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ABSTRACT

A VLSI Implementation of Tier-1 Coding Algorithm
for JPEG2000 CODEC

Baek, Chang Hui
Advisor: Prof. Rhee, Kang-Hyeon, Ph.D.
Department of Electronics Engineering,

Graduate School of Chosun University

The development and diversification of computer networks as well as the
emergence of new imaging applications have highlights various shortcomings in
classic image compression standards, such as JPEG. Consequently the JPEG
Committee decided to develop a new image compression algorithm : JPEG2000.
This standard has a much higher compression efficiency and enables inherently
various features such as lossy or lossless encoding, resolution and quality
scalability, regions of interest, error resilience.

In this paper, we have proposed a encoder architecture to perform the JPEG2000
part I standard for compression images. The architecture consists of modules to
implement the lifting based DWT(Discrete Wavelet Transform), BPC(Bit Plane
Coder), and BAC(Binary Arithmetic Coder) algorithms and memory interfacing
modules. Three pairs of BPC and BPC modules are used to reduce the time

required for entropy coding. The parallel mode is adopted to BPC coder to increase



encoding efficiency between each coding pass. The Tier-1 EBCOT encoder has
been implemented with VHDL. And it is implemented using FPGA(Altera Cyclone
O and PXA255 processor). It takes about 89% of the chip area and the estimated
frequency of operation is 45Mhz. Therefore, It can be easily be adapted to satisfy

various formats from Digital Cinema.
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0. JPEG2000°] ©lg o] &4 w7

A. JPEG2000

1. JPEG20009] 7\ &

JPEG20002 dlo]Eel 7]ute] AX|FA FFor Admaduyge A7 oA ¢olEel Wi

22 s, dE=s 29, vg AoBAT AAEq B iroArh JPEG2000

o] dE=ZY Y337t Y, 1 27 APE 7 ZE BEES0 HE ~2EYL ]S Ao
HA4E Fol HE HES AP dudn duRAs A 4 Z=EEEE5C] HEXE

Rate Control
Source Coded
Image Forward Forward Tier-1 Tier-2 Image
——— [ MultiComponent [—] Wavelet —> Quantization |~ - —> - e
. Encoder Encoder
Transformation Transform
Region
of
Interest
Coded Reconstructed

Image .
§ Tier-2 Tier-1 Inverse Inverse Image
> » Dequantization [~»| Intracomponent | Intercomponent [~ Postprocessing [

Decoder Decoder
Transform Transform

a9 1. JPEG20009] AA E8 %
Fig. 1. The Block diagram of JPEG2000.
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Discrete Wavelet Transform(DWT)= 90t 33t o]
Qo] Z7hatel QA AH7149 JPEG0008] EFo 2 AAE AT, JPEG0009] A WA
E29 DWTE 7|¥ JPEGOIA At€5Edd DCTe vt o @e dAazdsy wrgs .

TFeth. 71€9 DWTE 942 Low-pass filter(LPF)$ High-pass filter(HPF)9] % 719
filter bankE Zt7 THAIZ] & AL F=sy LPFY ZAygde gAl o] AL vk
E3tl, ZElE  Finite Impulse Response(FIR)EHE  FAEHo] gt 95 714

Lifting-based DWT #2412 71%2] Convolution-based DWTH2 ol w&] AAtxy} wwg s
aA ol sk o6l JPEG2000 TARETS 271 ¢ LH rE
(convolution/lifting-based) & A 9 3tt}, JPEG200001 A DWT+E zZ+z+e] 283 gd Ao uj
s 7t A4E BdY 3 - A ¥ Fu 5AS vlEstE 29 94 2E g
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o2t dlol &gl WEel A o] BAEA GEF AFu/nF e AHAA Fed LdEE
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* TRANSFORM INVERSE TRANSFORM L

Y=X+(L+R)*d
: X=Y+(L+R)*(-d)
INVERSE

? DATAFLOW

Original * High Low Original

:an: 3. XC]‘Ho]—ﬁo]: g‘l Q—lﬂﬂo]'_go]: lifting DWT oj}‘\l—

Ry

Fig. 3. Forward and inverse lifting DWT operation.

