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THESIS TITLE QUALITY TESTING OF DIGITAL AUDIO FILTERS
TO FINITE COEFFICIENT EFFECTS

STUDENT MR. SAKKARIN PINSUPAKEAT STUDENT ID. 50011554
MR.PRATHAN POOPABUN STUDENT ID. 50010906
DEGREE BACHELOR OF ENGINEERING
PROGRAM INFORMATION ENGINEERING
YEAR 2010
THESIS ADVISOR ASST. PROF. DOLCHAI SOOKCHAROENPHOL
ABSTRACT

This thesis presents a quality testing of digital filter to finite coefficient effect in audio
band, which consists of 3 types of filter structures, there are FIR filter, IIR filter and Parallel All-
Pass filter. All coefficients of each filter structures can be calculated by using MATLAB program
thus the transfer function of each filter structures are obtained and quantized.

Then, all coefficient quantized utilizes for program design based on a SIMULINK
program for a quality testing of digital filter in audio band. The presentation was created GUI
(Graphic User Interface) to implement easily and quickly more than using on the SIMULINK

program.
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hp (N)pigh =d(n)-hD(n) (3.11)
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hD(n)Band=hD(n)fc2'hD(n)fcl (3.12)
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323 AINIBINNNAHYA (Bandstop Filter)
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hD(n)=8(n)-[hD(n)fcz-hD(n)fcl] (3.14)

sin( n><21tf2 } sin(n><21tf2 ]
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p(M)=3(n) - = (.15)

VI9AU DNV



7 ad
33 fniﬂﬂﬂ!ﬂ.l‘u:lﬂﬂiﬂ‘i'ﬂﬂﬂ‘ii’)ﬁiﬁnﬂﬂﬁﬂniﬂ

Tuirendnin Idnnuimswiunauanazguauia lnssaduvesnsesnseann
{0 Y] 1 o [ U o
anuaneviuiuudl as lililunmseenuuuisasaenan IasluniseonuuuIziIvya
@ A0 d 9 g 1 = a FaRl 9 a

AMANYULVINITNTBIAIMAATUAUILLTUINABY Taglinisiimeiaen laun sinuealn
a lulsnduaUY9919951839A 0 (Orders) ARAAIIUA (Cutoff Frequency) YUIAUBIGNAAL
Tue29n 2100 (Passband Ripple) uazAraanoulusien1udviga (Stopband Attenuation) Taelu
Y 1 o 9 Yo 195251 Y gd
f10819n13 81099918 T1lsunsu lanmuasiaiee 13dstiae

- 2vsnsesdunuuly 3" Butterwort Lowpass Filter
- yadAnIIE W = 3 kHz

- Sdifaludunand gy o edua

- annanouludiennudveaniidy 30 edwa

LOTINTBMUUAN AR WADS ATUDL 1T s uaun sTana

@

9
oo TouluTawu z a9l

_ 0.0038+0.01137 1+0.01132"1+0.0038773
1-2.31202 14+1.8413272-0.4992773

H(z) (3.16)

v v
o =

a I @ 1 4 o
INAUNITN (3.16) lﬂUﬂ’Qf{%UGTﬂT@ue\]aQQQﬂiﬂﬁf’]Qﬂ'J’]Naﬁ']wvlﬁlﬂ']ﬂﬂ']iﬂ'l‘i’fu@
vay g A 4 o ' = ' =
ﬂﬂ!ﬁﬂ\lﬂﬁm'mﬂHluﬂu']llﬂﬂ'lﬂ']lquQIWﬁ "]fIi AU UDININUUIAABAITINDLAZHNAM B

auealarenuddaaaslugili 3.7 waggUn 3.8 mudey

Pole/Zero Plot

Imaginary Part

Real Part

ﬂ' o ] = d' :) Y
3UN 3.7 dhumusves Iwanazd1sve999saseennudaduuny

ed



Magnitude Response (dB)
T

Magnitude (dB) (nomalized to 0 dB)

107
Normalized Freauency (< rad/sample)

Phase Response
T

Phase (degrees)

