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Abstract

Notch filter or narrow band filter is used for elimination or reduction particular frequency.
That frequency has a frequency among bandwidth frequency of signal. Example such as power
line AC 50 interferes in electrocardiogram. There are two types, Finite Impluse Response:FIR and
Infinite Impluse Response:IIR, for designed digital notch filter. Because IIR filter has sharp cut-
off and number order less than FIR filter, several researchers have always selected IIR for notch
filter. From study, in equation of IIR notch filter is second order that can not be improved pass-
band gain and transition-band gain in the same time.

This thesis is present designed IIR notch filter with improve frequency for modified non-
symmetry by pair poles-zeroes addition into unit-circle, z-plane , with pole placement method.

From the result of research that added order could improve frequency response is better.
When comparison between simulation by MATLAB and implement on DSP-TMS320C31,The
results of pass-band gain and transition-band gain had better symmetry.

(Total 77 pages)

Keywords : IIR,NOTCH,TMS320C31
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Y
=

v 1 Li'd! = 1o A
A9 NUDINAADUAUBINNANND TN Inatazd 15aall

Im

a. Pole-zero plot

MNA 2-7 LEAAIRI9E19 INa-F 1S UUTEUI z-plane
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1.5 . . . .
| |
c. Frequency response
| |
1.0 ___-:2\! f"::__ - - —_——
ik
= |
i | |
5 |
=
0.5 — - — -
| | | 1
1 1 1 1
0.0
0 0.1 0.2 0.3 0.4 0.5
Frequency

MNA 2-8 UEAAIRIDEINHAAD LT UDIVDINING 2-7

2.4 HANBUAHBINIINNND
o o’c‘/ d' a Y A 1 o 1 d‘ Y d' Aa
namsimuailanyuluaumsi 2-2 esweldfiesi & dwnai 7 lagagldminna
[ a 1 [ 1 Y J ~ Y a s A
nndanaouwn 5 annsunuuaeniuldedslsiwaneuauesiuiswesilanrun
H {1 I [ o ) {
panuuu lnansuaueInaanuanaNuasauedals sedeaifladdunldluilaald

oguuilu z-domain (FoAouNAITWIMIARTIEHIINAAD DAUDINIANUARINGT
x(78) + x(79) + x(80) + x(81) + x(82)
y(80) = 5

(n) = x(n+2)+x(n+1)+x(n)+x(n—1)+x(n—-2)
= 5

4 Y a Ad Y Y a a . s Y J
wosnnlumsldnuesainiludnyaz019991a1959 (Real Time) HanFUMIUIOINNY

(2-14)

A~ A Y Y A o o A 2 1 09;’ £
a M 7 Wi y(n) zdedlszneuarsamniuilagiiuuazainluefaminiudganly

v [ k4 [
awaafioglumenves x(n+k) w3o y(n+k)udunlsidullhildee daiuludulsi
oglugtiilumamaaiareiniaduiledsui iansoafaeieldlumsiniluszundeda

a . v & ~ Y o o n Y g
1781939 (Real Time System) A4tUINAUMIN 2-14 dzAvaimsUsuaums v ldiiu
x(n)+x(n=1)+x(n-2)+x(n-3)+x(n—4)
y(n)=
5

uilas1ioglu z-domainTaeldaunish 2-12

X2+ X2)z'+X(2)z7 + X (2)z2” + X(2)z ™
5

Y(z2)= %X(z)(l vz 427427 +27Y (2-16)

(2-15)

ZT{y(n)} =
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{ ' {2 1< o 1
lumsnmanouaueINIANUDIZUBNDUNUIMIVeIEANNDTIIITuATId I
sERINARMNNLAZAIUR WD UNNA AU 2-17
Y(z)

H(z)=—2) 2
@ X(z) @17

e H(z)WuilsnsuaeTonveaszuuy
Sagaumsii 2-16 Tnsvg @i

H(z) =%(1+Zl +z7 427 +27Y (2-18)

o leuTasaadiaaz Iddaninn 2-9

x(n)

y(n)

M 2-9 s lasaadaluaumsn 2-16

NATUMIN 2-18 S INTOMINAADUAUBINWANNDVDITZUUN lueotited Tasuny
i Y o 1
z=e’ 9218 aaaumsn 2-19
1 o
H(a))=g(1+e 1 17 17 e (2-19)

iloson H(w) vie H(z) Lﬂuﬁmwdamswdmmﬁwmdauﬁwﬁuwwfqgﬂuﬁmw
M5 UEBVBLT T T iedesnmsvinavesdyanaiinnud lagaunsaumumasludunls
ool dvavesszuy udiileann H (o) udmdsznousznneiusiuazsna
1Fedou ﬁ’qfuLﬁﬂ%’ﬂgﬂﬁumﬁ‘lﬁ'asﬂuﬁﬁﬂﬁm@ (Polar Form) fivauendvtnauazsyuile
veaszu faaadluaumsi 2-20
H(w)=| H(w)| e (2-20)
i |H(a;)|ﬁ@wammmummwum (Magnitude Response) tag O(w) unano
ausamala (Phase Response) mllﬁmﬂfmmsﬁ 2-21
O(w) = LH (w) (2-21)

d’ d' v = a d‘d [ Y 9 a o
IH9NINAUNIIN 2-19 ﬂ13‘]J’JﬂﬂuGU’f)\‘1‘Wﬂﬂ!,‘;INM‘JJVIiJiJiJulilwnﬂufﬂgﬂﬂﬁllﬂa\‘lgﬂWﬂﬂ

q

= o

a <3| 1 o a ° a 1 @ %
Lﬁmagmﬂumuﬂizﬂammmmmiq u,azmmuwa%’auﬂaumﬂzmmiﬁmnu‘lﬁ' "?\W'lﬂ

