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Term
ABEL
ABMF
ACWMF
AMF
ASIC
CE

CLB
CMT
CPLD
CWMF
DBA
DCM
DRAM
DSP

DVI
EEPROM
EPLD
EPROM
FIFO
FPGA
GAL
GP- Processors
HDL
HDMI
HIS

IC

0B

ISIS
ITMMF
JTAG
LUT
MAE
MDBUTMF

Sobais| pidle Cow p4d

Explanation

Advanced Boolean Expression Language
Adaptive Based Median Filter

Adaptive Center-Weighted Median Filter
Adaptive Median Filter
Application-Specific Integrated Circuit
Chip Enable

Configurable Logic Block

Clock Management Tile

Complex Programmable Logic Device
Center-Weighted Median Filter
Decision-Based Algorithm

Digital Clock Manager

Dinamic Random Access Memory
Digital Signal Processing

Digital Visual Interface

Electrically Erasable Programmable Read-Only Memory
Erasable Programmable Logic Device
Erasable Programmable Read-Only Memory
Frist-in Frist-out

Field-Programmable Gate Array

Generic Array Logic

General Purpose Processors

Hardware Description Language
High-Definition Multimedia Interface
Hue, Saturation and Intensity

Integrated Circuit

Input-Output Block

Integrated Silicon Solution Inc

Improved Trimmed Mean Median Filter
Join Test Action Group

Look-Up Table

Mean Absolute Error

Modified Decision Based Unsymmetric Trimmed Median Filter



Term Explanation

MMACS Millions of Multiply-Accumulate Operations per Second
MNLF Modified Non-Linear Filter

MOSFET Metal-Oxide-Semiconductor Field-Effect Transistor
MPGA Mask-Programmable Gate Array

MSE Mean Squared Error

NASM Noise Adaptive Soft-switching Median
NIDF New Impulse Detection and Filtering

NMF Novel Median Filter

OE Output Enable

OTP One Time Programmable

PAL Programmable Array Logic

PLA Programmable Logic Array

PLD Programmable Logic Device

PLL Phase Locked Loop

PROM Programmable Read-only Memory

PSNR Peak Signal-to-Noise Ratio

RAM Random Access Memory

RGB Red, Green and Blue

ROAD Rank Ordered Absolute Difference

ROM Read only Memory

RP Reprogrammable

RTL Register Transfer Level

SLR Single-Lens Reflex

SMF Standard Median Filter

SOC System On Chip

SPLD Simple Programmable Logic Device

SRAM Static Random Access Memory

SSIM Structural SIMilarity

TMDS Transition-Minimized Differential Signaling
UART Universal Asynchronous Receiver and Transmitter
uv Ultra Violet

VGA Video Graphics Array

VHSIC Very High Speed Integrated Circuits

VLSI Very-Large-Scale Integration

WE Write Enable

WMF Weighted Median Filter
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¥ Mean Absolute Error (MAE)

* Structural SIMilarity (SSIM)
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! Integrated Circuit (IC)

2 Very-Large-Scale Integration (VLSI)
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* Application-Specific Integrated Circuit (ASIC)
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2 Read only Memory (ROM)

¥ Random Access Memory (RAM)

* Electrically Erasable Programmable Read-Only Memory (EEPROM)
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2 Programmable Logic Device (PLD)
® Field-Programmable Gate Array (FPGA)
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2 Reprogrammable (RP)
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library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_textio.all;

use IEEE.std_logic_arith.all;

use IEEE.numeric_std.all;

use IEEE.std_logic_signed.all;

use IEEE.std_logic_unsigned.all;

use IEEE.math_real.all;
use IEEE.math_complex.all;
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Entity NAME_OF_ENTITY IS
Port (signal_names: Mode type;

signal_names: Mode type;

signal_names: Mode type);
End [NAME_OF_ENTITY];
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Architecture Architecture_Name of NAME_OF_ENTITY IS
-- components declarations
-- signal declarations
-- constant declarations
-- function declarations
Begin
-- Statements

End Architecture_Name;
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Case statement When else
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Loop statement Signal declaration
Wait statement Block statement
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! Adaptive Median Filter (AMF)
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! Center-Weighted Median Filter (CWMF)
Z Weighted Median Filter (WMF)
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! Adaptive Center-Weighted Median Filter (ACWMF)
2 Noise Adaptive Soft-Switching Median (NASM)

® Decision-Based Algorithm (DBA)

* New Impulse Detection and Filtering (NIDF)

® Rank Ordered Absolute Difference (ROAD)

