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ABSTRACT

In the paper, a Motion JPEG2000 coder which has been set as the standard for image compression by the
Digital Cinema Initiatives (DCI), an organization composed of major movie studios was implemented into a
target FPGA. The DWT (Discrete Wavelet Transform) based on lifting and the Tier 1 of EBCOT (Embedded
Block Coding with Optimized Truncation) which are major functional modules of the JPEG2000 were setup
with dedicated hardware. The Tier 2 process was implemented in software. For digital cinema the tile-size was
set to support 1024x1024 pixels. To ensure the real-time operations, three entropy encoders were used. When
Verilog-HDL was used for hardware, resources of 32,470 LEs in Altera’s Stratix EP1S80 were used, and the
hardware worked stably at the frequency of 150Mhz.
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able 1. Specification of digital cinema.

projection roduction Projection | Production
Application | Electronic P HDTV Digital Digital
Cinema Cinema Cinema

1280x720 | 1920%1080 | 4096x2048 | 4096x3112
YUV422 YUV422 RGB444 RGB444

Parameter 16-bit 20-bit 30-bit 36-bit
24fps 24fps 24fps 24fps

Resulti

esulliig | 35oMBiys | 995MBits | 6040MBit/s | 11000GBit/s

Data range

Compression

X 20:1 7:1 12:1 5:1
ratio
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Table 2. Specification of implemented H/W.

Category Specification
1 Transform Forward
2 Image size User defined
3 The number of DWT level Max. 6 level
4 DWT filter 9.7),(5.3)
5 The number of entropy coder 3
6 Programming register 16
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Fig. 15. Verification system of the implemented circuits.

vi. 2 2

£ =ollA= TXE Aol A TxE %d3te]
T A= JPEG2000S H/W=E 73313
t}. JPEG20002] &S $]3l4 JPEG2000 L&)
5 HW el A3siA A3l S A
HAa, o] FAAL SWE o] 83t sk A
= JPEG2000 37222 Verilog-HDLS- ©]-8-5}o]
H/W=Z 7315951 FPGA| Z2eisle] F2k-&
Agsidek. 79 AA sledol= A BlZH
ZZAA e} EBCOT, d&E <lEdo]x, 9% w=
2] Aley7], zEla Ale)r] SR Ak o] F
oA 7P F83F 7 v|ZE Z=AA9} EBCOT
Tier-1 B2 sf=3ich

B =follA AleksE MIPEG2000 Zd2 1P3}s}
o] tAE AekE vlRE3ste] ARA) wAle] T
g 7plele} 2745 DVR Al2®l 59 thekgt 3-8
okR e AlFe|rt

o2t

|

MO
rek

(1) JPEG2000 Final Committee Draft (FCD).
JPEG2000 Committee Drafts.[Online].
Available:http://www. jpeg.org/CDs15444.htm.

(2) K. K. Parhi and T. Nishitani, “VLSI archi-
tectures for discrete wavelet transforms,” IEEE
Trans. VLSI Syst, vol. 1, pp. 191202, June
1993.

(3] A. Grzeszczak, M. K. Mandal, S.
Panchanathan, and T. Yeap, “VLSI im-
plementation of discrete wavelet transform,”
IEEE Trans. VLSI Syst., vol. 4, pp. 421-433,
June 1996.

304

(4] G. Lafruit, L. Nachtergaele, J. Bormans, M.
Engels, and 1. Bolsens, “Optimal memory
organization for scalable texture codecs in
MPEG-4,” IEEE Trans. Circuits Syst. Video
Technol., vol. 9, pp. 218-243, Mar. 1999.

(5] M. Ferretti and D. Rizzo, “A parallel archi-
tecture for the 2-D discrete wavelet transform
with integer lifting scheme,” J. VLSI Signal
Processing, vol. 28, pp. 165-185, July 2001.

(6] K. Andra, C. Chakrabarti, and T. Acharya,
“A VLSI architecture for lifting-based for-
ward and inverse wavelet transform,” IEEE

Trans. on Signal Processing, vol. 50, no. 4,

April 2002.
(7] G. Dillen, B. Georis, J. D. Legat, and O.
Cantineau, “Combined Line-Based

Architecture for the 5-3 and 9-7 Wavelet
Tansform of JPEG2000,” IEEE Transactions
on Circuit Syst. Video Technol., vol. 13, no.
9, Sep. 2003.

(8] D. Taubman and HP Labs, “Report on core ex-
periment CodEff22, EBCOT: Embedded block cod-
ing with optimized truncation,” Tech. Rep.N1020R,
ISO/IEC JTC1/SC29/WG1, October 1998.