Euler’s Formula A4@3n159 2-22
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e/’ =cosw= jsinw (2-22)
J

e’ = cos(—~w) + jsin(-w) = cos(w) — jsin(w) (2-23)
o = Y _ o o 19 9 I P
Wauns 2-21 wag 2-22 unulu 2-19 udnimssag vl uaumsn 2-23
H(w)=H(w)+ jH,(®) (2-24)
mmsuasaumsi 2-23 TegluidaFaudnasildeaunms oz'ld
H(w) = HE (@) + H?2e/ ™ 1@/ @) (2-25)
& = = o Jo 1 Y o
MsIZRzHUINANMSN 2-20 uaz aumsh 2-24 vinauazilavesilansunieTon Idiiu
| H(o) =y Hy (@) + H;
| H, (o) (2-26)
H, (o)

! ! o 1 ) 1
Tugumsi  2-25  ausenezii lvinaneuaueineanudvesilanyuaisToulag

O(w) =tan"

< ; o
A laFeazven ldNIHanoUANDINIaVMIA  (Magnitude Response) HazNandlauaInala

(Phase Response) ﬁﬂﬂsju ‘Ij1ﬁ11ﬂ1§‘17i 2-22 Lmuﬂluﬁumiﬁ 2-28 9218
H(w)= ;[1 + cos(@) + cos(2w) + cos(3w) + cos(4m) — j(sin(w) + sin(2w) + sin(3w) + sin(4a)))]
Taeit H ,ifudandszneviidusmausiuwas #, dudnlsznevifusaniuasm
H, = %[1 + cos(w) + cos(2w) + cos(3w) + cos(4a))] (2-27)
uay
H, = —% [(sin(@) + sin(2w) + sin(3w) + sin(4w)] (2-28)

o d' [ ! d' =
waumsh 2-26 uag 2-27 Tdunulu 225 nagdmsunuanud o =0l o=z
oM IHANDUAUDIN1IAIND Aquaaslunmwil 2-10 nmwilinswddaimsverenis
A A o Jw A =< @ A ~ A
anANudae veeilassu luaumsi 2-18 sawdavavesdyaa wazidiofouaunisn
[ ~ < A ' as & A Aas 1A d
2-18 fuaumsf 2-13 azdlugumsidimmzawnmzsls Fwaaddunmi 2-10 F15iy
d‘ ~ o ] ] v A d! ) 1 = 1 ]
in3oaNenanly PlotZero Plot aziidwmisegneluisnavsaiiniianiae daudlseg
ATINANYeINNANKIneae lilinadonanouduoInAudveITz DY taziiiothaums
! < { @ ' I'd Il
1 2-16 llAwiluTassadrelunwi 2-9 wwdunaldainemwnazilsenoudies daunidiu

a = 1 = [ 9 [ dy I .
?JH%!“V]LWEN’E]EJNL@]EJ’mﬂ‘Hﬂ!%Iﬂix‘l’diNaﬂHm&mUui]%L‘]J‘LlLL‘U‘U Non-Recursive
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Magnitude and Phase Responses Pole/Zero Plot
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a = A A
MNAN 2-10 FAGDUAUDINITNAIND LLﬁ%IWﬁ-%Ii‘UENﬁﬂJﬂﬁVI 2-18

Tuieudednu szuuidlu Recursive Feazidluilendulugumsn 2-4 dodowilu
Harruludrdun n lasaz 1diTy
x(n+2)—x(n-3)

y(n)=yn-1)+ . (2-29)
wumeaiy x(n+2) ligunsansin1§luszuunanisaaeudmmsnisiv
Y = (=14 =22
smsutasl¥edlugy z-domain TaelFeumsii 2-12 0218
ZT{y(n)} =Y(z)=Y(2)z" + %(X(z) - X(2)z7) (2-30)
w14 Y(2)
ZT{y(n)} =Y(z) =Y(2)z" +%X(z)(l -z7) (2-31)
H(z) = 021(1_—_2215) (2-32)
Dnaumsi 2-12 Foulaseadie iy
x(n)
A e S NS N
y(n)

M 2-11 v lassadaaumsn 2-22
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haumsn 222 TivmimaneuaueIn1eaNus RN UAUNMTHINANDUAUDINIIANLD

Tuerunsn 2-32 diounu z = e’ a2'ld

0.2(1—e™%%)
1—e™®
waslfedlugivesdinlszneuimaueswasimuddoudivaumsi 222 9214
0.2(1—-cos(5w) + jsin(5w))
1 —cos(w) + jsin(w)
0.2(1—-cos(5w))+ 0.2 jsin(5w)
1—-cos(w) + jsin(w)

H(w) = (2-33)

H(w)=

H(w)= (2-34)

] 1 1 v Y
o H(w) Wuwswduvesiuddeoudalildegdlugivesaumsii 224 luiitiezih
E4

Y v
MIfsLenfufUIEazIIMUINIINTUINAT I Tage1aaz IduuInediine

119
+J ~
H(w) =" o H(w) | 2-35)
X, +J)y,
Taen
| H(w) |z “—== xlj i yli (2-36)
VX
oy

BO(w) = tan” (&] —tan™ (&] (2-37)

X X,
v o A A A o A A v
ANUUIUBINIVTUNITN 2-35 NUTUNITN 2-34 ﬁ'linﬁﬂ‘ﬂ'lwaﬁ@Uﬁu@\j‘vn\jﬂ'nuﬂllﬂ

AInNINA 2-12

Magnitude and Phase Responses Pole/Zero Plot
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Al 1 f d 1
MNA 2-12 UAAIHAADUAUDINIIANLD LAz INa-3 IS NAoAUDIAUNTN 2-32
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= = v A A o oo g =
INNNN 2-10 Az 2-12 912 1N UAUOIN AN HUOUNUITANAUNATIN
d‘ = d! g 1 v A d! d! d' 1 Y 1 = 1
NN 2-12 31Twa14uqﬁaagumﬁﬂamﬁwuwﬂwaw“lu”lﬂeg@mﬂmmqﬂamzma@mﬁzuu
[ d‘ aa 1= d! [ 1o [ ="t [ [ Y] 1 o Y (% dal LY =
LW]L‘L!’BN%Wﬂ‘lJ“]fTi@ﬂﬁuﬂ@]’)ﬂgﬂ%mufllﬂEJ’Jﬂ‘L!ﬂ‘UTWﬁﬂ\‘]ﬂﬁWTVIﬂﬁTWﬁ@]’J‘L!Qﬂﬁﬂf]f]ﬂll‘ﬂllllll

