on L 29 de

n.mmf ST A context modoimn WUl pas Jpvrwfmﬁ'mm IPEG *obﬂiﬁ”%ummuﬂ

i f&ifﬂcienf-?ajsé—l’ipelined Architecture fcf Context Madcling of ] 1—’13{'}260&&5;11;; FPGA

i 4utany i
L ﬂﬁﬂw E TR
S ’MiOMKRI i TI{IANu K
s # e : .
3 I :  ) .

N o ! /

R ¥ | |

b _

J' ." \' ; ; }7.

.fi'm&"ﬂwuﬁ uﬂmrUﬂ’;mﬂmsﬁwmrwrmﬂavmﬂmm uﬁ'mmma mmm '

OV EPAY

. ¢ : ..f [N,
mmwnmmzmwmmm it

S L8

, ﬁw“amnmmmm N
ﬂmmmmﬂﬂ@ﬂmsmmnmmmmmﬂm mmma .

WA.255 2 '
KMITL»2009-LN~M 010- 162



fuTnmemyanan nazsoundimanizi

M3NNsz@NENIN context modeling UL pass-pipelined V84

JPEG2000 laal¥tavi#ide

Efficient Pass—Pipelined Architecture for Context Modeling of JPEG2000 using

FPGA

TMIR D

105490

ANNIY WM

KHOMKRIS MATHIANG
e
09n?
AL A i —_-
UNY..... ‘:3,./9(\"2@*]
manzideu........ 10549..0 | |

uadond.. 2.4 05,2007 Lj """"""""""""""""""" J

Ineniinusishuiumsanmmuwdngalauanimesumansamiadin
MNINIMINITUNBURUADS
naEIfmINSIumMans
s =1 Yy v 4
amiiumalulagnszeemnaudnammsainnszia
W.A.2552
KMITL-2009-EN-M-070-162



Efficient Pass—Pipelined Architecture for Context Modeling of JPEG2000 using

FPGA

KHOMKRIS MATHIANG

A THESIS SUBMITTED IN FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN COMPUTER ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2009
KMITL-2009-EN-M-070-162



COPYRIGHT 2009
FACULTY OF ENGINEERING

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



AZIMINTINMans
astiunalulagnszaeunaudnamysaInnszli

s = d
luSusedInenfinus

o

WoInnHwus  MINuLTzANTAIN context modeling LY pass-pipelined U843 JPEG2000 IagHoniidie

Thesis Title Efficient Pass-Pipelined Architecture for Context Modeling of JPEG2000 using FPGA
YO WWANNTY  Wufeg
strailszdimn 49060651
Igyan INTTUANANTUN T AR
TN ArINTTUADUNUADT
Jﬂ'. =5 a a d [ < e [ o
210158NYS N InenHwus WALAT.0INAT  IAA LAANAST
ﬁmﬂmmﬁﬂmﬁwuﬁ KMITL-2009-EN-M-070-162
a a d A
AMLNIIUMITADVINNHNUS CAETGET)
=z
WALAT. A5 UNT AnATINA /D:'_S_) /ﬁm’(\‘”i(’
X
a3.nsal ST 2
J
IR.AT.ANANA Uz
A3.AANIUA WHATLSA O/Y»MW/ D A6/ -
[ a o [V o ‘;—':‘
HP.AT.DINAT W ladngs @m?u A

Tu/mewd Naey JungWavudi 8 qaiay W 2552 1987 11.30-13.30 1.

] Y
amuniaey o 915 A Tu 3 Heunlszaw 2

Vil {10k 3] i BRI ET L

AMZIAINTINATNT SUTOWA

ha\nd,

¢
it (30N AI19158 A3.nOUYY IYHIRY)

U ditmadeuuazlseanann aen. AUUA  AadfnITNumans
@ S 4= o ¢ o o v A
AUNTIAUMIUNUSRVUANYTU Juh 8 AAINN W.A. 2552

00 .51, 225

o~ o
Sui. 22 sdou

2




WiveInenHnus A15ANY 52 @NENIWN context modeling (1111 pass-pipelined

484 JPEG2000 Taaldanite

AN WIEAUNTY VT
stialszan 49060651

f3yan AAINTTUANAATUHIT N
aMUIN JenssuReNRIees

WA 2552

d H a = e cu = o s 'S
210156NUSAEINNTNUS  WA.AT.DTRAT IAA LANNAS

unfinge
@ 1 o 1 H w a = = o
Tuilegiiudeyasnaslanudrguaridmmoidesiumsdniudinveayud

u
1

o y 1 g e o
Wuduwn e liasdeasdeyainanilu ldearmsmsiilduasgumsioda

dyanuglnmuesanitediunapjaiu ldinszuaumsiiudadyiuglnmuaz nsiy

o

a a al aoa H 9 o H ] 9 H -
Uszdniamuesnmsiusadygimglnm dmsuauisen ladwaustigaduldinsdy
Usza@nsnmuesmstiugadaaiugilninluauuesnisiieu Context Modeling 4841311

o as

o o* 9 L4
dadayauglnmaNaTsIi JPEG2000 Aeeiawas lasldoiite (FPGA) Hugilnsal
LY a a
auruulumsesnuuu@z naaeUlsz@nsn nusesz UL

Y A v o ‘ . = 1
szuvlassadeiinauaiiiulassafanmsmaunny  Pass-pipelined  fiiiants
wuesmiludiudes Gawaanailumsilszuiasatassroaaduiniialszangam
a . 4 9 ] ° 1
N3NNI (Critical Path  Delay) Lﬁ‘mmnmiﬂammus:uuiwmﬂmmwm‘ug (Dual
Memories) unzmstiendeyasildmsdifadeyalumizsaruiniiulledideniies szuu
Y da d o , a & 9
Tasserdniminaueaunsalszuiarnadionusaiuandt 100 wWnz@sad wazamnsoaiig

o A s o

Y @ P . Ye2 T ow [ o' ar a
AouUALTantal (Context-decision Pairs) lana 22 qauﬂﬂﬁ‘fgﬁnﬂm‘lu 1 ayuIMUIwN



Thesis Title Efficient Pass-Pipelined Architecture for Context Modeling

of JPEG2000 using FPGA
Student Mr.Khomkris Mathiang
Student ID 49060651
Degree Master of Engineering
Program Computer Engineering
Year 2009
Thesis Advisor Asst. Prof. Dr.Orachat Chitsobhuk
ABSTRACT

Presently, information has become increasingly significant and turned to be a part of
human’s lift. In order to transmit information as fast as possible, it has to be compressed.
Therefore, the compression standard is needed to help reduce amount of information to be
transferred. To accelerate to compression process, several researchers have targeted to improve
the performance of the compression process. JPEG2000 is one of the famous image compression
standards, which is used to compress images for effective transmission and storage. This thesis
introduces an alternative architecture of context modeling process, which is one of the most time
consuming processes in JPEG2000. The proposed architecture is designed and implemented on
Field Programmable Gate Array (FPGA) to increase the coding performance of the context
modeling process.

In this thesis, a design of pass-pipelined architecture for JPEG2000 context modeling
implemented on FPGA is proposed. The architecture is separated into pipelined stages. As a
result, the processing time and critical path delay can be reduced while the multiple symbol
context pairs are allowed to be generated simultaneously. Moreover, dual memories and data
multiplexer are employed in order to accelerate the memory access. The proposed pass-pipelined
architecture can process with the speed greater than 100 MHz and can generate up to 22 context-

decision pairs in one clock cycle.
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daudl 1 : szuumsdhsiaununatsgniieue g Tntemational Standard ISO/EC
15444-1:2000 Tﬂtﬂuﬁmﬂ’nﬁnﬁqntj31waqma’uﬁ'ﬂ“ﬁi’ugmmsgﬂuwmmﬁ’ﬁﬁ'ﬁ

it 2 : dawmevesdud 1 ludwddgnituguanivesnindrstmnniu

] 1 3y
a3 : nwaasu’lva  JPEG2000 ludquileznanedanassulunmsdhsia

9 = o & 1w
deyaniludduGesdeiu

H \ ° 9 @ 9 ¥
a4 : Taserumanageuidumssmuagiuuuvesanudriulddmsums
9 ok g 1 -
Wazooasianlddiuil 1 veunasgu
H = ar L4 o 5
d@1un 5 : wenALTD19B ezl szARUAIBYRvEIAURTUFEWALIS 2 LU dagn