ZA



Qo § Jald (slaps o o)les Jwod

5955 e bl 1l ol o Shes 0l b yee MDBUTMF' L3 (60dle Yo VY Lo 4o
2 d9re Sy pled (xSle g YL S JBs 0 5 cul albe 23 o )l 2
cip 4 e YO 5 YOr Glaglo po [T 00800 oyt oSy (580l (Solaea
s B gl Sl 5 wlie ;s oS5 wlol 5 aS 0l &l ITMMF g MNLF' (gls 2L
ples ST 60,651 b 5o ols YXY L ply (golwl MNLF Sluos o0yony 0isS o0 Jos 4,0
o SlofaSy Ojge (nl w3 wiliee GRIFI Sl olail g et (Sleer slafuSly
ITMMF g, 098 o0 03105 3590 JuSn 52550 oailedl glo JuSo dailo 5 00,5 o Bd>
AS] ped Wilid O e ded (Solued oy sl Sy Sl gl canl IS cdl an (glls
oSy ol 31 50 5 aien S5 e 5 Grs oSy | (255 (Soluos lo Sy
Gl LSy Cands Geb g, ol 5o diied YOO b jio olids, Gud gl Ko (Koluos
Gl oSl 5 aile o yild 5l solitul b epw 9 oad Sl @Yl 5 (S0 (Koleen
3 095 L 0Skae W gy jikd 53 nl Spdige SpSpren (iJloy 90 Sy
oS Sy 5 oS o s ool ails il ulul 5y a8 0 slgiy ABMF' 2L aslsl o [V ][YY]
Jlo o VYT 05 o il JuSioy (230 (B o0 (33101 Sy 02 (S5 oo JuSy
Sy i sl ool ailos ;1L gROAD s, (el 5 a8 0l &5LINMF g, (63dkee Y410
IVF] 058 0o (6 15 poms (51295
Slamo polad’ guiiles ob5)l slagasls A-F

(S3lwod y28 daclles g (B3l py Jolds Dliy 25 5l (slos S il g Sl oslaitul Jobo o

Lgl.aduol.s).s Lg‘).a 09.,.» R (S ;»...9..5 g.,u):u 90 Cl uS.().Q )....54 9 Jl.o.u‘ ng)Lwo).o}O

! Modified Decision Based Unsymmetric Trimmed Median Filter (MDBUTMF)
2 Modified Non-Linear Filter (MNLF)

* Improved Trimmed Mean Median Filter (ITMMF)

* Adaptive Based Median Filter (ABMF)

> Novel Median Filter (NMF)
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! Fully Reference (FR)

% No Reference (NR)

® Reduced Reference (RR)

* Full-Reference

® Mean Squared Error (MSE)



Qo § Jald (slaps o o)les Jwod

MSE = > [F(i) - 6(i.)] (V=)

T
o5 johilan il o Lol ygar slel o3l MXN 5 oass sl e G(i) kol y5a5 F(il)
gobw polie yodd bawgie Jlade Ol pelel p pgal ColS 8l gy nl He ol aiS
Slewle LI a0 (g, opl uloo ewd a4 Lol polie 4 Cos calize slo oSy (5,055
9> 4 Ll eadladsb ol (gloding i) 50 (orlio SLdl; 9 00, (Seid (Sl ool
Ol iz 50 pglai jlislo aSSl alasly 4 Jlas cpl )0 09d cod Gabate (SThol (g par cudSTL
e o8 o 55 25 o iy Sy (25 Ln oSy (oolad Sae 0,5 o )5 8 050
Sbml Gl pie g9y 2 1) (Folie SISE peal jo L‘”QT CoxBgo 4 dwn o JuSeo polis

Ivol aus o

29 4 JUSow ddin Cound Y-A-F

R d JUS dd Cod s oo ooliiul polal gasilen L)l o 45T 6,50 s
S as,T s 50 b ol Ssdiee drule VA-F) alaly b b (owd o> 5 45 Zeul (PSNR)'
g S g0 00,08 |y polae a5 gl I beojls 50 1) Ok led g Canl (5. Ske Sla o (sl
wlids, Gl ok arcing MAX el oS o b |y claglin o slael o )5 St
IY0] 0l YOO 1 Jlaie (s St jygei Sy 5o Moo eansl pyguai 4o

MAX °
PSNR =10L —_— —
0g,,( VISE ) OA-%)