1 % a ! a [ 1 %
HAADITUY Fannaginsanluaumsi 2-13 auydld z, = p, WuwaldIna-F15gnda

(= 1 A A ~ A 9 ~ o
eaﬂ”lﬂ"lmwamswu wazilonvnsannaumsn 2-31 uazlaseanglumni 2-11 PINAN

1 1 I csj a Jd ] 1 Y 1
Y(z) 3zlsgneudiedruilunsdunnuaziomiym anvazuigGen Idniuuny
Recursive
|H(A
1+ 8 7

17 VA

1 -5, %

-

5, Z
| | N/ \/

|
I
0 fp f\

Y

Passband Transition Stopband
band

MNA 2-13 LEAAITINAN)VDIHAND VA UDINIIAIND

4 yy Ao = = = S o =
!ll@llﬂWaﬂ@ﬂﬁuﬂﬁﬂNﬂﬂWﬂJﬂﬂﬁﬂWWﬂ 2-10 UAZNINN 2-12 IBDINYVNUNINN 2-13
A @ 1 qg: A g Y Ao 1 A ' A
IﬂfJ‘ﬂGluﬂ'li’E]’t‘]ﬂLLUUGI'Jﬂi'E)\‘]Gl,uLLUU@'I\T”]T]\?'V]Lﬂu@?ﬂﬁﬂﬂﬂﬁ'mﬂﬂ'm'lu mmaqwmuazeuq
Y 1 o 1 ] Y @

Gluﬂ'liﬁ]@ﬂLL‘]JlIﬂgﬂigﬂﬁl‘ﬂﬂﬁlﬂ%ﬂﬂﬂaﬂﬂﬁ)g 3 ‘H'J\‘]ﬂ')flﬂuﬁ’t‘]

[ = 1 [ A = I a A Y 9 A

¥4 Passband Y150 INDATINITUYIYANANIU Glfilﬂglﬂuﬂiﬂmﬂﬁ’t‘]\iﬂ'ﬁiﬁﬂ’ﬂuﬂW'lu
@ a =] ] [} A o 9
AINTONUNYUAD 1S UL I Passband WA INYU ua@%ﬂamaﬂﬂu&lu

[l .. A ] @ 1 A :j A 42}

%34 Transition Band W5’E]6153\1@@5']ﬂ'15611818‘1$’3\1ﬂ’3'mlﬂﬁfJ"LJL!,‘]JfN 5’mmmﬂm}aumwu
353 b>a [IRNIRINISN]
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d‘ v Ay a
2.5 MININAADUAHDINNIAIINDAIYITNIAUIVIAUA [5,6]

A
I¥\JQ)

H(z)=k (z=z)z-2,)..(z—2))
(z=pNz—p,)--(z—py)

H(Z_Zi)

H(z)=k-H— (2-38)

H(Z_pi)
UNUA z = e’ aaluaunsn 2-38

H(ejw - Zi)

H(w)=K-H— (2-39)

H(ejw -p)

{ Y o {dy Y
GluﬂﬁWWWﬁ@]@‘]_lﬁu@\i‘ﬂNﬂ’J'lllai]%@]’i]\iﬂ'l’ﬂuﬂﬂﬂllﬁ“ﬁﬁ@\iﬂﬁ’ﬂﬂﬂfJLL“I/]uWJEJi]‘ﬂ‘]Ju

Y o A & =] ' '
LE‘TUSE]“]J’J\‘l"ljﬂﬂﬁﬂﬂauiﬁuﬂuﬂﬂulﬁl%ﬂ’ﬂgiuﬁmﬂ 0-x

{ ° v 1 o (s g
iﬂﬂﬁilﬂﬁﬁ 2-38 ﬂ‘”ﬂmmﬁlmzuu Pole L1 Zero DYNNAL 2 §10 mmﬁﬁmmmimwa

Y]

{ 1 $ %) H H 9}0} 4
ADUTUBINNANUDOENYA P A9nINT 2-14 HanpUAUDINANNDLEA IAGIaunTh 2-40

$ @ 1 { 9 .
MNN 2-14 AIDHINMTHINAADUAUDINIIANLD Iaa 1Y Geometric

(e]: _Z1)(ejz —Z,) (2-40)
(e =p)(e” = P)

H(w)=K

_KU,Z6,U,20, (a1)
VIZ¢1 V24¢2

H(w)
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a d' 1 9) 1 % 1
WsNauMsN 2-41 WuN U, nag U, 15umuszezssnang Zero U P adu 7, tag
9
V, UNUIZOZHNTENIN Pole AUYA P A9tiuA1 Magnitude Response emnsnouunu’la

AAFTUNITN 2-42

| H(o) |= % e K =1 (2-42)

172

AMTUHAA UAUIMINTIZHIDINYUN Zero 1AL Pole TNUYA P AIaTUNITN 2-43
O(w)=ZH(w) = (‘91 + 92 )— (¢1 + ¢2) (2-43)

2.6 AINIVIAINDA [8]
@ v o 1 ~ J dy 9 1< a Y

MI00NLLVAINTBIRIAIeE1ena1 lidesduanilumseFurennsauvesdanses
3 1a = 4 =) @ A g an ] Y I
Au@dunNIUDUe NN Fdnzesnuuudinsesiilunuuaineadnsonie ldiduaes

o § v W {3
HUUMUANE UL VINAADUAUBINNANNDFATINUanBe T usZULIUY  Recursive
. & (Y Y I A
118¢ Non-Recursive ¥99z11119dn509 laifluenuuuno
@ an 14
2.6.1 dansesadneauvyle1oe13 (Infinite Impluse Response:1IR)

S o g ~ I Yo 1
‘W\jﬂﬂ)’uﬂ’]ﬂiau (Transfer Function) ﬂlENGI’JﬂiEN!L’U‘]JuE‘ﬁiJﬁﬂLﬂlﬂulﬂuﬁumihlﬂﬂﬂﬁﬁl

)i

H(z)=—— (2-44)

