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ABSTRACT

In this paper, a design of a dual symbol processor for arithmetic coder architecture
implemented on FPGA is proposed. Usually, the regular operation of the MQ-Coder is sequential,
which can process only one symbol at a time. However, the Bit-Plane Coding can generate more
than one symbol per clock cycle. Consequently, the coding speed will be limited and bottlenecked
at the interface between the output of the Bit-Plane Coding and the input of the MQ-Coder.
Therefore, the proposed MQ-Coder architecture is designed to process two symbols for each
clock cycle. The success comes from the proposed prediction process of the upper bound, lower
bound, byte out, and index values. This allows the second symbol to be processed without waiting
for the end of the process of the first symbol. As a result, the proposed architecture of the
arithmetic coder can effectively process dual symbols with faster speed and higher encoding

performance.
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Read(CX0, DO)
0= 1(CX0) |
mps0 = MPS(CX0) |
nlps0 = NLPS(i0) |
nmps0 = NMPS(i0) |
qe0 = Qe(i0) |
qe_nlps0 = Qe_NLPS(i0) |
ge_nmps0 = Qe_NMPS(i0) ]
switch0 = SWITCH(i0) |
a0 =A-qeo |
c0=C +qe0
lz_a0 =LZ(a0) |
1z_qe0 = LZ(qe0) |

renorm_a0 = a0 << |z_a0
renorm_qe0 = qe0 << Iz_qge0 ]

renorm_c0 = c0 <<|z_a0

renorm_CO0 =C <<lz_qge0
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Read(CX1, D1)

i =1CX1) |

mps1 = MPS(CX1) 1

nlps1=NLPS(i1) |

nmps1 = NMPS(i1) 1

qgel = Qe(i1) |

qe_nlps1 = Qe_NLPS(i1) |
ge_nmps1=Qe_NMPS(i1)

switch1 = SWITCH(i1) |

a1l =select_a() - select_qe()

c1 =select_c() + select_ge()
lz_a1=LZ(a1) ]
Iz_ge1 = LZ(ge1) |
renorm_al =al <<lz a1 |

renorm_qe1 = qgel <<lz_ge1

renorm_c1 =c1 <<z_a1

renorm_C1=C <<lz_qge1 |
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Algorithm: Arithmetic Coding

begin
I = 003
H=1.0;
F(0) = 0;

for (j =1 to N) {

i = index of Symbol(j);

I+ (H= L) * FP{1 = 1)3
Lo+ (H = L) * FP(i):

g,
L
H

}

Output ((L+H)/2);
end
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L, =05+(0.9-05)x00=0.5 (3.3)

H,, =05+(0.9-0.5)%03=0.62 (3.4)
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Bdadu i ldTmsoenuuunIsIadinEusn 9 A1319 A0 #1918 LZ_Qe, A1310 NLPS_ NLPS,
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ms1alddade il
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M3514 NLPS_SWITCH 11a¥A1519 NMPS_SWITCH
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2) m1519 MPS ilumsrufusmmsiivsadeyauun Code MPS

3) 71519 NLPS ilumsradumdaiida ldmsumstudadeyauuy Code LPS

4) 71519 NMPS !."ﬂuﬂTi1qtﬁuﬁﬁmﬁﬁﬂ'1ﬂﬁ1w§'um‘iﬁuﬁﬂ%y‘mmn Code MPS

5) #1574 Qe (Wuaufumahzily 1Fdmsumsiiuiua A uaza C
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daveyavasdyanualneuniiiuuyy Code LPS
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1w oA 3 9 @ W o
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18 1fl0s0nm A - qe T IdTumasi udanmsdunamildlumsfuanves
;Ui P3 wundwaumguiimihgagavesan A - qe 1y 2 awnsadiuau 1@
1

