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Abstract: The development of image real-time processing system has brought a good platform of the widespread use of
FPGA. Aiming at the problem that traditional median filter algorithm cannot process collected images quickly and
efficiently, this paper adopts improved median filter and makes use of advantages, such as fast running speed, parallel
running of inner program, to design an image preprocessing system with high real time ability and high flexibility. Using
the features of median filter and Verilog hardware description language to code. And then realize simulation in Quartus
II and Modelsim. At last, compared with MATLAB median filter simulation figure and multilevel ‘median filter, it has
shown that using FPGA to process and improve median filter can not only conduct median filter to images successfully,
but also has the ability of fast operation speed and low energy consumption. ) = !

Key words: image real-time processing; image preprocessing; medildn filter; FPGA

e B 5 FEILENE N B T % s, L5
W%Wﬁﬁﬂ%%ﬁ%%ﬂ@%ﬁ%@ﬁﬁﬁ*&%
SBFIE T B, AR R ARE S E A P
R, PR B AR R R R e B B
N T Jis P 1R i PSR 45 i gt A0 PR R 34T
REBE. RS IS — ] R HLCRAR &F 1098 B¢ 5 7,
REMSAT R 25 BRI B P 5 i R K TP FLAR B PR

R T L.

FPGA HiARIEAL Ty ide A JE 1 I 3, B A 7 1)
B, A BRI, (Rimf FPGA ©£8
LR TARZINEC T I8, Wl FPGA ANWfES
2 ASIC [T A KA AR AR AR AR A
R IX LA ST FPGA RENETE S I P25 1) [ 45 Ak 28
FRYGE i RAEAE R () T S R R,

© HEI0H A AR R A S HET11(201203060); K AL VFRI(13TXZYIC43000)

WO I [1]:2014-08-26; YA B114& LA i []:2014-10-13

Research and Development #fF5¢Jf & 237

© TEREBIK AR

http:/fwww.c-s-a.org.cn



R[N VA

http://www.c-s-a.org.cn

2015 4 244 B 5 W

FL311 Nieminen 1 Neuvo $#2H T “Z2 Z P {H >,
IXFPT7 L RS AT R IR O, (AR A AN 2
IR IO He 2 5 ) HAE R AR ZEMA KR, HAR
BB /D Ah T B ) T S BB IA AR 1 P i A 2 SR 10,
AR g e g R, FIH FPGA it s
A KRR B AL P R 4.

1 AP E R S Ok R S B
1.1 PEERE

PR DB AT AT SO AR e 75 e ety Sk 1) 1 4% o
TR )R, 2 B A Ji P AR T T R T DL e M i
PR, AFCER T K 22 004 P il s Bk 8 A I Pk
712 BRI 75 1) 7] It 2% 3 3 R G BOR, T E

B TARRAMEIE W STk, AE AT LAAT 2 B i H

AT DU R 20, a
A I 1) 5 e A LA T R 3 i
X, 0 R A NG 11 % 20T, K o
e 015 2 PR B (KN HEATHERY, S5k T4
B 05 D 6 20 A AR B 11 b P R PR P 9
W SR
—HE X, Xy, Xgyeennn ,x,, O e K
INHER:
Xy X, SX5... 20X, 1)

y=Medx,,x,,X;,..,X, )= 1’{2

y NIXAHCT O PE, FE AU {E20, 60,

90, 100, 40)%% /NS R 45 H H P E A7 60. 3X T
KR 2% 5y 3B B — 4 2 (), i ORI i —
%ﬁuﬁﬁ@%ﬁ%u&@@wéﬁ}%ﬁﬂ%%ﬁ
(I BEA, D&% T I () — D&l m] 2 SN
v, =Med{ x, }=Med{ x,,,, ., (s.0€ B,G,))e X* } ()

— A T A E R T, BT 3x3 SRR 1,
SRR R TR,

55 75 26 15 95 41 25 36 15 46 24 3 24

20 4 28 8 56 23 2 45 69 98 47 36 45

12 36 514 95 24 26 58 12 46 58 16 2

20 51 10 7 59 7 42 78 54 90 35 33 21

1 EUKEEAH

238 #F5iFF K Research and Development

MANE RS
778142324565995
R SR e ) AR
55 7526 159541 25 36 15 46 24 3 24
26 4 28 8 56 23 2 45 69 98 47 36 45
12 36 5114 2324 26 58 12 46 58 16 2

20 51 10 759 7 (42 78 54 90 35 33 21

2 A uEBN KB

B I R BE DI 2 I R 20 b s, B )
SERITT 15 B
1.2 Bt e (B

— R D R A A, B BB
(NG HEAT 1. R SEI0 b 98 LA 3x3 i 11 4b 3
—IiF 256x256 N/NHIEIE, ¥ 65536 MEHEELE
TFIBHE, WiF—AME RN FHE LR 36 K. WlblEk
(132 B0 SR — 1 P SR ) A T 92
S, BFASCRI FPGA #EAT AL HE, B LA L
FIFH FPGA (94T AbFE 584 (1) 52 i (0%

36 HELSR ] — Rl 1 b (DB B, XM
SRR A A5 2% 15 % G R B AL 1R A /N HEAT AN
IR A, TR 78 40 R R SR I S, LA b
AR 3 4 o 0 LR SEA e 8, B B4R i
{3 1. Bk SR ] 3 .