Normalized Frecusncy (<n rad/sample)

3111 3.8 wane LTI NILIAdENIINE (L) LazHanBUdUBINARBAIINE (a19)

Y997399503D9ANDEIAULUY

34 MIBANIULINDINIRINNANNAHIUAIEIT Pole Interacting Prototype

N1300NULIINIINTBINTOT 18103 11N299TATHINAANUAMUIUIUAUAI8TT 5 19
i any ' o 1 kY Y 1
Pole Interacting Prototype 35 mstinmandlensua s Teudunun lveglugivesnasiuuesans

' 1 wa o g :
WaAdu TasaealandudaTouTudazinauemniaiiy All-Pass Madau Tasfidunsunisesnua

@

&
U

! o ! { o o 4 é
Lﬁauummanmumnanmsﬁ (3.16) Tﬂﬂu'llﬂﬂ‘lﬂ@ﬂlﬁ"ﬂiﬂimﬂﬁLH’Jﬂ‘Vi'IﬂTi"lﬂ HIVIN

aumsAananisudy 3 wldmmniiluaiie 1 dwazmsniflugiuaudedou 14 &
aumsn 3.17)

0,=0.8046 +j0.2508

3,=0.8046 -j0.2508 @.17)

8,=0.7041

S o o A S 1 [
vintwimsthanndld ldmdsidunieTou A (2) uaz A (2) TRanauns
-8,+z"

Solehe 162
A

(3.18)

22



8,.8,- (8,+8,)z" +z7
1-3,+8,)z" +(5,.5,)z"

A(2)= (3.19)

diohaums (3.17) unuasluaums (3.18) waz (3.19) wléWadduaeTouves A (2)

Uag A,(z) Muaumsi (3.20) uag (3.21) Auaay

-0.7041+z"
Aofg)- =i (3.20)
0@ 1-0.7041z"

0.7102 -1.6092z +7
1-1.60927'4-0.710222

A @)= (3.21)

H 9 . v
nazdyg AU iNAve1I1995058IAN A MAZIITNTBIANNEgIIzIAn N
v H Y
HOTIUAZHAANUDINITATEN A (2) 102 A, (z) ASaunIs T (3.22) wazaunsi (3.23) se'lalil
H,,: = 12(A2) + A,(2)) (3.22)

Hpe = 12(A2) - A(2) (3.23)

{ < St { 1 @ w 5
N (3.20) iWulsidunioTeuvoseasnseenannudn ududunil e Taol

sumiavas Ina ¥15Asg1ln 3.9 nazmaneuaussnsvinauazmladsgli 3.10

Pole/Zero Plot
T ! T T T T ! ! T T
1‘_""""""7 """""""""""""""" ]L""-‘;‘_'""""“"""""""T """""""""" Y=
. 3 | H H
0.8—--7------9 b -y A Sesesntiacs tesnssesaal >~ X S > Oy o g R S e s =
H ., | i ~ H H
C'-C__.__,____.._._x_____,.._.____,_____1 _________ LR RESCEEE LT :_.4.1.____.___: ____________________ =
i I \ '
' ' i
| R el e O, e, i L e g i LR R =
= . : Vi :
& 2 | SRS SRS R S R L S e i syt L o ol e e Zon sk esaie s eIl SE e SRy -
¢ 02 T : ¥ § ;
= I A ! | :
© [ et P ——— . i----—----p“-)e-----: ------- [ il s T T T —
= i 3 ' [
=) 3 ' | . 7l ' '
8 02f-q-emmeee pes o s Bossoees A-emeemaes oo i oo foomoiiis L Paccmeons -
= | i i 1
! | ' . H
B Tl ey upuy s Ay e T JUpRpR o N -
I ' '
Rl e i e s s B o o i Uy 4
-0.6 = i h 0
¢ | ' '
1 . 1
08F--"-cmceenan deccccaaaa Lemeecaaa j ......... : ......... :., ................. f _________ | R
) N '
;1| IS SRR R AR T R e e e e e e e N i
| 1 | | | | | | 1 1
2 1.5 1 0.5 v 0.5 1 1is 2 2.5
Real Part

