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Pedepat. IlomyueHsl BeIpaxKeHHUs JUIS JIMHUM CPe3a JBYMEPHBIX HU(POBBIX (MIBTPOB C TPeMs HE3aBUCUMBIMH KO3(DQHUIIEHTaMH.
IpoBesieHa anmpoxcuManus JHHUH cpe3a ypaBHeHHeM diumca. COoCTaBIeH alrOpUTM CHHTE3a IBYMEPHBIX HU(BPOBHIX (HILTPOB 1O 3aJaHHEIM
napaMeTpaM JIMHHHU Cpe3a.

1. BBenenue

JIBymepHbBIe TUGPOBBIE QHIBTPBI PA3IMYHOTO BHJA IHPOKO UCTIOIB3YIOTCS I 00pabOTKH H300paKeHU.
Ecnu 3Ta 00paboTKa MPOM3BOJAMTCS B PEATLHOM BpPEMEHH, TO  CTPEMSTCS JOOMTBCS JKElaeMoro pesysbrara
00pabOTKM MpH TIOMOIIM KaK MOXHO OOJiee€ TMPOCTBIX alTOPUTMOB, K KOTOPBIM U TPUHAIJICKAT JIBYMEPHEIC
nuppoBble (WIBTPH MEPBOIO W BTOPOTO IOPSIKOB, aJIrOPUTM pPabOThI KOTOPBIX OIKCBHIBACTCS PA3HOCTHBIM
YpaBHCHUEM BHJA:

2 2 2 2
ynp,my)= 3% Yalkyky)x(ng—ky,ny—ky)— 3 Xb(ky,ky)y(n —ki,ny —ky),
k1=0k2=0 k] =0k2=0
ki +ky, #0

rae x(n;,np) — BXOJHOE BO3MEHCTBHE, y(n;,n,) — peakius GUiIbTpa Ha 3TO BXOAHOE BosneicTeue, a(k;k;), b(k;k,) —
kod(punmenTsl ¢GunbTpa. YacTOTHBIE CBOWCTBA TakMX (QWIBTPOB OBLIM H3y4eHHl paHee [1-8], Temepp ke, Ha
OCHOBAHWH TIPOBEACHHBIX HCCICIOBAaHMHN, pa3padOTaH alIrOpuTM CHHTE3a (WIBTPOB IO 3aJaHHBIM HapaMeTpam
JIMHAY cpesa.

2. AJITOpUTM CHHTEe3a
[Ipu uccienoBaHNM YaCTOTHBIX CBOMCTB JABYMEPHBIX HU(QPOBBIX (HUIBTPOB NEPBOTO M BTOPOTO MOPSIKOB C
TpeMsi He3aBHCHUMBIMU Kod(dduimeHtaMyu OBUIO MOJYYEHO BBIpAXKEHHE Ul JIMHHM cpe3a. JTO BBIPAKEHHE OBLIO
anIpoKCUMHUPOBAHO YPaBHEHHEM JJIIMIICA BUIA
AX*+2Bxy+Cy*=R’, (1)
riae koapduuuenTsl A, B, C, R 3aBuCcAT OT BEIOOpa THIIA QUIBTPA M ONPENEISIOTCS Yepe3 ero KoauunenTsl, a x, y -
0000IICHHBIE KOOPAMHATHI, ONPEAEIACMbIC MOJOKCHUEM MAKCHMyMa aMIUIUTYJHO-4aCTOTHOHW XapaKTEPUCTUKU
(AUYX). YpaBHenue (1) oproroHajabHEIM NpeoOpazoBaHieM (IIOBOPOT KOOPAMHATHBIX OCEH Ha yros 0) NpUBOAUTCS K
BUZTY
EuW’+Fv*=R?, (2)

R R
rae E, F, R onpenensior paanychl dIUIUICA: RM =—, Rv = ——. Ilpu noBopoTe KOOPAUHATHBIX OCEH Ha yro 0,
JE JF

KOOPAMHATHI IPEoOPa3yrOTCs CIACIYIOUIMM 00pa3oM:
u=x,cos 0+x,sin 0,
v=-x8in 0 +x,cos 6. 3)

ITokaxxem cBs3b Mexy Kodhdurmentamu A, B, C, R v mapamerpamu summrca R, R,, 0. IToxcrasum (3) B ypaBHEHHE