Uas glho Kilo Y-A-F
@ aS Sl ol b el Slayyo il glas wiiles 55 (MAE) Uas slae nSilos [Loss

aS 09l oo el g 0gd o wid)F a5 o o Sy WS Bllas jud o Sy WS 10 s>

! peak Signal-to-Noise Ratio (PSNR)
% Mean Absolute Error (MAE)
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! Digital Signal Processor (DSP)

2 General Purpose Processors (GP- Processors)
¥ Multiprocessors

* Microcontrollers
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2 Millions of Multiply-Accumulate operations per Second (MMACS)
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2 Static Random Access Memory (SRAM)
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! Transition-Minimized Defferential Signaling (TMDS)
2 High-Definition Multimedia Interface (HDMI)

® Digital Visual Interface (DVI)

* Clock Management Tile (CMT)

® Digital Clock Manager (DCM)

® Phase Locked Loop (PLL)
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Part Namber XC6SLX4 XC6SLX9 XC6SLX16 XC6SLX25
Slice 600 1430 2278 3758
Logic Cell 3840 9152 14579 24051
CLB-Flip Flop 4800 11440 18224 30064
Total Block RAM 216 kbits 576 kbits 576 kbits 936 kbits
Digital Clock Manager 2 2 2 2
Auvailable User Pins 120 200 232 266
DSP48AL1 Slices 8 16 32 38
Configuration Memory 2.7 Mbits 2.7 Mbits 2.7 Mbits 4.4 Mbits
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! Dinamic Random Access Memory (DRAM)
? Integrated Silicon Solution Inc (1SIS)
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! Chip Enable (CE)
2 Output Enable (OE)
® Write Enable (WE)
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< twc >
Address X X
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Parameter Min(nsec) Max(nsec)
Read Cycle Time (Tre) 10 -
Address Access Time (Taa) - 10
Output Hold Time (Tona) 2 -
Output Enable Access Time (Tpog) - 4
Output Enable to High-Z Time (THzog) - 4
Output Enable to Low-Z Time (T zog) 0 -
Write Cycle Time (Twc) 10 -

Address Setup Time (Tsa) 0
Address Hold Time (Tha) 0
W_en Pulse Width (Tpwe1) 8
Data Setup Time (Tgp) 6
Data Hold Time (Tp) 0
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Noise Standard Adaptive Standard Adaptive This
Density% | Mean Filter Mean Filter Median filter Median Filter work
10 23.20 30.08 31.10 37.15 41.57
20 20.17 25.43 26.87 30.64 36.95
30 18.32 22.29 22.53 24.97 34.06
40 16.87 20.08 18.52 20.51 31.91
50 15.55 17.88 15.01 16.65 29.97
60 14.58 16.23 12.19 13.39 28.63
70 13.62 14.90 9.73 10.88 27.12
80 12.83 13.50 8.08 8.67 25.13
90 12.09 12.43 6.59 6.87 20.83

Noise Standard Adaptive Standard Adaptive This
Density%o Mean Filter Mean Filter Median filter Median Filter work
10 310.62 63.99 50.38 11.58 452
20 624.62 186.24 133.65 56.01 13.09
30 955.98 383.77 362.31 206.6 25.49
40 1336.5 637.37 912.58 577.21 41.87
50 1810.2 1058.5 2048.54 1404.15 65.45
60 2262.59 1546.94 3926.43 2975.6 89.13
70 2821.26 2100.74 6908.5 5297.9 125.91
80 3385.1 2901.22 10111 8820.88 199.46
90 4017.17 3714.29 14236 13360 536.43

GliSee g s JB> 0 PEPPErS s xS pgai sl MAE b5, el polie (P-0) Jeue

Noise Standard Adaptive Standard Adaptive This
Density%o Mean Filter Mean Filter Median filter Median Filter work
10 12.29 2.04 2.89 0.476 0.32
20 18.83 4.75 4.01 1.28 0.75
30 23.84 8.46 6.05 2.86 1.28
40 28.35 12.59 10.15 5.88 1.92
50 33.44 18.31 18.04 11.84 2.67
60 37.67 24.28 30.38 22.57 3.50
70 42.3 30.59 4951 38.33 4.56
80 46.59 38.70 70.54 61.09 6.16
90 51.16 46.56 97.14 90.44 11.17
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alize g sla JBs 0 PEPPErS (¢ S pgal 510 SSIM b5l asls polie (V-0) Jgax

