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- 3apgaya NpoeKTMPOBaHUSA

Bo3HuKaloT 3apayum:
- cobpaTb Mmoaerib N0 OCHOBHbIM Xapaktepuctukam AYX/dYX;
- BbISICHUTb MUHUMAarnbHbIU NOPAAOK dunbTpa Npu pa3padboTKe YCTPOUCTBA,;
- peanu3oBaTb hUNbTP Ha 0a3e ANCKPETHbIX IJIEMEHTOB, JINHUMN,
NMNJIAC vnun apyroro BoIYUCIIUTENA.

HyXHO pewunTb 3agadvy NnpoeKkTupoBaHna punbTpa
- HaUTUN KoahduumeHTbl hunbTpa
npuv 3agaHHbIX orpaHnyeHmnax Ha A4YX/d4YX
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- 3apgaya NpoeKTMPOBaHUSA

Mo Buay undposoro punbTpa:

- uwem B knacce KUX cunbTpos; H(z)=ly +by zl+ .+ b z N
-1 —N
+ +...+
- uwem B Knacce BUX bunbTpos. H (Z) — by bli bNZ—M
1+yz " +..+ayz

Mo Hannyur aHanoroBoro nporToTuna.

- MeToAbl CUHTE3a C MCNOoJSIb30BaHWEe aHaNoroBoro NnpotoTuna (nekuus 7,
OnnnHenHoe npeobpaszoBaHue, MeTo 3aMeHbl anddepeHunanos,
MeToA UHBAPUAHTHOU UMNYJNIbCHOU XapaKTePUCTUKN)

-npsiMble MeToAbl CUHTEe3a No orpaHndyeHusam Ha AYX, PYX, NMd, UX u T.4.

NMpamble meTOAbI:
- onTUMarnbHble (UWeM TOYHOE COOTBETCTBUE KPUTEPUIO)
- cyoonTumarnbHble (Mpy AONONMHUTENbHbIX OorpaHuyYeHmnax Ha MNo)




Tunsbl:

- pUNbLTPbI HUXKHUX YAaCTOT
(®HY, low-pass filter);

-PUNbLTPbI BEPXHUX YACTOT
(PBY, high-pass filter);

nosiocoBble PUNbLTPbLI
(band-pass filter);

- PeXeKTOpPHble (pUnbTPbLI
(band-stop filter).

K14

cY

EY

EY

=

AHanoroBble NPOTOTUNDI

OxuagaHue

PeanbHoOCTb




- AHanoroBble NPOTOTUMBI

EcTb MeTOoAbl, annpoKkcumupyrowme naeanbHble nepeaatovHble GyHKUUMN.

NMpnmeHum ux ana cospgaHusa aHanorosoro nportotuna PHY c
HOPMUPOBAHHOMN YacToTOMU cpe3a 1 pap/c

O ToMm, KaK npeobpasoBaTb oAuH TUN hunbTpa B Apyroun (Hanpumep, PHY
Ha PBY) n cmeHnTb YacToTy cpe3a, 06cyaum nosaHee.

e
[m7}
T

[Hjooves )

0.4




- dunbTp BaTtTepBopTa

Butterworth filter: mMakcumanbHas rnagkocTb

1
K(w)=
AYX: 2N
(N — nopsAAoK) 1+| ¥
20
clear all; clc; close all
j=0;
forn =113 5]
j=1+1

[z, p, k] = buttap(n);

[b, a] = zp2tf(z, p, k);

[Hn, wn] = freqs(b, a);

H(:, j) = Hn; w(:, j) = wn;
end
plot(w, abs(H));
xlabel("\omega, rad/s');
ylabel('|H(j\omega)|');
legend('n=1', 'n=3', 'n=5");
grid on

[Hj )]

0.8

0.6

0.4

02r

a 0.5 1 1.4 2

B Hyne — eguHMua,
Ha yacTtoTe cpe3a — 0.707 (-3 ob),
B 6€CKOHEeYHOCTU — HOJb.

