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A Study on the Hardware Implementation of A 3x3 Window
Weighted Median Filter Using Bit-Level Sorting Algorithm

4 |- e
(Tae-Wook Lee - Sang-Bock Cho)

Abstract - In this paper, we studied on the hardware implementation of a 3x3 window weighted median filter using
bit-level sorting algorithm. The weighted median filter is a generalization of the median filter that is able to preserve
sharp changes in signal and is very effective in removing impulse noise. It has been successfully applied in various areas
such as digital signal and video/image processing. The weighted median filters are, for the most part, based on
word-level sorting methods, which have more hardware and time complexity. However, the proposed bit-serial sorting
¢lgorithm uses weighted adder tree to overcome those disadvantages. It also offers a simple pipelined filter architecture
that is highly regular with repeated modules and is very suitable for weighted median filtering. The algorithm was
implemented by VHDL and graphical environment in MAX+Plusll of ALTERA. The simulation results indicate that the
proposed design method is more efficient than the traditional ones.

Key Words :

.M B

1971'3 Tukey®l 93] #¢tE ©ldd HE(median filter)
= ouaAy Ao dFoz YAYE A3 HeE 2 A4 Az
e ol ‘1‘°l Abg-E 3 g9l) Y dee 43T 2
Y19 FESE B 949 B4 #gE Polsd AV o2
ZRis ]“ﬂ g8~ F&(impulse noise)®] 3§ 2% F
g £ Aigoz HE ¢F dol YA Hugd A
del FAUL =99 T4 A goz dHsE
o Y2 FEL AHFH O A} EI G4
g Biglel A (edge)E F BESE A Ao 2o AAA
» Garel AAa dAdA FHASA AEE gloH2-5)
del o] WEe 713 g e vidd e 2
& EAE X QoA A& AA o FL 458
e SR 2ER2 Sy MEe] shed FHol
of 11 g&° BA 1503 7t FA0it6-7]. 7HE WA
Zt XS 7tF Q-9 JAL 71F A
FAIZL F A F gote] FAUS 9=
2 ARS8 12 3x3 Y99 gty og ol
AEA wi=l1 212321 211& 7H3 7% ¥igd
NE F2E& 498 Aol
Fop Zo] diddd 2 JbE dwiod FEHE &
Htg oz £EY ssgo] FEA B2 Ay

rl
ok o

il

Td
3

i

= o
—E_’_“l—
oz A

of (2 g 3o

Mwa_
-2 nr
'FS

R g
o W o =
1 ﬁf &O

ol

o)'

s
mlo

DR CAEHR RELRAR
L A= SR (1R 3 - ¢
R 2003% 11)1 18H

;1 2004% 14 200

S Y HY 2V2FES 0188 33 U 5 olcled e

Wl BE(Median filter), 713 "tl¢l HE(Weighted median filter), 2 ¢ 38&(Sorting algorithm)

TE "9 g dug oF
Hol gt

7N s719 @ Ao 2] 1

Weigh

wow, w121
W, W ow[=]2 3 2
wow oWl Q2 1) l

(o[ [ e [ [ e o oo

Weighted Median Filter

Sorting

LT S e

Weighted Median
98§ 34 1124]122(133 Output

Median
Velue
Each pixel value is duplicated according to the value of the corresponding weight value and the median
valye is chosen from this modified sequence

148 200|132 43 | 250

ag 1 78 dicid "Eee I8 S
Fig. 1 Basic operation of the weighted median filter
71 48 g8l AE wyge /2 uz 48 EY=
(Odd/Even transposition sort network)[8-91& o]&3&= A
o Batcher7b A¢tet &/4 ¥ H4E JWEHI (Odd/Even
merge sort network)Z ©] &8t ZoltH10-11]. et #
o B gnuElEe 4= HuoAe diojg AH wigdE F
o] 9x%9 =Y} Ao wet Wy E A BEFEIL v
FHoz FUisle HE 9 Y& AAE ¢FE& 747
élE—J A7 e o Y g4l vE #HYE= JE&
& w2ojR 1w grH1-4][12-14]. BIE #H¥ HHAL
o] Wl WA Bges MdHom Z7is
A1 7E %’—%.LE—‘E Z718kA ¥ AL A, 2L £9 g
dolgf 2 kX HErl A Fggsig, o vE