Noise Standard Adaptive Standard Adaptive This
Density% | Mean Filter Mean Filter Median filter Median Filter work
10 0.409 0.692 0.854 0.981 0.987
20 0.290 0.529 0.782 0.926 0.969
30 0.224 0.402 0.633 0.783 0.942
40 0.180 0.323 0.413 0.557 0.914
50 0.140 0.243 0.237 0.324 0.879
60 0.110 0.182 0.131 0.174 0.842
70 0.075 0.138 0.066 0.100 0.795
80 0.047 0.089 0.033 0.050 0.704
90 0.025 0.043 0.018 0.021 0.437

Golgdion pinyodl a8 Cil o g oo YU o eals ol bl goue 5 g rar awslis
PSNR oL, sloasls polis jloges ojlo |y Sad g Jald glas o 1e8 Bi> 0 95 0, Sles
3O ey 4 0 YOPXYOF olul oslasl L peppers (s S ngai sl SSIM ¢ MAE (MSE

el 00 03l s (VV=0) 5 (15-0) (1 8-0) () F-0) sl IS

50 T T T T T T T T T
—¥— Mean
45 —O— Adaptive Mean | |
Median
40 —A— Adaptive Median | T
4 —&— Proposed

PSNR in dB

i S N AN A A A N

10 20 30 40 50 60 70 80 90
Noise Density %

Gl g9 s JB> 0 PEPPErS (s puS > pgal sl PSNR U, asls jloges :(VF-0) UKo

ay



Gad § Jald (slaps 1363 BAa (Sl (53lgithyy Ubg) @aly Jud

14000 |- a
—¥— Mean \
—©— Adaptive Mean
12000 Median N
—A— Adaptive Median
—Q— Proposed
10000
w8000 -
[72]
=
6000 -
4000 -
2000 |-
L
10 20 30 40 50 60 70 80 90

Noise Density %
Bl sy s JB> 0 PEPPErS s puS> pgai sl MSE L)l jasls jlages :(V0-0) S

T T T T T T T T T
100 - “
—¥— Mean l
90 —O— Adaptive Mean :
Median
80 —A— Adaptive Median 7
—&— Proposed

70

60

MAE

50

40

-<p

0 H—A © @
10 20 30 40 50 60 70 80 90
Noise Density %

i SRy Lgl.m‘;lig- 4o peppers GJMSB RgaS 6‘)% MAE g_;,—.’l-.’.)j‘ ua>|w.: )b},oj :(V\7-0) wa.a

A



Gad g Jals (slayps 1393 a3a (sl (salgiiagy Jbg) @aiy Juasd

12 T T T T T T T I
—¥— Mean
—O— Adaptive Mean
1 Median |
3 —A— Adaptive Median
—&— Proposed
0.8 [
=
n 06
w
0.4
0.2
0 Il | 1 1 1 1 1 | 3
10 20 30 40 50 60 70 80 90

Noise Density %

lise s ng sla JBs ;0 PEPPErS (S pgal 51, SSIM L)l aslo polis jloges :(VV-0) JS&
gy Elite spg Gl JBs 0 AT maboe axgte Vb 5o odd e slajloge Gl
e 5 o5 MAE 5 MSE (sllas L PSNR 1,5 sy A iL3 e & S (solgii
ol il gSGoE SO 4 SSIM sl e s e el oYL SSIM a2l ol
2bo g o3leidan pi)osdl aslsl o Cunl 2S00 @z e paal 4 oad b3k pgal & Cusline
5 oy RS Sy 2 SRS Digo 4 Sed g JAS Glayo ng &8, 0wl Gle s
bl 00,5 oo dulio p2 L bl e g 00l Jlagl YOPXYDF olal o3lail b baboon o ,laitew
5 OA=0) Gla St jo coi i o3 A0 gaon 7r Jlecl g JBa 5o silwosly (ol 6y

ol 00s @8, (14-0)

19



Gad § Jals slups jag3 d3a (sl (sslgdidny (ivg) @oly Jud

(=

) ()

(@) @) ¢

Jol> 4l (o oy £r Sl o8 JE> L (@) pgas (o babOON Lol g ) pgas (Al :(VA-0) JSo
Ol s g lElecn iluosly  Jol azs (oo laibial Sk il (g e (luesly )
Silwesly 31 ol amas (7 wlubinl ale pld g)l8lcsn giluosly 5l Jols asms (& ada

olinn o851 ()l Eleiw (glwesly 5l Jol> amil (7 skl aibe il ()l 8l



Gad § Jals slups jag3 d3a (sl (sslgdidny (bg) oaiy Juos

(&

(=) () (=)