ﬂ'ﬁmmmm A: Min(A) = 0x8000

’ﬂ‘“lf‘l:ﬂ’qm.lm qe: Max(ge) = 0x5601

Min(A) — Max(ge) = 0x29FF = 0010 1001 1111 1111

vedunamiuldnsaugudimiveswadnimiiuaes Tasiuvinia

MsB Tdstia LSB Milimseonnuvamilaonssuvesguuy P3 uuald 3 uuy

flo
DP3A=A-qe
2) P3,: A=(A~ge)xsll A5un A - qe xﬁnﬁu 2 191)
)P A=(A-qe)<<2 (SuUA A - ge i 4 i)

@ 1 v o 2 @ 0 3/ v 3 J
nnmMsdananyIRaanivesgluuy P1 uaz B3, imdouny mlvansalsaiaunag
swiuld dwaasanrilnonssudausanmusumauu (A) Tugali 4.3
AN Yo A = ° o o
vnaoilaenssuiiaduauelugdn 43 madansmamasfuIakadns
' Y v ) 9/ = w o 1 3
arnih ldgminnlslumsesniuy msidensadniannsmamialani (P1/P3, P2, P3,
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E
@ 1

Haans 14 luzuh 4.4 Taviseu lulumsi@onnaansuosn A agduagiy 4 Arnan Ao

1) SWIUMFUETNIHINYBIHARTISZH 1M A AUAUAIINAISI Qe
2) 1n MSB Y09HAA195 21 I19A1 A aUAUAIINAITI Qe

= 9 U " o 1 1
3) wamsSeUMgYosn 109 A AUADUNIVDIATININATTN Qe

4) pununnsiiudadeya MPS n3e LPS

4.3 M30ONUUVTIUAMHIUMVOVIUAAI

mMseenuuYaEIumIINA C zldudnmsmiloudumseanuuuaiuiiuIun A
uAvziimsesnuuudumaiuAy iswind C ﬂxﬁﬂﬁtﬂ%ﬂuuﬂmnﬂﬂ%‘dﬁﬁ’luﬁm"ﬂ
WAGNT (Byte out) 11141 sufunsoonuuusufiuszdosiilsianismaas ¢ wdad
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ENCODE(CX, )

_qe= Qal(CX))

D = MPS(CX)

A=A-ge ' ’ A=ge ] | A=A-:;re | I

First Symbol Encoding Un it
<2
\ % é [ | <AO<ZXQEO>
|

MPS,/LPS,

@ MSB o @ ° 1z_ge, |<A;<2xQe,>
|

> 4 MPS,/LPS,

311 4.3 uaasaniilaonssuvesaaud MMV UINALY
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IF D, = mps, THEN // Code MPS
IF dif ap[l5] THEN
a, = dif_ao L EL
ELSE
IF a; < 2 x ge; THEN
a; = geg << Iz ge // P2
ELSE
CASE 1z gep, OF
(61 a; = dif_ao // |.D31

1l: a = dif_ag g 1 7Y P32
2: a; = dif a, << 2 // P33
ENDCASE
ENDIF
ENDIF
ELSE // Code LPS
IF a; < 2 x gey THEN
CASE lz gey, OF

Oz g dif_aa // P31
1”58, = dif_ao << 1 /e P3,
2: a, = dif_ao <</2 // P35
ENDCASE
ELSE
a, = geg << 1z gey [/ P2
ENDIF
ENDIF

H @ oA o # ]
1 4.4 uaasTaaiouvaaiadmansosn 14 lunisienmve Ly
g = o T o T o o’ - 1 [ o 1 o o o
nnlfaeumsmnuvesdinidesadng lugifi 4.5 nuhannhdwaawiiiau
3 o Cs o o o o o o q* " 1
moludunoumsiisuesuealad Tassusevveamsimiuesuealad axiinegive A
daunm T mnthiiuinuiavessadng Tasiinnseuveinisiisuosuealad a1 A uaz
) ﬂ‘i ¥ 1 1 U é 1 " Y o at
A1 C iU daum CT szanaaniia A161 CT apawiiiugud padnsainmsiiuda
[} a 1 Y] 'S 4 o ]
foyaszgnda ldadaudswa lneeosgivesith/1daude 1y
MIMNUUDIAMNNTIRAANT (Byte out) A1IATIIU JPEG2000 Latae Inaiion 18
[ Py T o 4 ad @ o =1 o Y ] o Y o
Mgl 4.6 a1 B MmihiRusadnivans Sudadoya amisouiimsiianuesnlaiiu 2
suuny Ao