oﬂﬁ

£ L8

o steelof Ralo)] BE A7 197



BWRBFREE 530% 33 20045 3R

&

&

4 oX
ty wl
3
co (o
£ g
B

3 e
=
a
5

i =

y
R 5
£ o
) o% :
i E “‘Ef
tio ) 2 o
o -

2

g
o 2 & 4 & orr

N O.u
. ®
)
2
Sor oy

=z
2*%5}9\‘1‘4 H]°P% ks ‘% ol &% HE @ %
2 s=dolz FEA FHHoln WMEHA Fx
29 AA7 fol@ FHE 7MY

2 =59 742 g3 Zoh 2%Fele e 9= 4
W A8 dugFe v w=atn 3FelA BE #HE 3 &

2Fd W d¥Erh 283 4Fde HE #d ZE
dnelEe st=ddo] 78 dis] dHE 57X 4%
N 2 AEYo]AE £PAY. FoR 6FAME de &
A%E ugoz Z8& P

o

X Hm

2. 9 9 HAH o
21 /% ui #Y WELA[8-9]

K
o
¥

a9 2E 590l oY /4 3% 33 AP Ued A
slch. agelA R%o] 549 4L TF FB/E B 1,
29199 3, 49180 FFHD A4 L8 FaAE 2 39
43t 4, 59Ao] FPo} 5UA HAL wEd WA o

dol Y@t FFAHA vt

Odd Even Odd
Sort Sort Sort

130 MAX

MIN

=]

Stage3

Stage? Stage4

Stageb

Stagel

gy 25y /& nxt ¥y by
Fig. 2 Procedure of the 5 input odd/even transposition sort
network

4 APy A FEr= 298 B AKIABINCES
Compare &Swap module)®t AF4A2 FAE F+ ey
golx gl 7IHE o] &3 54y HE7E HdASH 2¥ 3
I 2o /%4 w3 438 YEYdaE dugdoes gEHo N
oA W stol=aql 2R 7F NeoliL Z} wpo]lEelql A o)
A \hek (N-1)/2 A9 298 Hn&uEr|E HoE stug
dgo] 59 ¢ dojzatdl AdolAs 54 B3z 7 g
ojZgel AHo)A) vl 2719 2918 W n&KEFINE AL
Eia= 3

g 4¢ 2% 38 #3339 AFH w=l12123212
g FA& 2% 7HF vdd g5y stmdo] 7ol
A FHez ZAE 22 7HE dgd gH 7o)

198

A B9 gy FE£& vsgdd /8 ax A dEdas
st=dlo] Fde] HwA dd FHe] Joy gYsHEz
42e shed vhEe F1 Yol RS Aoz A 3
$ P27} BRHAT WY AANRIe) AQGE @y
=
IN— H D H 'H‘——E:}—MAX
C&s C&s C&s
N4 L Hﬁ L HL— L b— H
_TC&S C&S C&S
IN-—-—— H L H—{ H L (—— MED
C&s —TC&S TC&S
|N2—ﬁ L - H L—1 H L H f——
Cas C&Ss C&S
|N1——(TI—— L 0 L-——-E,——( L MIN

D : Delay Register
C&S : Compare&Swap Unit

0Odd/Even Transposition
sort network for N=5

a3 3598 /= 0 MY WEY3
Fig. 3 5 input odd/even transposition sort network

o @m S e e e T e

a8 4 /% QX MY YEHIE 0|3 7tF diolA
B X

Fig. 4 Architecture of the weighted median filter using

odd/even transposition network

1]

22 Batchere| &/ g# M3 Y E93[10,11]
Udaleoz ALEd UH A=(any, Gz, ..., @@ &, A1 >

Un2 >, oy > @), B=(bpt, bpa, ..., bo @, b1 > bz >, ..,

> b7t ATk 7H8E o Batcher’t Mg /8 ¥4 A

Z ez 44 dngFe g g

I Hd on= 10898 &/8 &9 42 vEdas 9 2
98 vagugriz AGE 5 A4

2 d n> 149 28 59 /2 3 3 EJa 48 7
A FZE AREEY ARG 4E AY E4 HA Wan,
an-3, .., ad® A= B 5 AHW k(bny, bns, .., b
N/2xN/2 &4 o9 B8 MEHS3E B8 FEH (On
Oz .., O0)9 & A3, Z& WAooz gy A9 &
F AA a2 Gng, ., T Y8 B RS HA Fh(bao,
ba-d, ..., bo) & N/2><N/2 e g A YEJIE B A



