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ABSTRACT

Parametric filters use separated and noninteracting controls to change bandwidth, center
frequency and cut or boost level of audio signal. This paper shows that, operating with infinite
impulse respond filtering (ITR). These are generalize to equalizer that permits for gain adjustment of
filter bank and designed for changing of bandwidth also center frequency. The audio band can be

spanned by this filter which have independent in each parameter to gain efficiency of digital audio.
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szuD ln1i81 315 0U(Time-Invarian System) 38 T2UUAIA(Fixed System)
T [x(t —£)]=y(t-1,) (2.10)

o ¢, Wluanaiilan
2.2.4 szuvimieuniBountheadu
] 1 »
Szvufidududunazduszvuiiy InBuniGounda eeGonssuniundiy

o' L= = = -] 3 ¥
seuvTndaunsSounduidadu wieSondua N LTI

d y
2.3 Wandudagans
o o e o q‘: o~ 1 o o o F ) g‘gf = = =
ﬂﬁﬂ‘]ﬁu‘ﬂx‘lﬂﬁ’ﬁ PIATHITUNIN ﬁﬁﬂ‘lﬁul‘illuﬂ'iﬁll'ﬂ“ﬂ “ﬂﬂiuﬂu%ﬁ“ﬂ"ﬁﬂﬂ!ﬂﬂﬁ 2 YUA
- o o q & ' . . T A | T .
o HInYUaAUHHIYUIY (Unit Step Function) uazHINFUBUNATHIIN U (Unit Impulse
Function)

23.1 Hanvumddwilanae

a &4 ' P
%Qﬁ"ﬂﬂ mﬁﬂﬁuwmu (AR AR TENPT] 'lﬁ'tflu

u(r) = { >0 (2.11)
0 t<0

»
Snuuziandunaasdsgianlali



)

7 2.2 Radumnnitamion

d o 1 vt oA o ar i 4 @
vngtlvzdiuh Aedsuszlialidelosiinm ¢ = 0 e liaunsomaRendu
fiad 1=0 14
dos & e d o 1
2.3.2 Hansudamadnilmuie

L4 1 d
wansazGandt Radsu Tadn v (Dirac delta Function) 130 5(¢) Tatiifinudsil
[)s()dt = (0) 2.12)

4 o { ¥ 4 =2
die ¢(r) AoNanTunaaovlag Nianudeiior o ganars=0Tsemstionwn 5()
Y ﬂ df a4 v = ¥ o a 1 o o4
amwnsannsauiuiniiimbouzianunhadnnnui ldanuguiluetud daas
Tévagali

8i7)

P @ o e & ]
2.3 ManduduRagmnitomiog

w J dar = <
2.3.3 eyHusveaainTudagars

& g(0) Duitasusiednladudy g(r)fe g (1) szeunsofion1ddinnuduiug
o 1 r:l.vd
thadail fin

[e wnd =~ [ gy @y (2.13)
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4 * o H 7] r = {73 A 1]
ilo ¢' () Aeayiutues g(1) TaohamrsomoyRusuosfansuduadnilanuias
#io #'(£) 199

du(t)

—= 2.14
7 (2.14)

S¢)=u (t) =

4
2.4 aynsuYIws
2.4.1 eynanyaeslugdneumanensinmuiion
W x(0)dludggpraumunanily 7, udrenuisetisweynsuniosaes x(¢) jlnoy

o o = 9 ar d’
wanend Iwmuiea laaadl

x(t) = i ce’™ (2.15)

n=—o

A 2x - da &
we w, = T " 27 £, N0 ANUFIYUALTIY
0

= i:\d

as = o 9
¢, A duilszdAnivsseynsuyTios Aanniom lden

fh+Ty
¢, =0 [ x(0)edi (2.16)

Iy
4 : &4 1 .
din 1, Aesnanlan Fald s, =—21ﬂ3"lﬁ'a1

Ti2
c =— I x(He " dt 2.17)
0 -7,/2

2.4.2 adnadrianue

a a1 o = 1 a a o - |
ﬁ'lﬁf”fg'lﬂlﬂ‘l“l']ﬂ']llﬂﬂll‘ﬂu‘i]'luTl—lﬂi\‘lllﬁ’) ﬂ1ﬁﬂﬂ3$ﬂﬂﬁﬂlﬂ\!ﬂuﬂin‘diwi'ﬁ58 c,

ety

c,=¢c, e’ unz ¢, = ¢, | e (2.18)
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- - = .
Wie|c, | o vuAveweAA(Amplitude)
s, AD AINBIYN ¢, uAz ¢, * Ao Aidagnves ¢,
lagh fc, [ Hc_, [uazd, =6, unsnsnlfuaasnnuduiuisznin e | i o
] = a ] i o q o ar
Bondwendagemdnadvesdygiu x(¢) diuasiAndeafouaainnuduius
1 at ¥ at é $ -1 ar J
5319196 01 @ Goniuiamdnadvesdygia x() Fefianns T onsudud malned
o A o d 5 e @
ad wazifieann idudowdy aulaairudisannsomidnn ro, 1
]
243 manfaaiSes