MNaumMsn 2-44 sansoweulvy ldaunisn 2-45

Y(z) by+bz ' +..+byz"  N(z)

H(z)= =
@ X(z) l+az'+..+a,z" D(z)

(2-45)

A [ s w 1 A g @ 1 ' J v A @ 09/' A
aun1sn 2-44 ﬂgLTJT!W\?f‘lﬂﬂ!ﬂWﬂT'ﬂu‘VILl]1!ﬂﬂ31ﬁTLl331’?')']%@']141’!1/]?7“@1!1’!71@\11!1‘!!JJ'E)

o Y I g v A
“anﬂiﬁ]ﬂﬁ"llﬂ?ﬁﬂlﬁmiﬁ@giugﬂﬂlﬂﬂﬁﬂﬂ'l'il@"m“l’!‘ﬂ%ﬁillﬂﬁmﬂ']ﬁﬂ 2-45



Y(z) 1+ iaszk) = ika(z)ka

Y(z)= ﬁ:ka(z)ka — i a,Y(z)z™*

k=1

Y
%

VAU 2-12 ZTx(n—k)} = 27 X (z) faiu
M

y(n) = bx(n—k)=> a,y(n—k)

E4
%

{ < Y 4 I 1 a 4
Tuaumsh 2-46 szmnldn wmwndludivlszneunadunnuaziovinm
o s d .
G]’JﬂiE]\illﬂﬂvl@]lﬂﬁlﬁi]\‘llﬂui$1J‘]JLL‘]J‘]J Recursive
¥ .
Iﬂi\‘l @31 Direct Form [

A ~ IS Y} . Yo A
AMNTUNITN 2-31 ﬁ1llﬁm"UEJUL‘]JuIﬂi\‘Iﬁ'iNLLUU Direct Form [ VlﬂﬂQﬂTW‘l/] 2-15

x(m) u(nm)  ao y(n)
A
4 E—Z[ 4
—bq aiq
A
¥ I:z—‘ 3
—-b2 as
[ ] o [ ]
® ®
® ®

|
E

—bp an

i 2-15 Tassadileles1suuuasanuui 1 (Direct Form I)
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9 4 A dy A ) o 9 =1 = ]
Tﬂﬁ\‘]ﬁﬁ"l\‘lGUf]\1Ulﬁ]ulf]’é]”lillﬂﬂﬂﬁ@ﬁﬂ!kﬁﬂ\ﬂﬂﬂ"lWﬂ 2-16 ﬁ']ﬁﬁﬂiﬂﬁ\iﬁi']\iu(ﬂgllﬁﬂﬁu’N

9
9Y o

1 I = & 9 ~ £ a o =1
z Lﬂuﬂiwuwaﬂﬂﬁﬁﬁﬁwﬁlumﬁm 1 “lf\‘]ﬁ']i]']ﬁﬂWQﬂullﬂﬂﬂu

x(n) u(n) o y(n)
Y
—b1 aq
]
S = I
~ba az
L] o [ ]
L] L ]
[ ] [ ]

—-by ay

MW 2-16 Tﬂi\‘]ﬁ%}"lx‘]l,!ﬁ]_mﬂﬁﬁl!ﬁllllﬁ II ‘lJfJ\WT’Jﬂi@\‘]!,GTS\‘ILWULL‘]JU'I’E)'I’E)’E)W{

W duls U(z) iy
X
U(z) =2

D(z2)
Tagi D(z)gﬂudaummaumiﬁ 2-45
MNAUNTT 2-45 1Az 2-47 Y(z)fuzhlé’ﬁﬂu
X(2)
D(z2)
Tagh N(z) duanvosaumsn 2-45 9214 dail

Y(z2)=N(2) =N(2)U(z)

Y(2)=U(2){a, +az" +a,z7 +..+a,z "}
N qUNSH 2-47 Sredham X (z2) 9218
X(2)=U(z)D(z)=U(2){1+bz" +b,z7 +..+ bz "}
MMIMIAIUNAY z-transform VDI ﬁmmﬁ‘ﬁ 2-49
x(n)=u(n)+bu(n—-1)+b,u(n-2)+...+byu(n—N)
dednav u(n) MNaumMsi 2-50 9218
u(n)=x(n)—bu(n—-1)—bu(n—2)—...—b,u(n—N)

o 1 @ { 9 3
MNTUIFTIUNAY z-transform "U@\Tﬁﬂﬂ’liﬁ 2-40 Vlm‘ﬂu

(2-47)

(2-48)

(2-49)

(2-50)

(2-51)
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y(n)=aun)+aun-)+a,u(n-2)+...+a,u(n—N) (2-52)
) ) 4 & A v v A
“I)'\‘liﬂﬁ\iﬁ'ﬁ']\ﬂl‘ﬂﬂ“l/l 2 Uﬁ'liJ'lﬁﬂle‘lﬂﬂfJﬁilﬂWTVl 2-51 uag 2-52 ulﬂ uazuﬁm"lﬂumwm
2-16
Tasaadanny Cascade
) 1 A A Qg Y 1 A
nnilanguaigTouluaunmsn 2-30 weannsousnnmes lvedzlvesaumsn 2-53
A A I~ 9 Ao o 1 I T v W ~
LL@%L‘JJ@LGUfJ‘LlL‘]J‘LlIﬂﬁQﬁﬁ'l\i‘ﬂ‘V\I\‘Iﬂ"])'L!Lmagﬁﬁﬂgﬁaﬂuﬂﬁuﬂu@iﬂ?w% 2-17

H(z) = GH,(2)H,(2)..H (z) (2-53)

Ho) Hy(z) Ha(z) Ha(z)—oo._.-H,(z)_ﬂ'_Q

q‘ 1 9 J
MNN 2-17 fﬂﬁ{?’]E]E]‘Ltliﬂfillﬂlﬁ]\ﬂﬂi\‘iﬁﬁNLL“].l“UVl@]lﬂﬁﬂﬁ

Ja 1 ' o v s s ] $ )
‘W\iﬂ‘]fuﬂ'lﬂi'ﬂuuﬁﬁgﬁﬁl'Eﬂfl]i]%LLWu@'JEJﬁiJﬂ'IiE]’E]imE]ﬁ@]111@]@\1?115 G?QIﬂi\‘lﬁiNﬂ'lﬂiu
4 MYo ¥ ~ d’ ) < o
’é"ﬂlﬂﬁﬂlﬂuvlﬂﬂx‘lIﬂﬁ\iﬁi?\illﬂﬂ@lﬁ\i‘ﬂ I taguuuaIIngsy II ﬂQHUﬂ'IW'IﬂLﬂuﬂ15E]1§ﬂ§3Jﬂu

J J 2 o
GUENETlIﬂﬁﬂ@im®ﬁﬁﬁ]ﬂﬁ1hﬁm"uEJ‘L!L“]J“L!