1) nsaRDANDANT (Bit Stuffing) > AndANA (Carry bit)

2) n3di liubaRadns (No bit stuffing)-> 1iARTANA (Carry bit)

o = A A o o =i [} ﬁ:l = [ o 9 =1 Y o dl
m3inuuonsdiudanadwiuagnsl bimudanadnsuaas Inaionldnagli
4.7 uay 4.8 MudAy waaws (B) voamsilusadoyalauinindoyaluauu (High Byte) uns

a1 c et lshandemsdaadnsoon l) Suiludesdimua ¢ uazar T vl Taomiiign
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Ed
o

smualmifszausudou lunsdimuSanadniiaznsd Limuanadniaaa o wun
Souanaraszninmsmanvesnsdiiudanadniiaznsd limuiinnadns lgado i

1) MsonAuruInasnsaInm C

2) Msmuuan C v

3) MIAHUAAT CT Iy

REPEAT
A=A<<l1
C=C w1l
€T = CT = 1
IF CT.=-0~THEN
CALL byte out ()
ENDIF
UNTIL A 2 0x8000

‘ljﬁ 4.5 llﬂﬂ\ﬂﬂﬂmﬂuﬂlﬂﬂﬂ'ﬁﬂﬁNﬂﬂﬂaulﬁiﬁ

IF B = OxFEF THEN
CALL bit stuffing()
ELSE
IF C < 0x08000000 THEN
CALL no bit stuffing()
ELSE
B =Bl
IF B = OxFF THEN
C=C & 0xO7FFFFFF
CALL bit stuffing()
ELSE
CALL no bit _stuffing()
ENDIF
ENDIF
ENDIF

4 = 1 a 1 o o
UM 4.6 uaasTRaifionvesdrnidanadng

B=2C> 20 // shift “cbbb bbbb” bits of C to B
C = C & OxO000FFFFF // clear “cbbb bbbb” bits of C
CT =7 // initial CT

1 4.7 ueraa Tnaouvoadlansu bit_stuffing
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B=2C> 19 // shift “bbb bbbb b” bits of C to B
C = C & 0x0007FFFF // clear “bbb bbbb b” bits of C
CT = 8 // initial CT

51/ 4.8 uaasIAnRouoeHlaiFu no_bit stuffing

vinmMsiuvesdihdswadns lugli 4.6 vedanaldndawalianc  fins

¥

wasuuas mlimsesnuuudiudiuinm ¢ TanuFudeumuiuInnN1TeenuUUaIY

A A e hidrumamin C Mau ldvuiuaiudmiuium A daaasluniwi 4.9

A, e One Byte Two Byte
ediction Prediction

OO

Two Byte

Predictio

e s LT T ———

3UN 49 uaasanilaonssuvesdiuiiumve a1

kY
o

LY T ° J ' a o
SUUNTDDALUUAIUATUIUAT C ﬁﬂﬁ']iﬂ5ﬂll‘]J~ﬂﬂ'l‘iW%'lﬁﬂl']ﬂ@ﬂl‘].|u 2 E‘]JLL]J‘U ﬁﬂ

° {1 o

1) MINIAAIA C AsdaIidanadns 1y

2) MIMAAIAT C s aIudaRad sy
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43.1 MSMAA C NSATIUINAINAANS 137191

¥ "
namsdunadunsumsiiuInm C nsdidnnidawaans bivaunwuiizduuui

3
o Y =

dfiu adwadatugUiuulumssiuamm A fauaaalugUf 4.9 ueld 3 Jduu fo
1)P1:C=C+gqe
2)P2:C=C Llﬁ?gﬂ renormalize
3)P3:C=C+gqe LLf’iJ’JQﬂ renormalize

pInmsFanansmuamal ¢ wudigduuy P1annsadszuanamdenelumila

ns

= 1 [} (5.3 3 A o o
o uagUuuy P2 uaz P3 luansodsznanasenieluniiadyginuiin i
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MM A Ao msfurnanth laoshmmnmie LZ Qe mlylumsfiiuim

nsaana lumsilszuianavedsiuuy P3

A Ao 3 v ow - o
matanihunlgaanarlumslszuianavesgduuy p3 azldnanmsipvaiy

3
masum A auiumniautegius P3 18 3 51uny fe

PESCE = CXdp
2) P3,: C=(C +qe) << 1 (5uf1 C+ qe 1NV 2 111)
3) P3,: C=(C +qe) <<2 (5D C + ge 1NuAY 4 1111)

