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ABSTRACT  This paper proposes a realization method of multidimensional digital filters that has high modularity, reg-
ularity and parallelism enjoying the attributes for efficient VLSI implementation. The method shows that multidimensional
transfer functions can be treated as two-dimensional transfer functions modifying the decomposition method of muiltidim-
ensional transfer functions proposed by Venetsanopoulos etal®, and then be displayed by multiplications and additions of

one-dimensional transfer functions by applying the triangular decomposition theorem to the coefficient matrices of the
two-dimensional transfer functions,
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- 0.91 (1 + 4.42,) (1 + 1.833z)) | +x
- 0.091 +
N ”
- 3z HCrvo3n gy |Jciv 24 2)
. 4z H (1+015 2]
% ekl |

28 4.2-DIR s AW dejo 4bztE-dfo] & A¥ o
A triangular decomposition realization example of a
2-D IIR digital filter,

+5z77 27 +327 25, + 227 27 + 3z 27" 27

+2zi'z7 25 + 321,27 +H4zit 27" 25 4+ 2277 25 25
P(zy, 22, 23) = 1 +525" +225* +627' + 227" 23"

+525' 23"+ 625 + 722" 25" +427 25 + 227"

2. 3-D CIX|E ZE{o| M3 of

3-D IIR Hx|8 e HEdgd4=

H( - Q (z1, 24, 23) +d4z7 25 227 25t 527 27+ 227 27t 25
21 22, 2 P (z,, z3, z3) , +5z7 27 23 +527 2 H4 27 2 2y 627 250 25t
i1 ng-l ng-i +4z7*+327% 23" +2277 25" +H4zi0 27 +2277 27 25
B i e G 7 2 2 +527% 23" 25" FAzitzit F2itzit 2 +8zit 270 23

Ay-1 Nz-1 RAg-1 N X
KT=0 k3=0 kz_o Pki ks ks 21 27 ' 2 o %] 3
1= 7= 3= 0‘-17] '('] ny=ng=ng= 3 0}‘;}'. _I—xd. _\L‘Z}' D}- c}é}

Q (21, Z,, 23)‘::—

ks
3

9} o] FAEH, 74 Q(z,, 22, 23) 2}

P(z,, 2, z5) 7} vh&3k o] Fo|3icta 7413}

Q(Zn. Zs, Zs)=Q(Zl, Z)

=z},
ny~1 Ni—-1
=3 a1z 2™
Q(Zl, Z2, zg) =6+32;1+92;2+4z;l+22;l Z;l ki=0 =
+6z3" 25 +2272 + 27 23" +32z5% 25 +H4z2, ! =6+32"'+9z2 +42z°%+22 +62°+2z2"°
4zl 2z + 27t 2 5z 25 25 227 27 2 +z27 4327 +4zzi 27 + 6z 2z 2
+3z7 277+ 527 27 25 T2 2zt 25 427 4527z 4227 25+ 327 27+ 327 27 +- 52727
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+7z7 2 4z 5270 2 3zt 2 22772
_+_3Zl—2 Z—I_}_Zi—z 5+3Z;2Zv6+4z-1—2 7_{”2242 -8

9} 7+ Hejo 2-D AEFFE veld F 9
t}, o] @ Ny=nny=09, z7/ =27%27", ax,,,/=
Qenwa ks 01, 4G 2F Tk, ke | Zhell = sE 40 7
L A 7F ek

H4 3-DA 9 [jIok Tke, kel 7HS] AL
Relationship between 1j{ and |ks, ks} in 3-D example.