4. =72 43

q, (1. v) = sign(a, (1, v))wab (”’V)J

b

a, (i, V) DWT coefficient in the subband b
A, : Quantization step size for the subband b

Ay | Ay | 247, | Ay

A, | A,

2}

A

32 -1 0 1|2

v

(8]

a9 4. 2=ZE YAk

Fig. 4. Scalar Quantization.



5. EBCOT(Embedded Block Coding with Optimized Truncation)

DWTH AF#HELS A8 AAS A F EBCOT Tier-1 #4S A A €l Embedded
Block Coding with Optimized Truncation(EBCOT)[8]& ZH~E F&HS 93 nEZday
(Bit Plane Coder, BPC)¢} 4t 3}7](Binary Arithmatic Coder, BAC)Z T/ ¥ o] 3t}
BPCe 37FA Y25 AA TY2ES Yradgs 9351, BACE {9¥ Z92Eg
HA Al dd FEge] ALY 2EG AdSs FI ¢45E 2= HMEXEYS Y

gk},
(1) Bit Plane Coder(BPC)

BPCE o2 Watat P43 6 GgoluAe 7 Rojgd IEBS e dolEE b=

i}

sHo® Uie F, Fustetad st AES 9 AEEY FHARSG s Fxdto] 3714

R

o3 ~( SPP : Significance Propagation Pass, MRP : Magnitude Refinement Pass, CPP :
Cleanup Pass)®} 471#] 349 operation(Zero Coding, Sign Coding, Magnitude Refinement
Coding, Run-Length Coding)%.2 ZHUAEE FE3a, I3z Yo F=3d s
F33t A9 oy AVIE HU Fol7] H3 AgEY. Z=EF5U9 EE bit-plane
dA g Aol o3 374 s 2~E FHet, bit-plane W] Z7te] MEFEL 37HA HAE

abets Fob o @y =g

(2) Binary Arithmetic Coder(BPC)
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a[][l=0
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neighbors = 07
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Codinge 2 ¥4 349& FY3c}h =3 ZCe

Wogl gEse dEdn
e Tuge 548 3
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BES grol 0'Y
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Fig. 6. Flowchart of BPC process.
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Table 1. Zero Coding Context Table for each Subband.

LL and LH subband HL subband HH subband
>H >V >D CX >H >V 2D CX >(H+V) | XD CX
2 X X 8 X 2 X 8 >3 X 8
1 >1 X 7 >1 1 X 7 2 >1 7
1 0 >1 6 0 1 >1 6 2 0 6
1 0 0 5 0 1 0 5 1 >2 5
0 2 X 4 2 0 X 4 1 1 4
0 1 X 3 1 0 X 3 1 0 3
0 0 >2 2 0 0 >2 2 0 >2 2
0 0 1 1 0 0 1 1 0 1 1
0 0 0 0 0 0 0 0 0 0 0
(2) Sign coding(SC)

SCE AZ o RIHEE IYstes MHOR 32 el s Zd2ES A 7|7 9
wol e mEREA @uw FYun A4 $E8 Sdug st AE 2HH 54
kel st E 49 FHAEES FHAR (9 FIVE(YE Fxste] i 204 B
A2 = FH Y FAWEEY contributions 73 ¥, 27 contribution®] s B3t 5719 2
BB 4 ()2 RHHE YAA#FES E8d. 1 32 SCollA FEHE A 2E9)

=

contributionZ 7S el

Ay
it

2. Sign Coding FZHl o] &

Table 2. Reference Table for Sign Coding.

