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NOISE REDUCTION IN SPEECH COMPRESSION BY KALMAN FILTER
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ABSTRACT

The speech compression research aims to compress the speech signal while maintains the
quality of the speech signal to similar as the original signal. Speech compression process, a noise
might occur and effects to the quality of speech signal which can reduce the quality of the speech
signal. This thesis provides the studying and exploring of Q and R parameters of Kalman filter for
reducing the white Gaussian noise in speech compression.

Speech signal is passed through the Kalman filter and white Gaussian noise model at 10
Hz 50 Hz 100 Hz 500 Hz and 1000 Hz respectively. In the experiment, Q and R parameters of
Kalman filter characteristics are adjusted, which effects to the unstable noise in the system, to
reduce the noise. Moreover, it applied this technique to improve the quality of speech compression.
The speech from Code Excite Linear Prediction speech compression, which constants of 10 male
and 10 female speech signals, is tested with Kalman filter.

The results show the white Gaussian noise can be decreased when the Q and R
parameters of Kalman filter is similar or equal. In the experiment, when Q and R are equal to 1, it
can provide the maximum efficiency of white Gaussian noise reduction. In the condition of applying
Kalman filter for improving the speech quality of CELP speech compression, this can reduce the

low frequency noise and provides the better quality.

Keywords: kalman filter, estimation, noise
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Stochastic Difference Equation) a3n157 1% 114A520IUNTHIUV0eAInTRIMaNIUTIAaT
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Xy = A X, +Buy +w, 2.1
aumslumsiammaendng z e R” faaumsi 2.2

Z, =H,x, +v, (2.2)
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) 2 N o = v o I A "o )
lumslowdnluszuunsdes szlianvuzuonanuduiusiduddszaonu fensuvoanis
PTUINYANTINNANTENUVOITYANUTUNIU w, 1A v, 3zNAURAY (Mean) VOIT QY104

3 Ao 4 = v o J & a 1 o oA ' A A
sumumﬁammsﬂuqua HazuANNFUNUTIYUDETEADN Y ANDUUUUIINATNEAY 10



4 o ' J o
TANiSoud (Covariance) yoadgyanasuniwmarinilasldndnns nsaiangiu (Expectation)
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aail [19-21]

TanGeuguosdyanasununelussuunaasldasaunsi 2.3
0 = E[w(kyw(k)"] (2.3)
TanFeuguesdyanasunvvagimsuaas lddsaunsi 2.4

R = E[v(k)v(k) ] (2.4)
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1 4
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2.2 AYYIUIVNIHENUANNAGUUAIAUI (Random White Noise) [1-5]
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ﬂTW‘ﬁ 2.3 ANHAUZNMINNIUVDIAINTDIAIANIU

@ ~ @ v 9 v A
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MNANNITN 2.1 wag 2.2 ez ldgaunamsdsuilgana (Time Update) ag aun1snis
Y501/39M590 (Measurement Update) ATUNOHHUBIAINTOIMANIUTANDTNNAT AUNITN 2.5-

9

d! Yo AN
2.9 G]f\iﬁﬁﬂimlﬁﬂ\‘]hlﬂﬂ\‘]uﬂ@

m3U5u59981 (Time Update) Usznoul@eaumsii 2.8 iz 2.9
Project The State Ahead

X, = Ax, +Buy, (2.8)
Project The Error Covarience Ahead

Pk+l T AchA/Z + Q/c (29)
mM3151u139m330 (Measurement Update) Usznou'lidreaunisd 2.10 19 2.12
Compute The Kalman Gain

K, =P H! (HP H +R) (2.10)

Update Estimate with Measurement z,



R =% +K(z, —H,3,) (2.11)
Update The Error Covariance

P =(1-K.H)E (2.12)