B (ens, ens .o 9 S YT
99 }8e APt Aol YeEhAAT

2n—~17= On_1

om =maz(o,_;,€.), 1< m<n—1
1 (1)

R
R
Ryp_1=min(o,_1€e,), 1 <m < n—1
R

By T 8y | Oqy—— =+ Ry
]
8n-z 83 r~4 ! On2” " “’; * Rz
. i
8,3 . | . LRy g
. b4 n/2 X nf2 .
. 0Odd | —
- Baesy \ |
a, by ——
. i
8, . I
'3
a, b,
b,. 8,
n-1 n.? __J
b2 . ‘—_,
.
bog L3
b a, n/2 X nf2
. Even
e by-2 Merge
.
b, .
-

ag 5 &/7 g NE WERA vE 73 3=
Fig. 5 Circuit recursive definition of the odd/even merge sort
network

doje) 2NHES 4Fd diF FEL F/A FH AE
HENIE HxHow A& FHT & vt 2NH|EY
dEE AFay) A3 NAY 5 HFAE dHH NS
A Udate o) "eseR 2719 N2xN/2 #9717t
dadA Bk vhaZtAz N 48& BT A
= N2AY EF Wdde gEd N2A B JdlAE
o] Zadeoz 4719 N/AxN/ARE77F a3 dr
old Hog HF I1x1 ¥H7I7t @ WX w©Rdd 743
H a9 65 & 2N vEd g 4¥r] Fx7 o

3 L4 s J
! i
1 f
° . | / '
| /
. !
. !
You
L] hd 3 —
.
——-
. . ! / !
. .
- - - e ! N ! H :
o ) [ J enge o0 00 .
xa . .
e ! '
Nt 2 ! '
o~ - ' .
s s v !
~,
cC . _ i e

a8 62N HIE MBS 8 B/ g Y HE/Z
Fig. 6 Odd/even merge sort network for 2N bit sort

-

JE 2y MY Adn2F

o

no

ol g¢

ef

Trans. KIEE. Vol. 53D, No.3, MAR. 2004

o 69 AHY] 72E wEez AFA wsll1 2123
212118 $2& Z% 71% A9 49859 s=do 72
' 2" 73 20

a% 7 &/ EH MY JEL/KIE o8 JiE ool F

B =
Fig. 7 Weighted median filter using odd/even merge sort
network

3. HE ¥4 HY 2uaF
s7he) HolE 7t ¥3 gl AF(unsigned integer)@t& 7t
A, nHlER FAEGR s 48 @2 2(2)9 ol
g€ 4 9d.

X={x;}, where 1<i<s

2)
T, = (binbi(nﬂl) b.'l )
where bY is the k™ bit of x; with a weight of '
g Ae gd P2 ukRol el Wi A3)H g
bl bt . b} '|
(n=1) p(n-1) . pin-1)
X=[=z =z, -~ z,]= bl: bz: bs: (3)
b.11 b‘zl b;l

AL gdez 3 vE b AL dudFL G&H

Z

HEgdgagduz]F:
@ Start with j = n.
® mj = majority(¥, ¥s, ..., ts).
@ Do, in parallel, for all i, where 1 < { < s,
o If Y = rrti, then the less significant bits of x; do
not change : (&% = &)
o If Y = nzi, then all is propagated down by one
position, replacing the less significant bits of x; :
(H Ii = H.)
@ Decrement j. If j =0, go to step @.
® The Ith ranked number would be : M = MM . m'.
A71A, 4¥e

mA #e 2V A% gsd #de

3x3 @S JHE oiclY Te(of SISO Relof BE AP 199



REABRFR L 530% 34t 20045 3R

(majority function)= ¢2dE 1 £= dndF 22 FYR
=3

gsdetsrdagF1[12]:
: majority(b{b] -+, bi)=ith ranked bit sort(bjb] -+, b})

gordgrdaes2[13]):