H Vv = CX
1 1 0 13
1 0 0 12
1 -1 0 11
0 1 0 10
0 0 0 9
0 -1 1 10

-1 1 1 11
-1 0 1 12

-1 -1 1 13

,11,



(3) Magnitude Refinement Coding(MRC)

= WHoZ MRCE A&t MRCAA FEHE ZE2EE BT 7140, dA AF
of HeH AR (gI9 T AZ9 FHAR(g2 TS o]&ste ZE2EZS F3rh. MRC
AN FE2HE ZY2ES FHAR 1S ¥ 37 o

= 3. Magnitude Refinement Coding Z+ZFH] o] &

Table 3. Reference Table for Magnitude Refinement Coding.

Ol m—1,72 +[w+1, 7 4 C
0T, 7 Ol 72— 1, 7—11+0[ w—1, n+1] + X
Ol et 1, 2—11+9[ wet1, 2+1]
X 16
>1 15
0 14

(4) Run-Length Coding(RLC)

RLCE €9 479 AES sty IFo2 Hojx ZE2E gAAS EHAIE

WHor OF e B AlEge] 0ol FH2E 179 HAId 02 =48t A&Ew T

1 UNIFORM Z#l~E 18¥ UNIFORM Y

>
N
dlo
|o
fr
i3
)
)
rir
=
lo,
do
N
i
u2
ACh
N
do

o,

,12,



H 47782 Z+ 7] -2 29~ (index, D)ol

Aests FEA571, +

BPColl A
& o Z 4 Qe(I(CX))

BAC+=

=
=

ol

dAAE 2 44 du{9~10]

7] (Probability Estimator)

ol
M

—_

)
T

7 Qe, NMPS(Next MPS), NLPS(Next

Qe-5 ¢ Hl o]

&

ol

gl
Nr

W
o

ox

1
L.

2 o] Fo] &ttt NMPS¢ NLPS

x
=

LPS), 1glx

b=l AFS-= ™, switch

WA

M

S A5t Ao MPSe SEFEY LPSe Egho] AA= ©
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5o 2

SEHS M= stapo

A =W MPSS LPSY

S

|

Nr

gl AFg- o
MPS gk el MPS(CX)

A7) =

o

tod MPS F-3tuioll Q1A

©

H]jﬂ_

=
=

ki3

CODEMPS

R
L

o] MPS<l 7ol

=
=

CODELPS

7 ol =
2 Fqar

LPS¢l

(2) 737841 @ A 22E (Interval Renew Register)

F71 4]

Fol o]% 35

7P 7]

e

=
o

BREEE

[e)
—

3=

A 2] A 7t 2}
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(3) == A 2 (Code register)

2 1HEA shiftA 7Y, 458 Z=2EY IuolEZE HAE 2 AFS Y
BYTEOUT <14te &3 CZFH AAFC. BYTEOUTAAES 32¥E #HA2=E C
o] 20 A W] EXE

o

F4] 8HIE HolHE o] E W3 A 2 (B register)ol]l &% A|7]

O:

m, ojw) FHE FE=gho] OxFFHe™ o] ghd 59 oug zte gholm 2 (T o
A ZmYe] FaEs JulstE ) o ¥ ¥ ulo] Ex bit stuffing(Cel 21 A A
EZRE A9 8HE HelHE =)= dFo e W7F 0x00HF 8 0x8FH7F ¥ &=
2 FE=ghes wgsted E9at. o) JPEG00004 Fod Z=sEY nkAv}

Welel EA8k7] Wtk FLUSH

= TR HuldlolAd mAE AN

+ ENCODEY] R & 4t

Q124 2o] LPSQ) A 4
(-

C:u’u :Cdd—'—@dd 'When A< Q?) (1)
IK‘ll/':C((j[i (..'w]?erl/ A2 @) (2)
C..=Lshift(C,) ("cwhen A< 0x8000) (3)

Cwa:C(’M ('-.’LUth A< @) (4)
CYn,ew = Cd{l+ Q?old (".when A = @) (5)
C..=Lshift(C,) (when A< 0x8000) 6)