NITMINNUVDIFUNITAINTDIANAUTU ﬁﬂﬁuﬂﬁﬂﬁﬂ%‘ﬂﬂjﬂlfm"l (Time Update)

wag aun3NsUiul3aInsIa (Measurement Update) A0 2.4

Intitial estimates
for -

P
X k l k
Time Update (Predict) Measurement Update (Correct)
(1) Project the state ahead (1) Compute the Kalman gain
%0 =A% +Bu, K, = P;:H,‘T (HkP;:H[ +R, )71
(2) Project the error covariance ahead (2) Update estimate with measurement ~ z,
B =% +K(z - H %)
P =APA +0, (3) Update the error covariance
s =([—KkH‘ )P[
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UszgnalFlumsdunuuiiaesdszanan Wesniumsiiuneswuugy 1 1a duiuaine

' -2 1 @ ' 1w d v @
4,8, waz H, Whawmnu 1 ez luifidnuguniaudin o, Junitugud auivauns

4
v A

siuunTaeia llvesmanuilamesannsoaagil1dasi

msdsvlginanlseneulidredeannisi 2.13-2.14

Project The State Ahead

X =X, (2.13)
Project The Error Covarience Ahead
B =F+0, (2.14)

msdsvlgmsiadseneulUdredsaunisn 2.152.17

Compute The Kalman Gain

%) -5 (2.15)
(B +R,)
Update Estimate with Measurement z,
B + K (5 5 (2.16)
Update The Error Covariance
B =(I=K,)E (2.17)
A
Lo
Z, =X, +V, (2.18)

{ 1 4 o J { a a
Taofl z, Ao AweInsaivesdy udsuo1IANAN IduA luauAaNa1AD39
A 1 4 (%% = a ' = [
% flo mimswensaivesdyaadesdunanouiiniliuia

= 1 J (% = a v A [ vy
X, o ﬂ1ﬂ1§'WEﬂﬂ’imﬂl@ﬂﬁi}l)iy1ﬂllﬁ8ﬂﬂuw¢lﬁﬁﬂhﬂﬁ‘l]i“]J’JﬂLLﬁ’J
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2.4 marnsHadyaandeayaals CELP
' . . .. I AAq Yo o = [
CELP 6031910 Code Excite Linear Prediction [9] tTutna TuTagn l¥dmsumsiusa
[ =) d! Yo [ 9 o Jq ¥ 9y
dyanandesdslasvuasguunluszauaina uag ldgmirlddszgndldauniediuanu
3 [ I~ [ 4 1
Uszunanan1nu1e FININTFIUVEN CELP  deaimisonenoonduuinsgiugesdus on ua
Y
dmiuluauidetazAnyunn1zuIns§Iuved01ilaonssy Federal Standard 1016 CELP
d! dy y 1Y [ [ 1 [ a Y a vAa
(FS1016 CELP) [10] B911asg uil lalimswannsmnuszninansgominuazdoal fians
d! dy =1 % % = li' =) =) 1 =) = d!
Y99 AT & Bell #unasgiuilazannsaiiudadyqiandeanyain 4.8 nlalinneduin §a9e
F) ] T W = I £ & Y o 1 o 1
wasHa Tagnisutiadyaandoayaumsy (Frame) ¥ luntarsuaz 1y onsinmsquaiodi
2 = = U 1 1 d!
(Sample Rate) 8 kHz sazvu1alsy (Frame Size) 30 W10 (ﬂizmm 240 919819990 1 1N51) ¥

wWismesiazANudeIn1sons1ia lumsdedoyaudnifnisei 2.1

= Y

M919A 2.1 Wamestazdaiian lddedonaues FS1016 CELP [10]

U

Wniines finnolsu danodni
Adaptive Codebook 32 1066.67
Adaptive Codebook gain 20 666.67
Stochastic Codebook gain 36 1200
Wiimes LSP 34 1133.33