31 3.9 dumisves Tnauazd Tsveaiaisuais Tou A(2)

23



a
b\

Magnitude Response (dB)

W
o
—~ o W
= B = S8 o) ey T B
"G = e "
= Lo R ;
= ‘& s "
ey = i H
- %5 s B “
& meple S S :
@ e S R R u
= i i h : i .
k= S e ida
= 7 e Paie o m
2 2 Lt i iR Tesr) i
@ & & b :
= e G o :
& = o e s :
2 o e i -
. & SES 5z = L |
W » @ @ < 1 Ty '
g 2 & r & Pl “
o @ a ﬂ —0 1 v ' '} l '
& $ = ey, & W C e
B B 33 e = e R e e
g ® E © o Qo dndse
£ g ¥ = s/ T 3 R
3 @ 2 ke AN\ 1 Uoenaife e
2 ] 2 = @ = { B Er ol o
g o 2 = 2 BE i
g 3 3 -4M = m i B
s £ g @ poEs e
= o r = — T el
B o o = P i
N N (el — i S e
g g & o 2 B
£ £ @ ~ ST\ E G DRa e
2 z & =K B2 i
[ =) >~ S : ' B '
< & 2 il Bt
s = 3 = B
= = = i, Nk s
Z = = e e
= T 3 i (et (P
s7 L =N\ L
® m = s RS e e
T LR = 5 o “of Sl
) | i = W on ez 1 i \ : 1 i
- Te=oh = A oz H H ' h ' 1
" o et Lo & Hin e e
_ SN e -pf EHi T s e O e SRR
! Do Ny € 1.8 W’ i e A : i [
ki S, e, S = P c = S e : :
I BT e gy = m = [ R I i
N e e L8 - O - e~ R T ) - BN - RO, - Ol o Ky — ot - 0 -
P w ] (=] o < w W = [=] [=] [<) o [=] [=] [=]
Y T e AT i~ — T 7 0
{8 0 0} pazjewwiou) (gp) apnyubeyy (sanifiop) oseyq = @ Vg Aueubew)

U
AN UIUDY

TsveslandusioTou A (2)

=t
o

24

Real Part

@
@

Twaua

1 3.11 SIUNUV09

it



IMagnitude Response (dB)

Magnitude (dB) (normalized to 0 dB)
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Phase Response
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Phase (degrees)
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Magnitude Response (dB)

Normalized Freauencyv (< rad/samole)
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Magnitude Response (dB)

Magnitude (dB) (normalized to 0 dB)
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1. Pass Band Ripple 0.005 dB
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Tagaz ldaunsi 3.27

-1 -2 -3+ -4+ -SJr -+ -

X _En+alz +a7z +a}z Az tacz taz taz

(n)=
Z

(3.26)

-1 2 -3 -4 -5 -
l+b0+blz +b2z +b3z +b4z +b52 +b6z

g H £ 4
fi'l‘ﬂu@ﬂ1ﬁllﬂi$ﬂﬂﬁﬁﬂ$ﬁ1ﬂ1ﬁ%1\‘l’)\iﬂiﬂi@\?ﬂ’ﬂﬂﬂ H(z) uag HL(Z) mumiwm"lﬂﬁ
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M99 3.1 mdulseansiidlunmssassduyased

a, = 0.179561 b,-= 1.859965
a, = 0.824803 bfy= 3.0918¢3
a, = 1.935034 b, = 2.642433
a, = 2.864739 it 8. 947720
a, =2.864739 b, = 0.783404
a; = 1.935034 B 037630
a, = 0.824803 b, = 0.025247
. <2, 017956
A&/ en+eIZ'1+e?Z'2 (3.27)
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ﬂh']»iﬁ 3.2 ﬂWﬁMﬂiZﬁVIﬁﬂlﬂﬁﬁ’JﬂiﬂﬂHL(z) AUAUTN 2

