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Abstract: In image signal processing LSIs, the data bandwidth to the external memory is one of the big
issues, because it increases the system costs and consuming power. In this paper, a new bandwidth reduction
method is proposed, which works familiarly with the burst-mode accesses to the SDRAM and reduces the
data bandwidth under the strict constraints. The proposed technology ensures the real-time image processing
even in the case of the bandwidth saturation on the memory busses. We have implemented the proposed
bandwidth compression technology in a signal processing LSI for moving pictures and confirmed that it
required very small circuits and maintained high quality pictures.

Keywords: memory bandwidth, bandwidth compression, image compression, signal processing

1. EU®IC

WAE, TLE, ALAa—=FREDTY I IVERARRICE
WL, ZHDY TV Y A LAWGESWUEIOEE 2 AT 4
LSI NICHEZE L, FEO/NNUL, Ka X MEAXE Z &8
o TS (1), ZOL)BRVATALICBWT
(&, BYERITAEGR, SRGE, A XREdH DT
774 v 7 HEAE AT SRR T T v 2 1%, SRR H

b RS H S B R R SR T
Yokohama Research Laboratory, Hitachi, Ltd., Yokohama,
Kanagawa 2440817, Japan

) hironori.komi.cq@hitachi.com

© 2013 Information Processing Society of Japan

SNTZAEY TNNA RNZKEDOWE T — 5 2 FH & AH, i
AMLEITILEDNH L. SOz, AT OEH 7 O v
7 BLUBE T 2N AEY IF [EEEE X E ) NADNE
BEBEMEHRLL LR, YATLDAANT v 7B L
OCHEEDEIMOER E 72> T o,

AL T, VAT LLSINOAE) T 7 AH s
FTAHNEBAEY NAIZBWT, BEERMRLEZ 1T\,
BED X E ) N2 Nl Z IS 28l 2 3253 5. Al
12& Y, SDRAM (Synchronous Dynamic Random Access
Memory) ~D7 7 ¥ A LW HE L BN=ANT 72 A %
HAr& L, K3 A P CTORBEEEDSTREE 2 5.

I/, N VIREMGO T -5 L— beEEL, ol

59



BEMESLHRTHE 01— FN1R& VX574 Vol.3 No.3 59-66 (July 2013)

Codec System LSI

m Storage|
| i
Memory Bus I

]

v

| DDR -SDRAM |

v

1 B{ME50E LSI o 71 v 7 Kl
Fig. 1 Example of block diagram in image signal processing
LSI.
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Fig. 2 Compression and decompression circuit topology.
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Fig. 5 Image compression flow.
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Fig. 10 Streaming procedure for the low frequency model.
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Fig. 11 Lossy compression procedure for the edge model.
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BIRL, EMiL Y Y N2 N+1< L Oy L)
IEIRT B LT, FEEICY—7 vy PETAEMELID D
EWIERESL LA S,

F 7o, EEER LTI O E 7L & BIRTTEETH 555
123, BRI R 2 AR 5. S
XY, Oy —FRERmIRT S EDSTREE Y, WY
B BT BREED L. —HT, KL ¥ IWENY
FIE, WL TR EESE L 2 &b THE
Thb. £1IRLERKE Y bXFEME T IVOE Y T
3, FETVITY AL EWELIZDDTHA.
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[EESRUIEF DM >V —v - FNAX& VY XF L Vol.3

512, EBOBEEICBEWTIE, REENIS GRIRS
NAZ L2y, y—=7v M5 EROIEMHRICH LT,
INY NIRRT B GE0% ., AFETE, ok
LoEH NIz 2y My (P) TEIINY FIRDSH
B b L, O v ¥ —FMEOF A 2 IS BN Pilgg
BWEDT7 4 — Ny 7l 2 7%1) 5.

POET AL VRO FHOELT A2 NOKRKE (D,,)
i, n—1HZHOE 7 X+ FTCORMEFIAESE (R,—1)
FHWT, UTo LI Ic5Eshs,

Dy = ((5+16L)n — Ryy_1)/16 + Dinit,
n:0<n<P (5)

nflHDOY 7 X ¥ DIEMERIZ, 73T A =% L % —IFN
2 (L+D,) L LTHOVH, &1 HOHUBHT—T
VEERLTH, GRlOEMHT— 723 LRE2 B2 52 &
M, 072, £LICHEEINTWE a L) bEWVIE
Mg LROT—7 V2R L, KEERS, Bl Y0
AR E VIR Z L CED B TH I LT, Oy ¥ — [
XML IHT A 2 LR 2 5.