THE Sk HAHE
412 |9 8 |4 |2 9 |7 |5 97 |4
6 (3 |1 ":> 6 |3 |1 |ﬂ|::> 8§ 14 |2 Iﬂ::> § |5 |2
7129 9 |7 |5 6 13 |1 6 |3 |1

3 ks

M TR EE R, % 3x3 W PR R
{E5r 54 R11, R12, R13, R21, R22, R23, R31, R32,
R33.

SRS BLHE Y Ll B - g max Sy Le A K AE R
)85 KA, min A5 /MME, mid A HE, max min A=
A RAE T I /AME,  min max A =/ ME T K
H, mid mid W =DPEB B EE, med out 4t
HA.

5010 aolE 3x3 W LR RAT K REAE, %

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2015 4 5524 B 5 M

http://www.c-s-a.org.cn

i EONL R g N

B%r?ﬁFﬂ, W e KB IR 2 7 R max1 = max{ RI11,RI2Z,RI3 }>
max2 = max{ R21,R22,R23 }> max 3 = max{ R31,R32,R33 }; iV
= SR [ N {1 I v S SR S|

mid2 = mid{ R2LR22,R23 }» mid3=mid{ R3L,R32,R33 }; I

midl = mid{ RI,RI2,R13 } >

IMEN i = min{ R1LRI2,RI3 }» min2 = min{ R21,R22,R23 },
min3 = min{ R31,R32,R33 }-

52 20 B LIRS MK B A BB s R e HES ) o
RN, 58— AT B R E, &
i MAX_MIN gy g AR () K 1 S T
RN ECOE, T AT R NEE € KT ZATUL T
—ATW T A G 2 A, DT A — 2B H7 A S50 B
] PSR Y mid_mid» min_max .

553 5 W bR S A BT HOR
FHE A0 A R = AT R B JE SR R (E
med_out

%%ﬁﬁ&%ﬁﬁ@@ﬁﬁﬁ%ﬁuﬁﬁK%
(¥ S - e N TSt R, AR SR 133K ok o {308 9 B
VEACTEEE 7 VR AT 3 (4 LU B8 EAT 21 IRLLARIE 52, A
R T AL GE K SRR T — LIV SR,
BRI FPGA MOFAT A BEKE KK i Ak B 5
SIS 4 TR,

MAX

R33

R32 MID
" C  C

R31

 a——

MAX_MIN

]
z

R23
|

ID MED _OUT
R22 \ N MID_MID| =D
S 0 C cl

R21 I
|

—>

R13

RI2 C b R
R1l wo 7 C

MIN_MAX

*
MIN

K4 SLIEHE A K]

2 IS B A FPGA T S
DEPARATREAF L b 253 Ky = AN 5:3x3 BB
T AR RO, AT 5 B s, v (B 8 I B R 4,
AR AT BT i i B2 A A5 5 (rstn) R B
UL (clk), flfI3E E R EEAE B DIN(7:0)
h 8 A K S MG E i N7 5, DOUT(7:0) 0 4 R Ge Ak B
Jl 8 MK S S, DV efi s S A dhek. K s

I PEPE AR AR K.

DA 3x3 R A, S T ORIEREREE R 9 A
B SR B TIZ S RATR A 2 A~ FIFO f7fi#i 4,
T—A> FIFO AfFfili 3Pt el RSB — AT 3 nidl
Pt S AR5 55 AT B SR AR 58 B S T S T AT 1R 508 [ b
Gy R R 3x3 ARSI R R I ST UE 4
3x3 B A R W 6 s,

DIN7:0)

SXBUEEAT VERdb

-

L

[iedlaE e s H BRIV H P

DOUT(7:0)
—

L
DV

K5 pEds B ki

. R32
P8 R33 T I .
Reg32 Reg31 —

FIFOI Reg22 Reg2l |+

L RI3 T RI1
FIFO2 Regl2 4\‘—>

%

RI2 T
. Regll

L K6 33 BRI

Kl 7 S 579 modelsim 477 B

1158 OIS A A Bt 5 SR FPGA SEBLER AT
Xof SO PRI R BEAT IO UE. SR verilog 5759
5 OO E A, JF/E MATLAB & Modelsim -
BEAT B A 07 2L, X7 B R AT 458, 1 sk
Matlab 2 H P $0 320 030 24 (AL B, SR 5 AR A7l

Research and Development #ff5¢JF & 239

© TEREBIK AR

http:/fwww.c-s-a.org.cn



R[N VA

http://www.c-s-a.org.cn

2015 4 244 B 5 W

s SCIFR I Modelsim AR E IR A S, 34T
(BB rRe 2 R AR S B (K SCIF. Matlab £E T
Modelsim A BT S R8O, 2eidal M HEsI AL s i
T & R

Pl 7 2 st B D8 7 Modelsim (1905 ELIE K],
M ] UG LRI T 30ns Ze A5 TR AE IR 5 B 98D
IEFRIISEBL T 5RO — 5K 7 ¥ 7 il MATLAB
5 Modelsim 73 3l 3EAT FRAR BESAL BE, AbFACR Wk

[%].