MoHOTOHHOE cnagaHue.

B Hyne n 6eckoHe4yHoCTHN 2n-1
npousBoAHbIX AYX paBHbI HYIIO

w, radis




Chebyshev type | filter: pe3kumn cnapg

1
1+£°T, (% )
Uh

MOHOTOHHO 3aTyxaeT K HyJo nocre
YyacToTbl cpe3a

B Hyne 1 npu He4yeTHOM N, 1

nHade 2
\/1+ E 08

R, :20Ioglo(\/1+ 52) =

:1OIog10(1+ 52)

Rp = 3;
forn =[135]
j=]+1
[z, p, k] = cheblap(n, Rp);

0e

Hj )

0.4

0.2r

PunbTp YebObiWweBa 1 poaa

Th ( ) - noNMHOM YebObliweBa

g OfnpeaenseT nynbcauuu B
nonoce NponycKaHus

1

1] 0.5 1 1.5 &
w, radds



- dunbTp YebbiieBa 2 poaa

Chebyshev type Il filter: pe3kun cnap
CBa3b ¢ unbTpOM 1-ro poaa:

AUX: ()= , : H,(s)=1-H; (1/5)
1+£/Tn (%(bj P2 =1/ py;

I'Iynbcau,uu NepeHoOCATCA N3 NOJIoChbl
NMPponycKaHuA B NOJIOCY 3aAepXXaHUA,

Tam koneo6nrotcs ot O go ]/\/1+ 52

B Hyne AYX makcumanbHO nrockas

[Hj )]

Rp = 3;
forn =[1 3 5]
j=1+1;
[z, p, k] = cheb2ap(n, Rp);

w, Facdss




= AnnunTuyeckun PunbTp

Elliptic filter, Cauer filter: dukcnpyem KonedbaHmns, MAaKCUMU3INPYEM KPYTU3HY

K (w) _ 1 R, ( ) - pauMoHanbHas
AYUX: dyHKUna YeObiweBa
1+£°RA| WL
£°Ry ) onpeAensioT nynbcauum
“h £,L & nonoce nponyckanus u
3afepXaHus

Rp — nynbcauuu B norsrioce
nponyckaHua (ab),

Rs — nynbcauuu B nonoce
3apgepxaHusa (ab)

[Hj )]

R“p=3;Rs=6;
forn =113 5]
=3+

I:IE oo e e e e ...................

[z, p, k] = ellipap(n, Rp, Rs);




Bessel filter: rnapkasa ®YX

H (s) =20
deSk
k=0
d = (2n-k)!
2" KkI(n-k)
clear all; clc; close all
j=0;
forn =113 5]
j=1+1;

[z, p, k] = besselap(n);

subplot(2,1,2)

plot(w, unwrap(angle(H)));
xlabel("\omega, rad/s');
ylabel('arg H(j\omega)');
legend('n=1', 'n=3", 'n=5");
grid on; xlim([0 2]);

arg Hijw)

PunbTp beccensa

m, rads’s

0.5 1 1.2 e
w, Fadss



- CMeHa 4acToTbl cpe3a

CmeHa yacToThl cpe3a CBOoAUTCA K MaclTabMpoBaHUIO YaCTOTHOU OCMH:

clear all; clc; close all

j=0;

Rp = 3;

w0 = 2*pi*3e6;

forn =13 5]
J=1+1;
[z, p, k] = cheb2ap(n, Rp);
[b, a] = zp2tf(z, p, k);

[Hn, wn] = fregs(b, a);
H(:, J) = Hn; w(:, j) = wn;

[b_new, a_new] = Ip2Ip(b, a, w0);
[Hn, wn] = freqs(b_new, a_new);
H_new(:, j) = Hn; w_new(:, j) = wn;

end

figure(2)

plot(w_new/2/pi/1e6, abs(H_new));

xlabel('f, MHZz'");

ylabel(*|H(j\omega)|');

legend('n=1", 'n=3", 'n=5");

grid on; xlim([0 6]);