1 3
tnaue lifludmaaeunazssynugndewesszuudignitauniiudmiu JPEG2000
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d1ufi 6 : siuvvesvlaglnmnainesilizney (Compound Image File Format)
vt plnmitisznewludrenarnnaes (Layen Taousazsueradiudeyaiiuandredu
18 15 Foyanwii 1dnannawdunty 18us 91nmsdrentm msaunu nie nmdansizd
(Synthetic Image) uaz Seyadasnus dudu dnilifumninaueguuuves dzam
nanesAlszney (jpm)

it 7: ludaufignudeediels

dauii 8 - aulasadovesdeyalu  JPEG2000 ludaufindniasz
aeafsuesnsilszynd 14 JPEG2000 rumadraiady mrldaioni wazdue

=) ] =

{ @ w 3 y ' e
a@Iun 9 : anuduiusizuansedile diuaade Tilsunsuilszygnduaz Tils Tanen

3 1 1
Tudrufifludiunaadlils laneamsdeasiioadesfumananidougilnimunsgiu

JPEG2000 fMudeyaiifeates

aui 10 - {oya 3 1A uazdeyaganriion (JP3D) luﬁ’mﬁtﬁumiﬁmmgﬂmwﬁ
(dlu 3 68 W glammisasuwndium 3 ia

i 11 : m3deais13me GPwL) '1ufhufr!,flumiﬁﬁsmﬁm%’um‘sﬂi:qne‘T
doans B3 Tasiimslastumsifinanuiianain msasaamuawRanata wazmsudly
ATNAANAIA

i 12 gﬂl.nmﬁugmﬂmﬁaﬁﬁtﬁﬂﬂﬁmﬂigm ISO/EC 14496-12 dmiu

MPEG-4

3.2.3 Inssasavlszaanalags3uveds JPEG2000

nszuIumsnIiaa s U siudadyaiuglnin JPEG2000 a1u13nuaas
wiunwmsian 88 3.0 msfusadyaaglnmisuen mahglnmduuuyudadh
10N Pre-processing ioutsdgyanaglnmesnifiududoss (Tiling)wﬁammfuﬁngfgwm
sUnmitgnutaezgnulasiddieuden Multi-component Transform 1 msulasdayaa
sinde matiansuaaaviian (Wavelet Transform) el dmdualss antueavlian
penu mdulszAnsvesaviand 1deimsanszduavesdeyadivuiien Quantize Wil
szduvesdeyaiidesas ari Idnmsaaszdugndadiquiennisdisia Tierl (Tier1
encoder)  ieidsadyaadeyauas 1anadniiumeniauestoya (Sequence  of
Compressed Data) uaznIzuIUMsgATIY dosavesdeyafiiumaidsia Tier1 weily
w9 a <

dadoyaszgniAunANaAIon15I9NIHE Tier-2 (Tier-2 encoder) dMIVTWAZIBEANIINY

1 =4 1 w g
voumazudenszgnnan luidedsq 1
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Encoder
Rate
Control
Pre-Processing *Multl-Compon.nt_H Wavelet M| Quantize | Tier-1 N Tier2 |__
Transform Encoder| |Encoder

Multi-Component De- Tier-1 Tier-2
Transform ipeevalotuiy Quantize ‘-Decoder‘-l}ecoder

Pos-Processing

Decoder

31 3.1 udasEuAMMITOUmNAsTIUNs Tiusadyanagnn JPEG2000

3231 mMsAIeununIeNneaun1siusamMN (Pre-processing)

o e

v g o
msszwanausngalumsivdadyauginmasmsuideyadygiaginim

[~ ! a o 19 ar A:lyd 1 e 4 dy
sonilunden laadwimiimsmisdeyadaanuglamilGondt “Tiling” Tasaszuiumsil
A s 9 ™) ot 9 1 o 1 [ é? et a -
Fuusndygrauglamwdusiuiidunszsgauieeniluuden udasufeaiuiuiidivaeud

[RCUI- o 1 = 9/ a 1 = ! . 1 ;
hiudeunu Taousasudenyesdeyangnuisasnuiiondt “Tile” Tasvurnueaudnaz Tile
1 £ . 3 b K- 1 9
Tywaimiiu snduludauiunvevvesgilnin dwmsuglamidsznenlildrovated

[ g) ] . g) ar g/ 1 ol Y w
dygradeyaluudaz Tile vzdsznonlildedyarudeyanaissudoiny mndygin
dayavesginimlszaeulildrodszdum dyanadeyaludas  Tile fiutiseonuiaziilu
s 9 ar 1 = o g) ar

wyaeyaTzALTMIFURIIAUFAURTA

1 da A o s sag 9 @
EIEJ‘N1iﬂﬂm'€l1‘l‘lﬂ'l'i€lilﬂLLUU&‘I‘iﬂLL’]‘iﬂI‘D’iuﬂﬁﬂixN’Jﬁﬂﬂﬁ1ﬂiﬂﬂ1ﬂi§1u

¥ ' ¥ '9} ] 1 " =
JPEG2000 ludrumawisvuiavesdeyail Muwiadeyaidesnisuisluudaz Tile uuia
Tngiuiai IS uilufiszuudessesmizoanuswmnalvguinau lildae ez ldvua
3 o ' a o oty Lo 29 o -
voeg§auas ngiiuanuduilu dufusnaves Tile Amuzaulumsilszgnaldaumsiy

L 1
SanuuaIFaIIL agivunlszanm 256 x 256 30 512 x 512 9AAN
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; , & o "
51 3.2 mswisiuiivesdeyadyg gl (Tiling)

3.23.2

as = 1 @ o & 1 s ool
mawlasdyapudvesglnmiunsssaanuduiusszninesmlsznoudn

Ansan wadt ldezaemulszaniamlumsiiuda Faurmsgiu JPEG2000 sessunisuilasd
fumgﬂmw 2 WUUAB (1) Reversible Color Transformation (RCT) L@z (2) Irreversible Color

. s o a’;‘ i g) 1
Transformation (ICT) Tagszu1 RCT vzsasfumsilusanauuuiiimsgoydedeyauas T

£ ! ar o e | [
qudedaya diu ICT szsasfumsiiudadagugilnmitvengadsdeyaifisiedume

arumsudasdeyanaavedgimn (Multi-component Transformation)

aumsilflumsulasdyapaduesglnmdmiuszuy RCT @mnsaudasldds

fmm'sﬁ 3.1 uaz (3.2)

Forward RCT:

Invert RCT:

4
U,= B-G Bl
V,=  R-G
ou 1
(32)

- V.+G

r

B= U +G
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Tudauvesaumsilalumsuwlasdyanadvesglnmdmivszuy 1ICT aunse

warn ldfaaunsn 3.3) uaz (3.4)

Forward ICT:
Y 0.299000  0.587000  0.114000 | R
C,| =(-0.168736 —0.331264 0.500000 |G (3.3)
L. 0.500000 -0.418688 -0.081312| B
Invert ICT:
R 1.0 0.0 1.402000 || ¥
G| =|1.0 -0.344136 -0.714136(|C, (3.4)
B 1.0 1.772000 0.0 C

r

3233  dwmauasdanaglmwaienszuaunsuasaviian (Wavelet

Transform)

ANUUANATINANTZYIY  JPEG was JPEG2000 Ain n1stiumiataenlunisien

£

wmatinlumsulasdyana Taslu JPEG2000 aunsndenldmatanisulasdoannlans
a o as = o
manamsudasviian (DWT: Discrete Wavelet Transform) kag nmsudlasduaszdns ialand
:: = Y ar a 4

(DWT: Discrete Cosine Transform) Tunmusi JPEG wnldmatiamsulasduilszans laland
1 u’/‘ a :in 1 A = a Y a YV
Wiy Tasmatiamsudasaanduitssuinni esomdunswlasii 19t uda 14

menaunmiigenilusasimsiiudamiin

el -
'r‘"rl,lr““‘\l‘-‘ 3 \
f"”’f'”“'. X i

!