,14,



8. Bitstream Assembly

JPEGoIA = 48 2 939 A=t FAs Baolr 24 €. shArt JPEG200

00l A A3 ZEL AFA5(Float coefficient)3kel slolEal A43k2 A4 A5 3k (Integer
coefficient) gt 27t WA 7|H  g=EF 9 dA=E HEZZEY oA 52 (Bitstream

Assembly) RENA AAEY. EBCOTS mZ=E&HZ & 93 embedded bitstream¥}

&
(coding rate) p# @ 3Hdistortion) pis MBEHIEZ AL vpxutoll A YTt HEXEY of

[m
[>
[m
o
=2
32

e RELS 77te] mESY oA drh) B wEsEdd] HE ¢E v
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Aoty JPEG200 A=ZY o VLSI *+%

=2l EBCOTS #ste] Agtek BPCY AAESF== 249 79 2o

DF ” ~
— | ] —> o —
(LH) FIFO BPC A BAC
! hons 5
y RS232 ) DF ) . 2 L
PC N Pssnnt DWT —* (HL) | FIFO M BPC Eé — BAC
(HH) ) o
i ; : i
Local Controller ]

a9 7. AeE JPEG2000 encoderd T+%
Fig. 7. Proposed JPEG2000 encoder structure.

A et=l JPEG2000 encoderol /] BPC9 Context# 3} Decision#td ==& L7 BAC
o] AiErrT w=E7] wiid BPC® BACAolol+= FIFO7F F8.3tt}. Context
Bufferv= FIFOZA BPCelA &35 o]* = Context#t ¥ Decision#t= F°] BACE #
gl F F 1287019 6bite] Z7E VA E entryE A H o] X th. Local Controllerol]

A+ BPCol A Contextdt®} Decisionzte] =2 uwlvlt} Context Buffere] ol ~ZS
1% ZF7kA A BPColA Fast=2 vl BPColA =385 = 19719 282 S y

EfUl =4 bbit7F B85t YA A FS UEl Y] HEiA e 18 EZ 28s5t7] dgol &
BB Wy 7 HolEL 6bit® AHAA T Context Buffer #|A~H = 29 83
kag=

,16,



Context(5bit)  Decision(1bit)

- -

BPC
Index Pointer ‘ 1

125
126 BAC.
Index Pointer

127

a9 8 ZH2E W YA2H Tx

Fig. 8. Context Buffer Register Structure.

A. A¢tA Lifting-Based DWT & Zt}o]lo] 18

DWT+ st High-pass filter(HPF)¢} stye] Low-pass filter(LPF)Z 4] = o
Atk 7€YY GAHEE 9% DWTE columnoly rowHdo=z 1D DWTE 33
Holl o] E bufferdl A A3sti, Column¥ddFoz thA] 1D DWTE F3s= S A
Hatar g7l wWEol row W& 1D DWT 94719k column®d 1D DWT ¢14k7] A}
olo] & A7]9 bufferE LT} 11~14]. 2 =TdAE rowwsF 1D DWTE
Column'}3 1D DWT® #AE o]&ste] Hup A2 49 bufferg Ab&st= 2D
DWT +zx& Al839 o, Lifting-based DWTE AF&3t9] ASF matrixs
factorizing &0z A A

Iy 99F

(k. =fol A Ak DWTY ESvtojo] 13

filo
N
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Row Buffer

Column
Processing

Row
Processing

Image DWT
Data ‘ Coetficient ‘

Memory

4
10181899

12181593

LL band HH band

a3 9. Aer¥ Lifting-Based DWT9 %
Fig. 9. Proposed Lifting-Based DW'T structure.

gto]iZ gkl A ElE $13tod Row Processing &5 3 Column Processing E%9] ¢ -
e HAAHE Frreder. =3 ZF Row - Column Processing
Predicting Z=H| o] #| ¢} Update Z=Ho]#] teol]l #A|2HE F7Fsto] Fo] el
A 2w DWTE & 699 gto] ekl XH ol A= 4 dt.