- CMmeHa TMna counbTpa

HenuHenHble npeobpa3oBaHuA
OCU 4YacCTOT NO3BONIAKOT CMEHUTb
T™MN punbTpa

®HY B ®B\N: - =
S T
Transform lowpass analog filters to highpass
syntax
[bt,at] = TpZhplb,a,ka) w, radds

[At,Bt,Ct,Dt] = TpZhplA,B,C,D,Wa)

Description

TpZhp transforms analog lowpass filter prototypes with
a cutoff angular frequency of 1 radfs into highpass
filtars with desired cutoff angular frequency. The
transformation 15 one step in the digital filter design
process for the butter, chebyl, cheby?, and e114p
functions,

[Hjw)]

[b_new, a_new] = Ip2hp(b, a, w0);




- CmeHa Tuna chunbTpa

®HY B NO: ,
ab(g%@) +1
By S

S >

[H{ju)|

lpZ2bp

Transform lowpass analog filters 1o bandpass

Syntax

[bt,at] = TpZbplh,a,klo,Bw)
[At,Bt,Ct,Dt] = Tp2bplA,E,C,D0,Wo,Bw)

wr, radds
Description 1 i ; f/ ;
TpZhp transforms analog lowpass filter prototypes with \ : =1
a cutoff angular frequency of 1rad/s into bandpass gk SRR SRR T SETRY NN SRR n=3 H
filtars with desired bandwidth and center frequency, The : : : :

transformation is one step in the digital filter design

process for the butter, chebyl, cheby?, and 2111p = 0.8
functions, =
L
0.4
Bw = 2*pi*1e6;

.2f

[b_new, a _new] = Ip2bp(b, a, w0, Bw);




- CmeHa Tuna chunbTpa

®HY B PO:
By
ah (5/%)2"'1

S 5

Ip2bs

Transform lowpass analog filters to bandstop

Syntax

[bt,at] = Tpzhsib,a,Wa,Bw)
[At,Bt,Ct,Dt] = TpZbs{A,B,C,D,Wo,Bw)

Description

TpZbs transforms analog lowpass filter prototypes with
a cutoff angular frequency of 1 rad/s into bandstop
filtars with desired bandwidth and center fraquency, The
transformation is one step in the digital filter design
process for the butter, chebyl, cheby?, and e114p
functions.

Bw = 2*pi*1e6;

[b_new, a_new] = Ip2bs(b, a, w0, Bw);

[H{ju)|

[Hij )|

w, radds




PyHKUUU pacyeTa PUNbLTPOB

B MATLAB ecTb pyHKUMN-00epTKN, cOBMELLaloLLne pacyeT aHanoroBoro
npoTtoTuna u npeobpasoBaHue ero B Tpedyembin Tun unbTpa:

butter

Butterworth filter design

Syntax
[z,p,k]=hutter(n,kn)

[z,p,k] = butterin,kn, "Frype")

[b,al=butterin,kn)

[b,al=butterin,in, ‘frype")
[A,B,C,D]=hutterin,ln)
[A,B,C,D] = butter(n,ln,' ftype')

[z,p,k]=hutter(n,ln,

ISI:I
[z,p,k] = butterin,kn,' frype','s"]

[b,a]l=butterin,kn,'s"')

[b,al=butterin,kn, "ftyp=s","'s']}

chebyl

Chebyshev Type | filter design (passband ripple)

syntax

[Z:p:k]=ChEbF1[ﬂsstP]
[Espsk]=ChEbF1[ﬂ,RsWPs'ftFPE']

[h,a]l=chebyvlin,R,kp)

[b,a]l=chebyl(n,RE,Wp, "Frype")
[A,B,C,D]=chebylin,R,kp)
[A,B,C,D]=chebylin,Rk,Wp,"' Frype')
[z,p,k]=chebyl(n,E, kWp,'s"]

[Z,F:',I‘i] = ChEbyl{ﬂ,R,wp,'ftypel \ |S|:I
[b,al=chebylin,R,Wp,"