311 3.3 waasiedanmmendsnmisudasaian
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gﬂﬁ 3.3 ufrmﬁ'ﬂmuwmgﬂmwﬁphummﬂmu.’;ﬂmw ﬂ‘]‘i\:gﬂmwﬁﬂnmuﬁmﬁ
uﬁqﬁuﬁmmgﬂﬂamﬂu 4 Tile TaoTuudag Tile rumsulasnvhanesnilu 2 szdu dmsu
s2@UT 1A LHI, HL1 Uag HH1 dusgdufi 2 Ae LL2, LH2, HL2 uag HH2
'c"i'"m%'umiﬁué’ﬂe"r'tgtgm;ﬂnmnuuﬁaaniﬁﬁmiq@ﬁ’ﬂ Tuaumsuasdyim
a’i’an‘,amlmm‘fﬂ:Ié’s’ﬁ'aniamﬂmmmu Daubechies (9, 7) Fagansoamlian ©, 7) Tugrens
Sinszviez 1ddansesnnuad 9-tap Llasﬁaﬂsmmmﬁ'qa 7-tap dmsuAInseslumsg

= o3 [ 1
AnTzddeyadmnIauaas laaadea

Finseanuien O-tap: [yshg Py by g, by g By b ]
wr=h = +0.026748757410810
hy=h,= -0.016864118442875
h, =h_, = -0.078223266528988
hy=h, = +0.266864118442872
h, = +0.602949018236358

AINTBIAMUAG 7-tap: (25,850 8.15805 815 82083)

g, =8, = +0.0912717631142495

g, =g, = -0.057543526228500

g =g, = -0.591271763114247
g, = +1.115087052456994

o b N a9 9o o o | o d o
dmTuanseen ladunszvilunmsuldasasundianluaruvesdinssannuna
2 l9fanses 7-tap uazAINTeeADgeer 1¥AINTes  9-tap ATUBIAINTBIAMLAAINITA

waag lansduas

fINT0IAINAAT 7-tap: [y 0, 0 BRI ]
By=h'_= -0.0912717631142495
h,=h'_,= -0.057543526228500
W =h_ = +0.591271763114247
h'y= +1.115087052456994
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ﬁ"nﬂsmmmﬁqd O-tap: [g' 4.8 4.8 2.8 1:80,81.82.85.8"4]
g.=g = +0.026748757410810
gi=g',= +0.016864118442875
g,=g ,= -0.078223266528988
g=g,= -0.266864118442872
g'y= +0.602949018236358

’c'hum'iﬂué'ﬂé’ftytgmgﬂm‘wﬁ'liitlan'lﬁ’ﬂm‘iqtmﬁﬂé’faga Tunmsudasaniana:
4nseau Le Gall (5, 3) éaﬁmsmﬁﬂﬁnﬁmmmﬂizqnﬂﬂ'lé’f”lunmﬂamﬂmmﬁ‘
soulATimsqaudodoyanaunudinses Daubechics (9, 7) 14 ad1415An1udInT99 Daubechie
9,7) ﬁﬂixﬁqwﬁn1w1uﬂ1iﬁué’mmmmmw“tumiﬂuﬁﬂﬁ'tgrg"lm;ﬂmwﬁaauiﬁ'ﬁmsq@ﬁa

Yoyanani1Aanged Le Gall (5, 3) lumsdinsendyapugilnmuesmsulasadianannse

Y 9 1
e ladaduais

AINTBIRNNORY S-tap: [A,. .y, By by by |

hy=h_,= -18
h=h,= ‘%
R

AInsenNige 3-tap: (g, 20,8 ]

gl -~ g—l = '1/2
8o = 1

1 a a9 o Yo 9 '
AAIUNTAA ‘J'TS'H‘U‘EJgﬁﬂﬂ\‘lﬂ'l‘ﬂl,ﬂﬁ\'iﬂﬂ‘lJI.’.]”V'Il.ﬁ‘l"li‘l"liJ']‘iﬂLL’cTﬂﬂ"lﬂﬂx‘lﬂ'luﬁ'N

AINTBINNNART 3-tap: [, 0y, |
W=k = %
Hy= 1
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AInseennug Sap: [g',.8',.8%.8".8 )
g‘2: g'—2= '1/8

g\=g,= -14
go= %

o

3234  d@umsanszAvUdyaIadeya (Quantization)

menasninmsutlaaavlian deyayne Code-block 1zgnanszAudygiudeyatiie

g g

Wunmsivdadygyraglnmitsenliinmsgadodoya (Lossy) myaaszdudyaudeya

{fluaunguanuilsiivih Idiiensgadedoya Tudiui 1 vesnsiiudadygiaglnimay

o U

W1R351U JPEG2000 Idn1sanszdudaanadeyaiuy Uniform Tasailuudas szauiisses
AR A,
=q 3 1w £ o o £
aumsn g lumamadyanudeyaiimunisanszAldyauIBgaaINIsaLTAS

AIEUNTN (3.5)

o))<ty 222 65

[ L]
=)

) - =) 1 3) = a o ] s, 1 ' N | 1
1 yb(l,j) A8 AMUBITBYANAAATOINING TUA NS G, /) AT g,(i, /) ABA

yoadeyaiiumsanszaudy g adoye . Aumiadoiu

Trsanuduiusszuitem A, Auf1 g, Wude ieA1 A, (Quantization Step) T
¥ 4 ° ¥ 1 [ = o a1 A oy ! 9 o
nanndy s s wessiudygiunanszau g, Ixnmiinalesas dewalidiuam
a a o g a o EY 1 =t VL A3 ° 21 o
tnvesmiinszAudeyaiisiauannsdie nina1 A, Iaaundnedes wildmvesszay

o { [Y d o 1 75 et 3 1 3 1 [
ﬁﬁgtg1mﬁaﬂ‘izﬁ1_l q, ﬂﬂ%ﬁﬁf?ﬁﬂ']ﬁﬂ%‘]ﬂﬂ'lﬂ‘ﬁu LHU ﬁﬂiﬁ{ﬁﬂﬂuﬂ1uﬂ’]‘iﬂﬂi$ﬂﬂ‘ﬁ}ﬂﬂﬂﬁ

o = 1w = d'{ ¥ 0 1w a Yo Y g} d'
VIIUVANINY 16 T2UIUUA LB Ab Ay 2 s lviuszinuiavesdeyan

] as o = 1w = 1 1 ) o £l a
Aunsanszaudeyaiisuauia iy 15 e vt A, Tawiiu 32 szdldnisanszay

¥ o = L) <2 - 4 g A o 9 o
iﬁ’:lgﬁﬂ"ﬂﬂiﬂﬁﬂ‘ﬂ'lu'luﬂﬂﬂlﬂﬂ‘llﬂuuﬂﬂqulﬂfw 51 ﬂ‘iﬂ‘ﬂﬂqﬂﬂﬂ‘?uﬂ'lﬁ'ﬂﬂizﬂﬂﬂlﬂllﬂlﬁ]'lu?u

“

as

= 1 a = 9 a =t g a 9 1 s
uatniny 11 ua Tlﬁlﬂullﬂ']'ltlxﬂﬂ']ﬁlﬂﬂ Ab UATTUANINNUING TIS‘FI"I‘Iﬂ‘lﬂ\‘iﬂ"I‘U'ENﬂ'liaﬂiﬁﬂU
¥ a4 ¥ g ! Yo = ) a g 9 o q 9
VoHAUANINUBYAN ﬁﬂﬂﬁ'lﬁ‘i]'lu']uﬂﬂ‘llﬂ\iﬂ’ﬁﬁﬂizﬂﬁﬂlﬂuﬂﬂﬁuaﬂﬂ']ﬂﬂﬂulﬂﬂjﬂ LLﬂS‘ﬂ']II"PT
LY 1 H Y a a
PoynludisivozBeavesgnmitezgridrsiaiiudadeyatsantosnuaslide
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311 3.4 msaaszAudyudeyauLY Uniform

3235  @umsinsavesnuninanla (Region of Interest Coding)

9 a Ai’ o " = wa S w
masHawunnaule (ROI: Region of Interest) tﬂuwuﬂuﬂmanqummmﬂ

& 1

Ty gilnimuiasgiu JPEG2000 Tasoeu limsidhmifadyamgdnmasiulundagiui
Tudui 1vesmsiiveadyaiugdnmaiuuiasgiu JPEG2000 3535 luns

E) o .ﬁ‘ Ao :Iy = 1
WIATHEUDIWUN wﬂuhugmiunﬂ “MAXSHIFT”

MSR ——————

A

ROI

LsB
MSB —

Normal

LSB —p=

U7 3.5 uanamsonszduiuifauladieds MAXSHIFT

1
=

= @ a da w v g 9/ a
110317 3.5 warmsmsenszausnuiaiiidedAgdnigaves RO MAszuuia

1 oo a H ar as { 3 i 1y 9 o 1 9
mfuszuiaiided Ay geaiigavesiuii lildduls lumsinaueaivesdoya
y H 1 .7 5] 3 H = 1 1
duilsz@nindianiimunsasszduszuruiaawaniv JamiAamsanasi ludiu RO
o q9a v o 4 s a » P 44 w
o1 IifiemsauvesdeyaiiiesninszauanuaziBoavesdeyanitanniu etloafums
= g i 1 H ' [ °
ailym Tsaamnavesiuni liaulsidindumu dimfudeyalunsvin - ROTazgn
9) 1 u i < 4 ar o [ o
s W ludruiivesudaz uaen e lin1sneasiadeyanduainsodlfuszduves

szuutialigndesdudula
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32.3.6  @IUAIUANSAI1TMSA (Rate Control)