For i=l to s
Y osumfj] = sumfj] + V;
éend for;

§If sumfj] < s - | then -- Selecting the jth bit

majority(6y, Vs, ..., ) = 0 -— of the Ith ranked number

lelse
: majority(V'y, Yz, .., Us) = 1 :
tend if, :

HE 94 FE dnF5E vbF uiod e 3§37
daiAe 48 vES & 7 o JHFAE zHE L 3
I, 74EAA e gA e FAsHor Fok nM E =
BolMe 21YF 28 e Zo] £ AgsA

HHEdOd G I I ddTd g I s:

iFori=1tos

: sum[j] = sum[j] + w,-'b’} -— wi = [w; wz .. ws]

iend for;

If sumlj] < (t-1)/2 then —— t = (w; + w2 + ... + ws)

L majority(t, by, .., Us) = 0 -- Selecting the jth bit

lelse -~ of the median number :
majority(¥1, Vs, ... :

end if;

LB =1

% AEA w=12123212118
Zetold x5 U9 g4 deolH
Cg)\

AF sE 97 Ha dol z#o] del g R
W ne 8o Ak £ JHE A wE JA e FIE e

70l 9. 1Y 8¢ +3H HE #Hd FF FuYES o8
o] 24, 42, 121, 148, 200, 132, 98, 34, 1249} 9714 17|
g g3 7tEXE HEs 7bF ude dEYHse o
£ Jebdd

gl U ALY ¥E Y= B5=000111000
o] Bl ZMFA|9 4t 3l & & IA g 79 ¥
sted 02 AdsiA Hn ke st H49 HEMY )
B}t o] @2 A8 HAY vEEI vaEe] o] e
W e HA9 HlEQ B'E weolZoli o] g AL B
o] gtol wel ‘0'ELE ‘1’9 Fol dS goz Madd ¢
gtA B’ 1489 200 18l m 1329 HLe AdolM el By
ol ME g(mMe) 2Bz B A B 3 1’0 4
o2 golgch o4 A ¥ 87 ol HEFH HIES
g g7x wrEsw 9qlg€el g stF vivd grez
124(011111002)7F &£8€ & &A% 5 Utk 19 A

FAE B2 053 59 283 4
g ulE 2

gl 94 vET gf do
F 4z 121 148 200 132 98 W 724) g 42 12) 148 200 12 98 34 I‘M)
806 0 t+ 0 0 6 0 0 0
g0 1 0 0 0 0 t 1t O 0 0 1 0 0 0 0 0 O
®0o 0 0 1 0 1 0 0 1 #o0o 1 0 b 0 0 1 1 O
81 1 1 0 1 0 0 0 1 #0 0 0 1V 0 1 0 0 1
&1 0 1 1 0 0 0 0 1 1 1t 1 0 1 0 0 0 1
o 1t 1 0 0 0 1 1 3 B1 6 1 1.0 0 0 0 1
g0 0 1 0 1 0 1 0 1 #0 1 1 0 0 0 1 1 1t
#o0 0 0 1 1+ 1 0 0 O o o 1 o Fokr o 1

am= Ox1 02 01 1x2 1x3 1x2 Oxl &2 Ox1 Sme Ol 02 1) 2 3 B2 Ixt 2 X1

BBO 0 1 0 0 O 0 0 O

#0606 1 0 0 0 O + 1 0 8 o 0 1 0 0 0 0 0 O
# 0 0 0 1 0 1 0 0 1 # 0o 1 0 0 0 O 1 1 O
B1 1t 0 1 0 0 0 1 ® o 0o ¢ t ¢ t 0o 0o
1 0 1 1 0 0 0 0 1 e 1 1t 1t 0 1 0o 0 o0 1
e M MMM W' © WM WOMWO o

am= O 0@ Ixi D2 1x3 12 Ix1 2 I

(20 2 120 1 20 12 % 34 128

-
24 42 121 148 200 1R 98 34 124
—_— —_—

8 0 0 1 0 0 0 0 0 0

0 1 000 0 1 1 0 Bo 0 1 0 00 0 0 O
0 0 0 1 0 1 0 0 1 o 1 0 0 0 0 1 1 0
o W o o ofl il & of ofg o 1) of N off o 1