Wdygm x(0)ludygrahiimune szliowmsulatoynsuyiSeidae

o e o % - [ d’
dyinyal F gaugluyudal

L]

X(@)=F [x()]= [x()e"dt (2.19)

=0

naaunssduansamlasdgygudsnannn Tanunnuandue iy Tamunm

= -~ ~ A ar ar - o ot |
1R Taold6uGesavesnsuandSos Falddyagdnvalilu F 7 Sgluuudaaumsdraans

x(1)=F ! [X(@)]= ﬁ n]X(w)e"""'d.cu (2.20)

= =4 o = o
NATUNTTIN 2.19 KD 2.20 L‘iUﬂ’J“Iﬂﬂ‘l‘i!.Lﬂﬁd‘ljl‘iU‘i
x(H)y«— X{(w) (2.21)
=& = = ¥ o L L |
HIMIUTTOVYY X(&)) 1“Elh]ﬂ\'luﬂiﬁjﬂgﬂllﬁglﬂﬁ.},ﬂﬂ\‘lﬂuﬂ'liﬂ'l\iﬁ-l\i fie

X(w)q X(w)|e " (2.22)

o

(-) = -8(o) (2.23)



¢

LA )
24.4 gamnianilasngiFes

qmumﬁﬁqsﬁu (Linearity w30 Superposition)
ax () +ax,()e——a X (o) +aX,(w)

A ;j 1 E
e a uaga, 1WUMAIN

AuaNlA ISR a(Time Shifting)

—jon,

x(t—t)e— X(w)e
ﬂﬂlﬁﬂiﬁiﬁlﬂ?ﬂ#ﬂ%ﬂﬁd(F requency Shifting)

x(1)e’™ — X(w—-v,)

fumNIATINGDI (Scaling)

x(a:‘)(——)LX[QJ
|a| a

qaautiA lmiinesven

x(—-)e—> X(-w)

£

b
She

faaulingea
X()ye—2rx(—w)

naaniinanversu¥en (Differentiation)

1. Arlesui¥aaniana ( Time Differentiation)

x ()= g;x(f) — joX (o)

2. arlmlemmsaaniannud (Frequency Differentiation)

12

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)
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(—jO)x(t) e X () = —C-i-X () .31
do

AuEHTABUTINIA (Integration)

j' x(z)dr +——>-11; X(@) + 71X (0)5(e) (2.32)

—aC

d g &
2.5 MauNT1zHY387 (Fourier Analysis)
» [
M3UNY Signal (function) #78 Fourier dMM3UM3Yszunanadygnunreiions
T i =l é o é .:1
lurewiios 1Hu3Fn15 mapping signal 910 TanuwilalilFaen Tawumils (Jawuanud)

DTFT M1 x(n) A1NIONIHATINVBIN ALY HUAD

i | x(n) i< oo (2.33)

H=—aC

Aty DTFT 999 x(n) Budoutivw1éaqil

X&) = Flx(m)]

e

n=-wo
(2.34)
uaznamsulasndu IDTFT ¥99 x(e’*) fo
, 1 = ,
x(n) = F'[X ()] === [X(e" )" do (2.35)
27

2.5.1 nn‘itmwﬁdﬁuiuauzuuLT (Fourier Domain (Analysis) of LTI System)



Y

<) {1 o
- h(n)
X(e™™) ,J Y(e™)

H(e™)
j% 24 5300 LTI

waantnouauosly TD eziily

y(n) =h(n) & x(n) = E h(k)-x(n—k)

k=—x

[« 8] ) e8] )
= z h(k).ejm(n—k) — e;m:u . E h(k).e,uu(n—k}

k=-o k=-—w

H(e™)

Y(e™)=H(e") X (™)
VInRUANTAYeY F.T

y(n) = x(n) @ h(n)
Y(e™*)=X(e™)- H(e"")

wazlv

Y(e’)

H(e"”)= H(e®)

: Frequency Response (Transfer function ¥9332UU)

14

(2.36)

(2.37)

(2.38)

(2.39)
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Ed
LY

Wil nensam H(e’”) TRnnsnmt D.TET 84 impulse response (A(7))