N/2 2

—1 _
H(z)= H Ay, +a,z +a,z (2-54)
o 1+ bll.zf1 + bzl.zf2

=1

! I v o a = % 1 ' . o [
N G lugumsd 2-53 aziflumduilszd@niues H.(z) Swaazaiuazgnunuale i d1msy
o ' o Jdo 1 g o P o &
f1o8131% N =4 a21dadsumeTewmiluoosiaosa (Fourth-Order Transfer Function) #1411

-1 2 1 i)
(agy +ayz- +a,z " Nay +a,z +a,z ")
(1+bllzf1 +b21272)(1+blzzf1 +b22272)

A A 9 o 4 [ Y~ 9 ~ Y o
Wewen InsedsNeosinosdovaaaazanlu Iaseaseuuuasauun 2 ‘ﬂgllﬂﬂﬂﬂTW

H(z)= (2-55)

A A A A :s Y A v v =
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wendlsznonfindelumenves 4, uaz 4, vinaumsi 331 Saglfaumaniiugud
daft
A(C +2r4,)(C + 274, ) = B(C — 2¢4, )(C — 2r4,)
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1 3-60 LAz aANNITN 3-61
b
cosg=— (3-60)
C

¢ =cos” b (3-61)

9

E4
uazAveb @ ¢ vzAvaliaieglurisee il
b
1>2—>-1 (3-62)
C

b

MNN 3-16 AWHATUYNAIN
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o ' Y da & o a g A o Y
antudmaansneuivzihimsmdiunavvesla laiimadludwudideunion 14
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Taidlullanuaumah 3-62 sl liansamayu ¢ Sreaumsi 3-61 14 vzdec ]l 14gas
@ ~ £ @ 9 v 1 ad o IS o =) Ay g I
asaunah 3-63 unu Fuilugas7] Hmsumndlususedon Masunseyui lavaily
13 IS 14
SuFdounulilae
cos” z=—ilog[z+iN1-z"] (3-63)
A o Ay Y Y 9 o ° ) S o a & g9
e nmalsuilyei ldnanundreduiiunmssmualiy ¢ duswaussuie Ty
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1 1 4 A
vumilszmanadaanuaineald  Fewzendiedielunsaindhliadulsedniues H(z)
<3 o a g
Wusmnusadou
aq Y 9 o 1
aunain o, =0.37,7 = 0.6,k =115 1)sunsu MATLAB lumsfuiariam yu ¢

w2 1dihm o, unuluaunsi 3-59 Taea buag ¢ ldasi
(14+0.6*)1+0.6° +2x0.6xcos” 0.37)

b= a
0.6(1+0.6)
b=-15713
oy
2
c= 1+0'62 —sin” 0.37
4%0.6
¢=0.6299
218
—b++lb> —de 157134 4/(~1.5713)° —4x0.6299
2 2
1.5713++/-0.0509
2
_ 15713 20'22561 = 0.7856 +0.1128i
N ERER EAEY

=0.7856+0.11281

—b+/b> —4c
2

derhandudn ldumuluaumsii 3-59 iesnnmsmaiunduvesinlandifugmon
Fadousaldaumsii 3-63 unuaIgsan

cos™ z = —ilog[0.7856 +0.1128i +i/1- (0.7856 +0.11281)* |

cos”' z=—ilog[0.7856 +0.1128i + inJ1-0.6044 — 0.1772i]

cos ™' z = —ilog[0.7856 + 0.1128i + ix/l — 0.6044 — 0.1772i]
cos™' z = —ilog[0.7856 + 0.1128i +i~/0.3956 — 0.1772i] (3-64)

{ ) . & o Aa
NANMITN 3-64 2A0INININITINYBY 0.3956—0.1772i Fudusmuzitouda
9 9 ) [ A I A o a g = ] = AAan o dy
@aq“lcvqmmmumﬁmmﬂuﬂ1':714131ﬂmawmmmum«muaﬂwummT@amﬁmﬁmu

A A
ADINUD
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Z:i\/r+a i\/r—ai
2 2

=)
e X

€

P
=
=

2> =0.3956-0.1772i

r=0.4335
Z_\/0.4335+O.3956 _\/\/0.4335—20.39561,

2 2

_\/0.8291 _\/0.03791,
2 2

=0.6439-0.1377i
1181 z = 0.6439 — 0.1377; unuluaumsn 3-64 2214

cos” z=—ilog[0.7856 + 0.1128i +i(0.6439 — 0.1377i)]

cos” z=—ilog[0.7856 + 0.1128i + 0.6439i + 0.1377)]

cos™ z =—ilog[0.7856 + 0.1128i + 0.6439i + 0.1377)]

cos” z=—i log[0.9233 + 0.75671] (3-65)

1N
log(z) =In(r)+i60
Sariuiile z = 0.9233+0.7567i

r=1.1938

In(r) = In(1.1938) = 0.1771

- 0'7562 =0.6866

0 = tan

2218 10g(0.9233 +0.7567i) = 0.1771+ 0.6866i
e ldunuluaunsd 3-65 92 1881mew
¢ =cos” z=0.6866—0.1771i
deunum @, = 0.37,r = 0.6 uaz ¢=0.6866—0.1771 ndwd1 1 uaumsd 3-21
lumenvod cos(w, +¢)i13"1¢’fﬁ<1f:
c0s(0.37 +0.6866 —0.1771i) = cos(1.6291—-0.1771i)
dedeamaman Inlmidfyuduswandadeurzdedldqas
cos(z) = cos(x)cosh(y) —isin(x)sinh(y)
Taufi



