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Abstract: An efficient hardware implementation method suitable for reducing mosquito and block noise
caused by image compression has been developed. After analyzing the length of the filter taps necessary for
noise reduction, we optimized line memories used for buffering pixels in the filtering process, and achieved
a reduction in the amount of SRAM bits. Applying our method, we can reduce LSI costs and enhance the

performance of the LSI by utilizing the reduced memories.
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Fig. 7 The relation between search range and quality.
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Fig. 8 A flow chart of mosquito noise reduction.
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Fig. 13 The proposed architecture of noise reduction.
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BE, LADIA Y AE)E Ldn 13U TORTESTZ L8
T&5.

Lin=b+e—c (1)

ZLTC, RRETETHDLI4 2 AT OAHLTEE
AWDLZET, 94 v A% O¥lEE LMR %, (Ldn = 0)
RS LTUTELTERTZENTE S,

LMR = min(a, Ldn) (2)

ZoRELY, T4 A% OFIEE LMR =& KILT 5
7291213, BNRWLEEIZBIT AT £ ViE it o % Ldn
FCRELTHLIEDUETHALI EDVTHD.

4. P

Fad, BEFRXON—FY =2 THEEIT, KA
A ) HACHA O F- UM RER Z 1T o 7.

4.1 T4 AEYEBEFMOHR

R L7 = Ny = 7 O L SRR AR 2 \ORT.
AT, BB ELRE s OFRENLH D, HIEEH
513 250 kG, SRAM i3 1,000kbit # HiZ & L 72,
KN—=Fw27d, AT AX v v TCANENAHEIE
, VTIVEA L) A RAEMEES., 7B, "—Frx
7 HEL, 2way-NAND % 1Gate & L CTHE L 2ETH
L. BEAF— b A KEREIE, HED AT v DR
DATAT YT ANY 2T 2T, KEBEEAEEEZH L
TWwh, 7uvy 27 /4 X%, YUVD 3 ETIZonwT, 7
Oy 7RI L Ta— 827 4 Wy 1L BB -
TWa,

§_§ 2 IN— ]‘{ifﬁjoat U%%‘ffﬁ%

Table 2 Hardware specifications and development results.

HH thikds L OB AR

ERYA X 1920x1080 60fps 71/ L v+ 7
W7+ —<v YUV 4:4:4  410bit
A iy a3 T AL A% x LA (YOVERBIA )
HiEr oy 150MHz
LSI7 kA 90nm
e L

| I J10 kG

| NS 1190 kG

16



[BHRUBFRE/NGEGE I 2a2—~ - TNA1R& Y X7, Vol.4 No.3 11-20 (Oct. 2014)

x3 MELILN-F 727074 2T

Table 3 The number of line memories of our hardware.

Ty | RET A M| BT A ERE %5y 5 bit#k
BNRE 12 (La) 9 (a) YUV 3557 10bit
BNRR 12 (La) 9 (a) YUV 3% 10bit
MNRE 23 (Lb) 11 (b) YOI 1E4Y 1bit
MNRR 3 (Lo 1 (c) YUV 3%y 10bit

1
[Leb)¥¢
‘2 }we-c n-13
n-9

n -

n-9

n b

L Ve > > _ — —> >
74 BNR MNRE MNR 4> MNRE BNR MNRR
ke 5

()Tt Bk (b)fRZEAERK

14 FERFEICBUTLUHT 1 VEEE
Fig. 14 The line delay of our hardware.

# 2 DAy 7R BEMBHE, SRAM &0 5 TH
L7z = K7 = 712813 5 SRAM @ bit & O Hll j5E H
WZOWTHIT L. RIICEBIIHELIN—F7 27
BULEWID T A AT ERT.