H(e’) = Flh(n)] = Z h(n) &'

n=—u0

(2.40)

Taonala) H(e’®) kT complex-value AqITUMS

H(e")=H, (e")+j-H/ (™)
, , 241
=|H(em)|_eJ¢H(w] (2.41)

Iag Magnitude squared response finfe

|Fre™)[ =|H ™) ™)
=H (e™)+ H}(e™)

(2.42)

i4az Magnitude response ¥84 D.T.S 1aq fie

|H(e™ )= \H(e™)-H (ef”)i% (2.43)

Taen WaneuaunIM N (Phase response) 04 D.T.S 1aq fin

¢H () = tan! {w]

Hy(e")
—tan” [Im{H(e{”)}}
Re{F ()]

(2.44)

WAz Group delay response 489 D.T.S 1%‘] Ao
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dlg, (o))

Ty (@)= S

(2.45)

2.6 MIMAUMIMNABDUYDIFUMTNAN

dwmfuszuuimily LLT eflaumsdaulsaniug (state variable equations) A®

x(tk+1)=A-x(ky+b-u(k
x:n)z)C-x(k)(+21‘u(k)( ! (2.46)
2.6.1 GUATIAAIUS (State Equation) TaoazAmualdausudu(inital value) 484 state
vector AN 1A AuNsa@nTld 2 ma e Ae
1. state Anmlank
2. Output Fraleq k,
fmualdfinarlan k= k, 1218 wazn=interior value Tagit 1 =0,1,2,.... nag #

k =k, 9218
x(ky, +1) = A-x(ky) +b-u(k) 247
§k=k +19218%
x(ky,+2) = A-x(k, +1)+b-u(k, +1)
= A-[A-x-(k,)+b-u(k )] +b-u(k, +1)

= (A} x(k,) + (Ab)-u(k,) + () u(k, +1) (2.48)

uagfine &, +n laq 9214N

x(ky + 1) = A" x(ky)+ A" e )+ AT e 41+
A-b- t«r(lc0 +n-2)+b- u(kO +n-1)

(2.49)

unum k, +n9z1a



e_ ar 17
dnfnneayanan nizeoundimansely

x(k, +n)=A"-x(k0)+A("“1) -b-u(k0)+A("‘2) -b-u(ky +1)+
A-b- u(kO +n-2ytb- u(k0 +n-1)

(2.50)
wnue k =k, +n9z14
K-k (k-k. 1) (k—k -2
x(h)=4 O x(ky)+ 4 0 b-uky)+ 4 0 )-b-u(k0+1)+
A-bu(k-2)+b - u(k-1)
(2.51)
Faarnnso@ouaums state finmlanlugives closed form ity
k-, k=1 4 i 4
x(k)=A4 -x(k0)+ > 4 -b-u(i) (2.52)
i=k
0
uanpAwsapvauaslnily y(k) = C-x(k)+d u(k) 9'1dN
k-k k=1
yk)y =C-A O x(k)+C- T 4 -b-u(i) +d -u(k) (2.53)

i=0

2.6.2 TUNIHDANS (Output)
o 3 5
g5 g veInITABUAUDY (response) 1TENBUAIL 2 AUMS A

A L} =
1. MIABUAUD (response) (HBOIVMN Input signal oU191AY1 TAtset initial state=0

(convolution response)

2. MINBUNUBY (response) (110491 initial state BE1AUAYY MNNAAITAUDI 1AL 1A

k=1 i
y k) =C 5 4 beu(i)+d-u(k) (2.54)
ik

0 x(ky )=0

72284
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k—ko
y, (k) = C-4 ~x(ky) (2.55)

u(k)=0
drzuy LTI lulimsgapde (loss) 189 1 muale initial state Hnanlaq Ao

k k-1 4 i
X0+ ¥ A4 bu(i) ; k=0 (2.56)
iz

(k)= A

»
w oo

aaiuludueaudsafusiee 1daun1s output response fin

kk k=1
yk) =C-A O xtk)+C- X AT by rd uky  @57)
i=0

2.6.3 NMIABYTHOINDOUNAVUAL A THITNN 1TAPLTUBIONWAY
[N - o Y
AlABLAY BTy aIduNaTYDe3ZUY LTI ewnsatinn lRannsaeuauesves

szunidetloudygnaduad ()W luimeudygudunn fe
h(t)=T [&(1)] (2.58)

as IS o 1} = = . 19 1
#addu A vefinniluez 1A 18 Sendeiim3 (Aritrary) uaz Tusuiludoaiiu
= o ' 4 ' o o
guiina ¢ <0 lumaassiudm imnnd k@) =0hnar <0 seFon1ifum$7a (Causal)
AMFHIAUNTT Impulse response W1 17 1814 5(0) = u(k) HBZRITUIINANANIT state

uazio1nnez 191

x(k+1)=A-x(k)+b-u(k)
y(n)=C-x(n)+d-u(n)