Sme Ol B2 Ixt D2 1x3 X2 X 02 1xI Sum= Ox B2 OxI 12 13 12 Ox1 2 Ix!

oty tuncaon | """ {Sut &='7] thefi 0" else 17 7T Melrky tuncton " 18U <= 7) then 0" else '

11110

El 42 121 148 200 12 D8 34 124 [24 42 121 148 200 132 98 34 I’L’S

B0 0 1 06 0 0 0 0 O
EEELEEEE RN LR ELEE L KD

Sum=- Ox1 OxZ Ox1 I1x2 1x3 1x2 OxI Ox2 Ox1) Sum= Ox1 Ox2 Ox1 1x2 1x3 1x2 Ox1 Ox2 Ox1

Weightd medtan vain: § 0111116
W : provagaton bt
P 8 971Xl Jafiof g Mol tist 2tE ojicied TEE! of
Fig. 8 The example of the weighted median filter for 9 input
grey images

2 0 N
fr ofv
i)
i)
(N
o
zl_:‘
rr @
H
9
e
e
rlo
Ju
i
2
m
Kl
tu
i)

o 12y
2
=
A
i}
i
R
fm
-
nE
i
A
o
H
S
=)
£
&l

N

4o e Z

dA"c

1. Modifier/Selector 8% : 929 jiA HE UH
F olAe 1" e Adstq AFHA
()& Adstn j-19A HEd 29 98 g ) 2
A F(sel 1)E ARRE BE

2. Majority or Median Decision &% :

Vs, . U909 G572 $58 FHSE BS



4.1 MS £ E(Modifier/SelectorBlock)

MS 222 19 99 Zth FFIS A e gAW)
< wol A F uf FYnld A ZE AA g W)
gHoZ AELHEE At @AY 4 RGHF oA 9=
e #A Ad NE(sef)o] o3 2AAA 9F
(Wpez AYEY tomd A5 S F3 MD B2 e
2 2RI FA F/F2 AZH thg ulEC Al&d
dg g yer 29

hor

F/F:

from_md(rm}

BLOCK

from_md(m)} =

BF 1" selt?

a8 9MS E5 % AHOIE ad
Fig. 9 MS block and gate level

XNORZ AND ASJEE b9} from_md &9 vjm 2
3} F/F3o A33ste] g HEd Algd A AF(sel )
g WA 97]4 AND ACEE A€ A3 (sel)7t &9
0’0l HW g HES He NF(sel )7t BF 00 HE
2 o)Al MEW™)F A9 vlEAA AL Asty $+ 3
=2 @}

42 MDE Z(MajorityorMedianDecisionBlock)

MD EE& UF2 FF(majority function)S Ab&3}od
Hod MEE AARATY. vl e stodo FEA B
F=E 2 AQAN0) 31 MD 59 &80 A MS £%
o2 Y=w(feed back)Hol AHEEHEZ 7HE vitd dUH
AN M4 288 247 I} 71=e t4A g4 3
d Uy oy 108 go] 2A AR UE £ A

MEA S o] § (12} d+d I
2 ME /%4 uz 32 vE
A28 ol83s BEE FUF F T AAT e
#e drd g5 FHoR AL

7] BEE aga way] ol % (8] ded g5 o
neF 28 o4 oz 4 948 ¢ AHEFA 19
Neg Az 7hdrl EZE AHgstd AA 489 ‘19
AsE T a2z varlE S8 7RtE ve ks
g A e vl gd e FHE 2R
7H7) Edie i) o8 (4] 2)8) s ol e
4 g5 g F 28 olgstd 4 4¥ 8 A8EAA o
T 7M7) BEE Te AMgste dA 9¥9 1Y ASE
e ged g 4 vavlE §3 FIdn.