BNR OMLIRIE, 721 TIEBHBOMHHALD 7208 L T
Wy VD004 VL EDT, LESA UK
1274 LTw5h,. 2L T, BNR OME T 1 VRIE
&, Q) LV I 2BV HIREORKILEZR S 720
R 7Ty DB EEBT A V5472 721K X v 7O
TR A AT\, BERIC T — S AT 4 VY 2 FERiT 5T
RELTYITA >y (WHEHEIE e =9) & L7. MNRE (g,
5%y T TUBT A VRBIEDN2 T4 Y UHEHEIE e =2) T
HHTy IHIET7ANVZIZEDRK 9 IZRT 1bit DLy ¥
BHRER 7S 72 L, 2077 71 LT 7 TRL
T VEREMEERIC LB 23 94 L TO Iy VHIEERFTV (LH
JEHE b = 11), MNRRLFEEX LT3 % v 7D 7405 (JL
HRIE c=1) ZHW.

X 14 IZAREMHICBII 2870y 7 D5 4 VRIERE &,
FTA VA OHIBEE AT, BB Le 1X, MNRE (2
BULIZy VOO0 T 4 VBIEREZRLTWA, X
WRTHERMERE, R 3ITRTIA Y HIZBWTH 10 I
RYIA AT OEETDbEVER, REHAIMN 13
RS 74 Y AR DIERT) FATHL. ML, F
A Y AEY)OHEFITLD, REREIIIERRIZ T Ld
%9 T4 VHBIRETH L Z EDHERTE 5.

Kz, WHR O SRAM O & Bit % & 15 I2/R”7.
Bit #13, £ 3I1IRT T4 & YUV Bkt 1 m#EDH
720D bit BEMT A v EOFEEICL D EH L. Bl
FhrRg, fEkGRICIBELTLd % 9 914 YHIRATRET
HY, YUV 3, 19421920 B, 1 HZ 10bit T
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SRAM bit & [kbit]
1750

1500
1250
1000 -
750
500
250

HLC
mLA
ELB
ELD

BRI PERHR

15 SRAM Bit &
Fig. 15 The number of SRAM bits of our hardware.

(a) ISO chart

(c) S207 [21]

16 Fffi 5
Fig. 16 Original images.

R4 A XKL S PSNR O
Table 4 Comparison of PSNR.

Image Chart S202 S207
Decoded Image 31.00dB | 32.53dB | 34.55dB
Proposed Method 31.62dB | 32.59dB | 34.61 dB
Pipelined Method 31.62dB | 32.60dB | 34.63 dB
Reference Low Pass Filter 21.58dB | 31.47dB | 34.15dB
Methods Median Filter 22.84dB | 31.97dB | 32.00 dB

AEHY 500kbit ZHIIKTE 5. ZOHIEEIL, BEHAD
45 SRAM DK 50% 1243 5. £/, [MIEHRICIRE
5 &8 500kG (1bit 2 1 Gate #145), WHHE TIIH
30mW DI E 2 5. Zhick b, 728218 1 I2RT
EFVEAL LSI 2B\ TUEH 5% SRAM & OFR & 72 1,
FNIC X BF v FTHEEHEIC X 5 LST HiAtifki% % g &
5. F72, SRAM OHIEG & M5 EICE VRS 2 L 12
X B ERRALR, BT Oy 7 OBIOMAARIZL B%
HRELZ EHT A L WL 12 5.

4.2 EIEER

KIA A2 OEFEFEMEA D LIZLZMWE
NOEBEMRT L7012, FEBIC S A XA
BOWMEDOLE AT > 72, B 16 (2”7 3 FHH O Z7f i
g2 nFnIZ, MPEG2 TM5[20] & v T QP45 [ %12
X0 iR G L 22 B LT, WG A XK
WILEL % 1T - 72354 @ PSNR & L@FFEi = 7o 72, & 4
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(b) Pipelined Method