MnmMIdananuWaansveaginuy P uay P3, mileudu virldaunso 1y

¢ Pl v MY w ' ° ' =
g5 1d dwansaniilavnssudauiinun ¢ luzili 4.9



ENCODE(CX, D)

ge = Qe(I(CX))

RENORM '

y

A
DONE

UM 410 uaraauEuAINITMNUYEIAIUAMUINAIVDUIVAT I

IF D, = mpsy THEN l#=Gode | MPS
IF dif ap[l5] THEN
ci 1= 15um g /Y 1P2
ELSE y
IF a; < 2 x gey THEN
c = 6o << 1z gep /7| |B2
ELSE
CASE 1z ge, OF
0: ¢ = sum ¢y // B3;

1: ¢'= sum ¢y <<'1 // P3;
20 @)/ ="sumscgy <&) 2_J/ fos P33
ENDCASE
ENDIF
ENDIF
ELSE // Code LPS
IF a;, < 2 x _ge, THEN
CASE lz ge; OF

0: ¢ = sum cp // P3;
l: ¢ = sum ¢y << 1 // P3;
2: ¢ - sum_cp << 2 // P33
ENDCASE
ELSE
c; = ¢y << 1z geg // P2
ENDIF -
ENDIF

51/ 4.11 uamaTAmionveaiaamanyesn 14 lunmsidenaweuaais
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Msmaaa Casdisaunadnimsy 1 lud nseenily 2 nsdl Ae
- c‘\ = [ o
1) NSUNULANAANT
2) N3l luNTianadns
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A13197 4.1 #798199 1 NMIAIUINAT C AsBIuIUaNsIInMsDusamny 1 lud

Statement A B C (o4 o - Qe
<== CX =1, D=1 ==> 0x8DEO 0xC3 | O0x0007FCB4 8 0x0085
A =3 - Qe 0x8D5B
IF D = MPS(CX) THEN
ELSE
IF A < Qe THEN
C=C + Qe
ELSE
A = Qe 0x0085
ENDIF
A << 8 // P2(A) 0x8500
C << 8 /7 B2{C) 0x07FCB400
CT = CT - 8 0

CALL BYTE OUT()
<-- BYTE OUT() BEGIN -->
IF B OxXFE

ELSE IF C < 0x8000000

B z/QF>> 19 OxFFE
C = C & 0xO0007FFFF 0x0004B400
CT = 8 8
ENDIF
<-- BY¥TE OUT() _ENB| --=>
ENDIF

a=: o T ~ o 1 = o o d = o 1w o
M990 4.2 AY9Y719N 2 NITATUIUAT C NIUDIUIUAWTVINAITLUDAUNIND 1 m!’1.!&'91

Statement A B c CE Qe
<-- CX =1, D=1 —--> 0xACO3 0x4B [ 0x01075421 X 0x3401
A=A — Qe 0x7802
IF D = MPS(CX) THEN
ELSE
IF A < Qe THEN
C =C + Qe
ELSE
B\ Qe 0x3401
ENDIF
<l ) // P2(A) 0xD004
G << 1 N/ N2 (T 0x020EAB42
CT = T — 1 0

CALL BYTE OUT ()
<-- BYTE OUT() BEGIN -->
IF B = OxFF

ELSE IF C < 0x8000000

B =C> 19 0x41
C = C & Ox0007FFFF 0x0006A842
CT = 8 8
ENDIF
<-- BYTE OUT() END -->
C << 1 // P2(C) 0x000D5084
CT = CT - 1 7

