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VLSI Design of DWT-based Image Processor for Real-Time
Image Compression and Reconstruction System
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ABSTRACT

In this paper, we propose a VLSI structure of real-time image compression and reconstruction processor using 2-D
discrete wavelet transform and implement into a hardware which use minimal hardware resource using ASIC library.
In the implemented hardware, Data path part consists of the DWT kernel for the wavelet transform and inverse
transform, quantizer/dequantizer, the huffman encoder/huffman decoder, the adder/buffer for the inverse wavelet
transform, and the interface modules for input/output. Control part consists of the programming register, the controller
which decodes the instructions and generates the control signals, and the status register for indicating the internal
state into the external of circuit. According to the programming condition, the designed circuit has the various
selective output formats which are wavelet coefficient, quantization coefficient or index, and Huffman code in image
compression mode, and Huffman decoding result, reconstructed quantization coefficient, and reconstructed wavelet
coefficient in image reconstructed mode. The programming register has 16 stages and one instruction can be used for
a horizontal(or vertical) filtering in a level. Since each register automatically operated in the right order, 4-level
discrete wavelet transform can be executed by a programming. We synthesized the designed circuit with synthesis
library of Hynix 0.35um CMOS fabrication using the synthesis tool, Synopsys and extracted the gate-level netlist.
From the netlist, timing information was extracted using Vela tool. We executed the timing simulation with the
extracted netlist and timing information using NC-Verilog tool. Also PNR and layout process was executed using
Apollo tool. The Implemented hardware has about 50,000 gate sizes and stably operates in 80MHz clock frequency.

*3he ol &l 42}l 8-285} Digital Design & Test Lab.(ddntlab.kw.ac.kr, design@kw.ac.kr)
= 0 030191-0509, A=} : 2003 59 94l
W e A g EALR &) E A ol g qlof| 4] A R1Ekar gl AREAY) Rl TR YA AR A E : 03-7]2-0025)3]) vk

102, : ;
Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



wE/AAZE JAgHE BAA2ES 9@ DWT7we 9452 T2 VLSI 44

1.4 &

2t 100 Fok AR 9 dlo|e]e] Aty
AE7)aE & S o) F9)ch =3 fAl FAlelA
velzba FA1 7]Hke] FALE 913 AMEY e ¥
7t Qlzele] oidt F5eo] FEF Wi A o]
F9ick ole} g AEREL W dlolEle} 53
A ARE 2E F 9l Al vde Aujxe}
& dlgke] Anel 43 Au|2aE 27k gl
o] o]zgt 8=k dlo|e}Ee] EEH AHe|rls
o] FaAe] AlGH R FolA|A H ool
A7} B3] AlsEe] gir) YA ARE AEHo
2 Ae|slaa} sk 7Fg dlEA9l 7]%0] JPEGH}
MPEG ¥ H.26X¢| EFEo|9, o] ELEE &
£} 4T EQo|(Software, S/W) & Fl=go]
(Hardware, H/W) A|¥-50] A=A o8 gold Lfe
il e} JPEG == MPEGE o)4l :Alql wigk
(Discrete Cosine Transform, DCT)-& 7|dlo& 3}
€ 7124 o 7l 7|3 AR B8k
EEasjels g9oddql e 2 gt ol Bt
o djHslr] f17E 7)ol FHT 1007t dFEa
gl eEA]Ql Ze] glo]Esl(wavelet) S 7|HEeR
sh= cdabajzlolr). DCTeR= th2A| )4t flo]ial
W3 Discrete Wavelet Transform, DWT)2 H%f
HE AAYE 4 & B ohel ANGEE e
2k A o HErl  7FsEkd
JPEG2000[1]2] £35 wigkoz on] 2|A4=3ic}