Jol> 4G (0 oy A0 Jlesl g8 JB L (@) pgas (o bADOON Lol 5 55) 5guai (A :(V2-0) s
Ol ks g lflecs iluosly Sl Jol azs (0 o laibial Sk 2l (g llec (gluosly )
Glwooly 5l o> ass (z @ labinl il gld g 8o gilweoly 5l Jols as (& ‘GL..JQ

olinn o ,5! ()l Elesw (glwesly 5l Jol> amil (7 skl aibie il ()l 8l

L baboon 5, e (sl SSIM g MAE MSE PSNR L, sla sl polie aslsl )

Sl 00l S (VV=0) 9 (Vo=0) «(A-0) «(A-0) o Jgu> ,o iy 4 YOFXYAF olul o5lail

Ve



Gad § Jald (slaps 1363 BAa (Sl (53lgithyy Ubg) oaiy Jus

Noise Standard Adaptive Standard Adaptive This
Density% | Mean Filter Mean Filter Median filter Median Filter work
10 21.32 29.20 24.37 32.44 34.32
20 19.24 24.75 22.93 27.99 30.93
30 17.72 21.72 20.68 23.60 28.59
40 16.41 19.63 17.56 19.52 26.92
50 15.30 17.76 14.53 16.08 25.59
60 14.41 16.24 11.83 13.23 24.31
70 13.58 14.77 9.75 10.77 23.10
80 12.79 13.55 7.98 8.61 21.70
90 12.04 12.41 6.53 6.68 19.11

Noise Standard Adaptive Standard Adaptive This
Density% | Mean Filter Mean Filter Median filter Median Filter work
10 479.27 78 237.29 37 24.03
20 774.02 217.43 331.29 103.3 52.43
30 1097.69 437.03 555.24 283.28 89.95
40 1485.83 707.75 1128.40 725.82 132.12
50 1916.68 1088.53 2287.31 1602.72 179.37
60 2345.54 1544.61 4263.07 3085.38 240.57
70 2845.54 2167.64 6875.09 5532.54 317.77
80 3417.37 2869.31 10339.43 8950.94 439.23
90 4062.17 3725.05 14446 13394.03 796.35

@l e slo J&> o baboon ) psai ol MAE b5l el polie () +-0) Jyox

Noise Standard Adaptive Standard Adaptive This
Density% Mean Filter Mean Filter Median filter Median Filter work
10 16.41 2.20 9.54 1.28 1.06
20 21.48 5.24 10.66 2.84 2.22
30 25.92 9.06 12.67 5.15 3.52
40 30.40 13.36 16.92 9.16 4.92
50 34.75 18.60 24.61 15.91 6.44
60 38.67 24.41 37.11 26.25 8.20
70 42.78 31.30 53.32 42.39 10.19
80 47.04 38.56 74.52 64.34 12.80
90 51.09 46.88 99.56 92.26 18.17

VoV



o) § Jalb (Slapd 3303 Ld3a (sl (53l (o) @aly Jud

Noise Standard Adaptive Standard Adaptive This
Density% | Mean Filter Mean Filter Median filter Median Filter work
10 0.664 0.944 0.807 0.976 0.984
20 0.561 0.864 0.769 0.936 0.965
30 0.475 0.767 0.693 0.854 0.941
40 0.397 0.665 0.555 0.707 0.914
50 0.316 0.559 0.407 0.531 0.883
60 0.248 0.453 0.267 0.364 0.844
70 0.181 0.342 0.167 0.225 0.798
80 0.124 0.233 0.095 0.127 0.732
90 0.058 0.111 0.039 0.055 0.585
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ND%

ALG 10 20 30 40 50 60 70 80 90
AMF 39.38 3436 3108 2814 2463 1995 1505 11.13 9.95
ACWMF 36.04 3084 26.81 2312 20.05 1740 1545 13.73 12.35
NASM 3750 35.75 34.20 31 28.50 25 22.30 17 9.65
Trilatral 31.66 3091 2998 2857 26.05 2242 1860 1517 1256
DBA 3843 3736 3592 3412 3221 3043 28,62 26.23 22,94
NIDF 3745 3404 3137 2955 2742 2353 1784 1650 10.25
MDBA 4145 4018 3441 3349 3294 2941 28113 2583 2231
ROAD 37.02 3315 3147 2953 27.83 2471 2224 1881 1452
MDBUTMF | 3791 3478 3229 3032 2818 2643 2430 21.70 18.40
MNLF 37.34 3423 3214 3057 29.00 2782 26.05 2432 21.32
ITMMF 38.90 3590 3340 3170 30.10 2850 26.60 24.60 21.50
ADBMF 4126  36.98 3420 3229 3046 2836 26.58 2458 2225
NMF 2815 2750 2735 2709 2675 26.08 2538 2415 2275
Proposed 4406 38.88 36.08 3442 3311 3180 3052 2834 23.01