AtEl DWTEE-L JPEG2000¢ A H]7}Y DWT IHAFTE Ab&EHo A= 9/7
filterg AF&3sto] Fd3AT HAA #wallA= e &Fol2 =, fixed pointol A

Arrs HAstol dHolHe 45 %7 A3 LSBel HIEES F7hstuA 9%

o A AN &
o7 ATE AAFAL HAW AZE wESE A FA7Y FE A 1A
Ao WAZ} SEARE AA0BE AW FESLS Tradeoff/h BB B =

2
oA ANZE B EE 3bit2 A A}

A
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B. A¢t" BPC(Bit Plane Coder)® VLSI +%

2 =wodA EBCOTS #1dte] A|¢td BPC(Bit Plan Coder)®] HAEFEE thei} 2
o

SPP Block

- o (L 7bits), z(LTbits), & (1Thirs) Siati Codifia
Internal £ Sign Coding

v(4bits), i (4bits) Context
RAM :
: Zero Coding ‘

e »| Controller ] Context

. MRP Block

. Local | | -4 || oUTkits), p (1T Eis ). o (17 Buts) N Magnitude Refinement

Controller s [ ] V(4bits ). (4bits) Context
, ¥ Context
e *  Controller Buffer

CUP Block

UL e 7hits), x (1 Thits), & (1 7bits) Sien Coding

i v(dbits), 17 (4bits) Context
| 7 -
i : Zero Coding

Controller —‘ Context ‘

29 10. Alet® BPC(Bit Plane Coder)e %
Fig. 10. Proposed BPC(Bit Plane Coder) structure.

BPC+ Z7 SPP(Significance Propagation Pass), MRP(Manitude Refinement Pass),
CUP(Cleanup Pass)E F3ste= A /My EZ2o0o=z FAHY, z+ E2LS BPCY Local
Controllerell ¢J&) HEZH At v =559 HA49 M EZALS SPP =53 MRP &
=& %3 CUP &=92 BypassHolAH, 7 A9 &5 FHHA= LHXEG
QA AZgS HEZAME 55l tg @9 Context Buffer Register2 &# ¥ o] Xt} 19
44 &

= =
ok 2% 10914 C, S, M¥ 77} CUP, SPP, MRP Coding passE 9wnstH, 7zt =

(o3

119] 16709 mEBg o2 o
e
%

o}l DWT Agje 943 24 neZdE BPC *
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CBL CB2 .
(ZLL)_j e CB5—* CB6

1 -Llj_l
CB3 CB4
— CB7— CBS
(ZLH) (2LL) o
.
CBY ——>CBI0 CRI3—>CB14

VT LM

CBll——CBI12 CBl15—— CBl6

[ZLL 2HL | 2LH | 2HH ! 1HT, 1LH ! 1HH }

CB1 | CB2 iC‘BS i(‘BJf i CBS CB6 CB7 CB8CBY9 CBI0 CBllL (?Blli(‘BB CB14 CB1s CBlo6

BP n £ : : -~ : . ~ ~ £ #r: ™~ ~ = 2 ~

osB)|Cl Gigigic ¢ ¢ cic ¢ ¢ cic ¢ ¢ ]
Si8 & & 3

siislidlidis s s sis s s S|
BPol [ M|IM NN IM M M MM M M MM M M M
cllgligliglic ¢ ¢ cie ¢ ¢ cic ©c ¢ ¢
s|lB[iSlislis s s sis s s sis s § s
BPo2| MM MMM M M M{M M M M{M M M M
cliglicliildic € ¢ gic ¢ © gie © © ©
T
S|isltslislis s s sis s s si{s S 8
BPL [ M ’ MAMIM{IM M M M{IM M M MIM M M M
c " cliciiclic ¢ ¢ clc ¢ ¢ cic ¢ ¢ cC