(b) Proposed Method

— 16
—18
—20

(d) Low Pass Filter

— 18
=20

(e) Median Filter

B
w_m

17 Chart Wi{%o FpA: %
Fig. 17 Simulation results of the ISO chart.

i, 3FEFHOFHMMmIZ I LT, /A AL % EhE
LD 7 A X5 % (Decoded Image), 3 3 12”3 T
YBOFHTR I3 IIRT 74 2 AE) QG247 i
%773 (Proposed Method), B 10 IZ/R§ 74 ¥ X €YD
%2 FEh L 2 iek 3 (Pipelined Method), 3 4 v
TDOU =X T 7 A )Y EEEEEICH L2 (Low
Pass Filter), A7 4 7 ¥ 7 4 )V % & Wi{E4H I HE L 72 /53K
(Median Filter) 1235 \F % Wi f§EART O m 5 &, K0LE
%MWi%0 PSNR /R LT\ 5
¥ 4 £V, Decoded Image & Proposed Method % I8
T5HIET, Fa— FEEI L CTHME /A AR ZE479
MFEAHMEFR T E, Proposed Method & Pipelined Method
FREET A ET, 94 AF) 0GB MEEESILIX
WNTH D Z EDHERRTE /2. 72, Proposed Method %
Low Pass Filter, Median Filter & }t#i$ 22 & T, /A4
Aaft LTl 2 OB bR T & 7.
RIS, BHEMEOLEZIT) . 17 X 18 13853
@ﬁi BaRLTBY, K17 13X 16 (a) \ IR T E{EO
P, 18 XX 16 (¢) W RS EE O E ITER S & fi ok
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(c) Pipelined Method (d) Low Pass Filter

(e) Median Filter

B 18 S207 OFFAME(Z
Fig. 18 Simulation results of S207.

L72W%ETH 5. TNEFNDOKIZE VT Decoded Image
& Proposed Method % 4 5 Z & T 17 TIEEAF —
b A X ORIED, 18 TE7 1y 7 /) A4 ZEEHD
RFEDHERRTE S, £72, Proposed Method & Pipelined
Method 2 IL#§ 52 LT, 94 Y AEVAEFTL L
TOBENDHZEIMNTH D Z EDHERTE D, EHI
Proposed Method % Low Pass Filter  Median Filter &
HEBTHZ LT, /A4 X&HILTHRET 20BN
bR T E 72,
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4.3 E=E

— R R BB B VT, 94 Y AT ) BPHESY
B2 AHLEIE, Fo70y 7 OUNEERET B E LTL
B VBEERSTIEE RS, UL, RIFFETIE,
BEMEFR IS E L S A4 Y AT ) BT A2 &2 LIS, 94
YAEY ZHIRT E BEAM AR Lo, A & i b L
72R(2) £V, ZoT 4 v x®)HIESAM L, BETE Y
7 DIPLT A % fa/N S Ld OFIE R % kb
BI2IE, AT Yy 7 OWBERIE o Z W RERR Y Ldn &
FTHLZEDVHMTHA I EDGHh5b. £3ITRT BNR 7
Oy 7280w, T4 Vb b/ileETy Y0
M2 T L2 RIic ¥ v v 7o E 2479 2 L T
MPEIEE KRE L, ﬁ%@?ﬁm%ﬂot ZDEHIZ,
BEBILEL DS 7T A RS Jt( ) HEl, 7
A 2E) OHFLHERD, ﬁﬁ7n/7f®@%a AL
L EVHEMNTHEEERD.

+=A
5. Q&M

Teald, MEBERICEIVRETLZTOY 7 ) 4 ARER
For AR LT, WMHED A RIS T
LAY RMETHILICEY, WEICEELS52 T
SRAM # B9 5 il % B se L 72.

RS, EHEIEKIEDHEA TV D 4k2k, 8kdk 7 & D
KHWAC TV NOIUTHGEDILRIOR, 2TbedTH) 70y
7 A XPHERBE L DR E D H.265 7 EOXIEAD
EE AR COEAME /A DRI L TAETH L. £
72, KA AR OIEEANE, FAFAFY Y AN %
TAVAEVIZENVREL, 2070y 2 2B AT —
F%ﬁ?éﬁ%%@’ﬁﬁﬂ%féb ez, ko
Mo OFA L LER OB EE L, # 3D MLz &
THW SN B IEEEFI F L ORI % R 5 DL EDS D B AL
T2 ZEDWRETHL EERXOLNL.
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