ND%

ALG 10 20 30 40 50 60 70 80 90
AMF 7.5 23.8 50.7 99.7 223.9 657.7 2032 5012 6577
ACWMF 16.1 535 135.5 317.0 642.8  1183.2 1851 2754 3785
NASM 115 17.3 24.7 51.6 91.8 205.6 382 1297 7048
Trilatral 44.3 52.7 65.3 90.3 161.4 3724 897 1977 3606
DBA 9.3 11.9 16.6 25.1 39 58.8 89.3 154 330
NIDF 11.6 25.6 47.4 72.1 117.7 288.4 1069 1455 6138
MDBA 4.65 6.23 23.55 29.11 33.04 7448  100.01 169.8 382
ROAD 12.9 31.4 46.3 72.4 107.1 219.8 388.2 855 2296
MDBUTMF 10.5 21.6 38.3 60.4 98.8 147.9 2415 439 939
MNLF 11.9 245 39.7 57 81.8 107.4 161.4 240 479
ITMMF 8.3 16.7 29.7 43.9 63.5 91.8 142.2 225 460
ADBMF 486 13.03 24.72 38.37 58.48 9458 14291 226 387
NMF 99.5 1156 1196 127.1 137.4 160.3 188.3 250 345
Proposed 2.5 8.4 16.03 235 31.7 429 57.6 95.2 325
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Lore o ool &l 00,68l bawgd 1) Sl s b &, Oldee 3 sliged (YV-0) S 5o

A oo odwline Clie 1380 5 GUI' 31,5

4 guivart = =

This is The Grace of My God
Impulse Noise Removal System for Digital Images Based on FPGA
Shahrood University of Technology - Moslem Khanebabaei

- e L v -
Add Noise Restored Image
Noise removal for gray images ¥ | Image size = [256 256] v

Proposed Algorithm 4 ) ) PSNR = 21.4835
Noise Density = 90 % MSE =  462.0039

Load Image | Convert to Grayscale MAE = 9.1164
SSIM = 0.3699

Send Noisy Image to FPGAE‘
: H.W Processing Time = 20932 sec

de )‘J.ehof GUI L,}S\“._e\)f NPV Je (_géLer.M p.u)}ﬁ‘ G’L"’ 9 |).?‘ )‘ u_:Lo.: (YY-0) Ji.a
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5 bl paSilee 2l 45 o 5l 5 6, 8ln 5 3o ey olsee () F-0) gi

Filter Standard Mean Filter
Image Gray Scale RGB Scale
and size 256x256 256x256
Hardware Software Hardware Software
Time Time processing Time processing Time processing Time processing
(in second (in second) (in second (in second)
ND% Serial Interface | FPGA MATLAB Serial Interface | FPGA MATLAB
30 1.429 154m 4.929 4.267 467m 8.291
60 1.428 153m 4.903 4.266 466m 8.369
90 1.428 154m 4.908 4.266 467m 8.370
ekl (2Sbee ;3 50 611G 5 6)138le 5 A5 ey Gliee 1V 0-0) Jgu
Filter Adaptive Mean Filter
Image Gray Scale RGB Scale
and size 256x256 256x256
Hardware Software Hardware Software
Time Time processing Time processing Time processing Time processing
(in second) (in second) (in second (in second)
ND% Serial Interface | FPGA MATLAB Serial Interface | FPGA MATLAB
30 1.429 141m 3.114 4.267 413m 6.050
60 1.428 144m 4.172 4.266 432m 7.126
90 1.428 149m 4.807 4.266 457m 7.734
S lwibiwl ails 2ld jo )l Bledin 5 )18l 5 5l Oles Oliee 1(VF-0) Jgur
Filter Standard Median Filter
Image Gray Scale RGB Scale
and size 256x256 256x256
Hardware Software Hardware Software
Time Time processing Time processing Time processing Time processing
(in second) (in second) (in second (in second)
ND% Serial Interface | FPGA MATLAB Serial Interface | FPGA MATLAB
30 1.429 163m 6.868 4.267 498m 10.323
60 1.428 164m 6.922 4.266 499m 10.300
90 1.428 164m 6.920 4.266 499m 10.322
skl aileo 1L 50 (gl 38lc S o (65l 8le 5 GB3lo (b (lree :(VY=0) Jsu
Filter Adaptive Median Filter
Image Gray Scale RGB Scale
and size 256x256 256x256
Hardware Software Hardware Software
Time Time processing Time processing Time processing Time processing
(in second (in second) (in second (in second)
ND% Serial Interface | FPGA MATLAB Serial Interface | FPGA MATLAB
30 1.429 150m 3.814 4.267 463m 7.297
60 1.428 155m 4.508 4.266 489m 8.516
90 1.428 159m 5.409 4.266 492m 9.806
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Filter Proposed Filter
Image Gray Scale RGB Scale
and size 256x256 256x256
Hardware Software Hardware Software
Time Time processing Time processing Time processing Time processing
(in second (in second) (in second (in second)
ND% Serial Interface | FPGA MATLAB Serial Interface | FPGA MATLAB
30 1.429 450m 4.704 4.267 1.295 8.720
60 1.428 466m 6.141 4.266 1.297 12.501
90 1.428 493m 7.720 4.266 1.299 19.925