(9] D. Taubman, “High performance scalable image
compression with EBCOT,” IEEE Trans. Image
Processing, Vol. 9, pp. 1158-1170, July 2000.

(10] D. Taubman, E. Ordentlich, M. Weinberger, and
G.  Seroussi, “Embedded block coding in
JPEG2000,” IEEE Trans. Signal Processing: Image
Comnun., Vol. 17, No. 1, pp. 49-72, Jan. 2002.

(11) C Lian, K. Chen, and L. Chen, “Analysis and
Architecture Design of Block-Coding Engine  of
EBCOT in JPEG2000,” IEEE Trans. on Circuit
and Systems for Video Technology, Vol.13, No. 3,
pp- 219-229, March 2003.

(12] K. Andra, C. Chakrabarti, and T. Acharya, “A
High-Performance JPEG2000 Architecture,”
IEEE Trans. on Circuit and Systems for Video
Technology, Vol. 13, No. 3, March 2003.

(13) J. S. Chiang, Y. S. Lin, and C. Y. Hsieh,
“Efficient Pass-Parallel Architecture for EBCOT
in JPEG2000,” IEEE Int. Citcuits and Systems,
Vol. 1, pp. 773-776, 2002.

(14) H Yamauchi, S. Okada, K. Taketa, and T.

www.dbpia.co.kr



= /YA 8 AJd]eH$- Motion JPEG2000 &1t 2] FPGA A7

Ohyama, “A  Single-Chip JPEG2000 Encoder
Processor Capable of Compressing DI-Image at
30frames/s without Tile Division,” IEICE Trans.
ELECTRON., Vol.,E87-C, No. 4, April 2004.

(15) E. Edwards and S. Goessel, “JPEG2000 for Digital
Cinema Applications,” April 25, 2001.

(16) 33, %18S; “Motion JPEG20005 95 =]=E]
Z2ARe] ASIC AP, FErElER] =] A
3049 A 7CE, pp. 647-657, 2005, 8.

(17) 385 A=, 2es “DWI ARe] E2fyas
o83+ UlE9|=2184] JPEG2000 7ElnE S5
W, EElsle] == Al 304 Al 9CE, pp.
939-948, 2005, 9.

(18) JPEG2000 Decoder: BA111JPEG2000D
Factsheet. Barco-Silex, October 2003.

(19] K. Andra, C. Chakrabarti, and T. Acharya, “A
High-Performance JPEG2000 Architecture,”
IEEE Trans. on Circuit and Systems for Video
Technology, Vol. 13, No. 3, March 2003.

(21] A. Descampe, F. Devaux, “A Flexible,
Line-Based JPEG2000 Decoder for Digital
Cinema,” [EEE MELECON 2004, May
2004.

M ¥ & (Young-Ho Seo) ZA13)d
1999+ 29 : -geshar A=A
33t Z1)(FED.
20014 2 : FHItAL 3
I AD.

2000 349~2001 124 : <l
2535 A7,

20043 84 ¢ g2l dnby
sISFEAh

20034 69~20041d 64 : = 7] A

2004 129~2005'd 849 : F3eNEt A

20051 9D~31x) - AT Eka 219l 7kA}

<IHlEel> 2D/3D 34k 2 Blc] e A, tAE 2
13, SoC AA|, HElv/shss}

e-mail : yhseo@hansung.ac.kr

st
(T
=

z| 8 &(Hyun-Jun Choi) 35]9)
20034 2 st Az

FEHIHTID

2005 29 ot AzA
5 B AD

- 2005 34~ sFSskw 7

N, N Py

’ A <FH4lFol> Image Processing,
tAe E2 a9, t]A|e 7AE= ¥3k FPGA/ASIC
A7)

e

Z = S(Dong-Wook Kim) 23]

19831 2 Fhefdjsta Ax

sk ZQ@FAD.

19851 29 gheFeiata thskel

Z(F3HAD.

49 1991 99 Georgia-s-Fs}t A
‘A e EAEs,
ST 19009 3984 sk

A BT} A, Fevlshar Al |4 Aa
T4

20001 3€~2001d 129 QIE|2A5H(F) A<,

<31 %ol> TIXE VLSI Testability, VLSI CAD,

DSP 427, Wireless Communication

my

-

iR

305

www.dbpia.co.kr



	디지털 시네마용 Motion JPEG2000 인코더의 FPGA 설계
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 디지털 시네마 시스템
	Ⅲ. 제안한 H/W의 전체적인 구조와 사양
	Ⅳ. 구현 결과
	Ⅴ. 결론
	참고문헌