2% 11, DWTY 72 =229 392 $9 34

Fig. 11. Coding pass progress on each DWT Code-block.
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o
5
e

flo

Stripe

Column C+l C+2 C+3 CH4 C+5 CHe
5 11 17 231 29 135
0 v |12 wy | 24 36
g o W
1 o g |13 = E |25 | g |37
2 = 29 2B
2 w § |14 w2 |26 | = 2 |38
=) < =]
& & |15 = | 27 39
4 10 16 22 281 34 140
Significance Pass C+2

‘0‘1 2

12|13|14|15|16|

Refinement Pass

C+3 CHe
U N 3 l{ A S
4 _?f v
C &+
0‘1‘2‘3N4|6|7‘8‘9|10|M|12|13|14|15‘
Internal l 1 l
RAM
16 14 |13 |2 wle|s|7|e|ls]|ala|2]|1]o
) S
Cleanup Pass C+6 C+5

a9y 12.

7 s aols] AA~E ALE

Fig. 12. Register shift between each Coding pass.

a8 12914 C+1e]l @} @stE Stripe’} Significance PassE 3 &

¥ o)

¥, 2 982 Refinement® C+47} Cleanup Pass #@ 7 2:E ¢ 49 50 E®Z o
3/ =t FAel FaA A

a9 129 o] BPCE F#3t7] 9lslA
Bk T 370 column®] stripe7t B 83T 2 vzl A

2e dA~HE ASadth 479 Block stripe®] mPREd AFst GoL (o

2 X o}

= 0

5o shitel 2

o] &

gk wEbAl Zb Block stripeAlolel 02 A4bol g

g vixele FHHESA MRS dHolEATH

o

p
.
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Zero padding RAM Zero padding Zero padding RAM Zero padding

Q111231456789 |10]11(12|13[14[15|16]17
D, H, D, V, 6 V. Ty By D
0D, 6 V,] 12 D,
1 H A 13 H,
2D 8V,| 14D
RAM : : 2
- 3 9 15
4 10 16
5 11 17

a9 13, g dA~H

Fig. 13. (o register.

dAEHE AFES AT n ol A2

782
207 AZEHAY. 3 stripe’} AIZE =

=<

ot oAl A~EE 8uEY =2 zhe Ay
HiE o9 vfAAAE v FYuig 1w EA 9

Writh 7 g ESd WEds) gueEn, 1o gelAxEE 19 149 2}

RAM RAM
T :
AL AL
il N A

O(112|3[4(5]|6]|7

' 1] register

a9 14, n,o0” #@A2=H

Fig. 14. n, 0’ register.

YA A2 ZE 1200E ANZE g 2ee 44390 A A2EHE o9 wRAR
stripe®] AAG S 002 A d|Folof AW o] U] E I A o] insignificant@ A o= o]
FHEZA Y R g ou7t glojAng o3 g2 I2vES AZE fAXHE T8
o] 7bsstth, xHAEHE 7R wf Snitt HEA A ZESH uf stripe Al ZE
Al ald yHIEE@ O R fJuo]EXa yHA 28 E 169 2o
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RAM

ol1]|2|3|4|5|6|7]|8]|9]|10][11
SH, SV, ¥ 8V, SH,

29 15, y AA 2

Fig. 15.  register.

BPC9 HE Z# M= Local controllery AEZE Az wel gdoz Eo0]9= ZC, SC,
]

MRC, RLC &% % ojd ZHZEZS W

i)
iy
B
N
o
_0|L
X

A ¥tk & 4E Local controllerd AEE Ao 93 HEZH Ao =4 zlo]t}.

=5
W~
A
m
i

Azl % zelsEs) dolEge] £

Table 4. Output of the context and data mux for different values of control signal.

