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JPEG 2000 Hard—wired EncoderE 913t 2+ 2-D DWT
Processor?] +4&

The implementation of the color component 2-D DWT Processor
for the JPEG 2000 hard—wired encoder

ol AT, AW, AeET

Sung-mok Lee’, Bong-soon Kang™

2 %

B =RoAE Mg AP ¢ ¥F JPEG2000 CODECS] Wavelet WHEHEs} Fa3)7] 9 st=9o] 728 Agteta 4
Astdc), B =59 Ze 2-D DWT Z2AAE JPEG 2000 Hard-wired Encodere] #4371 943} Alkstsich JPEG 2000
DWT(Discrete Wavelet Transform)oll 1% Daubechies 9/7 filterE AMEslR 3 2-D DWTe W&y BYaAojAe X7t
+1LSB olU|2 50|17 4 UA AAEEE &) AAHAD filterd] st=do] TZoA =0l HJEE FolE dA7E
A4 &3 shift-and-adder F2E AFR3HgTh o]RL DWT ¥HdolA 713 22 A A3 fiterd] & £5&
AN F glon s=glo] BRAEE BF £ gk £ A29e ZFSE s=do] 47 Aol Verilog-HDLE A8}
AASA31, SynopsysAhe] Design Analyzer$} TSMC 0.25um ASIC LibraryZ AM&8ke] A&

Abstract

In this paper, we propose the hardware architecture of two-dimensional discrete wavelet transform (2D DWT) and
quantization for using JPEG2000 . Color 2-D DWT processor is proposed that is to apply to JPEG 2000 Hard-wired
Encoder. JPEG 2000 DWT processor uses the Daubechies’ (9,7) bi-orthogonal filter, and we design by minimizing error of
the DWT transformer by 1 LSB during compression and decompression. We designed the DWT filters that using by
using shift and adder structure instead of multiplier structure which raise the hardware complexity. It is improve the
operation speed of filters and reduce the hardware complexity. The proposed system is designed by the hardware
description language Verilog-HDL and verified by Synopsys Design Analyzer using TSMC 0.25um ASIC library.
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Fig. 1. The encoding and decoding of the JPEG2000
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2.1. Two—D Descrete Wavelet Transform
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21" 3. Filter bankE ©}-83 DWT
Fig. 3. The DWT using by filter bank

o] g3te] FAE ol dlo|EH
e 288 Aolh o= glE AFE 74z filtero] 3}
N & O ANE geAEY AAAA AXE shte] e
2748 onjsiy 24 (2)9F ZeH6)

a9 32 filter bank TEE

LPF :Y[n] = ZH[k] [, [2n+k]

2)
Y[2n+1+k]

ext

HPF : Y[2n+1]= > H,[k]Ox

o]83 2xd DWTE F 719 £a8 1449 DWTA 43}4/\1
7bsach wdg 98 fixy)Ea sE ole UA xF W
o2 fitering®} tEAlEYHo] olFoldc) W low pass
filterE® A% fr(x,y)ﬁr high pass filterE AR fulx,y)2 7o
Ak F 7Y B gL yF UFeE thA] & 9 filtering
8] 0}"4 AFEd X397 WVHEE 2 fin,
Gz ol 4 2 F¥As
9 ulolEE oA o WdE JAEY & T ELdHHE
Uebdth =4 QoA Ed® 94 xn]e H3d A= gE
g2l sub-bandd 9] dolg y7t ZZtel B filterAlF G
o} FaAA tsAE filter bank 722 FEHE Ik

E"T% )‘u% o_‘

fHL, Jur® 4709} F

x[n]: ¥[n} =y, [n—-2k}1UG, [2k]+
k
v, YIn—-Qk+DIUG, [2k +1] 3)
22 AAQLY A4S 9 7] A 3
22141 olAl dlo)Bal HEE £t lojr] FAo] 3hHe]

U FEl4s an stugolg TEE A9 stmgleld B
L So) g3e v F e FA F it 949 4A g

& AHgelth A7 stadl ¥ DWTE 32 4% AT 3
29 AF FAEd diF FXE ARG Hed, FAE ]
A as0] U FEE o9A FerPt DWIE 3%
A4 34 2 44AE §5 5o 4FE vt Aol o
HHAQl ko] AAl B4 AEe a9 49 2o

Wavelet filter

EEEEEERE
O+O+O+B+Q+B+0+0+®
t t ¢t t t t ¢

»

extended pixels

r\ Image boundary

a8 4 BA 99 &3 o
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Fig. 6. The example of the periodic symmetric extension
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Table. 2. Comparison of the shift-and-adder structure
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Fig. 12. The result of the 4-level DWT of CZP Image
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Table 3. The gate counts and max delay timing of the system

Module Name |  Gate counts | Max timings (ns)
hor_Il_ctrl 24,008 1749
hor_lh_ctrl 24008 17.49
hor_hl_ctrl 24008 17.49
hor_hh_ctrl 24,008 1749
hor_hc_ext 4724 16.23
hor_lc_ext 4724 16.23
ver_hc_ctrl 25,284 17.21
ver_lc_ctrl 21,968 17.49
quan_lh_ctrl 1,870 891
quan_lh_ctrl 1,870 891

quan_hh_ctrl 1,870 891

_ ver.ext 9,134 165

time_gen 21,386 1821
Total 188,362
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Fig. 14. The result of the 1-level DWT
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Fig. 15 .The result of the 3-level DWT
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