Gilweols yo golprin v,s liz! Gl canl sdls ools lis by Jgaz jo aS shiles

oadjle Sl plply el Clie b gileans lae o 12l lo 5l ieS (gl 38lccn

Jj.d J;L‘J 9 Tue 6).0‘ s).:jaa.’ u»)b).» LSLQW:;:’.)SKJ‘ 6‘)—.’ Lg)'l....:oolﬁ ).,.M..: 0‘5‘5 L FPGA

<l g Jlo)l lp ol gilwesly 5o Ghloy loj ST &5 el S5 4 p3Y ol

USSR (S wsdiee By Sl BLIIGb 5l oys g e S50 05 e ngal DL

05551 Cxtl 3 el FPGA L5l mulis 51 agy soliiul o ys3I1 (6, 58lden (g luoslyy 55wt

bw 51 B ogd ploxl sloe 0318 & yge 4 K6l - b (golpiing w0l a5 009 cpl p orw

syl @lp asly ol mle 5l colaivl e py la oz ;o 00,5 colatwl geS J&ls

slul ojlail b g puSls spgal S g @8y 0wl slapl, Kl ple g solpiin b,

J3:3 BB (515wl 51 039, oolital (lime (YY-0) Jgao 4 4255 b .l ol &of YOFXYOF

Sl e dnge 9
o luslin] (1Sl ld o all s Sl mlie 5l oolaiwl ol :(V4-0) Jgux
Filter Standard Mean Filter
Image Gray Scale RGB Scale Gray Scale
and size 256x256 256x%256 500x500
Logic Used | Available | Utilization | Used | Available | Utilization | Used | Available | Utilization
Registers | 597 11440 5% 599 11440 5% 607 11440 5%
Slice LUTs| 661 5720 11% 744 5720 13% 657 5720 11%
10Bs 33 102 32% 33 102 32% 33 102 32%
BUFG 1 16 6% 1 16 6% 1 16 6%
DSP48A1 2 16 12% 2 16 12% 2 16 12%
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Filter Adaptive Mean Filter
Image and Gray Scale RGB Scale Gray Scale
size 256x256 256%256 500x500
Logic Used | Available | Utilization | Used | Available | Utilization | Used | Available | Utilization
Registers 589 11440 5% 596 11440 5% 599 11440 5%
Slice LUTs | 653 5720 11% 752 5720 13% 650 5720 11%
10Bs 33 102 32% 33 102 32% 33 102 32%
BUFG 1 16 6% 1 16 6% 1 16 6%
DSP48A1 2 16 12% 2 16 12% 2 16 12%
o luslinl ailee yild jo adly A3l mlie jleslasul ol (YV-0) Jooo
Filter Standard Median Filter
Image and Gray Scale RGB Scale Gray Scale
size 256%256 256%256 500x500
Logic Used | Available | Utilization | Used | Available | Utilization | Used | Available | Utilization
Registers | 689 11440 5% 691 11440 6% 699 11440 6%
Slice LUTs | 991 5720 11% 1115 5720 19% 992 5720 17%
10Bs 33 102 32% 33 102 32% 33 102 32%
BUFG 4 16 25% 4 16 25% 4 16 25%
DSP48A1 2 16 12% 2 16 12% 2 16 12%
L;Qa.»JA} Gl 8 o anlys Gl:}lo &l 3 ookl e (YY-0) Jgom
Filter Adaptive Median Filter
Image and Gray Scale RGB Scale Gray Scale
size 256%256 256x256 500x500
Logic Used | Available | Utilization | Used | Available | Utilization | Used | Available | Utilization
Registers 597 11440 5% 632 11440 5% 691 11440 6%
Slice LUTs | 661 5720 11% 771 5720 13% 999 5720 17%
10Bs 33 102 32% 33 102 32% 33 102 32%
BUFG 4 16 25% 4 16 25% 4 16 25%
DSP48A1 2 16 12% 2 16 12% 2 16 12%
olpion i ,sSl yo asl s (J3ls mblie leslaul liue (YY-0) Jgo
Filter Proposed Filter
Image and Gray Scale RGB Scale Gray Scale
size 256x%256 256%256 500x500
Logic Used | Available | Utilization | Used | Available | Utilization | Used | Available | Utilization
Registers | 1887 | 11440 16% 1859 | 11440 16% 1909 | 11440 16%
Slice LUTs | 2115 | 5720 36% 2125 5720 37% 2118 5720 37%
10Bs 33 102 32% 33 102 32% 33 102 32%
BUFG 1 16 6% 1 16 6% 1 16 6%
DSP48A1 1 16 6% 2 16 12% 1 16 6%
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O i Brae Ol Gl 4 Olgiee )RS siluosly 50 e sla el Koo