Conrol | g e | woiy
signal
000 - -
001 7ZC cx v
010 SC cx sign data bit
011 MC cx v
100 17 0
101 17 1
110 18 ZIIMSB]
111 18 ZI[LSB]
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C. Al ¢t¥l BAC(Binary Arithmetic Coder) VLSI 7%

B =R EBCOTS ¢3le] Al¢etd BPC(Binary Arithmetic Coder)d AAEZ= &=

a9 167 2t}
Decision
SUB 1
nlps
Index| \ ™ (ontext S nmps
nlps Register Qe _fn & Qe A Index output
nmps | e ROM ——— = - >
o P (19) switch Teglster
(OIL, / Shitt_output
i Shifter <
| G | 3 s -
: ; NbShiter e C output
: register ; - >
1 || register ;
| x & TempC
3 : B L TempC output
; | C Decide |« register register

BAC Control block

a9 16, Aet¥ BAC(Binary Arithmetic Coder)d T2
Fig. 16. Proposed BAC(Binary Arithmetic Coder) structure.

Al ot® BAC +2+ BACY Local control blockell 98 AEZEW 18 14004 A4
dolg e 55& vetul H4E& BAC control blocko 2HE AL o= Aass
et g Esojx Contextgholl tidh Q& 2=Zk3 MPSES A3l Context Register
= 19719 THIE #HA2HZ FAEH A Y. Context registero] A &3 H o] X = Qedta 16
HEo ZAolE 7AW, ©tg Addx HolEgoer »4Y 5HEL NMPS(Next MPS)$}
NLPS(Next LPS)#t-2 thA] s =wjsjo] ey, w3k 18] E 9] Shiftgh2 Qegtel 73 A=A
= #8 AbgE

CT reigister= BAC 939 #A F ZAHAAE CY AZEZA CTHoLZ FAH



A 2=~H Z BAC 27134 CTY %713 gkl 1337 12, Renormalization®] Byteoutol A ZA
AEolA = e 8 E+= 72 FAHNAY., CT registerdlA] HHo| A A|ZEH G
NbShifter& %ﬁﬂ AZEHZ & HEZHAAME T3 CE A g ozt

A

o

C registeres 3209 E @A 2E Co A9 2004 HIEXRE 429 SHIE dHolHE B
registere] =¥ ]ir/} TempC AA=EHE Co A & AAstz Uvh7t FLUSHA
oA m=2EG Hulvold ntAE A= AFEEH XY,

D. RS232 Qg # o] ~

2 =FdA +d¥ EBCOT Tier-1 29 AladglS Fd37] YA PCoel e Ho

o 2ZH4 RS232 AlEld XEE AE3l9 Y. RS232 XEE T3 ddEFHAR gExHAR
dolH = 8bit® ©e= WHAZE #fAxzge AZd F Wy HEZH 9sto
RAMel A%ttt RS232 ¥ E<° Baudrate’t 115200bps°]”] wel 2 &F715 o] &4
50Mhze] F35Z2 EFAA 115200Hz= w59 Serial to Parallel Shift register$:
Parallel to Serial Shift registerol Z+Z} Yook, A8 oj R 8bite] d42 DWT A4k
T3S 939 Data format Converterol Al 18bite] % 423 Jg=z WA, WA
=g olE 7 RAMol 2% A% o] =W Memory Controllerol A/l &2 %+ o]
59} Write enable 1% o] 23] RAMol AH /o] DWT EFo=
Tier-1 d4to] &5 ¥d F=2EFS A2y o] F7]Ho] RAMo| oA A ¥l oA
Controllerdl A &8 5= 712 H A3 98] 115200bps®] Baudrateo] @30 PCE A% 4
th, PColME FAE Z=2EY] wAIEE HES Tier-2 A4S Fd3ta HF

JPEG2000 %= #d& AA T 2 =&oA 783 RS232 ZESe = 29 173 2o

,25,



Main Clock
s0Mhz

Clock Divider 115200 Hz

R5232
Port

TX

Serial to Parallel

Global
Controll Signal

Shift Register 'J
Parallel to Serial

Shift Register

Data
format
Converter

Data_

v

Memory Controller

Address

We,

RAM

29 17. RS232 HEEY

Fig. 17. RS232 Controller.
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FHI
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V. VLSI 738 % 43843

A Nz FHAA

2 =A@ JPEG2000 Q13T o] Al 2wl g 1 183

Jasper 1.7
{Algorithm Simulation>

Functional Block Modelingl

Altera Quartus |l Modelsim VHDL
{Simulation> {Simulation> <{Functional Module>

Functional Block Simulation

A 4

Altera Cyclone | ﬁ PXA255 PC
{Implementation> {Implementation> ” {MFC/C++>

FPGA Implementation on Test board

O 18 Alz=d AR

Fig. 18. System Implementation flow.