39U 142 4733.33 (4800)

madhsWaves FS1016 CELP Suninmshidyanandeunlasnndyaiaeuiden
iWuadaea Wﬁﬁﬂ1ﬂﬁ‘uﬁﬂgﬂ31mﬂzgﬂﬁ1Vlﬂl"lshﬂi%‘inuﬂﬁk"lsllﬁﬁﬁ CELP uuﬁugmmﬁmiwﬁ
Frensduasziinmaiaiminveuinmesnen ladiad (Vector Quantization; VQ) 1291
msieRusFudy (Linear Prediction) F1insnszduvesdyanudis Codebook 1§ 2

a7 Ao Adaptive Codebook t1a1& Stochastic Codebook aaaaslunnm 2.5
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Adaptive  Codebook  vggnitunaiudyaisnszdualiuaiday Stochastic

U g
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SLOLNUNNIZAVVOINITNIZAU
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2.5 MINIHAMIMINLNUBLITUTY

'
A o w Y
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(Linear Predictive Coding; LPC) ludumsiszaunanadayaaudos madisdanisdiuneiuse
wadugni Tl luaemanie laun
25.1 mansWadyaaudos
9 v o = o Y g a J o o a 9
matnsiadyarandesazgni i IniuaesnsedimsgimsiineiusaFadu
] Y ]
(LP Analysis Filter) tilotendaus19ou (Redundancy) vosdaanaudososn auimanizonii
dayaaAnaIg (Residual Signal)
o Jd o
2.5.1 Mydunndy I demnn
@ Jd o = o Y o o a Y
msdunsizddygradesnavzgniinl)Ididuresnsesmsineiuszisudu
] [ o o Y] a . .
WAWNY (Inverse LP Filter) N392995NTDITUATIEH M TN NI UTLIT U (LP Synthesis Filter)
{ ) 1 @ 1 [ o
Tagnlandgunis Touvoe1993nsaeadnanuaaInsavalnasuveIdyyIanTsana 199503503
o J ) @ a ] a 4 o {
duasizrmstiuenuszasudundasrosnmuamdosvosnysduay ldmdyaunszdun
Mazaw
a 4 Y o @ a A a
TunishasizimsdnsdamsiineiusziFudwsuduaninsuinsoy
@ = AN o 1 @ L] A 9 (Y ] @ @
YUAASINTAIDIN N @10819 A0 5,,5,,...,5, 1089191008 19dyaailagivainin

Hueldnnwasauvesieddyanalueia p A1ed19 dsaunsi 2.19
ya
§, = g NG 4TS ALL I —z as, , (2.19)
k=1

g Y a d o @ a
lﬁ’f) p ﬁa@uﬂummmmmﬁwwmﬁmuwwu‘ﬁzwuﬁu uag a,,a,,...,d, ﬁ@

4 v
’diJ“lJi%ﬁ“lfl‘ﬁfniL%WiﬁﬁﬂﬁﬂWuﬁlWH‘ﬁm‘Nlﬁu NINUA e, UNUMAANDIATZHIIA1DT A AT

° Y Y A A
ueld oz ldenuannsi 2.20 uazaumsi 2.21

e =s —§ (2.20)

P
e =s, +Zaksn7,{ (2.21)
k=1

3 ! 3

doan e, Sondyanuandie ilosnndyana e, lAvinwanisaudyana s
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[
o

Y ~ A Y ' o
AIY §, UASIUBDIAWWATHTUNU

B
J u’/’ ' @ ' %
TY¥ AU (Short-Term Correlation) 7112190108 19VDIA YY1
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M3ulasusa (Z-Transform) ¥o3aunsn 2.22 Tdadaaunisn 2.23
E(z)=A(z)-S(z) (2.22)

Taoi S(z) Aunamsmlawsavesdygrandoway £(z) waziilunanisulasua

YOIFYIUANAATNAIA

A(Z)=1+Zakz_k (2.23)
Taoh 4(z) 5939930503 1NUils (Whitening Filter) Huihifinenanuanduiug