50

. e e
sinh(y) =
) 5
1Hay
cosh(y) = cre
2
SRt
c0s(1.6291—-0.17717) = cos(1.6291) cosh(0.1771) —isin(1.1691)sinh(0.1771)
\ile
c0s(1.6291) = —0.0583
sin(1.6291) = 0.9983
0.1771 -0.1771
cosh(0.1771) = £ J;e _L1938+08377 _ ) 4157
01771 _ 01771 _
sinh(0.1771) = & e _LI938=08377 1450
wld

cos(1.6291—0.1771i) = (~0.0583)(1.0157) — i(0.9983)(0.1780)

cos(1.6291-0.1771i) =0.0592-0.1777i (3-66)

vindanouluaunisi 3-66 dorhandutuumuaumsd 3-21 sz lidunlsying
udmnudedondumald bicunsai 1) 1deu18508 Falasndudr Tnaudazgoziy
aougnatuilegaeupnaguiuudin i Idmduszansilusuese  Fsamunineiue

9 ) ] 1 1o A A o [ A
AeANUIved Inam 1nidenIng 3-10 1 B, P, 1ilunouginadaaunisi 3-67

P, =0.6¢" "
1 | (3-67)
P, =0.6¢ /"9
Lﬁaﬁmu ¢ =0.6866—0.1771i unuluaunsd 3-67 0214 P,
P=0 6ej(0.37r—(0.6866—0.177li) -0 6ej(0.2559+0.1771i)
1 — Y- -
— 0'661‘0,2559—0.1771 — 0.66_0'1771610'2559
P, =0.6x0.8377¢’*%* = 0.5026¢'** (3-68)

d Twadan2 P,
P2 — 0.6e—j(0.37r—(0.6866—0.1771i) — O.6e—j(0.2559+0.1771i)

_ 0 6e—j0,2559+0.1771 _ 0 6e0.1771e—j0,2559

P, =0.6x1.1938¢ /"% =0.7163¢7/"%> (3-69)
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™ % ' o [
HanoUauod luuDN1 11 (General Design) ¥4 lifimsdsulgayu Inavaslaumaduaums
4 4 I~ 9 o A . = [ DY) =&
9031A0TABIIZINU |ADATINTVEIBANUDAIY (Pass-Band Gain) dziivua liminunilinaoa

v Y
FANNDUUAD ‘H(efo)‘ # ‘H(e’”)

A [ A ) . . 2
Waﬁ@‘]_lﬁu’f)\‘]‘Vl‘JJﬂ']ﬁTJTU‘]JEQWEIGI@‘Uﬁu@ﬂi’nﬁﬂ?WNﬂU’Nﬁ?u (Previous Design) %99
I o 4 A v Aas [l o 1Y) A Y v
Lﬂuﬁllﬂ"lﬁf]@ﬁlﬂi’)ﬁﬁ@\uﬁll@uﬂ‘]J'J‘ﬁLljﬂlm’ﬂgﬂWﬂﬁliﬂﬁﬂﬂﬂmﬂﬂiwalWi’)alW@ﬁﬁ'lﬂ'lﬁ“UfJ']fJ

{1 v T o { <3 A : :
AUDHIY (Pass-Band Gain) HAUMAUIINDINGD 4-2 92HUNN ‘H(e-’o)‘ = ‘H(e-’”)

o [ ] { o Aa o . 3 I} q' a
dmsuluaIuNningIde (Proposed Design) dziilumstsuilgananeuduoaiumy
[ 1 Y dy . . £ 1 A o = = o
M 313U ganeunIil (Previous Design) [3] & luuaazuuunihuoumey sziivua

Yo { { Y ' v £ @ £ o
TnsImMsvensnaud o = 0 TivnamIAuniamnead Faaziaumslumsmaneu

E4
%

luupazisasiine
Q'I . = U -dy
4.1.1 wuwun 11 (General Design) 3NN ITANU

-1 -2
1-2cosw,z™ +z

H(z)=b, @1)
1-2rcosw,z” +r°z"?
{ 4 ] P4 Y v { @ Y
vinaumsh 3-10 e lulimsud lvyuIwa ¢ vz 1ddsaumsi o = 0 Asil
. 2-2cosw
|H(e’)|=b, U (4-2)
1-2rcosa, +r
o Yo { i [ :/I Y v Y
Mnualioasimsvensn ‘H(e-’o)‘ =1 MUUFWITDVUIAVDY b, lAasil
1-2rcosaw, +r’
b = ° (4-3)

2—-2cosw,

1% {ay ¥ o ' 9 J . .
412 wovilSuljwaseudusneanudi Idinaueneuniiil (Previous Design) [3]

UANNTAT
1-2cosw,z' +z7°
H(z)=b, ——— (4-4)
1-2rcos(w, —@)z +r'z
yu ¢ A ldnnaunsi 3-15 dail
(1477
¢ =w, —cos ! COS @, (4-5)
2r
A A~ Y, Yo = o &
MInaunsh 3-10 Wodimsun lvyy Twa ¢ vglaadsaunsi o = 0 dall
' 2—-2cosw
|H(e")|=b 0 (4-6)