[ LY a d <& = a W ow
daumugudandasadulszfunilsiondedlunisiiveadygiagiamw
4 1 as Y 1 i o 9 o a
11AT§1U JPEG2000 Fadwnuguaasiiasaiiudiumsilszuranaiihildsasiiasaves
udaz gilnmw Tdasdaseiminzaudmindemiiiden ¥ lunmsdears dasidasniiien
£ 1
winansznu lasasdeninuAanalarednsnean1siuea aaludandasaimuizay
figa fio 9afi 1¥1A1 MSE (Mean Square Energy) ia1u1niige
w A i H a a as 9
dmivismsndeiaalumsaugudaniaise Taverdunisidennuniteves
v 3 FY o o 3 prpay ¥
mianaszdudyanudeya (A,) vuaanunhussmsaaszdudyudeyaiiisindiann
4 s 990  a 2 H ' o v W P Y Yo
Juih easiiiasatiaadiag egielstnumsanssaudygudeyadnnsnisygnd 1y
=] v = g) g/ 3 a Y as
mitudadgyruginmuuuneenlvigad@odoya naTalinunaveInITanTsAl
.., H @ g T, salg @ '
dyanlfsuntlas madhsia Tier-1 vzgaiszuranalmi a1sawnsi g ludumsaiugy

sasiasa daulvgjez 19l Insaea Insames lumsilszuiana

3237  @unsin3¥e Tier-1 (Tier-1 Coding)
1 9 ar ..’,’ 3) | o = o
Tudumsdnswe Tier1  Huduneumsidrsiaidniiunsndeninaisulag
3

as 9y = ] 9 s 1 1
dygruaremaiamsulasivian Tasdeyaluudas Code-block 1zgnidisvie Tas liduse
s 9 Y] 1 ” o 1 1 [l 3) ar =
A madnsia ludueed Tier-1 # annsouielaiiu 2 dwu fs daumsdisiaszuvia

wag NI a MQ-coder

Context (CX)

Configuration Data————»|

Bit-Plane Coding MQ-Coder ~ |——>Codestream
Decision (D)

Wavelet Coeflicient—————»

31 3.6 uana T3 ea$19e 30 Tier-1 Encoder A1411A3 14 JPEG2000

& 9 A A g d w =2 g d 9
mmmnﬂmummiﬂmwwﬂ:g‘nﬁwsamumﬁauumnmaga "r’l"lﬂlﬂ‘ljﬂlﬂ‘huﬂgﬂﬂ’lw

a U
ar

ﬂ 3 a A Addgyg 9 - ' 4 g ' a4 o g
L ‘lJLL‘U‘]J%JE]i‘.IIEIﬂ‘]J ?ﬂlﬂ?ﬂ'ﬁﬂﬂﬂ‘l}ﬂyﬂﬁlxij‘llu']ﬂ‘lﬂﬂ.luiﬂﬂ mmlagagﬂmwmummuaﬂmaga
T 9 dl = s u’r‘

i & 1 a 1 o
wivwafianas wihdeyanezgniusminluudazdmisesdeyaiinunainuats ¥

| o
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Tnszurumslumsivdadeyalls@ninmios mndeyaluusazdumusvoaglnin

ar kY Ao & as S o 9 a a a oA d?
ANEUSVDNUDUINUAITUIHUDUNUNIN ﬂTiUﬁﬂﬂﬂlﬂHﬁzﬂﬂ"I'W%:.-’ENNTJ‘JS'CTVIﬁﬂ']WiJ'lﬂiIH

U
[

[ ) o o 9 @ 1 vy @ St Y 4 4 o @ A
m‘ﬂ‘::’J11!61‘{‘6!‘71=15’l'=1fﬂ14ﬂummuuﬁmﬁmmu"lﬂmtl’c‘rtgaﬂHmWﬂmﬂ‘liwu‘niuﬂ'liilmﬂll“ﬂ

Hoee ﬁﬂﬁ'mmmaﬁmmﬂﬁyuﬁmmgﬂmw'lé’ Fatuluduvesmsdisvassuniag
wonuadgluunvesdeyaiiinnumainnavesdeyaanas fredrasu Srrwesdeya
wudaeinaudia 16 Oa tufesunsauaasdeyagilnmiiiia 2° dydnuel madhaia
szuuiiavziinisaanuvainvatsvesdoya eglugduvugduduues  (Context,
Decision) $119U Context Wau 19 dydnuaiiaz Decision 2 dydnuel sauudreziiaam
nanuaeuesdeyanedu 38 Anuns iilevimsanaunmanarovedeyans sxdanals
msfiudadeyaludiuvesmsithsiaavada fszAngnmniusedena i idsnmng
ﬁuﬁﬂﬁqa*ﬁu

Tudrumsihsiasziuiia doyaluusias Code-block vxgnidisiaaudsz L
finfihfodfgpaniigallsudessudaiiitodfadesiian nadnsi l@anmadhsva
ssuviia sreglugivesgsuduvesdydnuainazAinsandule (Context, Decision) A1
ihsvasznuiinaunasgiu JPEG2000 th Taserfiesanesiu EBCOT uilusaneiuns
Whswaudaz szuuiialu 3 wia madhsvavesdeyalundasdumisvesdoyaszgmdisia
wilaniielu 3 wia Tﬁtma*uENm51&71sﬁ'ﬁ’luuﬁiazmmxﬁuaq'ﬁ'uﬂaymtda:s‘immia'lumf
azszuilanazmaatugvesmadisva

Tudaumsihsnia MO-coder Miomaidsimavagia Tudniifuduidhsia
davinmshsiaszuuiia Tasmaihgdydnusinndwassmadisiassuuialiiuda
Sneeniie Tﬂﬂﬂ1P°r’t1mnaf|'1iﬁ’ﬂuuﬁfupuﬂmﬁh Entropy Fasnounnalemaninnieg
dulumsnuurasdydnuaifdeanisdhnie WuReady Huffman toznmsidisiaovada

9 3/ Y Yt = d o
Mlddeyai laivuaidnauiiusuun

3238  @umsid139a Tier-2 (Tier-2 Coding)

as g/ a . w o g a 9 .
movdamsisialy Tier-1 92 ldnadnimsivdaduaoiiadeya Bit Stream)
1 £
Fevzgnas lidhsiade ludumsdisda Tier2  Taoludiumsdszuanavesduiiily
dawiimhiilumsiagiuuvesaedeyaiirumsiudalfiiuldawgluuomsishsda

anasgumsiivdadyanudeyadiidiuzinim IPEG2000
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3.3 ATZUIUMTIUAISII T Ha 521U DA (Context Modeling)

3
1AMuEdeya (Information Theory) na1131 “ludeymilszneudoiledoya uaz

: = 4 g9 U H
doyadndou (Redundancy)” TagilFuanitevesdoya annsavm ldvindunisvesn i

ﬁ @ wr a1 9/ 1 = dyﬂ s a d{ 3 o
FUYBINTTWUAUANHAUA N 114%1’63&?1 Taganndstiiiludunuvestsuavewiiedeyahn

Y

@ W ¢ < 9 & oo A o & a 9 Ao
dydnmaivila1d Fuduninluioswes Entropy Wude veuwaveslSinadeyaiiinny

'l 1dezdiudadoya dufluiitionlumsimlszaniamlumsiudadoya

Met1augu Jayaya A, 1lszaeudledadnual (0, 1,2,3) Tasildeya D=0,1,1,2,

a u!: q 1 1 o/ [ o
3,3,3,3,3,3,3,3,3,2,2,2,3,3, 3, 3 aaiuilonnuinzfuveusas dydnual lugadoya
E 4 ]
A, indaudeyasie D TAdail p(0) = 0.05, p(1) = 1.10, p(2) = 0.20 1Az p(3) = 0.65 tileti1 11
1 P a .ﬂy 9/ 1 e o o 9 ad o 1 9

manadulInaiedeyasedyansaine3snsA1uInA1 Entropy 93 1AA1 Entropy = 1.42
Uanedydnuel Aninauedoyavesyn A, Inide38msAnsanadisvesailegiiunas
mfegamisneuni oz lagdumesdeya D=0, 1,0, 1,1,0,0,0, 0,0, 0,0, 0, -1,0, 0, 1,