2
E(x,cos 0+x,sin 0)*+F(-x,sin 0+x,cos 0)*=R%
[ocne mpeoOpa3oBaHuil MOTYIHM
x(Ecos® 0+Fsin* 0)+x*(Esin® 0+Fcos” 0)+2x,x,(E-F)sin 0 cos 8 =R".
CpasHuBas 310 ypaBHenue ¢ (1), moixyyaem CIeIyIOILyI0 CUCTEMY YPaBHEHHH
A=Ecos’ 0+ Fsin’0
B=(E-F)cos0sin® 4)
C=Esin” 0+ Fcos 6.
ITycTh MCXOAHO AaHBI paauychl diutuica R, R, u yroi nosopora []. V3 ypaBueHus (2) umMeem

2 2
R R
E= —> F= —

RM RV
IToacraBmnsist mocaenHue BeIpaXXEeHUS B (4), TOTyIHM
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2 cos’ 9 N sin% @

A= 22220 2
R? R?
B=R? %—% cosOsin O
RM RV
.2 2
C=R2 s1n26+cos26 ,
R R

u 1%

WIH, YIUTHIBas1, yT0 A, B, C u R sBisitoTcs PyHKIMAMU MapaMeTpoB QibTpa d, b, c:
cos’@ sin’@
R? RS2

v

A(a,b,c) = R*(a,b,c)

B(a,b,c)=R*(a,b,c) %—% cosOsin @
RM RV

sin2@ cos’ 0

R? R?

Pemas »Ty cuctemy, HaX0UM 3HaYCHHUS TAPAMETPOB d, b, ¢, COOTBETCTBYIOIIME ITIOCTABICHHON 3a/1ade.

C(a,b,c)=R*(a,b,c)

3. Ilpumepsl cuHTE3a GUILTPOB

Jnst npuMepa paccMOTPUM CHHTE3 HU(POBBIX PEKYPCUBHBIX (DMIBTPOB HMKHHX M BEPXHHX YaCTOT IIEPBOTO
nopsaka. OUIBTPEl HIKHUX YaCTOT UCHOJNB3YIOTCA IJIS CIVIAXHMBAHUS TPAHUI] U JUI YMEHBIICHHUS UMIIYJIBC HOTO
mymMa B M300paKEHHMSX W TEJICBH3MOHHBIX CHIHANOB, (DMIBTPHI BEPXHUX YACTOT TPAJULMOHHO HCIIOJB3YIOTCS VIS
TIOJJYCPKUBAHUS TPAHUI] B CHUCTEMaxX paclio3HaBaHHs 00pa3oB W LU(poBOH 00pabOTKH H300paKEHUH. AJITOPUTM
paboTsl mdposoro PEKYpPCUBHOTO ¢dunbTpa HEepBOTro nopsiaka MOKHO MIPEICTaBUTh B

BHJIe HampaBleHHOro Tpada (puc. 1) wimm omnwmcarb
Pa3HOCTHBIM ypaBHEHHUEM BHUJIA:

y(ny,n2)=x(n,n,)-ay(n;-1,n,)-
-by(ny,ny-1)-cy(n;-1,n,-1)

Puc. 1.

Ipumep 1: Ha puc.2a npuBejcH npuMep CHHTE3a ABYMEPHOTO PEKYPCHUBHOTO IIU(PPOBOTrO (QHIIBTPa HIKHUX
4acTOT MO ONMMCAHHOMY BEIIIIE aropuTMy. Ha pucyHKe BBEJICHBI CICIyOIIe 0003HAYCHUS:
— . — - JIUHUS 33JJaHHOTO JIUINIICA;
— — — - - JIMHHSA [OJIy4eHHOTO AlMPOKCUMHUPYIOIIET0 JIUINICA;
- IMHUS cpe3a QUIbTpa ¢ MOTYICHHBIMH KO3 primeHTamu.

3anansl paauycel ammunca R,=0.5w, R,=0.3® u yron moBopora oTHocuTenbHO oced [1=30° . IlomyueHs!
cnenyromue napamerpsl puibtpa: a=0.4, b=0.45, ¢=-0.23. Ha puc.26 npeacrasneHa AUX ¢unbTpa ¢ mMorydeHHBIMA
napaMeTpamH.
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Puc. 2.