(2.59)

auudld Romoigaisueinms initial 9218 x(0) = 0uazh



k=0 x(1)=A4-x(0)+b-u(0) 0+b-5(r)=5b

0

KO)  x(2)=A-x(1)+b-u(0) A'[A/Vé)+b-§(0)]+b-u(l)

0
=A-b+d-#(1) = A-b

From difinition of delta
fometion

0 0

y(2) = C-x(1)+},/§(1) = c-[A-x(0)+b/5(0)] -cb=c-a%p

wazdl k=2 wlédn

0
o
X(3) = Ax(2) + bi(2) = A -b
WD) =Cx(2)+d-85Q2)=C-A-b
agd &g En k 1aq

x(k)y=A4""-b

€
€

19



k) =C-x(ky+d-uk) =C- A%V p
Lmsnﬁaﬁﬂﬁm h(k) v sousndiy 2 nsdi
h(k)=d k=0
uag

hk)y=C-A*".b k20 k>0

2.7 Discrete-Time Signals

20

(2.60)

(2.61)

(2.62)

msumudggalideiieslwdurn Tupse dygnalddissgnunudisdiduves

] . 1 ]
§1uau (luwn®) Sondn samples  Fatfun1lanvesdryana lidaiiissgatinuiiu xm) #ile

o =1 1 \ = o
argument ndludwauaulugs [0, +0] Tarasauaaailuairainsa (Real Valued) Al

sldhen

1 2.5 AwawIwesdyauquDTS

2.8 Sampling Rate Alteration
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9 = 1 .d'c! 'A U 1 1 o
msadednaau yn) nu AiuauTas iy FTmdmﬂﬁmmnﬂ’;m?ﬂﬂ'ﬂﬂmmﬁﬂ
o, £ k4 @ @
nauiladufe F, Fadimarnilu x[n] ud1 Sampling Rate Alteration Ratio ;muﬁaﬂﬁmﬂﬂyﬂf R

a2 14

R=— (2.63)

E

81 R > 1 9zi50nnszuaumsiii oume Inisdu (Interpolation)
A R <1 vziSondniuadinuet (Decimation)
& [ =Y J
Feeunsonvausnilaoomdu 2 vialdun
2.8.1 mainswuuaila (Up-Sampling)
= 9 a ;j o A k4 At ] A ¥
zaoteny lagszazn U 1uIUSe unudAe L fidewinnimi LmﬂﬂLmll.ﬂu
A =1 1 o 1
seozuoduanalo Zero-Valued A9SI50NNAWEKAADUY (up-sampler) SEHINADLwUnlaD

d & o . - ]
AOWFAA TN (Consecutive Sampler) “lJENE]uT!WTﬂﬂ‘Ju x[n] 214t

xn/Ll  ;n=0,+L,%2L,...

x[nj=

0 -
HoNA (2.64)

A W T
Feanrouaaaiiulaseadielddsgldraa

x{nl x,[7]
— 1L

51 2.6 uamenwuda Tnssadrauastlauniu (Up-Sampling)

A A o - =
andnamaiiunsuaasravesnisusufauuuy Fanistleudooudunndini-

A Aa = r 4 L] P F lllsl ot cf
wuuumuineagammin lugrnamie udne ldwadadelii
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funnEaau By

uownlaga

G
—
uaulaga

v d Avilah T
AvloaWm T

51 2.7 pslkadn msnautladya iy (Up-Sampling)

282  araadIuusuita (Down -Sampling)
o 1 o - aa ' & a o PYRTI | ' 1
fnulEduinnunda M fdunnimils Suyndusudui  M* gaamezgaiius

@113 dumdunnBiniun M -1 szqreeensewiviiiiuuidle fsInseadanagfieas

x{n] L yin]

5191 2.8 uwnda Insaard v astlawuvon (Down-Sampling)

4 a :
Fanpdioweunsoeagy a9

yin]={nM] (2.65)

¥ 1 1 -& ar = -~
asmdaaaiunmuaaivavosmsuruTwoua Jamsiloudgygadunmdng-
'd = 1 é 1 A s 1 3
wuyuuuAtuewlagaanil Tusrwrawia udres lanadase 11
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= - =
BUANTLNIY I.é’“']'l’lﬁllﬂ'.l‘l-l
e .

uaulaga
;

e

o o a
A

na Wi T

Awiia T

51l 2.9 psmadwEnsuauTlaFgyguuUDAR (Down-Sampling)