‘ 1-2rcos(w, — @) +7°

0 Yo { : ) v o & Yo
Mnualioasimsvensin ‘H(e-’o)‘ =1 FUREINUAIIUTINTONIVUIAYDL b, 1Al
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_1-2rcos(w, —¢) + r’

b (4-7)
’ 2—-2cosw,
9 S A9 Yo Ao .
4.1.3 nuvgamerziuluunuildsinisive (Proposed Design)
A A 1-2coswyz” +z7° 1-2rcoswyz” +r’z7
H(z)=b, : 1 2_—2 - -1 2_2 (4-8)
1-2rcos(w, + @)z~ +r°z " 1-2rcos(w, — @)z~ +r'z
] 9
yu ¢ A ldanaun1si 3-47,3-48,3-49 aail
= —-b+ Vb2 —4c
p=cos | ———M (4-9)
2
(1+7*)(1+7* +2rcos’ m,)
h=- - (4-10)
r(l+r)
1+r> .
c=——>5——sin’ @, (4-11)
4r
A A o~ D, Yo A o A
MINauNsh 3-22 Wodadimsud luyuIna ¢ vz lddeanmsi o = 0 Asil
o A 2-2cosm 1-2rcosw, +r’
H(e’")| =b, L . 5 (4-12)
1-2rcos(w, +¢)+r~ 1-2rcos(w, —¢)+r
Avualvisasimsvenon ‘H(e-"o)‘ =1 wwRniuduiugnsanruIaves b, laaail
bA _1—2;’(:05(000+¢)+r2 1-2rcos(w, — @) +7° 4-13)
’ 2-2cosw, 1-2rcosw, +r°
o ~ == A 3 Y o g
Waumsi 4-1 audsaumsn 4-13 magihiuaselagedi
d' Aq Y = = o o 9
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A: Equation for improved frequency response.

1-2coswyz' +z7° 1-2rcosmyz " +r’z”

HAZ =b
(@)=h 1-2rcos(w, + @)z +r’z> 1-2rcos(w, —¢)z ' +r’z""

¢:Cosl[—b+\/b2 —40}

2
When
b () + 77 +2rc0s’ (@)
r(r+1)°
(1+7"2)2 .2
c=———-sm (o
4}"2 ( 0)
And
bk _k
a, 4a,
When
2-2cosw, 1-2rcosw, +7r°

- 1 -2rcos(w, +@)+r’ 1 -2rcos(w, — @) +r’

2+2cosw, 1+2rcosw, +7r’

a, =
? 1+ 2rcos(w, + @) +r> 1+ 2rcos(w, — @) +r’
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IIR NOTCH FILTER DESIGN WITH
IMPROVE FREQUENCY RESPONSE

Paolo l—longk_udvisut*l Surapun Yimman**>,Manoon Puangpool’
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Abstract: This paper is present IIR notch filter design.
In general a notch filter that was made by IR is the
second order eguation. When considered pass-band
gain and transitional gain of cut-off frequency,it is nat
svmmetrical Those improving with the second order
equation is difficult. This paper non-symmetry that had
been improved by poles-zeros addition into the unit
circle on Z-plane with pole-zero placement method e
had dertved new position of poles-zeros and have been
implemented on TMS320C3]. We wused Matlab for
sinmlation, the results of pass-band gain  and
transitional gain had better symmetry.

Key Words: Norch filter JIR, TMS320C31, Pole-zero
Placement

1. INTRODUCTION

[IR notch filter seems kind of band-reject filter but 1t
has praticular frequency on bandwidth frequency shown
in fig 1. IR notch filter 1s useful for reduced noise and
hamonic which interferes 1n electrnical signal such as a
signal 50 Hz of power line into the electrocardiogram
of equipments' medical(ECG) etc.

For equation of IR notch filter is relation equation
(1)

-1 -2
1-2cosw,z™ +:

H(z)=b (0

(]
a

o -1 ]
1-2rcoswy,z™ +r°z

where:

b, 1is gan of tranfer function

@y 1s cut-off frequency of Notch filter
7= e_,lx’nJ

In fig. 1show general TR notch filter the second
order equation.in case of pass-band gain:

| H(e”)[# H(e™)|
while fig 2. _the second order equation 1s the same as fig.
1..15 previous design[2] which improved

| H(e) = H(e™)|
but transitional gain of cut-off frequency at =10
and @0 = 0.6 by select ey, = 0.37 has not symmetry

which| H (@, — Aw)| could be as | H (@, + Am) |

Magniude Response
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Fig. 1. General IIR. notch filter with second order

equation.
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Fig.2. Frequency response of pevious design.
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magnary Par

Fig. 3. Polt/Zero plot of pevious design.

2. PROPOSED METHOD

According to the second order notch filter 15 not
enough for -| H(e, — Aa) |=| H(a, + Aa) |
. because position of pole was adjusted for pass-band
gam at @ = 0 and ¢ = 7. From equation (1)we add
pole-zero with H(z) .,

—2

-1
1-2cosapz™ +:z

H(z)=bh, 2

1-2rcos(m, + @)z +r°z™
S
H(2) l-2rcos@,z™ +71°z

(3)

= b 7
Add 2rcos(em, —¢)z" + 17z
H(z) =H(2)H(2) yaq
when

)
H(z) is proposed transfer function
We will adjust angle @ of pole at both
H(z),and H(z),,; with ¢ and —¢

Hlf']— 1-2cosamz™ +27 1-2rcos e,z +r'z7"
) "1-2rcos (@, +@)z” +r°z7 1-2reos (@, —@)z” + 172"

Fig. 4. Form of Added the pole-zero on Z-plane.
Where size of ¢bis equal but sign is different. So we
have find ¢ only. We let

= (4)
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. . (5)
H(e™)=H(e’™)

” —_— - — ~ 0 2
H{e"'c'} _5, 2—-2cos ay i 1-2rcos ey +7 (6)
1-2reos(w, +¢)+1r° 1-2rcos(w, — @)+
And
H{;":‘}=EIO 2+2cos ay ! 1+2rcosma-|-r' (7
1+2rcos(@y, +@)+7r° 1+ 2rcos(m, —g)+7
We define
A =cos(m,)
A, =cos(@, +¢)
Ay = cos(a; —¢) )
A=(2-24)1-2r4, +7")
B=(2+24)(1+2rd +r*)
C=1+r"
(6). (7). (8) mnto (5):
(C=2rd,NC=-2r4d))  (C+2rd )T+ 2rd,)
Find factor at 4, and A, . which is variable for ¢ .
(2rdAC + 2rBC) A4, + (2rAC + 2rBC) 4,
+ (47 A - 4 B) 4,4, — BC? + AC* =0 (10)
Thus, reduce (10) to
(11)
G4, +CA4,+CA,4,+C, =0
where
C, =C, =2rdC + 2rBC
-2 % ] (12)
C,=4r"4d—-4r-8 b
C,=-BC*+4Cc* |
From (8), in case of cos(w, + ¢)andcos(e, — )
msert with
cos{ay, + ¢) = cos(w, ) cos(@) —sin( ey, ) sinfg) a3
and
cos(@, — ¢) = cos(ey )cos(@) + sin(a, Jsin(¢)  (14)
reduce (13), (14) are
cos(a, )cos(g) =M |
sin{e, )sin(¢) = N J' (13)
thus replace equation (15) mto equation (8)
A, =cos(e, +¢)=M-N
) (@2 +¢) 1 s