¥ ]
0, 0, 0 siatiu dyanwaifiUsinglungudoya A, = 1,0, 1} wazamamuinzdluvesnisiia

o as

o’ Lo 3 y o s a a
dyanuailuge A, Taaell p(-1) = 0.05, p(1) = 0.2 uaz p(0) = 0.75 el indlszdnsam
a T a AV ) o 1
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Generator Module)
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Uszynanandeetlszulanaliaseauneszurnialumalanilsneuudineslszuranalu
waaa 1)l

Sauriauandi o:

If (0'[0]) Pass = MRP,
Elseif (I? - [0]) Pass = SPP,
Else Pass =CUP;

Sumlanai 1:
if (o[1]) Pass = MRP;
Elseif (K’ p [1]) Pass = SPP,

Elseif (R, [0] &v[0]) Pass = SPP;
Else Pass = CUP,

umtiauaaii 2:
If (0'[2]) Pass = MRP;
Elseif (1_(' Y [2])Pass =SPP;

Eiseif (&, [0]&v[o]) &, [1]) & v[i]) Pass = SPP;
Else Pass = CUP;

Suwiaunaii 3:
If (o[3]) Pass = MRP;
Elseif (K’ o8] &[3]] 0'[2])Pass =SPP,

Eiseif (&, [o]& vio])| £, )& v[i]) &, [2])& v[2]) Pass = sPP;
Else Pass 2R,
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i kg = Proglil3ep ief0,1,23hk=j (4.5)
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Jasper Program
e e : Input for Bit plane coding
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jnmnlFlunmsnaaey

SnunadnEgoUAY

neEaYy | vua Faydnuaininlusunsu
NN (I x 1A) Jasper
(AouuFayanual)
1 256 x 256 667245
2 256 x 256 480879
3 256 x 256 355642
+ 512x 512 1089597
5 256 x 256 903923
6 512'x 512 2802085
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AN (1A x 9A) Jasper
(Aouuddnyal)
7 512 x 512 1337570
8 512 x 512 1424199
9 512 x 512 3701804
10 256 x 256 445296
11 512x 512 1448574
12 512x512 2635122
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Input Compare &
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|
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|
|
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module

report module

_ Report file
Input vector file

Output for
spp

Qutput for
MRP

Output for
cup
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5.3.1 MINaaaUIAUHIANITNEINIUBd FPGA

Tudmveaiatefzifunsnaaeuiavuianineinsvasssuy Inseaied
naueduszuulaseaiivesauise 9] Tasmsihszun Tnssadrerageslldns
Funsd AaoTilsunsudmdulddunnzivesusim xilink AN ISE Webpack 1un1s
AU 199N FPGA Spatan3 xc3s1500-4fg676 Smunad 189 1nms dua s anngn

waad 18dan15197 5.2 uaza1519f 5.3

95197 5.2 uanansnennsn 1y lunseenuuuszun Inssasanuiaus

§auviamia Sui 14l wefidud
Slices 13,312 786 5%
Flip Flops 26,624 373 2%
4 input LUTs 26,624 1,174 4%
Block RAMs 32 15 46%

GCLKs 8 1 12%

Total equivalent gate count for design

997,762
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$uianun Sl I
Slices 13,312 978 7%
Flip Flops 26,624 441 1%
4 input LUTSs 26,624 1,178 4%
Block RAMs 32 10 31%
GCLKs 8 1 12%
e e e
Total equivalent gate count for design 701,519
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(Maximum Clock Frequency; MHz)
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[ ¥ . 1
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Tassadwannsauans laasn1s1en 5.5
a Vs a =a [ 2 - A 1
aumsnlsnlszd@nsmwszoznalumsneuauesremsdanisn lsansanial

1&9rneumsn (5.1)

T = %x Clock cycle (5.1

- szeznalumsaouaued (T,) Tndbniluiui

=] ] ad
- anusalumsdssuaana (F; Clock Frequency) vtiaodluungiasa

- §1uugndayaIsuAni (Clock Cycle) Hvihufiugndyaauim

{ =] 1 a n’:
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aw o aw 9
Tﬂiﬁﬁ%}'lﬂ‘il'lﬂq'lu?‘ilﬂ [9] Uszulana m51]53mawamm’fﬁﬂﬁmrmmw [9] 9z l4aa1

3 E7) [ ¥
nadulszana 12,673 Saaluwin d9ldaateuunnssuu lassaiemitaue

=Y e d H °
5.3.5 manaasuifTinamadnsneaivesscuulnsaasd uniauenazszuy

Tnsaadvesandan [9] (Throughput: Symbols / Sec)

dmivlumamaaeudszaninmuesdiumenageuisziiumsnagen ludes
vosllSuramadnsd ldnnmsilszunaravesszun Tnseadrefitiaueuaz sz o Tassaias
vosuife  [9] deraanii 14 lumsiszuaana (Throughput:  Symbols/Sec) iitevin
anuannsaveslszansnmwlumslssiranavesszuulaseadiasanan lumsissuiana
madhsadeyafifiuglamluudas g wadnsi1de: Ty gufulumsmadeuiiazld
msmianlSuiamaanidenalluuday g wazmsmAnedsianuaieiudunuves
USinmwadnidernaweuday szunlaseaiie wait ldnnmsmaaeudmivszuylnseaiis
finaueuas sy Tnssaireanise [9] WErAIRIAITI9T 5.7 dmTuaTIaRt 5.8 uaRenamae

a a 4 a ar 1 1 g
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HU8LaY TuUgndyQIaUIRn F2UzIA UM TABLAUBY

gﬂmwﬁ
14 91U [9] audeiinaue | ewdieo] | swdfeiiuaue

NAAOL
1 623673 225686 6.226767173 2.248517998
2 365977 128964 3.653923722 1.284873121
3 366605 128964 3.66019369 1.284873121
4 1025001 365046 10.23363618 3.636966853
5 851429 301602 8.500688898 3.004871925
6 2600741 934964 25.96586462 9.315081049
7 1151881 407684 11.500400935 406177083
8 1268331 446164 12.66304912 4.445148499
9 3034425 1079526 30.29577676 10.75535762
10 360736 126884 3.601597444 1.264150003
11 1115459 395204 11.13677117 3.937432127
12 2644425 949526 26.40200679 9.460162796
13 1677047 582404 16.74368011 5.802512678
14 1265179 445124 12.63157947 4.43478694
15 1018752 362964 10.17124601 3.61622381
16 1337001 469046 13.34865216 4.673122715
17 872121 314086 8.707278355 3.129250481

3 21578783 7663838 215.443121 76.35510257

§ 4 a a 1 @ 1 9
P'l'iﬁ'ld‘ﬁ 5.6 LLﬁﬂ\iN'ﬁlﬂaEHJ53ﬁﬂﬁﬂ’i“ﬁlﬂ~3ﬂ1?ﬂﬂﬂﬁuﬂﬂﬂﬂﬂ']iﬂ\i»ﬂﬂiutlﬁlﬂg5SUUIﬂ5~3ﬁ51~3

szuuTassad

HAmAsS UGN A Y QY IRUTIAN

a
Hamasszezialluns

(Clock Cycle) ABUAUBY (Hadu1i)
NI [9] 1,269,340.176 12.67312477
szuuTassaieitineaus 450,814 4.491476622
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1un1’:‘mmﬂsmmwaawmauﬂn Uan¥UADLIATHU ﬁ'l‘lJ'l'iﬂﬂ"lu’]ﬂlulﬁﬂ\‘iﬁHﬂ’i‘i

7 (52)

Throughpar = NumberTof symbols 52)
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1 a [ o 1
® Throughput ABA1VE4LSINMNAANE RO UAL YANHMUABLIAT (Symbols/ Sec)
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1 as s o
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ay $uIURAANToUAUABLIAT (Symbols/Sec)
vgnvilnwnlenadeu :
; szuulassadieanide [9] | szuulassadiemiteue
1 107157531.6 296748792.1
2 131606195.6 374261856.9
3 97164803.32 2767915324
4 106472125.9 299589477.7
5 106335264.2 300819143.9
6 107914180.5 3008116607
7 116306294.8 329307106.7
8 112468883.8 320394020.6
9 122188780 344182325.7
10 123638470.7 352249336.5
11 130071272.8 367898151.2
12 99807640.42 278549329.1
13 101846606.5 293887681.9
14 111986232.8 318969776.7
15 110894574.7 311909898.1
16 106417036.2 303977465.8
17 109220810.6 303911753.3
o T
57U 5,374,259,309
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52U IAT9aT1908991U 390 [9]
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_1of x|

WAHHHHAAHAANAEERANAHANATNAAATANTEAHTARTND NN ANDAA NN

¥ REPORT~--FILE ¥

WAHNHHANAAANN AR AEAANAANAAATANAANAAANANANNATAANANANANAN

Test vector : 0000
Test time : Sun Sep 06 00:58:40 2009

WAHHHNANHAANNNEANAHANEANANAHENNNNHENNENENNNNNN NN NN

Error detail :