i o 1 2 3 4 5 6 7 8

|k O 0 0 -1 1 1 2 2 2

ol AL e el 2w,

Q(z, z2)=2Z,AZ"
24 3
=(z7*2z7' 1) |7 5 3
312

~7 -6 -5 —4 -3 -2 -1 1]T

7t s, m# 8 AT a4 elel wel 3

Q (z,, z) =3(1+2.333333z;" +0.6666667 z7*)
(2+2.527'+1.527 +2*+1.527' +0.52"°
+1.52°%+227"+2*%)—-5(1+1.827")
(1.555556+1.52z"" +0.527*40.6666667z°
+0.6111111z~*+0.1666667z° +0.83333332"°
+2z77) +1.666667 (4.666666+ 1.8z +4.2z"*
+2.627+0.3333334z7* +3.199999z° +27°)

(26)
7 "ok A o) A 1aE zof ek chgkA
t} 4]
104

Uy (Z)zul (Zz, 3)
=2+2. 523"“}'1 5232+Zz +1. 5221 _1
+0.5]7, 23 +1.525° + 2257 25" F 2t 25

o}

=

bol 4 4 glol, thgsl qol W Hel Hel

1=

ap m
so ¥

.—l_’

2
T

1 2 1.5 z3’
0515 1 z3'
1.52.5 2 1

u, (7-2, 23):[222 Z;‘ 1]

sk FAT e A g,

ur (z2, z5)= (1.54+0.52;" +27") (1.5+225" +25")

—0.5(1~z2;") (0.5+z5') (27-1

Al 28k 2 3akel] WAL vhabsbA 2

up (22, z2) =0.5(1+0.33333342;") (3.111112
+ 323" +23*) +0.11111127" (1 + 9 z7')
- (1.333332+235") —0.4999993 25
(27-2)

us (25, 23)=4.2(1-+0.76190462;') (1.111111
10.428571525" +25%) —1.0380952;" (0.9204886
+25) 27t (27— 3)

Q (21, 22, 25)= 3 (1+2.3333332;" +0.666666727.)
| (1.5+0.52;5" +23°) (1.5+223"' +2z3%)
~0.5(1—z7") (0.5+25") |
— 5 (1+1.827") 10.5(1+0.3333334z2,")
(3.1111124 325" +25*)+0.111111z;"
(1+923') (1.333332+25"') —0.4999993 27" |
+1.66666714.2 (1+0.761904623")

www.dbpia.co.kr



B 0/ A59RY Aol 03 G Gy 2ee) 4

(1.111111+0.428571525" +z5*) 3. &3 oflof] CHEH HFE AlEao|M
—1.03809527" (0.9204886 + 235" ) + 237 | 09 Qoo B4g qlajuldol i3l direct convo-
lution 7 zh o} AF7HE- 3ol o gt A A5 v
obS, BRoEEIA Pz, 2, z5) ol A AMEEHS 3 Foza, £ ohaz|Fol i epd A& #alst
+elskd, K= 1°lﬂ=l P, (zy, 24, 25) el W&} o et F5ell Al Ealo] Aol A" dele) 2-D
o} 7+ ke Aeate oy e A IE dHudE odAlstger, £ 6 7ollv 44 2-D
& 7 ek IR H=&d Pejo| A3 oo o3 direct conv-

olution A= g9 A7t Hao) 93 AE AHNE

P. (zy, z2,23) =227 (1 4+ 227") | (1 427" +2z7%) dlA) skl F A & gl glow, ok
(140.7525'4+0.525%) —0.2575" 23" (1 +223%) ) 1 o SA7F Exqeh o, ol f Fofdl A+

o) Aerst4i} o] Hul Ao M o ololnd Heo|A

(1-32z3")| +5(1+0.527") o2 B3l Ao g A oful B odueZel Al

{1.227" (1+27") (1+40.3333333235" W 2o Bl ARl wol:al & Zolch 3.D
+0.33333323%) +2z3' (1 +z37,) (1+0.423") IR o218 ele] Ad oo djat L2 o]
—0.6zz2 Z;z (29) 7;,:!54’5. °_3,/<] 7%_}- °a]i]ﬁF3iE]-,

A @8, 299 Habg EErlolobLa o teh
LR 5 9b 3bo] =lelh

_ - 1.5 + 0.52,+ 7| N1.6 + 22,+ 7
3 [142.332,40.67z, = — z
- 0.5 + 0.5z, 0.5 + 2z,