[h,a]l=chebyvlin,k,Wp,

s']

rf‘-‘:}:’per,ISI:l

ellip

Elliptic filter dasign
Syntax

[z,p.k]=e11ip(n,Rp,Rs,Wpl

[z.p,k] = el11ipin,Rp,Rs,Wp, ! frvpe' )
[b,al=e1lipin,Rp,Rs,Wp)
[b,al=el1ip(n,Rp,Rs,kp, "Friyps’)
[A,B,C,D]=e1T17pin,Rp,Rs,kp)
[A,B,C,D]=e1T17pin,Rp,Rs,Wp, "Frype )
[z.p,k]l=e111ipin,Rp,Es,Wp,'s' )
[z.p,k]l=e111pin,Rp,Rs,Wp, " Frype','s')
[b,a]l=e1lipin,Rp,Rs,kp, 's' )
[b:a]=911ip[ﬂ:Rp:R5:WP:rffyper:'S']

cheby?

Chebyshew Typea Il filter design (stopband rippla)
Syntax

[z,p,k]=chebyZ(n,R,Wst)
[z,p,k]=chebyi(n,E, st, ' Frype')
[h,a]l=chebvzin,Rk, kst)
[h,al=chebyZin,k,Wst, ' frype']
[A,B,C,D]=cheby2in,R,k=t)
[A,E,C,D]=chebyv2in,R,kst, "' frype')
[z,p,k]=chebyi(n,R, kst, 's')
[z.p,k]=chebyZin,E,Wst, "Frype",'s")
[b,a]l=chebyZ(n,R,kWst,'s")
[b,a]=chebyvZin,R,Wst, "frype’,'s")



e Mepexon k Od

Mony4ynnu aHanoroBbIN NPOTOTUN — MOXEM NepexoanTb K AUCKPETHOMY
dunnbLTPYy C NOMOLYbLIO:

- MeTO4Aa MHBAPMAHTHOU MMNYIIbCHOU XapaKTePUCTUKMU;

- MeToaa OMNMHenHOro npeoodpasoBaHus;

- MeTo4 3aMeHbl aAndpdepeHUUanos.

A moxem dyHKuum butter, ellip, chebyl, cheby2 cpa3y Bbi3BaTb 6€e3 krnro4a
's’, Torga MATLAB npumeHnNT OMnuHenHoe npeobpasoBaHue K NnpoToTuny.

bilinear

Bilinear transformation method for analog-to-digital
filtar conwversion

Syntax

[zd,pd,kd]=kbi1linear(z,p,k,fs)
[zd,pd,kd]=bilineariz,p,k, s, fpl
[nund, dend]=bi11near{num,den, s
Chumd, dend]=kbilinear{num,den, fs, ol
[Ad,Bd,Cd,Dd]=b11inear(A,B,C,D,fs)
[Ad,Bd,Cd,Dd]=hilinear(A,B,C,D,fs, fp)

Description

The Bilinear transformation i a mathamatical mapping
of variables. In digital filtering, it is a standard method
of mapping the s or analog plane into the z or digital
plane, It transforms analog filters, designed using
classical filter design techniques, into their discrete
aquivalents,

IMpPInvar
Impulse invariance method for analog-to-digital
filtar conwvarsion

syntax
[hz,az] = impinvarib,a,fs)
[hz,az] = impinvarib,a,fs,tol)
Description

[bz,az] = impinvar(b,a,fs) creates a
digital filter with numerator and denominator
coaefficients bz and az, respectively, whose
Impulse response is equal 1o the impulse
response of the analog filter with coefficients b
and 3, scaled by 1,/Ts. If you leave out the
argument s, or spacify 5 as the empty vactor
[]1, it takes the default value of 1 Hz.



s Mopapok omnbTpa
OonycTum, ¢ TMNom chunbTpa onpeaenunucb, HY)XXHO BbIOpaTb NOPAAOK.