e, = 0.00001825246
e, = 0.00000388695
e =0

£, = (L7085589

f, =10.9175521
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411 dIns ﬂ\?ﬂfJ”IJJtc'I;‘if 1A FIR (Finite Impulse Response Filter)
® IR Direct Form
412 @3 mﬂ’)'lllﬁ"]f ia IR (Infinite Impulse Response Filter)
@® [IR Direct Form I
® IR Direct Form II
413 FIn509nIUAYIA PAPF (Parallel All-Pass Filter)
® Parallel Lowpass Filter
®  Parallel Highpass Filter
IﬂEJﬂ'lTVIﬂﬁ'EN%Zi%ﬁ'!’é‘ﬂﬂuﬂﬁWhQ Command “U’fNI‘]J'iLLﬂﬂJ MATLAB 89nUUUMYUA
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Che

2*tan{wc/2)
We= 2*tan{ws/2)
[N] = buttord(Wc,Ws,3,As," ')
[bs,as] = butter(N,Wc¢," '}
{bz,az] = bilinear{bs,as;1)
W=0:0.01:5;
Ha = freqs{bs,asW);
Subplot(2,2,1);
plot(W,20*log10(abs(Ha)));
axis([0S -60 5]); grid;
xlabel('
ylabel('|H_a{j\Omega)| [db]');
w=0:0.01:pj;
Hz = freqz(bz,az,w);
Subplot{2,2,2);
plot(w,20*iogl10{ahs{Hz}));
Axis([0 pi -60 S5]); grid;
xlabel( ')
ylabel('| H{e*{[\omega}) | [db]');
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) New to MATLAB? Watch this Video, see Demos or read Getting Started. x| T8 pf S8) % W Stack Base [ Select data to plot -
¢ Name Value Min Max
T H As 30 30 30
2 FH Ha <1501 double> -4738.. 1
Al HH H: <1315 double> -7364... 1.0000
1.2692 EB N 3 3 3
HH w <1x501 double> 0 5
FH we 0.3491 03401  0.3491
M= HH ws 1.2692 12692 1.2692
FH as [1,0.6081,0.2437,0.0425] 00425 1
3 H a2 [1,-2.3120,1,8413,-0.4992] 23120 13413
HH bs [0,0,0,0.0425] 0 0.0425
H bz {0.0038,0.0113,0.0113,0.0038] 00038 00113
baiw FH w <1:315 double> 0 3.1400
H we 03456 03456  0.3456
0.0425 H ws 11310 11310 11310
Command History S oA X
plot (W,20~1ogl0 (abs(Ha))): =
&%=
axisy [0 5 ~-60 5)); grid;
1.0000 0.6321 0.2437 0s0625 xlabel (“Bxequency\Omegarad/se '): vlabel(
w = 0:0001:pi:
Hzs = freqz (Bg, a%w)
bz =
3 0233 0.0113 0.003%
1 Fadl'): ylabel ("B
ag =
...... 42.312 1.8413 | -0.4992
fx_ >> I - ¥ i
« [ 8 f
d' 1w a c{d' Y %
i 4.1 Arduilsg@nsi 1da1nn155% Matlab
v u‘d'lll 9 £ Tﬂ lll Y @ N P ar
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b — [0.0038 0.0113 0.0113  0.0038]
a = [1.0000 -2.3120" 1.8413 -0.4992]
N = 3

o

2 ' o 1 = k4
HeennsooueglugilvesandunisTou (Transfer Function) TuTawy z 1ddail

_ 0.0038+0.0113z™'+0.011322+0.00382
1-2.3120z"1+1.8413272-0.4992773

H(z)