Ipumep 2: Ha puc.3a npuBeneH npuMep CHHTE3a ABYMEPHOTO PEKYPCHUBHOTO HU(POBOTO (GUIBTPA BEPXHUX
yacToT. 3ajaHsl paguycsl amaunca R,=0.6w, R,=0.5T u yron moBopoTa oTHocurenbHO oceit [1=0°. IlomyueHs!
cienyomue mnapamerpel  ¢uibTpa: a=-0.28, b=-0.24, ¢=-0.07. Ha pwuc.36 mnpeacraBneHa AUX ¢unptpa C
MIOJTy4CHHBIMH MapaMeTPaMH.
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Takum o00pa3oM, COCTaBIE€H alNTOPUTM CHHTE3a (UIBTPOB C HCIOIH30BAHHUEM AIIPOKCHMHUPYIOIIETO
YpaBHEHHS IUIHAIICA. DKCIIEPUMEHTaIbHAs POBEpKa aITOPUTMA MTOKa3asia, 9TO JJIS PEKYPCHBHBIX (PHIBTPOB MOKHO
MTONy4IHTH OoJiee y3Kue 00JIacTH MPOITYCKAHI, YeM IS HEPEKYPCUBHBIX.
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DESIGN OF 2-D DIGITAL FILTERS WITH THE USE OF THE CUTOFF LINE
Lukashevich Yu.A., Sudakov A.A., Priorov A.L.

Yaroslavl State University
Sovetskaja 14, Yaroslavl, Russia, 150000, Phone: (0852) 32-11-94, E-mail: cat@uniyar.ac.ru

Abstract: Expression for the cutoff line of 2-D digital filters with three independent coefficients are obtained. The cutoff line is
approximated by an ellipse. An algorithm for 2-D digital filters design according to certain cutoff line parameters is proposed.

1. Introduction

Two-dimensional digital filters of different kind are widely used in image processing. If the processing
proceeds in real time the desired result of the processing is usually achieved with the help of simplest algorithms. 2-D
digital filters of the first and second order belong to such algorithms. They are described by the following difference
equation:

) 2 2
y(np,ng)= 3 Yalky,ky)x(ng —ky,ny —ky)— 3 Y bky,ky)y(ng —ky,ny —ky),
kl :0 k2:0 kl :0 k2 :0

ky+ky 0

where x(n;,n,) is an input signal, y(n,;,n,) — the response of the filter on the input signal, a(k;k;), b(k;,k;) are the filter
coefficients. The frequency properties of these filters were investigated in [1, 2]. Here, on the base of the conducted
researches an algorithm of filter design according to the certain cutoff line parameters is worked out.

2. Design algorithm

By researching frequency properties of two-dimensional digital filters of the first and second order with three
independent coefficients the expression for the cutoff line was derived. This expression was approximated by the
ellipse equation:

Ax*+2Bxy+Cy*=R?, @)
where the coefficients A, B, C, R depend upon the filter type and are determined by it coefficients, and x, y — are
generalized coordinates, which are determined by the location of the maximum of the amplitude-frequency response.
The equation (1) is reduced to the following form by an orthogonal transformation

Eu*+Fv*=R?, )

R R
where E, F, R determine the ellipse radius: R, Zﬁ, R, ZF. By rotating the axes at the angle 6 the

coordinates are transformed this way:
u=xycos 0+x,sin 0,

v=-x,5in 0 +X,c05 0. 3)

Let us show the relation between the coefficients A, B, C, R and ellipse parameters R,, R,, 6. Let us
substitute (3) into the equation (2):
E(x,cos 0+x,sin 9)2+F(-xlsin 0+x,cos 9)2=R2.
After some transformations we have
x12(Ecos” +Fsin® 0)+x*(Esin® 0+Fcos® 0)+2x,x,(E-F)sin 6 cos 6 =R".
Comparing this equation with (1), we build the following system of equations:
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A=Ecos’0+Fsin’0
B=(E-F)cos6sin0 4)
C =Esin’> 0+ Fcos” 0.

Let the radii R, and R, and the angle 6 initially be given. From the equation (2) it follows
2 2
R R
—, F=—. 5)
RM RV
Substituting (5) into (4) we receive the system

E =

2 . 2

A=R> cos29+s1n29

RM RV
B=R? %—% cosOsin O

Ru RV

) 2
C—R2 s1n29+00829 ’

RM RV

or, taking into account that A, B, C and R are the functions of the filter parameters a, b, ¢ we arrive at the
result

2 . 2
A(a,b,c):Rz(a,b,c) cos“ 0O sin“ 0O

R> R}
B(a,b,c)=R*(a,b,c) %—% cos0sin©
RM RV

sin’@ cos’0
2 T 2
R R

u 1%

C(a,b,c)=R*(a,b,c)

The solution of this system gives us the parameters a, b, ¢ corresponding to the staled problem.
Thus, the algorithm for filter design with epy use of the ellipse equation is worked out. An experimental
check-up showed that for recursive filters pass bands can be move narrow than for nonrecursive ones.
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