F7-, WEIL, SDRAM /N— A ME L LM BRE o 7205
HELAF—FEDOFX Yy 7LD, N FIREHEDWHIHE
(Dingy) % EHRTHZENTRTDHY, BOOET A2 b
(n=0) PORWELZTLIENTESL. N FIESH
FEIZE DT 14— Ny 2 %4iTbRWE12iE, D, =0
E95.

5. RERFER

5.1 BB &EMREICET 35

RF:2 HWT, YUV4A2:2 DEBOY > FIVEE{E [9)
R LT, FERHBRILIE 21T > 72, v TV, f
BRI L AR 2 B8R 720, BV —HF L ADY A bV
Wi BT L — A LEd (No149) D2 7L —2L4%
k& L CTIEME 247\, JERER ORI & PSNR (Peak
Signal-to-Noise Ratio) % K& 72. PSNR X YUV &4
IZBWTEHRE L, FEZH L TW5.

KEBBTIE, AEYVNAZBIFAEN—Z b A%
(64bit x 8 N— A ME = 512bit) &F&E L7z, HEEFEOMm
GBT 7 X AT EEND L&Dy 77 XY HEIN%E
B 72123 =2 FPEPEWEDPAERTH L 05, —HT
Eah% s FIF A 72012133 — 2 NEFEL(FE oY T
Lw, KRN—=ZAPMEEZDML—FF7E2EEL GERL
7o, RERE T CUBAAT o 745 H, 1 N— A M) ITE
Mis N2 ICHEGEO X7 2 v MEIEORICHEEICR > 72, E
MR B T8 ONMET 5 A Y b, 664%MET 6 7 A ¥
e, $9XTON=Z MIBWTERELZNY FIED
TR 228 %L, JEMSNS I L E2MELL. A
WXV, WEEDHIEO 7280 SDRAM OEE) 7 1 v 27 D
WA T TNy NI O A > T, KW
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(b) JEMEEER 66.3%

12 N NIRRT R
Fig. 12 Bandwidth compression results.

D) TNy A LEEERRIET & 72,

B 12 (2435 — A N OJEFER P E RS, AR
flilx, £/N—A MZBWTHFF L SN/ T— 5 OIEHGHE
%1 7L—LTEHILLDDTHL. Ny FIREHED
T A= KNy 7 RPF A, SERNICEMmEIRE
{TpoTWAh,

HZE 2DV TiE, PSNR T40~65dB OMREZ/RLTH
D, VTN A LBYELE G RER LAV TH L L
EHERR L 72, FRIONY FIREHEED 7 4 — KNy 7 &N —
A N T o 2 A 21, SF PSNR 28 2.0dB B L
7o. BN—AMNANDOT =¥ mORBELTHVTTE 5720
EEELES L) SNIAERTH .

5.2 [OEEEER

FullHD i > A 7 2 ~Oxf e & % 2, KK %
YUV4:2:2 1,920 x 1,080 x 60 p DEFE O EFE AV —F v k
AP SR I A 4T o 72, KSR, FEMERIES, (HeRn s
% % 22kGate, 8kGate (90nm 71T+ X, 200 MHz BjfF)
[OIFE BT Y A7 4 LSTIZFEE L, M6 DDR2-SDRAM
AR LTV YA LEET D L RERR L. 7ok 2
PERTE (2] TlE, EMEB L OMERBIZK 4 9.3kGate,
4.7kGate & H 5%, HERFAMIIHEF IO T — ¥ OMHE %
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RS 2R

RIS B728, A8 A% v AJOWREIZOWTIE, M
BOKFEHMOW G EE-TLI4 VAT 2LELT
%. Full-HD TH NI, 1,920 x 8bit x 2 (4:2:2 #2474>)
= 30Kbits % 1 DDJEHi b L { \IMERBEH 720 ICLEE
T4, AFETIEINS D SRAM ZIAETH Y, ERTF
TN S WBIECEETRETH L. F 7K EHME, R
M IE 10 MGate 2 %2 #5803 5 4R D LSI B T
GrANE L, BEEOEMMEREZ > A7 A LSLICHE#RT 5
MR HETH S,