DWTE &leglo]® paleh= ol= Knowles[2]
238 AREged o] |7 1A DWT
(1-Dimentional DWT, 1D DWT)Z eldloi &b
glem F7b AAHIE oy d4lel AREsl] Slsl
ol e Uy oEEl)E AMEEle] AAHl HW
Talo R Al dslkel o] At Lewis[3]2]
ol t& o]l DWTH 3fah=d] Bt F4l719|
AHE-S Fshs dae]ES Akl e, v A
Zql DWT Rejoilit 24 758l Uuiz]al 34
Soll gt H-g4do] - <sjck 1D DWTE 43
shed] gleid vimelE AvpEoR Algslaal s
= odtE #la)wglch4]. 2D DWTel| gk a7 &
7P W HEE AR|Fe o] DWTE S35}
£ A DWT alibilg wi7dslaz) sk Zio]
o} 214, 1351 DWTE 23R8 83sje] e)7}
7 =& Separable) 23181 DWT Wiz} gz} o] W
gho] 2]7} ¥7Fs(Non-separable) &+ WH[5][6]->-=

Copyright (C) 2003 NuriMedia Co., Ltd.

el & 4 Qlck R} Brled daelEe 5
A dtell W HALEE AME-sledef sl 24
o] Halsle] TEAHow He] sFsg WSl
vl B2 zUE Po B ) He] sy &
o= dAke] 712l BAhe F3}o] = (batch) 3
g7t 7hssteg she QAL AdY E5)
Y oy Sl wEE sk wE), o
4F 2~#1% FE(Computation schedule table)S 3433}
o Al E ZAASES she W) 5ol AllE]
gltl 53] Vishiwanath[10]+= systolic o#|e]2} s}
olxelql FEE AFY AAEEE AokElsic) o]
o] DWTE Esbion sased she wde
Qe Wyeln ool wel Bele) £6 o
Wele) Aol g 2AY 4 RS & P 5 o}
Hbde| A el #ldl=s glow], DWTE 485}
= HWE P35} ksl R (125} FPOAS] A}
sk b3 s Qlck

2 epolale 3ze) shmslel ANE Aba
N AR e 5 2 HUT 4 9l Hle]
3l 7o) ZRAMAE AQRRich o] Z2AAE 7]
&2 AdAel 2paA oW AAHES S 9
MAC(Multiplier-accumulator)-2- AR835}e] HE|e]-2S-
gl 25 23 glen AM-e] golAdE Sl
A BAHeIHA o]2A<] niEleR FAR xlE}
7|9} FHznt AclE ARIcE g AAd oFE &
2l JPEG20005 #1§F AlAIZE al=slel & Folz
9] AM-g aredsle] B fFAAE o] AlARE
o} & 32 Fae Zagrie} g 2281 So| &
gl WIS o] &afjA] AARE S W BRI 4 8l
332 2 A4 (Co-processor)o]52 DVR 2 <] 7juije}
9 9 YSER Al2RE FHsle o]84lct
w3 g gy JAEE 873k AlZEd
Al 4= gl o, IP(Intellectual Property)d} %
o] SOC(System on a Chip)E A& wjx A}-84
= sleh14].

MANE ARG shEdlo] T 9 Aol of
4 Ageka IgelE AT Sedeldld 28
g HE5o el U sheele] Fxsk Bkl o
s|A Adwgicl =3 4ol 3RS =R aevs)
It 52T WAel disijd desia AR sle
flo] N A3E 5Hel|A] vieplick wpA|Rte R 64
ol 4] A&EE Pech

103

www.dbpia.co.kr



o F 2183 =54 ‘04-1 Vol29 No.lC

0. AR89 TzAN 72 D A

B E=FdAE o]x”l o]4t flo]EEl WIS o4
g A7 44 oS W B8] ZRAMe] FEE O
3 13} o] Algksla  FHAe] st=sdo|R TR
o] aAAe] dlolg] Fat= dolEsl HEw) o
WEs $aah= DWT #d(Kemel), JAl3b7] 2
deAls)7], sjzatelze] ¥ t)=d, ge]Esl AW
g A Alee] slAE Seshes slAlz] 2 v, e
I &S 913 Qo] 2e} v & FAY=Ic) A
o i A A FEo® v e A
~E9} 3ol E r]msle] Ao AEE WA=
F Aol 22lz AE oHE dele A A
2|2 FAE) Za2asu 276 weld ks
oh&gl wje] Ee glolEsl Al S A &
& ofAks} Qldlx, gy FHER F= FellA A
alo] WIS 4 la GARE BIFE A9 FHL §
=ut t]3y Az}, B9 oAlE Al aela B
gl slol &8l Alg FollA At #Age = gk