A, =cos(a, —g)=M + Nj

That (11} 1s



CM-N)+C(M+N)+Cy(M + N)(M-N)+C, =0

2CM +CM* —CN? +C, =0 (17)
thus, replace equation (15) wnto equartion (17)
2C; cos(@, ) cos(¢) + C, cos:(mc) cos:{gﬁ) (18)

-C, sin’ @, sin” () + c,=0
when

sin” (e, )sm (g = (1 —cos*(@,))(1 —cos (¢ (19)
and from (16), (17) can find cos(¢) thus

2 0, 'y A
cos (;ﬂ)+?cose\¢)cns(@.3—cos n\azg.)+?—l=0 (20)

3 3
. —b++{b* —4dac
From ax” +bx+ec=0x=—"——— (21)
2a
when
a=1
b= Eicm(wn) b
3
, c, (22
£ =cos (r-),.}+——1i
and from (8) insert 4, = COS(&)CI:] into (12) :
4r{AC + BC 4rC{4A+ B
=¥cns(r¢dj =+)cc-s(mc]
(4r-d—4r5) 4r-(4-5)
=Mcgg{(¢)
rA-B) :
—BCR 4 ACT 5 CHA-B) 1. .
=—————— o3 (m, ) -l =————+c0o3” -1
C G-y ot @)=y e (@)
=‘—___+cc:-s!(m,.}—1
ap”
Form A and B in (8) can reduce 15
A=(1-24KC-1rd ) =20-2CH, —drd, +4r4* |
B=(2+240C+2rd1=2C+2C4, +4rd, +4nd !. (23)
A-B=—4C4 —8rd | B
A+B=4C0+8rd] ]
then
a=1
P TN E
b k1+JJ }I‘-l-{- +8rd, )cos[%}
F(—4C4 -8rd)
T e
_ (I+r)4(C=2rd") cos(@ )
(-C- 24, ’
CA+rNC 2 Qe+t + Dreostiey))
r(—-C=2r) —r{l+r* +21)
A+l e+ 2reost(e))
—r(r+1)?
2 o 2y 72
r=%+cc;’{.’.}h)—l=(1‘—r__)—r_-in:w,. (24)
Ap= 4p
Form (21) msert X = cos(¢)
—b++b* —4c
cos(¢f) = ——
2
_1i_b+\lb__4{’ ne
$p=cos”| —88M8 —— (25)

[ ]
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when _
Be_ (1+r*)(1+7° +2rcos’(@,))
r(r+1) |
1_ 232 o .
= g —sin” () ‘ (26)
4p° .
. _'_fr—b—\l'b]—ilc‘.'
¢=cos”| ———— |
[ 2
for \ 4 from simmlation can

not improve frequency response.
We find b, from (6). (7)

H(e™)=b,a =k

H(e'")=bya, =k
when

2—2cosmy, 1-2rcosay, +7°
a] 1

2+ 2coseay,

C1-2r cos(@, + @) +r" 1-2rcos(w, — )+ 71’

1+ 2rcosay, +1°

T 1+ 2rcos(@y, +¢)+1° 1+ 2rcos(em, —¢) +1°

a a,

(27

From (25).manigtude response could be that

~b++/b* —4c

-
i

=1

find relation between r and @, for real condition

il
A

N
i)
L4

1

I
i

L

[=1]

—

nna moa e B G

Normal cut-off frequency

Fig. 5. Relation between 7 and ay, .
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For example and to implement on TMS320C31 show

fig 10.

3. EXAMPLE AND RESULT
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Fig. 9. The result between Matlab sumulation and

implemented on TMS320C31.

Fig. 7. Comparison of magnitude response.
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Fig. 10. The result between previous  and new proposed
on TMWMS320C31.

4. CONCLUSION

This paper is present IR notch filter design. The
pass-band gamn and transitional gain of cut-off frequency
transition had been 1impoved by poles-zeros addition into
the unit circle on Z-plane with pole-zero placement
method. We had derived new position of poles-zeros and
summary equation that was shown in Appendix A From
sumulation, new position Pole-zero, can umprove
satisfactorily, and the results of mmplemented on

TWS320C31 have resemble with Matlab stmulation.
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5. Appendices
A: Equation for improved frequency response:

1-2cosaz™ +27

1-2reosayz™ +r7z"

H(z)=b, L -
l-2rcos(awy + @)+ 1=-2rcos{ay — @)z + 1

i - A
, | —b++b" —4c
p=cos | ———
3
\ )
When
b (1+r")1+7" +2rcos’(m,))
r(r+1)°
1+F'2 : .2
¢ =¥—5m'{mﬂ)
4 And
¢k
bu _— —_—=—_—
a, a,
When
2—-2cosm, 1-2rcose, +1°
a] = ]

1-2rcos(am, +¢)+r° 1-2rcos(a, —¢)+r

2+2cosm, 1+ 2rcosam, +71

-

B: Transfer function in fig. 7.

—0.68+0.7994z"" —0.68z"

1+2rcos(ew, +¢)+7° 1+ 2rcos(ew, —¢) +r

H(z)= =) 7
1-0.7994z7 +0.36z
—0.7941+0.9335z7" —0.7941z°
H(2) = > -
1-0.7053z7 +0.36z7
" I F13-"1 o Y2 _ L0g-—3 i
H(z) = 0.6862-13713z"" +1.6862: 0.9500:-7 +0.3362:

1-1.5646z7" +1.468627" - 0.7667z7 + 0.2401z™
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