R, HEBICELTRITT 5. &WE L 72 EIEE 5L
P LSI Tl&, MBI DDR2-SDRAM (400 MHz BjfE) % 2
BLBEL L72ns, REAER % (s LR 78%), EXEhE
W% 20% FVF 320MHz TEIESE L Z L0 fEL % >
oo ZMUCED 1 7L =2 bW T A2 LB TMYA
LRSI ES 5 2 & MR L7z, N> R ERfE %
HETELZWIEETETIE, SOOI ICHEzay 752 TF
FarZEBREETH -7z, Ky oy 7 FEBIEKKICED,
NV FIBEM TR E ZI2HN, #5210 mW HE &S
ZHIEST A EATET.

6. BhHYIC

FIEALEE LSLIC B L SN BN NIRRT 2 B% L
7o, RFHEIE, SDRAM NOHLk T — ¥ H3/N— A |+ HALT
ZEALEN TV LNE AT N ZZB W TEIEER RS
i % TN FIRFEARR 24T 9 . AR TIE, fERKEET
HoloAEY N FIROEAMED FRMEEZHE L, £
KINTT— 7 228+ 452 L &20EEL L7,

FEEREEDS, )T IV Y A LB ELERE B %00 E
EAEHBEINT VLNV OWE 2 FEBTH L 2L
oo F e, NV NIEHKANTTE 2 2T EEE b 5 T
VT AL %S L ZOREEER L7,

AR L, KT A PO LST I TE, &
5282 Flig% E4i L 72457, DDR2-SDRAM D ERE) 7 11 »
7 R AR S, B ) & IR IS ERE T &
b L ERHERELTC.

SEXH

[1] Riemens, A.K., van der Vleuten, R.J., et al.: Transpar-
ent Embedded Compression in Systems-on-Chip, SIPS
(2006).

[2] Kim, H., Kim, M.C., et al.: Efficient Quasi-lossless Image
Compression for Memory Bandwidth Reduction, Proc.
ICCE, pp.256-261 (2009).

[3] Tescher, A.G., Gokece, D., Aleksic, M. and Reznik, Y.A.:
Embedded Memory Compression for Video and Graphics
Applications, Proc. SIPI, Vol.7798 (2010).

[4] Taubman, D.S. and Marcellin, M.W.: JPEG2000 Im-
age Compression Fundamentals, Standards and Prac-
tice, Kluwer (2000).

[5] ITU-T. H.264: Advance video Coding for generic audio-
visual services (2007).

© 2013 Information Processing Society of Japan

AL Ya1—v - FNAR&YAFL Vol.3 No.3 59-66 (July 2013)

Golomb, S.W.: Run-Length Encodings, IEEE Trans. In-
formation Theory, Vol.12, No.7, pp.399-401 (1966).
Rice, R.F. and Planunt, J.R.: Adaptive variable length
coding for efficient compression of spacecraft television
data, IEEE Trans. Comm. Tech., Vol.19, No.6, pp.889—
897 (1971).

Cover, T.M. and Thomas, J.M.: Elements of Information
Theory, John Willey & Sons, New York (1991).

(#f) NHK => =71 Y 7% —E X :DVD iy AT A
A EEHE B (% 2 ) — X 111, HD Mif% DISK HD No.1~
24.

/R BLSH

1969 fFA4=. 1992 4F KB R 15
WEK LR, 1994 FERIKFEK
ZhBEBEET. FE Bk HL
FEATIC AHE. 1999~2000 4EF5 7 V)
7+ V=T RFFZBWIER. BRI
MRS OB TR T\ HEF. MG iER

AT 4 THERRAE.

Fh B2
1972 4. 1991 47 B I 7 AR T3

-5 (ﬁ‘:\ B A N2 L NI I5 2
A FE R AR, A () A

BUWERTIC AAE. BUERRSRIT WG AL EE
DIFZERFE IR,

EF Bk

1973 44, 1996 - BIRRF TAEEh &
KAER TR, 1998 4R REK
FheE LG T, FE (B B
PEFTIC AL, WAL (2 B3 5 1
ZEBATE I .

66