2.9 1999052 NUDIRZHNANBUAHB

o - E = M e o w 1 v 1 % a
Wawod Ao szUUAMABUAUBINNANNE H (o) INsdidgegluyritlarianiei
»

Wil Taseursautady 4 dsznmn amdwanudru 1l aeil 7

= J o 1 ! ) {
291 Hameianuadruludugaund :

e ™ | w|< o,
H (@)= {

0 Jo| dug
(2.66)
2.9.2 Hawmesanudgsiniluingauni
P o> o,
Hypp (@) = { 0 (o] 3
’ By
) @67)

Y 3 a 1 -
2.9.3 Hawmesueusnudriulusugaund

e 0, o<,
Hypr(@) =
0

Lol Bug (2.68)
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=y 3 a1 ' o
284 Hameineunganiudrnduaugaund
3
Aaafdszianilaziimsdadiulszneuludne, unz o sonldunzoould

[ >
dulsznoudygrafimBern 18 Tas linsHadiouvesdyguudediala

a d .
2.10 320 laI%e3 (Equalizers)
o - A = 1 &

ums hlswedyoueed lawe ldinannunainnawvespluundosgdils e
a oo o Hda w F ] ' T - - a a
fifafsuvessnsesnnudRiaududeu Funisiu 2 szanlngAeuvvniduimedvioa

o 1 =t ~
ToWawos (Recursive Audio Filter) unz liifluSinodod loWnmes (Non-Recursive Audio
Filter)
<
2.10.1 Simedvioedleainni (Recursive Audio Filter)
o A = )

veiidnyasiiluFeedback Loop ©BAUT AITRIITUINT1MINBTHIATY (transfer

function) WOIANHREAD HUUUINIZEIUAIISIW  (Combination) U89 TNa(poles) AUF 15
o o W u' 4 =
(zero)Widums e s RedFusudua 19 ioudilaviusuni ondium (Approximate Problem)
4 e r ) & &
dvszunuunaessziunisunua1d s 1uuszu Z (Placing zeros to z-plane) Fauuuilez
L= L ' o o o & A o 9 v Y ar & o ey
fimdTlseglunsumesfaidu Fulievinnlsudunssuiumsdunnsidygruainea
L = o ar

(Digital Signal Processing) 41 #iin13oanuuudnie lswes ludnbuzoa lamu (S-Domain)
udneanisuuy (Mapping) Tl uuwasTamy (Z-Domain) §1038mifiFena ludidesn-

o ) i . e Y | dy
5103 1%y (Bilinear Transformation) finawyiindsdelali

Low-pass/High-pass Filter
o ~ lﬂ' A o al
sifuanlnasueed Tentinareuauoaiy Savzgninn ludmauueuiien

. F o var A
(Analog Mixer) ¥aliruminitumesHansune

1
H,p($)=——g— 2.69)

S+ s+1

oo

H,,.(8)= ——— (2.70)
Ste— 541

oD
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Aun13A 2.70 uaz 2.71 Auaumins e s HadFuduRUAR 789 Y89 Low-pass Filter uag
High-pass Filter 8181
Shelving Filter
) o o o o’f Qo A A
aziumsnosamitnneifaddu lasuaasugdniminanud lasvzoidam

o oo -t Er ’ 4 i
N5 1B HINTUVD11993NTBIANUDNLL All-pass TUNTADULUYUIU "Nil:ﬁuﬂué"]f_l Ho Taoh

= 1 A
Al unile
H
H(s)y=1+--2 2.71)
s+1
019 m 14N

s+(1+H)) s+V,

(2.72)
s+1 s+1

H(s)=

o e

H1 7, wwilumminiweidwmiumsdadulavowound oy u o =0 wie o=
FuwnmuseRvsanaum o ]

1.3l @ =0 Taod ¥, <1ezFonduilu Cut Level nazdiminn ¥, > 1azSoniuiy
Boost level

~1 A 3 Y] EE & da W o
2. P58 @ = o wWHIUMIRUMaNMUFuvednIHHansuaueIRInT e T /A Fud Uy

e ¥ -
(3138 "H\lﬁ'lll'lﬁﬂﬂﬂﬂd1ﬂﬂ\1ﬁﬂﬂ15 v

2
a,s" +a, +a,

—— (2.73)
s 4+ \ES +1

H(s)=

Peak Filter
El
92 UMIATITUIND Boost level LA Cut Level [MTDU Shelving FiltertdazilunsRna s
A E ¥ £ o o oo =
a1udlaq s Avan1s FaazerdovadIns 1Nes HafTuv0919950509A21uRL band-pass
@ w oA A ¥ o oo o oo
dusunaes uvaziia1¥ininnwo s HINF Y09 band-pass 1A MWITONINIIMNDIHINTUYDS Peak
Filter 1AAYeruMs o
H,/ 5
Hp(s)= (H,/0.)s (2.74)