RIS (Brae Ol &5 jada 50 0,5 o)lil 4l Wan sles 9 FPGA ally (255 54
Bl iy ABS gt S B g (Al Sl 455 dige 5 5 Al slad L) adly S
Erae Ol5 Ol (VF-0) Jsoz o sl VL Slhilas (slyzl Cos o g aige 513 590 (55Lonly
Slop oSl plo g 039 n cnl )0 4Bl We Sles s FPGA ouijlo (29,5 (wilS 8 (o yin « JS
los 9 S (Bras Oles Glime a5 Sl S8 @ ¥ Sl oid ools s sl g @) 50wl
30 35290 slo |38l 5 acseza | Xilinx XPower Analyser ,l33ls 3 5l oolaiwl b adly sladign
ooyl55 Boyb 3l adly il ,8 aciion e eiored (Gl 00y 5 Lol> ISE Design Suite 14.7

ol 0058 )5 dloee ISE Design Suite 14.7 13816 3 50 oals yitw #,b

b ,s5 (6,58l g looly 45 ol 3 Slasein s U5 5pan ols3 ol (TF-0) Jga

Parameter Total power Maximum Minimum clock Junction

consumption (mw) | output clock (MHZz) period (nsec) Temperature (C°)

Image and Gray Gray Gray Gray Gray Gray Gray Gray
Size 256x256 500x500 256x256 500x500 256x256 500x500 256x%256 500x500

,\f;zgdglrt‘i Lo 14 66.644 | 66573 | 15005 | 15021 | 255 | 255

aptve |14 14 60.696 | 04.863 | 14.348 | 15417 | 255 | 255

Mesé?;r??:rlﬂer 16 16 60.686 | 68.761 | 14.350 | 14543 | 256 25,6

M Qﬁ:ﬁtl':‘:ft o | 16 16 68526 | 68.166 | 14593 | 14.670 | 256 25.6

Prlfi‘l’t%sred 14 14 44.058 | 42.186 | 22.697 | 23.704 | 255 255
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Abstract

One of the main topics in image processing is salt and pepper impulsive noise removal
from digital images. This type of noise randomly generating white (salt) and black
(pepper) points in images and causing the loss of information and details in images. The
purpose of this paper is designing an algorithm to remove impulsive noise from gray
and color images using combination of median and mean filters. In addition to high
efficiency in noise removal, volume calculations are not complicated. The proposed
method consists of two phases identify noise and noise removal. In first considered the
low and high threshold values to identify noisy pixels. In the second stage the decision
is using the adaptive median and mean filters based on the 1st order neighborhood and
diagonal neighborhood pixels. Furthermore, the proposed algorithm is compared with
recent articles using PSNR, MSE, MAE and SSIM parameters in Different densities
impulsive noise. Visual and numerical results show good performance of the proposed
method is the removal of impulsive noise. In the end, according to parallel processing
and real-time features in FPGA chip, proposed method using VHDL hardware
description language writing, synthesized and implemented on Xilinx Spartan-6 series
XC3SLX9. The total power consumption, maximum output frequency and average
processing time in FPGA for a color image with dimensions 256x256 and 90% densities
impulsive noise, respectively values of 14mw, 42.186 MHz and 1.299 sec is obtained
Which reflects the performance of the proposed system is efficient and fast.

Keywords
Salt and pepper impulsive noise, Noise removal, Median filter, Mean filter,
Neighborhood information, VHDL, FPGA.
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