1 09/’ A @ = &£ ga o Y [ A P
uduiilinng ludyanandeaya dendensildelnasuSou iesnn £(z) dszmnaldn

v 9 U
Y 9

o Y o 2 1 o a 4
Tanlnasusen duiudaunsneonuuunseudlnasuvesdyyrasiesduldannmsingizd
msmenussFadulugduuvesalna (All-Poll  Mode) w3egduvuesladinsadl

(Autoregressive Model) AaEAUMITN 2.24

H(z)= (2.24)

1
=KX 1

4 o 4 | 1
2931503 4(z) Fon1ABnTo1TI9129930509WNAY (Tnverse Filter) 1o nTud Iy

% =

uniuvesgluuueealna H(z) vesdaygrandoaya naginves 4(z) dildinalnaly

o 9

A o ] {

o 4 o 1 a { A o s 1
H (z) Wufedwmisesuuudveudosi IdvinsosmaaudseniiiladsuaeTon H(z)
Y
1 o w 1 o a a 4 o ] a
M3INTou AN TuAIE BT uYeUTEINARI8ITNTUATIEHNTRIUIBWNUEIF
Y ) Y =& ] . “ qa: Y o a =
du s lAnn A (z) vuanausnilaniiig (Unit Circle) Tagluduusndoamiduilse@nsng
RuneiusziFuduvesdyarandsayanon Taginanilavinmsi ldadanarianisine

A v ' '
WuszFudunruaenMatdod aeaunsn 2.25 Iadinga

E= iej (2.25)

n=m
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Intitial estimates

fe -
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X & k
Time Update (Predict) Measurement Update (Correct)
(1) Project the state ahead (1) Compute the Kalman gain
B0 =A% + B, K, =P H (HEH +R)

(2) Updateestimatewith measurement  z;
R} =% +K(z-H%,)

B =ADRA +0, (3) Updatethe error covariance

k= (lfK/fHA )P/;

(2) Project the error covarianceahead

S
Process equation Measurement  equation
w, 1(Q) lvk (R)
-~ 1 Xk
Uy B, Vi > H, —>@—> Z,
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Process equation Measurement  equation

W (Q)< SR :le ®)

X1 -
U I Bk Z > Hk Zk

A4

d’ @ U U ~ a o o o Jd 1 A
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AANa1RL51UTIUVDITLVUADUAIUAINTDIAANIY AD ANAITN 3.3
Covariance of Error before Filtering (Measurement Error)

Measurement Error =x, [, — (kak +v, ) (3.2)

Z(kak B +vk))><(kak —(x,H, +vk))

MEC =
Length(kak —(xH, +v, ))

Z (3.3)

tazanNuulslsumslsznanNuAaNaIAaIINRIUAINTBIAANTY ADANNITN 3.5

Covariance of Error after Filtering (Estimation Error)

Estimation Error= x, H, —z, (3.4)

Z((kak -z, )x(xH, “Zk))

Length(kak —-Zk)

FECy: (3.5)
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Exploiting Q and R covariance of Kalman Filter for White Gaussian Noise Reduction
in Speech Compression
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i 0.3662

Abstract

This article presents an exploiting Q and R covanance of kalman filter for white gaussian
noise reduction in speech compression. Speech input signal & pass through the kalman filter and
also noise is created in the format of white gaussian noise which are 10 Hz 50 Hz 100 Hz 500 Hz
and 1000 Hz respectivaly. In the expenment, the adjustng Q and R covanance make the noise
covanance. The minimum noise covariance will ocours when the Q and R covanance are the same.
The results show that the mmimum measurement eror covanance is 10023 and the mnimum
estmate esror covanance is 0.3662 when the Q and R covaniance are the same.