K(f

-—— - )
e

. N AVATAY

GRigaa e [ ' i 1 KT _’
0 (1) (1)  @,(2) ©,(2) ® 0 (1) ofl)  of2) 0,2) ®

Monocoson punetp PexekTopHbIi huneTp




2ol Mopspok dunbTpa
[n, Wn] = buttord(Wp, Ws, Rp, Rs, 's’)

[n, Wn] = cheblord(Wp, Ws, Rp, Rs, 's’)  k(f)h .
[n, Wn] = cheb2ord(Wp, Ws, Rp, Rs, 's’) j|
[n, Wn] = ellipord(Wp, Ws, Rp, Rs, 's’)

n — nopAaaok, Wn — yactoTta cpe3a

clear all; clc; close all

Rp = 1; Rs = 80;

Ws = [2 12] * 1e6 * 2*pi; : . | £ &
Wp = [3 10] * 1e6 * 2*pi; 0 1) o) (l)  @,(2) u,2) o

S Ne NSO\
[n, Wn] = ellipord(Wp, Ws, Rp, Rs, 's'); '»@ ”3® ,\,@\ \,}é\
[bs, as] = ellip(n, Rp, Rs, Wp, 's"); ] -

Wd = 40 * 1e6 * 2*pi;
[bz, az] = ellip(n, Rp, Rs, Wp/(Wd/2));

e b
[Hs, ws] = fregs(bs, as); =

[Hz, wz] = freqz(bz, az); 5 _

Slot(ws/2/pi/ 166, 20%10g10(abs(Hs)), ... ook o o SOV é namg ....... A
wz*Wd/(2*pi)~2/1e6, 20*log10(abs(Hz))); Digital

xlabel('f, MHZ"); ylabel('|H(j\omega)|, dB"); 150 ; ; ; , i ;
legend('Analog’, 'Digital'); oz 4 6 & 10 12 14
grid on; xlim([0 14]) f. MHz n




_— OnTUManbHbIN CUHTE3

«OnTMManbHOCTU» BCcerpga coorBeTcTBYyeT Kputepun. O6bLIYHO 3aparoTcA
KputepuemM MUHUMMU3aL UM HOPMbI OLLMOOK TUNa

Lp(e):j ‘D ) =|H ( ja)dea)

roe D(a)) - Tpebyemasa AUX,
(Ja)) - ICKOMasn nepegaToyvHas pyHKUmSA,

(a)) - BecoBasi (pyHKLMS.
B obuwem cnyyae pelwlaetcs utTepayuoOHHbIMU YNCNIEHHbIMU MeTOA4aMM.

Mpu p =2 u noucke cpean KNX onnbTPoOB MOXKHO peLnTbL aHanNUTUYECKM.

Mpu P =% nepexoAnT B MUHUMAKCHbIN KPpUTEPUU (MUHUMU3NPYEM
MaKCcUMaribHoe OTKINOHeHue)




sl CybonTumManbHbIN CUHTE3

CuHTe3 ¢ UCNOoSIb30BaHUEM OKOH:

1. AYX -> UX ho A ]

2. BblopaTb cepeanHy UX .

3. CABUHYTb BnpaBo el T

4. HanoXuTb OKHO

5. ...

6. PUnbTp roToB

MoryT npuroautbcsa pyHKUUUN. - J. = - J_ - >

infreqz(), prony(), firl(), fir(2) t
", hoA < A




- Cy60onTUManbHbIN CUHTE3

PeweHue ypaBHeHun lOna-Yonkepa (Yule-Walker):

yvulewalk
Recursive digital filter design  MMHUMMW3NpPYeT cpegHeKBaApaTUYeCKyIO0 OLLUNOKY

Syntax Ansi 3agaHHOU KyCo4Ho-nuHenHon AYX
[b,a]=vulewalkin,f,m)

Description

yulemalk designs recursive IR digital filters
using a least—squares fit to a specified
frequency response,

[deal s

Designed

[b,a] =Fu-|ewa-||{-|:n,1:,m]re1:urns o I:IE_ ............... _. ................ ................. .._ ............... -

vactors b and acontaining the n+l coefficients

of the ordear n |IR filter whose

frequency-magnitude characteristics 0.6
approximately match those qiven in vectors T
and m:

............................................................................