F 1o ZR2AA e gt Aleke vehigick A
odAate] qf=a) BelL- 913 Ffesolr) 2 WA
o glu ey FZd ulehy dAe] =71E
ZAsh=d), AAHoE AHelsEe 34 F2 A
& z2a:9 3l gake] =7]E Wk AR
FAs}7)e} #zat molE ARSE 75 oF 30dB9
PSNR(Peak signal-to-noise ratio)¥} =} 40tj] 12] g}
288 Adsigick Fhie] ZEaenleR Ho) 4%
ulo] go] gl wWigle] 7Fgdlar 33MHzol|A F2MA
2 7% 66 Y=F AFeS sl A FEo]
7F53} =2 3)¢dc) Daubechies (9,7) HE]E Booth
d=79E ez wAse] PejE sl it
o glolHel Ag= 168 E, HE| Al 120 E
o] FAAE ARERIc) b el FAE Z2aeE]
o oA FAEEH Z2aue 94 deleE
gl dlole] §1Y XEE g AMgRict w2}
A dlelele] qlEzt z2aeuld FAZe] dofd
F §le 728 Wk 94 =) slelEsl ¥
B8 #Hpdg u] £ kel oFE 2 291 IS
x ool ofsir Al 2o Hx]2E
£ 1702 A= sl ZHzte] e 43
o 4y wlske] gle]Eal wEkE S+ 5 gl
ztzte] A AElEe]| YR FASP] diied 4
el glolnzl MEhs ghie] ZRaeR 4
& & IS 3t

Copyright (C) 2003 NuriMedia Co., Ltd.

¥ 1 Z2AA A 45
Fig 1. Global block diagram of the processor

. 9% 45/59 Z2AA 9 st=go] 7%

g e PPl 9FE ZRA TR F
V¥ FAT BSol ol TR} e A

3-1. DWT Kernelg| =

* 1. Z2AAe] AA Ak
Table 1. Design specification of the processor
Catagory Specification

Transform Forward/Inverse
Image size User defined
Image form NTSC YCbCr(4:2:2)
Compression rate over 40:1
PSNR about 30dB
Number system Pixel: 16-bit(9,7),Filter: 10-bit(2,10)

Operation performance | 67field/sec(33 frame/sec)
The number of level | Max. 4 level

DWT filter Daubechies (9,7) filter
Quantizer linear fixed, exception index
Entropy coding Huffman coding

Programming Register | 16
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Table 2. Block configuration of designed circuit

# Content The number of bits
1 | The number of processed pixels 10
2 | Programming registers 4
3 | Output MUX selection 2
4 | Transformed level 4
5 | Compression/Reconstruction
Total 21

Ed 3. Abel #lAxele] 74

Table 3. Configuration of status register
# Content # of bits
Level start signal 1
Output valid
Buffer empty in Huffman decoding
Level end signal
Processed subband state

Total
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Table 4, Operation mode by programming
#| Mode | Detail mode Operation_sequence

| mng;ﬁ- Programming | Programming register —
modcg operation Main controller

Forward DWT |Input interface — DWT kerne
filtering output — Inverse adder/buffer
Image mode (bypass mode) output
Quantization
2 compre- | coefficient
ssion output mode
mode Input interface — DWT kerne
I-g:'iﬁ‘t:f:n‘;%‘ic I— Quantizer — Huffman

P encoder output

Input interface — DWT kernel
— Quantizer output

Huffman
: Input buffer — Huffman
Image |decoding output (Lt
S S decoder — output

o

truction| Inverse DWT [Input interface — DWT kernel
mode | filtering output |— Inverse adder/buffer
mode — output
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Fig 6. Synthesis and simulation procedure
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Fig 7. Simulation result for wavelet filtering
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Architecture Ours [5]
Multiplier 12 36
Adder 24 36
Storage size N2 N2/4+KN+K
Computing Time N2 0.5N2 ~0.67N2
Control Complexity Complex Simple
Hardware Utilzation 100% 100%
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Fig 8. P&R result using Apollo
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