Keywords: Kalman Filter, White Gaussian Noise Reducton
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2.1 sunrnsemaumuuuliveles

#nsowmumn suulimados inunsilddgililum wismarsaue Tumsmuaumsiny
suudoyyralsinadlos (Discrete time controlled process) Swumifimisdunuéifestutonoroyn
mudd warmmninndy wiodan (inear stochastic déferertial equations) sum sl lunsruums
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(Measurement Update) saumguffaswantownany danoli (5-9) Sxunsounmiliksife

1. msulgaom (Time Update) Usznovlumemms

Project the state ahead

gd 9 4*- ’a'a (5)
Project the error covanance ahead

Fou=ABA +0Q, (6

2 miuvgamein (Measurement Update) Usenauluinamns

Compute the Kalman gain

Ko=EH (HEH+R) M
Update estimate with measurement

Y=+ Kz =A%) (8)
Update the efror covanance

R=(I-KHE ©)

N imahnurermnidnsowman Aosumimsuiudiinm (Time Update) une sumsms
Wuupms¥a (Measwement Update) ﬁlu;\l‘ 1
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(1) Project the state ahead (1) Compute the Kalbman gain
Sy = A, +By, K =B HI (B H+R)"
(2) Project the error covariance ahead @ UP“? estimate "“_ messurement I,
Ao i+ K(2 - H )
Ru=ARA +0, (3) Upda®e the exror covanance
R=(I-KH)R

N B
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Covariance of error before filterng (Measurement error)

Measurement Error = X, H, =(x, H, +v,) (10)

T l'[‘n”n (21, "nn" (‘A'n - (22 "A))

(11)
Im(xkﬂ. -(1.”‘ ov.))
Covariance of error after filtening (E stimation error)
Estimation Error = x,H, -2, (12
25Ce (Y O ) 13

Legth (4, ~1; )

3. NIRaed

thKutou\qmmnﬂuugnﬁdwﬁswgmwibad’u\h u, lhmi"m'ﬂuizuutuﬁ' 3 Sa¥qoa
wmezqnmxﬁfummzazqmw‘hﬂwmiwm Ao asumuifausidun fududyg o
suul imidey (udyonosumuiifesiuin unumsiaads w, plﬂ ¢ Tuvrnwomumslums¥n
(Measurement Update)immzqmwmlmmmnmm:ﬁ’mmmwmuuuubiunidamﬁnfu
wn AR NS v, ;\Jﬁ 5 'lummnnm&azﬁa&ummummm VmernAeRygresumuluszuy
manubumm unxﬂmmmum#mﬁﬂaﬁﬂfumﬂoﬁqmnmaﬁu&um Mamumiiuvanirstufo
il 10 Hz, 50 Hz, 100 Hz, 500 Hz kpy 1600 Hz amfady whwndussuduvmiusisu nusoswind
o Fwdlunilsoi lidyoasumusonsuulimmsisunuldnmmniusem o wnsuuwsimi
R&wedumilindamausiuedygasumulunsinssnulunumeudusssnas R viams
wWisuifloumenulnrmismusususus s suslininsums (11) see3)

Tumsshagenamumu bimifideu Wdulggrasumuissssoturonhdygrasumun
mcﬁu&uvpunxﬂ’w1mmuﬁmmm'fu iaﬂ:;\l‘ ¢ - 5 Wudenoimsnhadygaumud
100 Hz wee U 3 nemadren 1doapcslomailivlunriumsoy
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The Correlated Noise Reducing Model Using
A Kalman Filter for Speech Vector Quantization

H

Jade Rassameyoungtong
Department of Electronics snd Telecommusication
Enginsering, Rajwmangals University of Technobogy
Thanyaburi 39 mool, Rangsit-Nakom Nayok Road, Klong
Hok, Thanyaburi, Rathumtani 12110, Thailand
Tel. +66-(0)81-279-6373,
E-Mail;jade01. mits34@hotmail.com

Abstract—The kalman filter is a recursive predictive filter that is
based on the wse of state space techniques and recursive
algorithms. The advantage of kalman filler ks, it estimates the
state of dynamic system which can be disturbed by some noise.
Thus this article presents the correlated molse reducing model
-anhhlﬂnbnp«clv«(wqullnu’l\egnl
s are lavestigated to provid
m mmg - sy