=Eoll A Alet® JPEG2000 9=2He F2S A7 Y5t 2 dA HAEE A
WA dua)ZE Gl AZES 93] Jasper 1.78 JJ2000L o] &3 B AET} o] Fo] A

o}
Cst=dlo] AFS A8 VHDL Ao E o] &3le] zt7zte] EEES F439 2 Modelsim
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3} Altera QuartusIIZ ©o]€3lo] Zt Module 2 A E#o]lAE 433 Functional @2
o TS ATt o2 ATH A4 259 7S PXAS AERE Aol o F
olpoem AA Alx"e] TS HFar] g wHoerw MFCE o] §38ke] RS232 7Alol=
& &3 PXA2559]

o

S B ¥ AP RS W d PXA2550 A el mE dA

& Fd3 T Altera Cyclone ol A d dolgE ¥7 DWT % EBCOT diks
F3 st oAl PXA2550 4 s P Hl o] B S o} Bitstream Assembly 9G4S 3 & jp2
dde AAIE=E 59

Modelsim Functional simulation 3%

a9 19, AlEE el 7Y

Fig. 19. Simulation waveform.

Lifting Based DWT Image(128x128)

I 20, 2128 DWT Al &8 ol 34 (128x128)
Fig. 20. Lifting Based DWT Simulation Image(128x128).
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Fig. 21. The BPC block synthesized on Synopsys.
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B. A¢td JPEG2000 ¢ 3t o] A%H

Table 5. Comparison of PSNR performance.

bit rate Lenna Barbara Goldenhill
(bpp) Jasper 1.7 | proposed | Jasper 1.7 | proposed | Jasper 1.7 | proposed
1 36.3 34.4 34.4 32.4 34.0 33.4
0.5 31.7 30.0 30.0 29.4 30.5 29.8
0.25 28.0 26.9 26.9 26.3 21.7 27.1
0.125 25.0 23.9 23.9 23.6 25.5 25.1
0.0625 21.8 20.1 20.1 214 22.3 22.8

O 22« A3 F oF 2dBE M 2 A5 Holv A Y9 (Lenna, 256x256)2 A9

Y 22 994 2 gadd 94

Fig. 22. Original & Decoded Image(Orginal Image : left, Decoded Image : Right).
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A, dae AFE 299, AFAY A 5 GFd FR) AAGP] L&A
A% 2 AFS A 3 34, 291 GEEe] Aoy JHYFIIE0] A ook 3

ol A= JPEG2000 CODECe| A3y FxE Adsta AAAY. AAd F+x2&
Altera Cyclone M ¢ PXA255H=E o]g3alo] AZEe9d 1, 30Mhze F3542 2"t}
DWTe u&AE Hdte] 32x32 2719 B LdH S Ageto] Suffling Fo=A 78
o™, BPColA 7 dd 29 A&£HQ Aegs 9ot HEZAS AZEAIHEA Z}
BH A 2B E AAAHOEA 7 s 2E Ao ALY FHARAE()TS AAL

sto] gl azAadd glo] MES skippingdte] A& Eo F4S A LEE FHYt

EHe A% Al A dal g 7F - Z4E shifting A4S o] &Ete] FxRE O
al

APAH Atd 2= V&Y dugsH v 34E BAStHEA R 45Mhze F

S F 7hxn wmepA 2 m=fol A Akt AAT Fx+ JPEG2000 &8 Z 29w

ol gl Motion-JPEG2000%5 & Al=®lo A o] &fo] 7t5d Aoz 7jvd)
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