4

=

A

ajy

o .
e

oo

e
PO
o

2

~

3

<

Trans. KIEE. Vol. 53D, No.3, MAR. 2004

‘| Comparator
- S e wipan  {MEORY
.

| Comparator

N e
oy +
P
ey« 1,
Iy

(b) Rom, adder tree (c) Adder tree
and comparator and comparator

g 10 ci=d & FHE 28 stEdo =

Fig. 10 Hardware architecture of majority function

A T By F HE /4 21X AF JEYIE
ol&g WHe §JH o g Tl qE v R&HH] A
7t wiAE Hog Fikste 9dE JHAY, &, M EY
a3 ¥Z7|E o] &% Wy g 49¥ § TEA #e F
9 23 AL ¥ez 39 sy Ed HarlE o) 4%
e 71E s B 91E s e = BElXE
7b A3 Fdol Ztudt Aol glo) v4E 4 FEd Tl
F Agsie a¥9 112 AEAl w=l12123212118 7
A MD &&g 7Mt7] EdE ALg3lo F@% Rolth Z
98 HEE 7IFAWNE wEHeER HEXNE 3T MD
B2 4= 1571 ok 15 9=EA g4 @57t ‘1o H
£ 19 7 @37 8(1000) ~ 15(1111) o2& JHak A
e H449 wEC mel dsd 49 o] HoHT
welA 15 9189 MD B2 vluy| glo] 7Hiby] Eiwte
2 749 7bsstdh

i S o
[ FA o | : Full Adder
T

majority bit out

a= 11 J1A) E2|E o|88t MD E8 =
Fig. 11 MD block architecture using adder tree

HE 2YW ¥ LD2FS 0|83 3x3 AT JHE ool Telol st=dlo} ool 28 AT 20t



WA RILCE 50D0% 3% 2004% 38

2 FERE o &3d
7o By 98 vlES AEAs A 2oy,

b7 = (87036{bb203063b3 )

W, = { W Wy Wy Wy Wp WeWs Wy ) @

=(121232121)

AEAE 1 A vEL g HG)Y 29 yeyd
28
suanlj}=bl - u;
= (2084 2' 6+ 25+ 20] + 30+ 2B + LB+ 2'b)+2°8])  (5)
=2 (b +bJ+bI+b3) +2' (bi+b]+b] +b]) +3b]

o] & 3bhe s + B vE £ Qoenz NES
Al B8 e A B

sumfj] =2 (bl + b+ +bi4-bJ) +2 (b +-b] +-bI4-bi+8)  (6)

H6)E <& /e R EY 729 MD 8L 2
3 129 2

Y, b, v, b, b, v, b, bl b
0

2t (ii 2\‘ J—?l
FA
-

majority bit out
Hall Adder
Simplity SE .
[c FA 51 < Full Adder
T3
v, by ¥, b, b, by b, b b
Ll 0

2 2 o

majority bit out

g 12 71F M7 E2E ol8BMD & *=
Fig. 12 MD block architecture using weighted adder tree

202

43 7% ool He B ¢x

7+5 wudd "Hele a4 39 202 A" AHA,
f FEoict 3749 PE G PotEolE JY ARE HAaH
o]z ol (input shift register array). 5, 715 v A5«
4 e HF dded A" 3ol(weighted median
sorting core). AA, Alddd vE e AREE 29 H=xE
#2128 o # ol {output shift register array)ojth, 7i& djg]
2 HHE ol 2y 133 Zo} 94 MS EEF 1949
MD EZ0 8 FAs vE &elo]lA(bit-slice) +2E 7.
e &alelxo MS £E& n FYrojyg 379 ¢dge
of 8Y 4 UEE 349 EZo FAA BAse MD €%
8 A8 ANz E 2HE MDS 3 MS E20 ymw
2% A 29 NZE Az odelo AFEc MS B
Zo) WEw @ zke oS wEs] A el ) AR
o A2,

$-BH Pt DU To e Malority desisian plock

The bit af madian to the
Sulput St (e gister

Y
OutpuA of tha MD block
{Fead back 1o the 1S ook}

I 13 7tF oo g Roje vlE Falolx PR
Fig. 13 Bit slice architecture of the weighted median fiter
core

a8 UE wsll 2123212109 2348 219
3x3 xS 715 vidd "Heo st=do] F2E ded A
oty A9 WMoy Lex wolZYsl FRE xR 3]
g 2o z7] Aol Boj7t ol Yol 10FH} 28
sy O og ZEYEE v F¥ud o] o),

O 14 3x3 =9 J1E dicddd gele stedol 2x
w=[t21232121)

Fig. 14 Hardware architecture of the 3x3 window weighted
median fitertw=[1 2123212 1))