2 1
5 +Es+l
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H(s)=1+ Hg.(s5) (2.75)

oy d
2.102 Tarsa19¥amedM 1114030 (Parametric Filter Structures)
] =2 o o o o o = .
%gnﬂ'ﬁl{'lﬂﬁ‘""li']ul'ﬂ‘iﬂ“]fﬂi'luiﬂﬂiﬁ\ﬂﬂ‘lﬂlll'ﬂﬂﬁiq HRSUMITAIUYINUYUIY {Gain)
= = ] - o o ar ~
“Eﬂuﬂﬁiz mﬂﬁzﬁllﬂuﬁ')ﬂﬂlﬂunﬂﬂﬂ!zliﬂﬂ‘lﬂﬂmﬂﬂﬁ’l (forward) #1%50UM3 Boost Lazi

nsdioundy (feedback) dmSunsdl Cut Aggtldraang

FURIR T e g e ..{_'_,“. e t'“‘g\'

U 2.10 Taseadsfamesnil Boost uaz Cut

.Y od
2.10.3 ueuIReFHeoAleWaIABT (Non-Recursive Audio Filter)
vziifnvaiziilu Feedback Loop agnivlu uazezfinsafimassd Teunuihugudu
»
(phase audio) Tﬂu%zﬁwﬁaﬁaﬂizﬁmmmmu Fast convolution HALYUADUUYDINITDONLAIL

15 « ¥ 1
viuazenule output carrer AMIVNAUDIMAABLAUDINIIANUDLATI T udY

2.11 Uszanvedisesnanoa Digital Filter Design
Digital filter erynsouesniuaestlszianldun

2.11.1 IIR filter

saumsddiasdealaona 1huds fie

y(n)= E ax(n-i)- E b,y(n—i) (2.76)

M
uag Inseadravziludsgildoali
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31U 2.11 29931IR

ozdmsuns i IR Sudui 1 w2 lduily
y(n)=ax(n)+ax(n-1)-by(n-1) 277
uezdmiunstiiiuaees or Susuf 2 0218 i
y(n)=ax(n)+ax(n—)+a,x(n-2)-by(n-1)-b,y(n-2) (2.78)
2.11.2 FIR Filter

Tnsarfeeean9esnses FIR - Allanwen M dszneudiegilaseltszianarimau

4 o o e d
M -1 Fadlumsgu M A uaznsuIndn M -1 ya degildeilil
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yinl= 3 Hkixn— k] 2.79)

Taodt xfn] uoe yn] amuﬁﬁuﬁ'&yﬂpmﬁé’hm11.%’1'11.msaﬂnmnﬁ1ﬁ'mm~a'm'inim
FIRuaz Akl k=0,1,..,M -1 Lﬂuﬁnﬂszﬁﬁfwﬂwsnsmﬁﬁjwaﬂﬁmmﬁnymzﬁuﬁm‘f
(Impulse  response) FaGonaumsAuaasnnuduiuinannin aumssameduiiios
(difference  equation) kazHInRIMsuasaumstaduids v naduileddudioTon

(transfer function) Y0332 11

M -1
H(z)=) Hk}z™ (2.80)
k=0
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: (G -Gy + B QY
IH(Q)I = EQI—H;]2)2+A2§22 (32)

i ar A 2 v = o
Tauhdulsednsvesiames Ae A, B, Fwaunsom lannminnimes w=

tan(, 12)ffnnuidigega aulditou'ly 3 o]
o 2 2 2 2 2
5{)7|H(QO)| =0, |HQ) =G*, |H Q)| =G; (3.3)

o L= ¥ ¥ u‘ﬂ o o
flAveuvaveanuuaInnnA udIsuazyvey Ay Q,Q, mudiaue

AusanInT dulszansundrens 1dun

1 _ 2 2
W= 9_1__%920, B= G_(::“izD, 4= | P a.4)
G’ -G, ¢’-G; 6*-G;

Y - o a -~
TasfiNII R0 TMANYBIITHIS UUAS NER D lares AN

C =(W)[G -G} |-2W*(G} - G,G |- (G} -G’ XGy -G,)) - (39)