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

i SUMMARY "

(WA A HHHHNENHHNANENHTNATAENTAENENERENNTATENENNTNNAN NN

Total Cycle count . 76964 cycle(s)
Number of error for SPP : 0 error(s)
Number of error for MRP : 0 error(s)
Nurmber of error for CUP - 0 error(s)
Number of symbol for SPP: 108403 symbol(s)
Number of symbol for MRP: 134479 symbol(s)
Number of symbol for CUP 58049 symbol(s)

Total symbol count L 300931 symbol(s
|Totaf error count ) 0 error{s)

Simulation finished date : Sun Sep 06 00:59:09 2009

WA A W W OO O A A OO AW AR W A WO A A A W

<]

i w” 3 J 0 o P
U7 5.7 fredne Idseauvesmsiimesmsvhauvesssun Tnssainiirue

| Meses |

JShowErrar X
olunit/rsth
olunit/clk
olunit/fifoempty

olunit/fifordenctl
olunitfwrmemen
olunit/wrmemsel
olunit fwrmemcnt
olunitwrenspp

O O O = = O - -

b
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@(  1046)(Symbol: 1) Exp: 100100, Out: 100010, CupRLCO

WA W A R AR AR WA A O RO AW

P* SUMMARY *

AT A W AR WO ORI W A

Total Cycle count . 76964 cycle(s)
Number of error for SPP 0 error(s)

I Number of error for CUP - 1 error(s)

Number of symbol for SPP: 108403 symbol(s)
Number of symbol for MRP: 134479 symbal{s)
Number of symbaol for CUP: 58049 symbol(s)

ol{s)

otal error count : 1 error(s)

Simulation finished date : Sun Sep 06 00:50:28 2009
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6,348 kpixels/s

U8 [7]

< 3.43 Cycles/ Column

91U [8]

TSMC 0.25 um

40 MHz
(312.259 kpixels/s)

105.9 kgates +
memory (256 x 22
bits, 64 x 10 bits)
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Efficient pass-pipelined VLSI architecture for
context modeling of JPEG2000

Khomkris Mathiang
Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand
Email: ratiodetector@hotmail.com

Abstract—In this paper, a design of pass-pipelined architecture
for context modeling implemented on FPGA is proposed. The
architecture is separated into 4 pipelined stages. As a result, the
processing time and the critical path delay can be reduced while
the multiple symbol context pairs are allowed to be generated
simultaneously. Moreover, dual memories and data multiplexer
are employed in order to accelerate the memory nccess. The
proposed pass-pipelined architecture can process with the speed
greater than 100 MHz and can generate up to 22 context-data
pairs in one clock cycle.

1. INTRODUCTION

The developed JPEG2000 [9] standard based on Diserete
Wavelet Transform (DWT) can perform for both lossless
and lossy compression. The JPEG2000 standard will be
effective in a variety of applications such as internet, digital
photography, digital library, printing, scanning, medical
image, and mobile multimedia communication.

To improve the performance of DWT and bit-plane coding
algorithms for real-time applications, there is a requircment
for the development of the JPEG2000 system on the custom
spatial VLSI for high-performance computation,

An Embedded Block Coding with Optimized Truncation
(EBCOT) is the most time consuming function in the
JPEG2000 process. It requires nearly 70% of the total coding
time. Therefore, several rescarchers have been proposed the
VLSI architectures to help reducing this computational time.
One of the proposed architecture employs a pass-parallel data
path [2] - [5], [8]. In this designed archileclure, the context
modeling scheme merges the three coding passes of bit-plane
coding into a single pass to improve the system performance.
Another architecture was proposed using a pass-predicting
and clean-up pass skipping structure [7].

This paper is organized as follows. In section 1I, the pro-
posed context modeling system is discussed. The experimental
results are illustrated in section I1I while section [V present a
conclusion.

1I. THE PROPOSED CONTEXT MODELING SYSTEM
The proposed architecture processes all stripe columns
(shown in Fig. 1) in one clock cycle for each coding pass.
From this process, up to 22 context-datu pairs can be
generated. The extreme case of 22 generated context-data

1-4244-1373-7/07/$25.00 ©2007 IEEE
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Fig. 1. stripe column of the context window.

pairs occurs when all data is non-zero and all locations
in the stripe columns of context window are active. As a
result, 8 context-data pairs are generated for Signi cant
Propagation Pass (SPP). 4 context-data pairs are produced in
the Magnitude Rel nement Pass (MRP) while 10 context-data
pairs are created in the Cleanup Pass (CUP).

In this paper, 3 state bits are used for signilcant state
(o), magnitude relnement state (c¢’), and coding state (r)
of all sarple locations in the stripe columms of the context
window. The signi’tant state variable (o) is set to O for
the [ist bit-plane of each code block, However, if the Trst
non-zero bit has been coded, the o is set to 1. In addition,
the magnitude re[hement state variable (o) is also initialized
to 0. The ¢’ will be set to | when the magnitude bit of the
location has been coded in MRP, The 7 is set to 0 at the
beginning of cach bit-plane. When the sample location has
been coded, the 17 will be set to 1.

The context window of the proposed architecture is shown
in Fig. 1. The shaded columns are current coding stripe
column that will be processed for each coding pass. The
sample location A, B, C, and D will be processed if the pass
“ag of SPP is active, If the pass _ag of MRDP is active, the
sample location E, F, G, and H will be processed. However,
if the puss “ug of CUP is active, the location 1, J, K, and L
will be processed.
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Fig. 2. Hardware structure.

The followings are terminologies used in this paper

1,7, k :location in the stripe column of the context window
{0-6}.

v[i,j] :magnitude data at row i and column j in stripe
column of the context window.

oli. j)§pp signiCeant data at row i and column j in the
stripe column of the context window for SPP at time £,

nli, i]%pp :coding statc data at row i and column j in the
stripe column of the context window for SPP at time £,,.

i, i}§pp :updated coding state data at row ¢ and column
1 in the stripe column of the context window for SPP at time
ta.

Pflaglil¢pp pass Thg at row i in the stripe column of
the context window of SPP at time 7,,.

| :bit-wise OR operation.

& :bit-wise AND operation,

The pass concurrent membership testing methodology
[1] is adopted to process all sample locations in the stripe
columns.

A. The proposed architecture for context generating

Fig. 2 shows the hardwarc structurc of the proposed
JPEG2000 context modeling system, It includes the I/O in-
terface, controller, memory, data multiplexing, and context
generator core modules. The I/O interface contains FIFO,
which is used to manage data coming fo and sending from
the proposed system. The controller module is responsible for
interfacing to IO interface module and managing the tasks of
data multiplexer, memory, and context generator core module.
In the proposed system, dual memories data multiplexing
module are utilized to speed up the memory aceess time.
Finally, the context generator core module generates context-
data pairs using the proposed pipelined architecture.
B. The proposed context generator core module

1) The contexr generator process: The state diagram of the
proposed context modeling architecture is shown in Fig. 3.
The 4 stage pipelined is developed to optimize the critical
path delay on FPGA. In stage 0, control unit generate control
signals for reading, writing, and addressing to control the
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Fig. 3. The proposcd pass-pipelined archif

memory units. This helps in managing and synchronizing the
access to the memories, The stage variables are also initialized
in this stage. In stage 1, the state, sign, and magnitude data
will be processed in the boundary handler unit to manage the
boundary of each code block by inserting zero for the Crst and
the last columns. After boundary handling process, the data
will be sent to Ko', Ko, and Pflag gencrators. The Ko’
generates the possible set of ¢ bits, while the Ko generates
the possible set of o bits. Pflag produces the pass “ag. The
update register unit updates the state and data back to the
memory. The proposed pass-pipelined architecture is used in
stage 2 to reduce the critical path delay. All the generated
information from stage 1 will be registered. All the data from
the pipelined register in stage 2 will be sent to the three passes
of the context generators (SPP, MRP, and CUP). Each context
generator contains several operation modules. The operation
modules for the SPP are zero coding and sign coding modules.
The magnitude reCnement coding module is used in the MRP,
Finally, the zero coding, sign coding, and run-length coding
modules are used for the CUP.