5 &dsujae ¥ Agaold

7t Mo Ze dAls smdol Ry deoly gl
VHDLE Abgsiglen aza ¥4 3 A8
ALTERAALS] MAX+Plusli& AH&3t 8 4% vlus 9&
8 37k Ao FYstEth BA H= YHUs vie Yl



g ¢nEe 45e wasd BE A9 ¥ Fo)
4% A7 BREAA Holde RARAG Beoz v
G A2 g Fa4 HE G5d
2 A%E Pz T 4
42 7HE S

g Ve
H w3t o, wpA
Z 7 £

10 of
E oo moR

d 2 O{r

Are PHE ge g 7]
FHETH 24 4 R 54 FH5S uste Agd T4
s34 FAsg,

51 9i= 34l M20|9 HE Y HJ|e] ¥5 H|R

E 1& A= ddn ve e A duegs 98 ¢
N7t BREz G geld
k3 1 9 ajwn E Y M gIelE gl
Table 1 Comparison of the word~level and the bit-level sort
algorithm
Area Time
Algorithm
d complexity complexity
Odd/Even
8 = NN+ =N
Transposition sort G /
A =
Odd/Even Merge sort 8 = (logdN -J
v i (N -log’N - ) logN -7
Bit level sort 8=N-j 6=

AE G4 dojeiy vE & 8 ¢ o /2 2% A
dudEe N 48 dolee] disf NN-1)/271¢] =&
&R G719} N9 Toj=aigl AHXE How dte HA
Q A% BAE 2 8= NN+)j B 6§ = N7t €. &/
7 gy AHE dugdFS #e d¥ A dis NI -
/N + (logN - (logN-1))/4}0¢} v n&w &7 logN -
(logN+1)/29] sto)zalel AHo|Z2 Hez 3o WY T
XNzZy BRxst 242k 8 = (N -logN -j), 8 = (log’N - j)°]
") Yo ¥ dugdEe vudgy, /4 gy A4y gn

Zo] 3/& Wik AY A2 vl @A 2 A B3
©7 $4Ee & 4 ok 2y 9= B 3 gnFE
o el AF F7l ma Wy 2 A2 BPErh vy
oz Zhbe B¥E /HAEE Y dod Afs} ge
337 dAds wagdde ¢ 4 ok By, vE Y
48 gugdze 4o AF Frhd @@ MS 28 s
Zﬂam doz @y @ Az 2gEst 2% = N-j %

= jo] Ho WA RRAEE Moz Zststu Al B
=8 F718A 2E e At w4 vE Y g4
dnEe WH Bz A¥dH ZF7t HAol vl "l
g ME7t g AAVE g8d02 FEE 4 9l

52 H{E Y HAHI|9 MD 2= M5 dlaw

HE #d g gunFe 3" 44 ‘5}%‘:01 vk
F4 78 BH9 Aol AAUL MS EHE AL MD
259 450 nANAG, E 28 ALE 74 bl =2
H}4] o] £ NA7 Ed W 5o {43E FHEIY
A e ASE, MD BSE 2 b #uo2 FAN AS
e smolE vae Aol

N
—

&

Trang, KIEE. Vol.530, No.3, MAR. 2004

x 2 MD B2 FHHA AI2HE SlEdO sjnOtMs] E
gl 9 J1E JRD| ER| ALB)

Table 2 Comparison of required hardware to implement the
MD block(using adder tree and weighted adder tree)
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Table 3 Comparison of required hardware and logic cells to
implement MD block{using conventional methods
and weighted adder tree)
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Table 4 Comparison of the synthesis results for 5 types weighted median filter

Design Method Design Level Device Logic Cell Used Operating Frequency
Odd/Even Transport sort Word-level EPF10K40RC208-3 1805 26.04MHz
Odd/Even merge sort Word-level EPF10K40RC208-3 1101 08 57MHz
Lbit oddfeven Iransport sort Bit-level EPFI1CK20TC 144-3 931 22 93MHz
Rom and adder lree based Bit-level EPFI0K10LC84-3 573 29.76MHz
Weighted adder trce based Bit-level EPFIDKI0LCB4-3 453 38.31MHz
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Fig. 15 Simulation waveform of the proposed weighted

median filter
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