] V1w 49 = I rd
‘i]zl'ﬂu‘lﬂ'ﬂﬁ"Jﬂiﬂ\iﬂ'ﬂlmﬂullllﬂW@@ﬂlLUUN'IL'IJH'N‘“?ﬂﬁENH‘U‘U 3" Order Butterwort
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fin thedulss@ndidasanmgaity 27 214
0.0038(2"") 92 1¢ 0.0038(2'*) = 0.0038(32,768) = 124.5184
s w 2y v 7 & 4 o a Vg g @
e wadwin lnvinvuaeud 1 yihmstdagaudanaionlmilu o Manua Taswadwsan
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Yuneuh L 124.5184 Wevhms tTaganamaionliilu o ianuase Tdvindy 124
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FupoUH 2 MnY 124 1ty 2™ azla
124/(2'%") = 124(32,768) = 0.00372
) Erer BB, .S % ' o Y ax A o 2 a
¢ yasnmihamdulszansudasAunAnInaledsReINumuIUAeUR 1-3 nalszms
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Unquantized ; b = [0.0038 0.0113 0.0113 0.0038]
a = [1.0000 -2.3120 1.8413 -0.4992]

Quantized 4 bit; b=[0 0 0 0 1]
a = [1.0000 -2.2500 1.7500 -0.3750]

Quantized 8 bit; b=[ 0 0 0 0]
= [1.0000 -2.3046 1.8359 -0.4921]
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Quantized 12 bit; b = [0.00341 0.00097 0.00097 0.00341]

a = [1.0000 -2.3115 1.8408 -0.4991]
Quantized 16 bit; b = [0.00372 0.00122 0.00122 0.00372]
a = [1.0000 -2.3118 1.8408 -0.4990]
Quantized 18 bit; b = [0.00374 0.00124 0.00124 0.00374]
a = [1.0000 -2.3118 1.8408 -0.4990]

Quantized 20 bit; b = [0.00374 0.00124 0.00124 0.00374]
a = [1.0000 -2.3118 1.8408 -0.4990]
Quantized 24 bit; b = [0.00374 0.00124 0.00124 0.00374]

a = [1.0000 -2.3118 1.8408 -0.4990]

ol % ¢ o
ﬁ1ﬁ5u1mﬁﬂ‘tm15@ﬂmt‘uu3@%5ﬂiﬂﬂﬂiﬂﬁiﬂl’l’ﬂimﬁnﬂiﬂﬂ%ﬂ Parallel All-Pass Filter

Y H v '
wuldnanTiudiluuni 3 veaRaaniiwusaiiuil daunisiinaon lnesudndy Parallel All-

Y
Y 3

9
Pass Filter Huniduneunismuoaumilouis FIR Filter tiog TR Filter Nntszms Tneonms

1w

EY '8 Y
99NUUVLUY MIMTUTEaNTV09 Parallel All-Pass Filter Ilﬁlﬂ\ifl

RPE; b = [0.0030 0.0119 0.0119 0.0030]
a = [1.0000 -2.31331 1.8432 -0.4957]
HPE: V=1.2071 2.121% ~2131" 04074
a = [1.0000 -2.31331 1.8432 -0.4957]

4 @ a Q{ <] Y] a Q( 1
Tagh biludulszansmouas uaz a Wuduilszansmondiu

4 i da 1 SR
geanusadoueglugilvealesdunioTou (Transfer Function) TuTawy Z 14l

_ 0.0030+0.0119z” 1 +0.0119z1+0.0030273

H..(2) z =
4 1-2.31332 1 41.8432272-0.44957,73
0.7071+2.1211z 1 42.12112- 1 +0.7071273
Hyp (@)= I = 3
1-2.31332 1 4+1.8432272-0.449572
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a

Y
1ag 24 UAANAIRUYBY Parallel All-Pass Filter 4%

Unquantized  LPF;

HPF;

Quantized 4 bit LPF;

HPF;

Quantized 8 bit LPF;

HPF;

Quantized 12 bit LPF;

HPF;

Quantized 16 bit LPF;

HPF;

Quantized 18 bit LPF;

HPF;

b = [0.0030 0.0119
= [1.0000 2.3133

o

b =[0:7071 21211

0

= [1.0000 2.3133

b=1[:0 0

[=%)