2) The pass-pipelined architecrure: The pass-pipelined im-
plementation is the main designed structure for the proposed
context modeling system. The pipeline structure consists of 4
columns of the coding state shift register as illustrated in Fig.
4 for each coding pass. The  shift register is used to track the
status of the input sample whether it has been process. The
equations used to modify the values of all locations in the 7
shift register are shown as followed:

i, |5pp = Pflaghlgsp:
i€{1,2,3,4},5¢€ {2} ()
‘?[in-ﬂfﬁnp 1 ’ﬁi'k]{‘?'l;};

i€{1,2,3,4},j € (3}, k€ {2} (2)
iilis 1)5ire = P Flaglilyize nli, Kyie
i€ {1,2,3,4},5 € {4}, k€ {3} 3

1li 38y e = Al MiRpi
ie{1,2,3,4},5 € {5}k € (4} *

Only 4 columns (column 2 - 5) of the coding state shift
register are chosen in the proposed architecture since the
coding state columns of 0 and | are always zeros. The
information in those columns has not been coding from any
other passes. In addition, the coding state column 6 will not
be processed any further. Therefore, it would be unnecessary
to store in the memory and would be neglected. Reducing the
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Fig. 4. n shifl register window.

number of columns of the coding state shift register leads to
hardware saving without any loss of information.

Equation 1 presents the update coding state, which relates
to the pass “ag value of the SPP. If some samples in the same
stripe column of the context window has been coded in the
SPP, the 1) state will be changed to the value of the represented
sample at the location of the coded stripe column.

Equation 2 :The value of the coding state value of the MRP
is changed based on the update coding state of the SPP before
altered.

Equation 3 is used to assign the combination values of the
pass [ag of the MRP and the previous 7 state of the MRP to
the 7j state of the MRP in the stripe column 4 from Fig. 4.

Equation 4 :The value of the coding state of the CUP is the
same as the update coding state of the MRP before altered.
If any location of the coding state of the CUP is zero, that
location will be processed in the CUP.

C. Possible Ser of o Bits
A possible set of o bits is a set of possible o state in the
stripe column of the context window. A ¢ can be changed
immediately in the same stripe column that only happens in
the SPP and CUP. The possible set of o bits (PSaB) can be
generated as followed:
PSaB[1]% = {o[0,j = 1), o0, j]t,
a0, + 1,01, - 1%,
U[],j M 1]’::"»'7[2vj ]Ii"n
a[2, )5 o2, + 1} (5)
PSeB[2) = {o{L,j — 1), 611,41,
oty + 1) 0(2,5 — 1z
al2,5 + 1 a3, - 13,

a3, 51, a(3,3 + 1]} (6)
PSe Bz = {af2,5 1}, 02,5l

0[2;j +1 i."‘d'[:i.j 3 1];"!
o3,5 + 1], old5 - 1]t,
ald, gl 4,5 + 1)} @)
PSaBM = {a[3,j — 1]t (3, 4],
af3,i +1)% a4, i — 1)L,
o4, i+ 1)y el5,5 — 1),
afs, 1,05, + 1)1} ®)
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The j is 1 if z is the SPP. Otherwise, the j is 5 for the
CUP.
Where é[i, j|gpp for the SPP and can be generated as
followed:
&li» 15pp = (Pflaglilsppdevli, ) ali, il pp);
i€{1,2,3,4},ie{l} @
Where &[i, j]i?,,» for the CUP and can be generated as
followed:

5[i:j]!(3'rm = ((Pﬂﬂﬂﬁ];?rm&”[’;'j])fglf,j]lr?rm)i
i €{1,2,3,4},5 € {6} (10)
D. Possible Set of o’ Bits

A possible set of o' bits is a set of possible o’ state in the
stripe column of the context window. A ¢’ can be changed
immedintely in the same stripe column that only happens in
the MRP. The possible set of o bits (PSo’ B) can be generated
as followed:

PSa'Bll5ipe = {210,215 e ' [0: 3151 g
a'[0, 4] rp 0" (1, 2] s
o"[L, 418 e o 22 e

o2, 3]ipp o' 2,4l Nimp ) (1)
P50’ B2 = {0'[L, 2 rp o' [L, 3 i
o'[1, 451 pp, ' 12,21
a'l2, 4”&31’:”'[3:2]3\}&@

o'[3, 35t re @ B dliigp )i (12)
PSa'B3ine = {0’12, Aitrr o[2. 851 e,
o'12, 45 rp '8, 2R
o'{3, 45k, o' (4, i rp,

a'[4, 3 ipp o M Alire ks (13)
PSo’ Bl e =13 2Ry rp: 13,815 s
'8 451 ke o[ i rp>
o[, 415 e 015, Y e

a5, 35inp: 0B Aiirp Y (14)

Where J‘[i,j]f‘}ﬂp for the MRP and can be generated as

followed:

a'li dl5inp = (Pflagliliipple’li, 15t npds

i€ {1,2,3},5€ {3} (15)
III. EXPERIMENTAL RESULTS

The rst step, we initialized the test vector data to testbench,
After that, the simulated program will be processed the test
vector data to testing the proposed system. For the test result,
that show in TABLE.II presents a clock cycle count for
the proposed architecture. In the proposed architecture, it
consumes 15599 clock cycle per code block. For this mean, the
30 images for size 640x480 is process completely in a second.
To get the hardware cost and system performance, we should
the Xilinx ISC Webpack tool for synthesized the proposed
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TABLE 1
A HARDWARE COST FOR THE SYNTHESIZED PROPOSED ARCHITECTURE

Technology Library:  x03s1500-41g676
MNumber of Slices: 494
Number of Slice Flip Flops: 397
Number of 4 input LUTs: 826
Number of BRAMs: 14
Number of GClks: 1
Maximum Frequency (MHz):  110.461

TABLE 1L
A CLOCK CYCLE COUNT FOR THIS WORK

[ clock cyclesbit-plane | 1040 cycles |
| clock cycles'code block | 15599 cycles |

architecture and selected Spartan-3 FPGA device technology.
The results show in TABLE.L, present selected FPGA device
technology, number of slices, [iplops, 4-input LUTs, and
block rams (BRAMs). The maximum frequency from this

FPGA device for the proposed architecture is 110.461 MHz.

IV. CONCLUSION

In this paper, it is presented the pipelined algorithm to
process completed stripe column during each pass. The archi-
tecture is ef_cient design to enhance the clock rate. The results
show the proposed architecture that has processing speed than
100 MHz and generated context-data between O to 22 context-

data pairs a clock cycle. To reduce critical path delay, the

proposed architecture used a 4-stage pipelined. For smoothly
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accessed memory, the dual buffer technique is used. The esti-
mation hardware cost was synthesized on Spartan-3 platform
with Xilinx ISE Webpack.
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Improved Context Modeling Architecture of
JPEG2000 on FPGA

Khomkris Mathiang
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Abstract—In this paper, an fmproved context modeling archi-
tecture of JPEG2000 implemented on FPGA Is propesed. The
proposed architecture is based on @ pass-pipelined structure
with dual memories and data multiplexer. The proposed context
modeling architecture allows muldple symbeol context psirs to
be generated simultaneously while the pass-pipelined structare
helps to reduce the processing time and the critical path delay.
Morcover, the dual memories and data multiplexer are employed
in order to sccederate the memory access. The proposed pass
pipelined architecture can process with the speed greater than
100 MHz and can genermie up to 22 context-daia pairs in one
dock cyde.

1. INTRODUCTION

The developed JPEG2000 [9] standard based on Discrete
Wavelet Transform (DWT) can perform for both lossless and
lossy compression. The JPEG2000 standard will be effective in
a variety of applications such as internet, digital photograply,
digital library, printing, scanning, medical image, and mobile
multimedia communication.

To improve the performance of DWT and bit-plane coding
algorithms for real-time applications, there is a requirement
for the development of the JPEG2000 systern an the custom
spatial VLSI for high-performance computation.

An Embedded Block Coding with Optimized Trunca-
tion (EBCOT) is the most time consuming function in the
JPEG2000 process. It requires nearty 70% of the total coding
time. Therefore, several researchers have proposed the VLSI
architechires to help reducing this computational time. One of
the proposed architecture employs a pass-parallel data path [2]
- [5], [8]. In this designed architecture, the context modeling
scheme merges the three coding passes of bit-plane coding
into a single pass to improve the system perforance, Another
architechire was proposed using a pass-predicting and clean-
up pass skipping structure [7].

However, in this paper, a design of pass-pipelined architec-
ture for context modeling implemented on FPGA is proposed.
The architecture is separated into 4 pipelined stage. As a result,
the processing time and the critical path delay can be reduced
while the multiple symbol context pairs are allowed to be
generated simultaneously.

This paper is organized as follows. In section II, the
reference and proposed context modeling system is described.
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Fig. 1. Centext modeling system blode dagram.

The experimental results are illustrated in section ITI followed
by a conclusion in section IV.