ENDIF




50

o 1 ~ o =4 ' o ' T =) &
mnmamﬂumﬂw 4.1 TN UIINITAIUIUATC @fﬂuﬂm P2 43A1

¢ neuhmssuesuea ladiiniiiy 0x07FCB400 uatipavIngwumguaim il

1 Ed
Amm 8 Aeeu luiiin e A gniuesuealadiuam 8 seu Tasmsieudali

¥
=2 1

¥
chi’fwﬁmau 8 A9 AIUNTATUIUAIC  LVYUDYAVAT CT nounIsUszuIana

“

1 ¥ 1
AT \

o ' o oo 1 ) = ° P o o
Tunfifawndy 8 msuswaumgudimihdailudauseuiidesihmsussven
ul Yo q¥¥ o a <9 A4 & o & o a =

adi lddeaihmsiuesuealaddremaidouiindiuau 8 afe mldar CT anauily
E
gué vimiuldhinisihdmadnioinnisiuda s ndnhdawadwiiauniiy
0x0004B4000

o ' a [ =1 J ° J |
fl]'lﬂﬁl'i@ﬂ']ﬂﬂﬂ'li”l%ﬂ 4.2  AUNALMUIINITAIUIUAT C Bgiuﬂifﬁ P2

o

& " ° = [ —) VA ]
a1 ¢ nouthinsIuesuealaFinunify 0x01075421 uaifinannsuIuAIgUE

= 1 o

o Ly ¥ A o q ¥ = 4 <0
nmihiidunidy <27 detenlaiihi s A gnSusswealadimiuz  seu

i1 e
=)

g o s 1 o ¥ .; LY ) "
Iﬂﬂﬂ’lﬂﬁ@uu@]ulﬂﬂ'l\?"ﬁ'lﬂﬂ'lLl'TJ'Ll 2 A3 7IUNITMIUIUAT C zauUDYNUAT CT NOU

A [ "] ' &£ 2 ° -y ° =t a
ﬂ15ﬂ5$11’3ﬂﬂﬁllﬂ'l!‘ﬂ]ﬂ°ﬂ “1” UARD8NI “2” FUUUIIUIUTOUNADININITIUDTNOA

7 o Vv y ° A '4 o 3 A a o & i o LAl
"!aﬁlmﬂﬂﬂawnmsiuasnaa"!ammamsmauummmu 1 ATINDU wlvin CT

o o : o P v d =1 o o o o o
anauluAud NtuBIMThawadws 1NN 15 LUR uﬁzﬂﬁi)lJTﬂTiuﬂilJﬂﬂulﬂ“ﬁ‘l’l

A1 M lddeaanunt C 171900 1 5992 TANAANT 0x000D5084

@ [] a' I~ 1 o 1 1 =t
NAIENTUAITN 4.1 taz 42 szmu laiimsiunua C oglunsdl P2

0 ¥ "
HATAT A IR LTANAANS MU UAY HATUADUMTATUINA € LUANFIINY FIAIY
¥

3
uaAANTIUBGTLM CT a1 CT Aeumsiszuanalinunniwminudumgud

u

mhmsmauesmiiouiudog1alun151en 4.1 uadal CT Asumsiszuianall

3 ' o

anfosnduaumgudtimiinmainvezmiousuiiognaluasied 4.2

INMINARDAUNDHIANUFUNUTUDINTATUIUAT C AIMAIUNAIHAANT

Mauazdnuradnsiy 1 lua annsoimiinguanuduiug 1a el

1)P1,P3, uaz P3, = mdounualee19 U119 4.1

2) P2 uag P3, > miloufuaied1alun1s1ai 4.2

EY L] o ' ° Y o w i o U Y 5
‘ﬂ'lﬂﬂ’l'mﬁﬂdﬂ'lij.ﬁﬁ'lﬂﬂ'luﬁﬂlﬂ'] C mqm"lﬂmunumummmm A MUY

