLAB fie

Butterworth, Chebyshev1, Chebyshev2 way Ellipt Ingnsainunan Filter order [N],

Cut-off [Fc]

Filtering Noise

n3AmdEesUNIUILLY Filter WugIUUU MATLAB ialdnim1 Muunsaulunisdn

\Ae95UNIU 92991 method Aaselddl

Tnen

IN,Wn]
[N, Wn]
[N, Wn]
[IN,Wn]

N
Wn

corresponding to

Rp
Rs
Wp

= buttord(Wp,Ws,Rp,Rs)
= cheblord(Wp,Ws,Rp,Rs)
= cheb2ord(Wp,Ws,Rp,Rs)
3 ellipord(Wp,Ws,Rp,Rs)

R Order filter

R Cut-off frequency must be 0.0 < Wn < 1.0, with 1.0

2 Pass band attenuation

o))

o))

Q) Stop band attenuation
Ao Normalized the frequencies of pass band

lAan
Frequency of pass band

Wn =
p Sampling rate/2
Ao Normalized the frequencies of stop band

192

Frequency of stop band
Ws =

Sampling rate/2

half the sample rate.
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1 . Driving noise + Go lagld Order [N] = 2, Cut-off [Fc] = 500 Hz
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2 . Driving noise + Go 1agld Order [N] = 5, Cut-off [Fc] = 500 Hz
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Frequency-domain diagram before cheby?2 filtering
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Frequency-domain diagram before cheby1 filtering
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Frequency-domain diagram before ellipt filtering
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Order = 15, Cut-off 500 Hz
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Heater noise + Go lngly Order = 2, Cut-off 500 Hz
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Frequency-domain diagram before butter filtering
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Order = 2, Cut-off 500 Hz
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2. Heater noise + Go lagly Order = 5, Cut-off 500 Hz

butter Filtered signal cheby1 Filtered signal
0.04 L 0.04 by L
0.03 0.03
0.02 0.02
@ 001 @ 001
2 2
= W = W
H -001 = -001
002 -002
-003 -0.03
-0.04 -0.04
] 01 02 03 04 05 08 07 08 09 1 0 0.1 02 03 04 05 06 07 08 09 1
Time(s) Time(s)
cheby2 Filtered signal Hightpass ellip Filtered signal
003 L 9 003 ghtpa: P g
@ @
k-] -]
=2 =2
- =
£ E -
< <

o 01 0.2 0.3 0.4 05 0.8 o7 08 0.9 1 ) 01 0.2 03 0.4 0.5 06 0.7 0.8 09 1
Time(s) Time(s)

ANUTENOU 68 Land Time- domain UIALQYIMAIRN filter Ua9 butter worth filter ,
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Frequency-domain diagram before cheby1 filtering
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Frequency-domain diagram before ellipt filtering
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3. Heater noise + Go lagly Order = 10, Cut-off 500 Hz
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Frequency-domain diagram before butter filtering
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Frequency-domain diagram before cheby2 filtering
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Heater noise + Go agld Order = 15, Cut-off 500 Hz.
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chebyshavl , chebyshav2 wag elliptic #i Order = 15, Cut-off 500 Hz
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1. Passing noise + Go lagld Order = 2, Cut-off 500 Hz.
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Frequency-domain diagram before cheby1 filtering
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Frequency-domain diagram before ellipt filtering
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2. Passing noise + Go 1agld Order = 5, Cut-off 500 Hz.
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Frequency-domain diagram before butter filtering
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Frequency-domain diagram before cheby?2 filtering
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3. Passing noise + Go Tngls Order = 10, Cut-off 500 Hz.
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Frequency-domain diagram before cheby1 filtering
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-l in diagram before ellipt filtering
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4. Passing noise + Go 1neld Order = 13, Cut-off 500 Hz.
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Frequency-domain diagram before butter filtering
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