R covariance

covariance constant; recursive algorithms

I INTRODUCTION
MWMM mm;y in ooy st

reduce noise signal. The kalman ﬁleus a recursive predictive
fikker that s based on the use of state space techniques and
recursive algorithms. [t estimates the state of dynamic system
can be disturbed by some noise. In [1] proposes a simple noa-

douslhing
aigoritons 1o lowepass Gher, muediun 8oy aad wisser filer,
The Gllvwing rosensch (2] pressete Extbuntion of the show-
term prodicior prmsmeters of speechunder soby vonditions. ¥t
shows that it doss ot hwmwmuemum

utscented kalwan rm& The resuhs Bave Mﬁ@gmﬁcm
improvement over the uncompensated algorithms especially
under stationary noises and two mixture components. Also [4]
presents a gaussian mixture kalman predictive coding of
LSFS. It shows the features better performance without any
large increases in runtime complexity. However, these

2

Jakkree Srinonchat
Department of Electronics and Telecomenunication
Engincering, Rajarsangsls Usiversity of Technology
Thanyaburi 39 moo 1, Rangsit-Nakom Nayok Road, Klong
Hok, Thanyaburi, Rathumtani 12110, Thailand
Tel. +660)2-549-3588,
E-Mail:jakkree s@hotmail.com

techniques can be potentially extended to other quantization
schemes such as the assumption of the correlated noise model
can be incorporated into varicty of vector quantization
schemes.

Therefore this article presents the correlated noise reducing
model using a kalman filter for vector quantization of speech
8o 5 Lo sedatate bolvas fe nesnkted woduse

; i o
(BT ooy weedl b vomsann B el of G

m, o ‘ 3
B, Tue DiscrReTE KAaLMAN FILTER
Wcmmehhmnﬁhalsﬁlmﬂxwmmm

form of differential equation. Differential
e el ¢

s, = Hox, +v, )

The rendom wy o vesizhls process oowe with covanmoy
@ o e madom v, b verbbh weoapement sohe wilk
covmimnce £, Both eemme of covasiasce

ey a0
independont of sach other, whits aobe sof wih -mni
protibiliy distributions,
o=~ NO.0 &
p(w)~~N(0,R) )

The nxn matrix A in the difference equation (1) is
transition matrix of the state at time step £k from & time to
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k+1 time, in the absence of cither a driving function or
process noise. The ax 1 matrix B relates the control input
weR o the statex. The mxn matnx H nthe

wmmkmw i“i’WﬁnW
state estimate at step & given knowledge of the process prior
tostep k,and X, € R" for a posteriori state estimate at step
.k, mm 25 which can. define & poon avd 2
v bl

&g~ @
oy =y =Ry )

Tho & privri estimate eror covarince &

P =E[ee’] W)

2, and a measurement prediction le,sbwnbebwha)

Some justification for (9) is given in the probabilistic orgms
of the fiker found below.

i, i+ Kz - H5,) ®

The difference (2, ~H&) in (9) i clld the
measurement innovation, or the residual. The residual reflects
the discrepancy between the predicted measurement /%,
and the actual measurement z,

m:mu (9) into the above definition for e, , substituting
that into (8), performing the indicated expectations, taking the
derivative of the trace of the resuk with respect to &, setting
that result equal to zero, and then solving for K.