H|

g bl A S ]
clear all; clc; close all; : : : :
f=[00.10.10.517;
m=[1100.50];

n =30;

[b, a] = yulewalk(n, f, m); 0 0.z 04 0.5 0.8 1
[H, w] = freqz(b, a); n
figure(1); plot(f, m, w/pi, abs(H));

xlabel('f/f_n"); ylabel('|H|");

ylim([O 1.1]); grid on; legend('Ideal’, 'Designed’);

neb- .............. ................ ................ ............... -




- fdatool

Ectb GUI, o60o6wwarowmmn nayyeHHbole OyHKLUN CUHTE3a U aHanu3a (punbTpoB

- ) Filter Design & Analysis Tool - [untitled.Fda] W@
Eile Edit Analysis Targets View Window Help

DEEER 2RoX D|EMNNMHM2+0 BELONE N

>> fdatool

® Lowpass - o
Highpass -

Cl Equiripple -

VESTARNGILET;




o fdatool

|-) 1 Filter Design & Analysis Tool - [untitled.Fda*] ORORE)
Eile Edit Analysis Targets View Window Help

DEEESR 2LLX T HRNUM:+0  BRORNE| W

) Lowpass - C
) Highpass - :

) Differentiator -

. Equiripple -

WESTAMIET:




fdatool

| ®] Filter Design & Analysis Tool - [untitled.Fda*]
Eile Edit Analysis Targets View Window Help

Yo

DEHER|2RALX DN NYUH# D ELORNE| N

) Differentiator -
._...I
. Equiripple -

| NBEETATNILET;




fdatool

)

Filter Design & Analysis Tool - [untitled.Fda*]

Yo

File  Edit Analysis Targets View Window Help

DFHER| 2P L% U|EDEEE+D BLORE| W

) Lowpass A
) Highpass A

Equiripple -

| NEETATTIIIET;




Ao Filter Design & Analysis Tool - [untitled.Fda*]

File  Edit Analysis Targets View Window Help

DEESR | 2PRLX|DEENE+0  BLONE W

CARIYenZrztar frzie 12t o = GE| BNV EI UESNTE G ETTOTT E

(0 Rl iitar = Ges ) SCAlEVAINEEVENaENAR1

8 WENCIEtararECal et

(0 Elzrianinzitar e GoF):




- fdatool

| [® Filter Design & Analysis Tool - [untitled.Fda*] ONOREY

File  Edit Analysis Targets View Window Help

DEESR | 2PRLX|DEENE+0  BLONE W

Clear| Units
1.000-2.0262.148 1" | Cleag) &5 [Ffs




fdatool

=

Filter Architecture | Global Settings | TestBench | EDA Tool Scripts

Architecture: iFl.lll;g..lI parallel Iv]
Coefficient source: i Internal |+ I
Coeffident multipliers: i Multiplier I vl
Multiplier input pipeline: I 0 ]

|

Multiplier output pipeline: | 0

[ ] Add pipeline registers

FIR adder style: i Linear I -r]

[] Optimize For HDL

assign scaletypeconvertl = (scalel[35:0] + {scalel

4 o Generate HDL (Direct-Form ll, Second-Order Sections, order=14) & & u
—Target

Language: Verilog .|‘]

Name: | Filter ]

Folder: [hdlsrc ] Browse...

[ == Section 1
assign typeconvertl = (alsumi1[29:0] + {alsumi[l

always @ (posedge clk or posedge reset)
begin: delay_process_sectionl
if (reset == 1'b1) begin
delay_sectionl1[0] <= 16'£0000000000000000;
delay_section1[1] <= 16'b0000000C0O00000000;
end
else begin
it (clk_enable ==
delay_sectioni[1
delay_sectionl[0] ==

1'b1) begin
= delay_section1[0];
typeconvertl;

(«] Y

and
and
end // delay_process_sectionl
[hd
| («]*]




