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A new design method for one-dimensional and
two-dimensional maximally flat FIR filters with zero-phase
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Abstract

This paper proposes a new design mehtod for obtaining the impulse responses which satisfy the
prescribed conditions designing for maximally flat FIR lowpass filters and highpass filters. The
bandpass filters and band-reject filters have been directly derived from the addition and subtrac-
tion of impulse responses of a lowpass filter and a highpass filter. The two-dimensional maximally
flat FIR lowpass filters, highpass filters, bandpass filters and band-reject filters with zero-phase
have been designed by transforming the impulses of the one-dimensional filters designed in this re-
search, which do not destroy lines and edges at the image signal processing.
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H(wl, w2)=H'(w1, wg) (1)
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www.dbpia.co.kr



HRE S S EER ik '94—12 Vol.19 No.12

-3 MASHLE K DASHTE HA
7t d; cos(i w)olf 28t gy
2 (3) 9] YB2g5hdits vhg o] e HATHT

) N K ,
gi=2 (N T - ()) T o-be

t s a0

EHENY i=owox 7)

°]“ﬂ-°4 MF A odE n3de o] badFuls: .9 Ho)
J1L—r Awo] FolAH & w 2F4 Nat A =)t & o

o
0

Beax K= 7242 oa 3 @
N=integer > (n/Aw)* (8)
K =integer < N(1 + cosw./2) (9)
2(8), (9% (D)ol 2lshA Fol%l w2 Awoll

A dig et MF Zﬁ‘lﬂ,%ﬂr%iﬂg— MAE 5 9
ke 919 2)(8), (9)2] No} K& H4R vt

b4

B #AAA Fol o R Aol el M TAFSHEE 4,

g 7& gl glod [8]ol 2siAM Fol3 w.S Aw

g A4 gts] yEEhe guel o) MaE Ay w8k 5

o7l 21& e A adE e I3 ’:%‘ﬂdz,

of ojajr nAFNIE o] dH g FoaET

S ol 9} o] & 4= Ut

dH,:(’l)i sz (10)
N

Hylw) = ¥ dy coslion) (11)
iTo

L} a; (cos w)oll 2|3t By
2] (4b)ol| M a; 5 F3le 4L [9]d elsiA o))
231k gko] A otE] o),

A 1\+l FK+i-1y i
1;(_1)12 (1\+1)( i;( ; )(ll)
i=0,1,..N (12)

o A(12) el A 2+ N9t w=n°ﬂ e Hebe
K k2 2(8), (9)°l ¢Jstd H2 dH2 a; ¢& 7

IRenz Fo w Awd ”}—'—6]—1] S U

e etttk mEkA ® ATl A Fold wet Aw
g &l Fo4 9 a g vy i’lr kol atel
e A et ew ol FHEE oS utyl

N
-y
[=2
o

A3M frEd FAEol ot FEHoz dojal
FHERAM Fueg(8]dM AHgtHth £ ol9}
2 T E AR RA Fol3l 21 WEY o
7HA B AE st A el EE =Yt A
Folxl 2 & &3] vrEehe= Aol Ak

D F12 Awdll 98] A 24 N2 +3}

N = linteger 2 (n/Aw) *t (13)
@ oA 438 Noll A M Wemin Wemar s T3

Wemin = 2 COS™1[271/04N)] (14)
Wemar = 2 8i0 (1 =1/ /2] (15)

D ehE Aol oM 2k NE thAl A4t
U)('<U)rm:'n ?—l L[H

N=={Integer > [In(1/+/2)]1/{2ln cos(w./2) I}
(16a)
W Z Wemar B W

N=1{Integer > [In(1—-1/+/2)]1/[2In cos(w./2) ]}
(16b)

A7 1= Fold zgE g

@ @l 3 A4 Nejl 2ah A A xd) Gof o] et

e K& 73

K =integer £ N(1+cos{w,.)/2) (17)

Bo=wN Folzal 24 1//28 HFA717] 9

st AYstetole}l PE 4

1/V2)]1/10/V2)-Hulw)]
(18)

pP= [_H()z((l)l-) _(

® T 0. AwE BHFst aE TE
@195 9 ay & 7F
ay, = (—1)*a; (19)

® Tt Hiw) & 143
glel EAol ol 3 E =& obefi o} gt

(MA o 1)
®oglpol M e Ang (7], [8]9) vlag da}
2 we=14, Aw=1.12% u A Ao o
Hele) FulEA3E T1y20] BA)SA T 28 ¢
oy ol 2UG UHHIte YEAFHE HAE

[8]et & Aqtalx Agtd whfo] Fold 2d& A

www.dbpia.co.kr



Woc/frHEEYE Qe 1309 9 239 Maximally Flat FIR Hel 2] A28 44 Kk

givm Ve, AD

Calulation of N by eq (13),
Omin by eq (14),
and Wmin by eq (15)

Q. < @ onin @O 2 Oomax
ucul'n
<
0.
N by eq (16a) | { N by eq (16b)
K by eq (17)
‘-ILcalculation di with K and N|
< >

Hale:)=Hola,) Heploc)=Ho(o)
ki=k He(vc)=Ho kl=k=1
k2=k~-1 Haloc)=Ho k2=k
1
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adq. k, ki kz. P ad = (az+P au)/(1+P)

Ha(s), He(e), Houle) Hoa(0) = ((He(0)+P Ha(e))/(1+P)

N PRINT > Highpass Filter Design

O 1L ARRE A S Sl 28R
Fig 1. The flow chart for proposed design method
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Fig 2. The frequency response of MF FIR filters
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Fig 4. The block diagram for the bandpass filter
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Fig 6. The realized method for the band-reject filter
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Fig 7. The block diagram for the band-reject filter
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Fig 11. Two-dimensonal lowpass filter
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Fig 12. Two-dimensional highpass filter
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Fig 14. Two-dimensional band-reject filter
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