0.5 1 +0.332, 3.11 43z, 42
——c——{- 5 H1 + 1.55:} 0. 1125} 1 + 92':}-__l 1.33 + 2, > >
1
- 0.57,
— a2 {1 vor6z 1011 0432042
-y l
‘I ) [I - 1.04% 0.92 + 2 Iz
1.67 2 3
z“’ l
—|

— - 14 23+ i:}—-lt + 0.75Z)+ 0.52%

2z,H1 + 2z, A £ = = =

- 0.257, 2 1 + 221 - 33,

b> 2 - §
1241+ 211 + 0,337 0.832}}
5 140.52: b H\+g}——11+04z]——-

- o.602')
2 )l

218 5. 3-DIIR oz & "eje] Abzhisfol 2l gt AH o,
A triangular decomposition realization example of a
3-D IIR digital filter.
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E5.2D e w4 (5%5)
2-D input array(5%5).

6. 2-DIIR ojA&d e ¢ direct convolution 74 3,
Direct convalution result of the 2-D IIR digital filter.

- n
1 4 0 8§ 1 43 -129
1 7 9" -19 112 -386 1415
\ 1 E 2 4 5 2 -3 4 48 351 1903 -8706
m 1 2 1 z 5 118 -40 19 820  -6776 39714
0 1 4 1 7 5 -5 280 785 200 15775  -139338
3 1 3 2 4 20 226 -1286 5424 -15314 4015 325704
5 3 1 2 4 60 726 5146 27335 112277 -318892 91077
FE7.2DIR o]z e Hele] Abzbaa Ado] 2)alo]d A3}
Simulation result of the triangular decomposition realiz
ation of a 2-D IIR digital filter,
1 4 0 8 11 4300002 -129.0001
9999986 6999996 8999992  -18.99997 1119999  -385.9996  1414.999
2000003 -3.000008 4000053  47.99975  -350.9989 1902996  -8705.984
1000008 1800004  -40.00025  19.00133 8199936  -6775.972 3971388
1500002 -5800015 280001  -785.0061 2000327 1577484  -139337.3
2000004 2260005 -1286004 5424026 1531415 4015813 3256999
60.00011 7260014 5416014 273351 1122777  -3188958  91097.75
v.a & 3) 2 E4, AN, A4 § B34 02 VLSI
shah 4 ol Be F2 4458 A ek
2 =wollA e oAkl A H e e g Ay 4) <) IR o218 Fejol] gk A& Aol
U2 Alketalet of WA A TR 2§} gheh. Foi %l A uHih 4| canonical 4 #3745 5}
Al 224 W dtol 2AF F3 lew, 7 23kl b, ALZF R allol o) g Al S S A 7} e wal
kA o] Aol Azt A &b o} Eolzt Hal o Jordan Hafol o & Alde
dojo) chatyd AedstE 14 Ag4-5ute 7ol o)l gt Al Aol Wabs| x| wiimc)
o ez el § AEE st o] 9l 7ol 5) 975 ]2] e] Ade] & Az ome
j;:f%% AT S v S e & FA4H 1}’&}‘94 7} Eolzk #8l % Jordan
: F-allo] o3k A& wi= canonical A&l w3l
1) 3o WS 7hxl o glot wheba ¥ e Ao},
2]l 9] &) data throughput rate-g & #} 3] % 7}4]
2 4 3k
2) 7t A2 5 g gt gh4al 144
et &2 A"} webx 2 RAER o2 2 =2 v B
ST AAdSE, ASEA T Fdds Ha
E 54E vrhie A AFSS A 134 /2 1. TS. Huang, W.F. Schreiber, O.]J. Tretiak, “Image
A g T4 =E AxYy o AdE £ processing”, Proc, IEEE, Vol. 59, pp. 1586-1609, Nov.,
9]} 1971.
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