D=2W*(G* -GG |-G’ -GXG*-GD)) (3.6)
3. UM ansfer function 92 19T

(GI+GDW2+B
3
H(Z)= 1+ + 4
1-2(

G ~GW?
By Yol o
) (1+W2+A

1-w*
1+W2+A)z +(

4 G+GW*+B, _
7 s )T

1.7
1+W -4, 3.7
1+W2+A)z

a n‘;‘ 1 - ﬂ Aoy = ar a . 9 o
AIUUAZATUITOHTIAT Gl NN UVNINUATHIANUANUDVDT Nyquist 'lﬁﬂQﬁllﬂ']ﬁ

G o Gl(w} -V +G* 2’ (Vo) (G, -GG - Gy)
‘ (0%, — 7Y +7° (Vo) G} -G I(G* -G})

(3.8)
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4. ahentaeanmsuiedu awgildeas

band1 band2 band3
frequency
C‘ L] 1 d‘ 1
31'1‘1 3.1 MSUUEINuUATUnaDY
da o 3 ' ¥ A
5. °uEn_l!.'uﬂ"ummjuﬂ'mmﬂmm‘ummagmﬂ‘lmmu'lu
2 2 2
G, <Gy <G {boost) (3.9)
2

G? <G, <G, (cut) (3.10)
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=) & g o Qs 1 oo A
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—G—ZT"(HQ )tan( ] 1+Q,)8 (12
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peak gain = 11.0403 dB
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E} Source Block Parameters: Constant

Congtant

Duiput the constant specified by the 'Constant value’ parameter If Constant value’ is
a vector and ‘Interpret vector parameters as 1-D'is on, treat the constant value as a
1.D aray Otherwise. output a matrix with the same dimensions az the constant value

Matn l Signal data types

Constant value
(GO

[V Interpret vector patameters as 1.D

S ample time:

[inf

Help

ok | ganes |

31 4.3 AAadive Source Block

i 1 i E-] o s é =y é
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E} Source Alock Parameters: Constant

Constant

Output the constant specified by the 'Constant value' parameter. If ‘Constant value' is
a vector and ‘Irteipret vector patameters as 1-D'is on, treat the constant value as a
1-D aray. Otherwise. output @ matix with the same dimensions as the constant value

M ain é:Si.gnaI'dala tybééé l

Qutput data type mode [ Inhert om ‘Constant value' :J

1 0K Cancel | Help
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3] source Block Parameters: In3 g|

{nport

Provide an mput port for a subsystem of model. For Tnggered Subsystems, if ‘Latch
{buffer) nput’ iz selected, then the Inport block produces the value of the mput at the
ptevious me step The other parameters can be used to explictly specify the mput
zignal attrbutes,

Main | Signal specificabon

Port number

B

{zon display [F‘ort numbet L]
[T Larribotietnge

E 0K Cancel Help

UM 4.6 fPort number In3

Ed
dindumshmuaguanyusdgygudnuus wwivualAli -1 A1 Port dimension
1az Sample time UAZMNUATNHUTYDIUTZANYOL Data Signal Sample signal 1Hus18n TuIA

u’a ; A o [y Y lly =y
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E} Source Block Parameters: In3

Inport

Provide an nput port for a subsystem or model. For Tnggered Subsystems, if ‘Latch
{buffer] input’ iz telected. then the Inpart block. produces the value of the input at the
previous hime step. The other parameters can be used to explicitly specity the input
signal attrbutes

Man Slgnal ‘ spe“c"rﬁ(‘:alnn:

[ Speciy properties wia bus object

Bus obect tor vahdating nput tus:
IE.’:J et

[ tieput g naearhad e

Port dwnensions [-1 far inhented)
1
Sample time [-1 for inhented]:

[1

Datatype | auto

Signal type: I auto

Sampling maode { aula

EANKEREY

(o ] o | e |

311 4.7 SmuanudnYUZIINIZ YDA [n3

415 MIMAUADHYMANOIAY Ind
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EJ Source Block Parameters: Ind

Inport

Provide an input potd tot a subsystem or model For Triggered Subsystems, f ‘Latch
(bulfer] input' 15 selected. then the Inpart block produces the value of the input at the
previous time step The other parameters can be used to explicitly specdy the nput
signal attributes

Port number:

3

Icon display [Porl number _'_]
[ Lt bobuber et

[ 0K Cancel J Help

UM 4.8 MPort number Ind

»
mdmTumsdmuagudnuzdygrudnuus szfmuald Wi Port dimension LAz
Sample time WATANHATYDIUSZINNYDI Data Signal Sample signal dzmiloufumsfmualy
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E} Source Block Parameters: {n4

Inport

Fravide an mput portt for a subsystem o1 model For Tnggered Subsystems, it ‘Latch
[buffer] mput’ 15 selected. then the inport block produces the value of the mput at the
previous hime step. The other parameteis can be used to explicitly specify the input
signal attnbutes