1I. THE CONTEXT MODELING SYSTEM
A. An overview of a context modeling system

In this section, an overview of context modeling system in
bit-plane coding(BPC) process is described.

In BPC rmodule, the quantized wavelel coellicients are en-
coded bit-plane by bit-plane, starting with the most significant
bit-plane which is the sign data. The :** bit-plane is separated
into stripes. Each stripe consists of 4 rows, which is pro-
cessed in 3 coding pass, Significant Propagation Pass (SPP),
Magnitude Refinement Pass (MRP), and Cleanup Pass (CUP)
respectively. There are four possible coding operations used
for generating the value of context-data pair. Two operations
of zero and sign coding are employed in the SPP while
the magnitnde refinement coding is operated in the MRP
Additionally, three operations of zero, sign, and run-length
coding are implemented in the CUP.

B. A review on a context modeling system

There are several context modeling system are proposed in
the literature [1]{8]. This section provides a review of the
context modeling system proposed in [1]. Fig2 shows the
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Fig. 2. The exciting context modeling system from [1].

hardware architecture of the context modeling from [1].

The context modeling architecture can be separated into
three states. State 0 is the control unit providing the interface
to the main control unit of the encoding system and controlling
the memory read/write signal generation for data, sign, state
bits, and coding pass information. State 1 is used to handle
data and generate simple information for compression. The
boundary handler in this state is used to monitor data at the
boundary of the image. Finally, state 2 encodes mnformation
through three coding pass (SPP, MRP, and CUP) using sign,
ZC, MR, and nin-length coding operations in order to generate
the context-data pairs. It also generates the context-active
signal, depending on the current pass, run-mode signal, run-
interrupt signal, pass flags, and data bits to identify the active
context-data pairs, In addition, a multiplexer is required to
select between the context-data pair generated from the ZC
operation and that of MR operation depending on the current
coding pass. The system can process a complete stripe column
in a single clock cycle for each coding pass. Besides, up to
10 coding-data pairs can be produced in a single clock cycle.
The extreme case of 10 context-data pairs happens only during
the CUP when the run-mode condition is satisfied while a
run interrupt occurs immediately at the first sample location
in the stripe columm. This system repeatedly computes for
the context-data pairs three times for cach bit-plane since the
coding pass can be operated only one pass at a time.

C. The proposed pass-pipelined context modeling system

Fig.3 shows a block diagram of the proposed pass-pipelined
context modeling systemn. The proposed system consists of five
modules as followed.

1) Input Inferface Modude: : This module is used to ex-
change information between external data and the proposed
context modeling system. First, input data is inserted into
FIFO. Then, input data from FIFO are sent to the sign and
magnitude generator block in order to separate the sign from
the magnitude of the data. The last process of this module is to
pass the magnitude and sign data to Dual Memories Module.

Context generator Control unk

| signticant i
o Sy Address | | Memory selector | [ Daavaie ||
Magntude Generator| | connll.o:‘-lc Generabr | [7

predd li;?‘:(ﬂurii ;m:.‘,
et

| i
IMagneuse if Magense |
{Generton h Mermery |1 |
s = (8)

Indertace

i Lt
b s
Fig 3. The proposed pass-pipelined architecture block diagram.

2) Dual Memories Module and data mudtiplexer: : In this
madule, dual memories of A and B are used to store both
magnitude and sign memory. While memory A is used by the
context generation module, the data for the next code block
will be loaded into memory B. Each set of memory will be
enabled by the main controller through the data multiplexer.
This helps the context generation module to process input data
continuousty without an interruption of input interface delay.

3) Context Generator Conirol Unit: : This module is used
to generate the control signals such as addressing the memory,
selecting data, and control valid data for the context generation
module,

4) Context Generation Module: : This module is used
to generate pass flag, significant state, magnitude refinement
state, and coding state. The pass flag equation is illustrated in
equation (1) - (6):

Pilagll)5ep
K Sigma(1)&-Sigmas P P(1); 6}
Pilag[dspp =
(£ igma(2)|(Pflag[1ippdu]l, 1))
&;—-SigmaSPP(ij; 2
Pflagl3|pp =
(R Sigma(3)|(P flagl2litppdeu]2, 11))

&~SigmaSFP(3); 3)
Pilagli)gpp =
(K Sigma(4)|(Pflagl3 'S‘P_P&zu 3,10
&—-SigmaSPP(4), 4)
Pflaglilyzrp =
SigmaMRP(H)&—li O pp i € 1,2,3,4 (5)
Pflaglizye =
—nli, Sy pri € 1,2,3,4 (6)
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where K Sigma(i) is a neighbor significant state of row
4. The nli, j]% is a coding state for row ¢ and column j at
current time. Witch z, it is a set of {MRP,CUP}.

The possible set of significant bit show as below:

Ug’j*ii? a'FljaJ]z 71]:
n T a ’j+ I“’ a ’J7 2‘5
PSeBll = 3 opi+1f, ofgi—1k, (@
o[2, ik, al2,7 + 1]
0‘%,2.'— Hz ’ UE‘JF" 1}
B . olly7+1], old,1 -
PoBlls = 3 opj+ 1l of3,j —1jir, (- ®
a[3, j];‘: o[3,5+ 1
0[2.1'—1%:;, 3{2,.1‘]2‘, .
tn o2y +1)%, of3,5 - 1]%
PoeBlr = olgitile, o1, (9
old il ol
0{3,.?' = 1%5", 8,42,
3,5+ 1 oidy g~ 1]t
PScB4l» = a7 z s 2 Lo
a. Hz 6[4»3+1i”’ c'[ j‘—i] (10)
ol o+l

The possible set of significant bit is a set of significant state
that is neighbor position for all position in current processed
column. This data may change the state immediately in current
process time.

The & (i, 7]% canbe generated from equation (11), where i is
the i row and j is the j** column of process window. The ¢,
is a current time when « is a current pass 1o process. Equation
(11) 15 used to generate immediately updated significant state
for the significant propagation pass.

li, 15 p = ((Pflagli)gppevli, i) |oli, )pp) ;
i€{1,2,3,4},ie {1} abD

Equation (12) is used to generate immediately updated
significant state for the cleanup pass.

&li,3)Gup = ([P flaglilgyp&erlid)) ol 118up) ;
ie{1,2,3,4},5¢ {5} (12)

The neighbor magnitude refinement state can be generated
using equation (14) - (16). This is called possible set of
magnitude refinement state bits.

0'[0,2]3},;;, U'[Ogalhnp:
o[04 rres o'[1,2]37Rps
PECBMaRe = o1 Ay, o2i2lfipr, [ 7
o'2,3)5rrps (2, 4]{iRp
%],2% P o"{l,S};‘:‘,RP,
LAl mes 22 ne
P BBne =\ ol dl e, B Aine [ 07
o'8,8] irps '3 4Sinp
Bk T
‘2,45t rpr o'[3, 23 e
PSo'B[3|fipp = ’[&cﬂ%ﬁ. U,E‘i,z]?ﬁ; (15)
o'[4,3] 57 rp» ”jf4=4]ﬁﬂp
’[3»2]%?112?: ::[3’315}“’
o 580 ] o
a'l5, S]MRPI o'[5,4] 33 rp

Because the magnitude refinement state can be immediately
change its value in the current process column, its value must
be immediately updated using equation (17).

(Pflag[iliirple’lis it re)
ic {112:3}:j € {3}

o'[i, dlire =
an

where o'[i, j]’ p 35 @ previous magnitude refinement state
before immediately updated magnitude refinement state at
current time.

5) Primitive Operator Generation Module: : The primitive
operators i context modeling consist of 4 primitive operators:
Zero, Sign, Magnitude Refinement, and Run-length Coding,
The SPP employs the zero and sign coding operators. The
MRP consists of only the magnitude refinement coding. In
addition, the CUP utilizes all threc operators: zero, sign, and
run-length coding.

In the proposed system, all the three passes (SPP, MRP,
and CUP) are fully processed in parallel. This can increase
the performance of the proposed system upto 22 context-data
pairs generated in a single clock cycle

IIT. EXPERIMENTAL RESULTS

In this section, the proposed pass-pipelined context mod-
eling architecture is implemented on FPGA. The designed
architecture is compiled and synthesized using Xilinx ISE
Webpack tool and ported onto Spartan-3 FPGA platform,
Several standard images are selected from the database as
test images such as camera man, Lena, Mandrill, and pirate.
The performance comparison of the context-modeling sys-
tem between [1] and the proposed system are presented in
TABLEL and TABLE.IL. TABLE.I presented a comparison
of hardware cost and maximum clock speed while TABLEIT
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