K =B H(HEH]+R)"

approaches zero, lh:pm K weights the residual more
heavily. Specifically,

Jm K, = ! )

K OB

Another way of thinking about the weighting by K is that
as the measurement error covariance R, approaches zero, the

0 s&, &mwm&wmm&mw
pommlhlhehmﬁlamnnmlheﬁulw

moments of the state distribution
E[x]=%, (13)
E[(’l =, )(“l -& )] -F (19)

The posterioni state estimates (9) reflects the first moment
1t is normally distributed if the conditions of (3) and (4) are
met. The posteriori estimates error covariance (8) reflects the
variance of the state distribution. In other words, it is the

Pl s )N BLE (s, 200 ~3) T o3t 09
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IV.  Toe DiISCRETE KALMAN FILTER CYCLE

The kalman filter estimates the previous process using a
feedback contro llmsl&mnlhemmnd

mgwwmﬂMﬁW,. s

Tome Ul (Prode) Mo e X )
(1) Mgt e e shend ) Compute e Kalnan guin
[SERURT N Lonmgnlon)
@) Prges e onr covrancr dhend D) Uplior s ool msmmment 1,
Aok okfy-nK)
ALL 0 0 Updete e e somwmamee
A

N

Figure 1. The discrese Kalman filter cycle.

The first group of equations shows the responsibilities of
the time update equations which are the projecting forward in
time the current state and error covariance estimates to obtain
the prioni estimates for the next time step. The secound group
of equations show the measurement update equation which are
responsible for the feedblack loop It incorporates a new
ussnmrEEes: s S kel csthuste o oltoln on apeowd e
possriont estlonte, The Hocnte balonn v orco soon B
Flg. 1. The s vate entbests dows b egsathon (16 o
also the measarment updste adfuests the projected estimate by

an actual measurement at that time as show in equation (17)

il-l = Alil + Bu, (16)
B ARA+Q an

The state and covariance estimates from time step & to
step b+l Ax and Bare from (1), while is from (3). Inaial

K, =B H(HEH] +R)" (%)
o=k o K(z - H ) (19)
Boa(I-KH)E 120)

The first task during the measurement update is to compute
the kalman gain K, . Notice that the equation given here as

(18) is the same as (10). The next step is to actually measure
the process to obtain 2, , and then to generate a posteriori state
estimate by incorporating the measurement as in (19). Again
mg wﬁ%&@@é@%wmwh; St

From equation (1-2) can show in the fig 2. It is the signal

flow of the kalman filter. It shows the error result using
equation error before filtering by equation (21) and error after
fikering by equation (23)
Proxcew oquatce Messranct  oquiton
‘
X,

e, _.!s. iy | », ——:g{/._,x,
U o
Figure 2. The signal flow of the kalman filier,

Kalman fikter reduces the noise and measure the error by
using the equation (22) and (24).

Covariance of before filtering (measurement error)

Mosssremant Brvor = x M, {5l vv )

Covariance of error after filtering (estimation error)

Estimation Esror = x, M, -z, 23)

z«xn”l -5,)x(xH, -2, ))
Length (x,H, "a)

The sequence of speech inputs defined as w, is passed
through the system. The gaussian white noise defended as
wy I8 the sequence poise input of the system and v, is noise
measurment. Estimator both noise by frequency 10 Hz, 50 Hz,
100 Hz, 500 Hz and 1000 Hz respective. Tuning constant
Coverance process noise 0 and consisnt covarisnce system
powe R . Compare eoror Gom eqguations {21-24).

EEC »

24)
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Figere 4. Estimation Error Covariance

In the experiment, it used different noise frequency 1o test
the system. It shows that when @ and R covariance constant
parameters are equal to one. It will provide the minimum efror
as 1,0023 and 0.3622 for MEC and EEC respectively. In Fig,
3.4 show only the result of 10 Hz testing and the kalman fiker
process could be tuned to provide optimal performance.

VII. CONCLUSIONS

This article presents the comrelated noise reducing model
using a kalman fiker for speech vector quantization. It ¢an be
divided into two groups of equation namely the time update
and the measurement update equation. The Q and R
covarisnes consent are the mals fiotor pameeters to reduse
oolie end meistsis qualiy of the spesch vector quamiention
sigasl. The mensnmwement ervor coverincs aad cafimation emvor
covariancy fechuigues show the miniemm ewor when 0 sod
4 mmwmm
%&n Y
mh
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