S MR R R

¥

9 matlab ZbFE K]

10 Modelsim 42K

h T B UEAS SR PR et rp A 8 U8 L A R (B D8
A S IV R ARRERETE, P RTINZ G g
PR LA AL 2 FPGA e F A% B0 77 T 5 A8 3¢
K A AT 4518, 18 S S YRR L
WrR R PR,

# 1 FPGA %IFFIHZE

Combinational Dedicated Memory

functions logic registers bits
e R 328 170 15312
2T . N P Y os 12412
ARG : l156' 78 9574

R 2 AP R R
ST w1 m2 Wy M
TEGE(Gs) 04796  0.5358  0.5224  0.6174
ZHHFE() 01237 01475 0.1342  0.1526
AICHIL(s)  0.0842  0.0894  0.8879 09752

i BL A BB AT BUE BRI FPGA BT I
P EIER A BAT B SR, SCN R (RRE
(0 s i ELBEAE ARG [ 25 Bk Pl 45 v 10 8 7 R i i P

240 W5 IF & Research and Development

S Sitlies
3 4B

AR SRR £ R G B A5 b 8 512 B 4 SR A 1
W, TF R B 0 R AR B, B ik
MRS AL S5 4, 578 43 200 T RE 2 3 50 11 i 42
T, T A 10 R A B R R AT, R
FPGA HEIE 15 BPEIEAT A3, et (7 I
(R AL TR BT 0 BB S 0 EL4S S AT
He, 45 SRR ASCR A FPGA. EHE LT R 4
AL LM 1 56 P L AR i P S e
DN T A S, LSBT S A ) 35
RYE P OB W RLEA TS BT T R 0% 4 i 1L AE
ﬁ%é%%*»é%%ﬁ,%%ﬁk&%ﬁﬁﬁ&%

Az A

S Ak

1 RS0, VP IT 5 07 BB A B AL 5 H 7 T S A, 2007

2 Chang JJ. Modified 2D median filter for impulse noise
suppression in a real-time system. IEEE Trans. on Consumer
Electronics, 1995, 41 (1): 73-80.

3 SO 5 5 T A G AL LG 22 7 2 L TR R 2 Y A,
20009.

4 HYLFPGA BOARRIN 5K St 3 B ¥ #1,2007,14:10~
12.

5 A v AL BT HUKCHT A T 5L FPGA S5 il PEDEAG 5
R SR SN TRE,2011,13:282-285.

6 I, IR, ERELFPGA # B RR R e Lrik L T 5
15 H2£41.2010(03):714-723.

7 ?ﬁJ‘E,%EE%.T%%”%E‘JIL%FF??%%*Etti%%d‘l‘li\lkji##’
(SRR 0i),2005,4(4):63-66. g

8 JRT R, du AR BT R AL IR AR SR T TR 5 W7 i i i
18K HARBL#E1,2011,(6):35-40.

9 St AT B G IR AR T AL 21T 2, 2011,(1):201
= 203. :

+10 Ng+PE, Ma KK. A switching median filter with boundary

discriminative noise detection for extremely corrupted
images. IEEE Trans. on Image Processing, 2006, 15(6):
1506 —1516.

11 49 1), R T . S P R o 908 DB v A PR A 25 W v ) B
FH .2 T#2,2011,(3):65-70.

12 Ci FY, Zou LJ. Dgital image processing techniques. Proc. of the
IEEE International Conference on Automation and Logistics.
Qing Dao. 2008. 2320-2324.

13 JREER/NIE B LT FPGA (158 I UG {3 e v
PRI 545 ,2007,15(6):798-800.

14 Chalimbaud P, Berry F. Design of an imaging system based on
FPGA technology and COMS imager. Proc. of the 2004 IEEE
International Conference on Field-Programmable Technology
2004: 407-411.

15 2 Mg B 5K — PP IE T FPGA (1% T ELIE B 2 10
BEAEBEVT S HL 3 T RE00,2004,30(2):48-50.

16 Zhang XX, Wang JY, Li Y. Design of high-speed image
processing system based on FPGA. The 9th International
Conference on Electric Measurement & Instrument ICEMI.
2009.,4. 65-69.

© ERSEBIK T

http:/fwww.c-s-a.org.cn