M an S|gnalspectllcahon

™ Specify properhes via bus abject
Bus obect for validating nput bus:
,E:;:‘?‘%‘.‘-ﬁw:.“

[T vieeat i narestial

Port dimenzions [-1 for mhented):

i1
Sample time [-1 for irhented)

ﬁ

Datatype: i autn

Signal type: l_auto

Samphng mode [ auto

KENEARKE

r_ B _D:E_.m_gu] Qancei | ﬂelp i

i 4.9 finuafuAnYULRKIZYE Ind
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o ﬂ [N [ L 9! 1
HUTUDVHDTALL U UNY 5 muﬁmﬁlugﬂﬂmmwnma



46

ﬂ Source Block Parameters: Ind @

|nport

Provide an input port for a subsystem or madel For Triggered Subsystems. o "Latch
[bulfer) input’ iz selected, then the Inport black preduces the value of the mput at the
previous time step. The other patameters can be used to exphctly specily the nput
signal attbutes

Main | Signal specihication

Port number:

3

lcon display: | Pott number Lj
[T ¢ archthatten npee

; QK Cancel J Help

31.|ﬁ 4.10 APort number In5

»
mdwmTumsfmuanudnyazdygruansuzezdiuald Han1 Port dimension Uag
Sample time UAXAAHWLUDITLNNUDI Data Signal Sample signal szilouiumsiinualuy

W3 In 3 AL In 4
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B Saurce Block Parameters: Inb g

|nport

Provide an input port for a subsystem of modet For Triggered Subsystems, § ‘Latch
[buffer} mput' is selected. then the Inport Black produces the value of the mput at the
previous ime step The other parameters can be used to exphcly specily the input
signal attubutes.

Main S!gnalspecnllcainon
[ Speciy properhes wia bus object

But obect tor validating nput bus

[ lnadt a0 rewvarnaai b

Part dimensions [-1 for nhented]:
[
Sample time [-1 for mhented):
1

Data type ]:uto

4

Signat lype: [ auto

Led L] L

Sampling mode [ auto

s e e
i
i

oK Concel | Hep |
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4.1.7 MIMAUARUENHAIZYBY MUX

MUX szifunaudideu (Multiplex) USu12n199311a (scalar) USmamawinauashe
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Tasdmualdmmnniimes Aliswandunwnidluiviify 2 uas 404 Display option 12
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E} Function Block Parameters: Mux
Mus

Multiplex scalar. vector, or mattx signals into a bus

Parameters
Number of mnputs:

{3
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Dutport

Provide an output port for a subsystem or model  The 'Dutput when disabled' and
Imitial output’ parameters only apply to conditionatly executed subsysterns When a
conditonally executed subsystern is disabled. the output is ether held at #s {ast value
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Qutport

Provide an output port for a subsystem or model. The 'Dutput when disabled' and
‘frutial autput’ patameters only apply to conditionally executed subsystems. When a
conditionally executed subsystem s disabled. the output i ether held at its last value
at et to the ‘lrihal cutput’.
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Solver

Simulation hre

Stait time: [00 Stop time. {if

E":"_’»mulation start bime. Note that the values that you specfy

as block initial conditions must be their values at this time.
P T T ST e — OO rorerete (N0 continuous states) _'_I

§
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Fixed-step size (fundamental sarmple time]: laulo
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Data Import/E xport
Load from woik space

™ Input T[r i
{7 Initial state [l
lLoad external input from workspace.l.
Save lo workspace
I Time IM;;u_;l
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[7 Final states: I Fareol
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Optimization
Simulation and code generation
i« Block reduction optmuzation ¥ Conditwonal input branch execution
% Implement logic signals as boolean data {vs double] W Signal storage reuse

L@ Inine paiamelers Configuie .. l

Apphic ation lifespan {days] Ilnf

Code g ptimize size of counters used to compute absolute and elapsed time,
W Entusing the specified application ife span.

I Ignote integer downcasts in folded expressions | Infine nvariant signals
¥ Elminate supetfluous temporaty vanables [E xpression foiding}

Loop uniclling thresheid: [5
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Hardware Implessentation
Embadded hardware (simulation and code generation}

Device lype: | Unspecified (assume 32-bit Generic]
Number of bits: char l a8 short; 16 nt l-:::;»
long: l e native word size: |‘~

Byte ordenng: l Unspecibied
Signed integer division rounds to: [ Undefined
¥ 2hitt noht on g saned integer a3 antbeeetic it

Emulation hardware [code ganeration only)
Configure cuitent execution hardware device
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