= [1.0000 2.2500
b = [0.6250 2.0000
= [1.0000 2.2500

0

b=[ 0 0.0078
a =[1.0000 2.3125
Bl 108 120K 1

a = [1.0000 2.3125

b = [0.0029 0.0117
a = [1.0000 2.3110
b = [0.7070 2.1210
a = [1.0000 2.3110

b = [0.0029 0.0118
a = [1.0000 2.3132
b = [0.7070 2.1210
a = [1.0000 2.3132

b = [0.0029 0.0118
a = [1.0000 2.3132
b = [0.7070 2.1210
a = [1.0000 2.3132
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0.0119 0.0030]
1.8432 0.4957]
=2.1211" “0.7071]
1.8432 0.4957]

0 Qi
1.7500 0.3750]
-2.0000 0.6250]
1.7500 0.3750]

0.0078 0 ]

1.8359 0.4921]
-2.1171 - 0.7031]
1.8359 0.4921]

0.0117 0.0029]
1.8427 0.4956]
2 17100.7Q70)
1.8427 0.4956]

0.0118 0.0029]
1.8431 0.4956]
-2.1210 0.7070]
1.8431 0.4956]

0.0118 0.0029]
1.8431 0.4956]
-2.1210 0.7070}
1.8431 0.4956]



Quantized 20 bit LPF; b = [0.0029 0.0118 0.0118 0.0029]
a = [1.0000 2.3132 1.8431 0.4956]

HPF; b = [0.7070: 2.1210 -2.1210 0.7070]

a = [1.0000 2.3132 1.8431 0.4956]

Quantized 24 bit LPF; b = [0.0029 0.0118 0.0118 0.0029]
a = [1.0000 2.3132 1.8431 0.4956]

HPF; b = [0.7070 2.1210 -2.1210 0.7070]

a = [1.0000 2.3132 1.8431 0.4956]

@ { o & w1\ o a & o &, <3 °
‘Haqinﬂ‘ﬁﬂ'lfnﬁﬂ'Jf]uulV]"ﬁc])“]fuﬂ’lﬂﬂ\lﬂigﬁwtﬁsﬂ@qwalﬂﬂimq 3 LA ﬁﬂ$u1"lﬂﬂﬂu

o o

v @ Ao = a &2 A 'y w = a 9" 9
usnsesiiinee I3 luduyden Suseudenudsudyanandosaunnliudy aw'laozunsy

e

1

Ready 100% odels

a o

a A ' <] @ A o a
qﬁlﬂ‘ﬂ 4.2 vlﬂﬂzllﬂﬁJﬂ’lil"le]iJﬁﬂ‘Uﬁi’)ﬂ‘ilﬂﬂGl’Jﬂ'ifN‘V]"t]'la'ﬂﬁVl’ﬁucﬂﬂﬂa\iﬂ

a

40



4.2 WHanInaasy

2 1 4 a 1 3
nansnaasenanualuglvesnsmrnaneuausugsvuianenud, wulaasaiua,

a-dard o ' a Yo d"
WaN1IAoLAUDIBNNAY Laga v lnad s Llﬁﬂﬂllﬂﬂ\iu

Idagnitude Response (dB}
T ———r—

Magnitude (dB) (nomalized to 0 ¢B)
& ! & 5
T

107 10~ 15"
Normalized Freauency (+ rad/samcie’

Phase Response

Fhase (degrees)
& Wi fa Py, Wi R
S B o BNW

X 10 Impulse Response
T ¥ T T E]
[ ] . L] H
L. .- R P TP E N IR RS RARINN (4 X G NG | P, . N |
3 {
k-] ’
= e O s ekt T SR S S S S
2 '
£ i
By T A - PO SR . — A —- S S, . e Y
? , 1 1 1 l I 1 1 il
Z 10 12 12 12 18
Samples
PoleiZero Plot

Imaginary Part
& b e 2 oo

Real Part

311 4.3 waneuIBTILIAADAIIND, IFuanen 1D, vanTreuAUBIBNRAT

wazdwmua Inad 15 1Ay ¥936INI09AINA FIR Unquantized

41



Magnitude Response (4B}
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Magnitude Response (4B}
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Magnitude Response (d8)
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