=

1 ' o 1 o I3 o ar 1 £§
MIMAMATC  AIfaIhdIHaa NI MOuLaz s uRadnsmIny 1 Tud ¥l
w Y 1 o ] =] 1 1o o 3 ° 9
ANVFUFDUNINTAIUIUA A 1D UDE1uIn uasuluszdeaiimstszuranalv
o ] - 4 o - [ o U
samelu 1 dygrauiin e I dygrauiinda ldawisodiuium A uay

' My oy i, v o ° ' = vy
RE® 1'}'TilvlﬂW'iﬂlJﬂu NIUIINANUTUNUTVDINITATIUIUAT C ﬂ\!ﬂﬂﬁ']']ul'.]‘lﬂ\?ﬂu

¥
o

[} o} o £
ﬁ']ll']Sflu'lil'lt‘]_]uul‘l'nn\ﬂuﬂ"l'iﬂ@ﬂllUUﬂT‘iﬂll’]ﬂﬂ AU



=1

1) Mmypanuyumsasd1msunsdl P1, P3 1Az P3,

Y A ' A w A
awsoldioulvlunsaamar ¢ mileununsainaluiing
1Y 1 o L @ o u‘: = [~ -:f
HABNWS 11U EAA C MaInImaumutuneulnfaseau 1xana
MNsuADe oA IUA I UIVBINAANEAI8 0 MINITATAIZHIU
=1 o = 4 [} o
i@sanielu 1 dygmuIwnt ilorivannududounazinailu
msiszurana uaasldafoumsmamia ¢ Tugli 4.12
Y = 1] =1 ] q' a o o' 4
nnldadsunismaeia C nsdl limudanadns lugUi 412 ez
o =3 1 =l 5 oA a = T @
dunauiuaingdl P1, P3, uaz p3, Wumnlylunmsuninia eelsuiiy
" o3 ° =1 = A a w dn’: 1 d' o 8
0X7FFFF  uavatlumsniaunsdinssinuiamadwsiy aintiiw 1e iy

MW ADnaEAUNIY OXFFFFF

2) MsepAULIISAITAIM S UNSa P2 Liay P3,

msasuinnaanidaHadnsmau Mlimsmama ¢ il

UINAU 1109910 T1UIUMS IAD UL ANBUIEE ada W damadNE iau T

1 ¥ 1
A daiunIseantuuintuasdosianuduRuiveInsiao uilandixa

' = ' & 2 o v A w o o
aonsilasunasn ¢ "INiﬂiﬂ'imlﬁﬂQW']i']mﬂﬂ{ﬁ’lﬂig‘VIlelW‘LIfﬂ‘ﬂ

£
o o

d‘l = 9
msiaeutala fadl
B AsRP2  ->  initial CT-CT
®AsiP3,  ->  LZ(A - Qe)—(initial CT—CT)
o @ A = Xands vy o Y A v
nANUFURNUSVRIMs Ao uTasenna1 14aau taaa Taaien 19

Tus1# 4.12 A1 initial CT 1NAINANNADINT I LT0IdINadNE 31U

Y

u
2 Tudsaniely 1 dygrmunin e Idmusalszutanadydnuaidaly

o [l

o = a:i 9 ar " 2 v
AMIUITIHAAWTASUANUNSIVDINUAT CT 11D31nA1 CT ﬂznf]u

C I 1

Tadviun
'l ¥ U
Fatmuamaidawadns Taenar CT huiullvuia 5 Ua uaziiausudu
1 ¥
MIAY “13” &aa1 CT sz luduneuSuosuealaduazar CT szannd

& 1 o o o A o 4 1 1o
niladeIa UM Taesmausouvodnisviisuesuealad szdusgiy

@

£ T

SuumMguetimTueINaA19YeIA1 A AUAIAININAITI Qe LAIHDININ

£

Sumguiihmthgagaiinuii <157 flim cT @uli Temadaaunin
¥
Swumgudthmdunaniim et Jagiu dniua e dudeliawise
i v & o g 1 < a
ADUTUDINMWADINTS I 18 dnluduiluezvergvuiavesnl T v 6 Ua

A ° 1 v & 2 J d? & & '
wazidagunsmimn CT PINARA AN AT UV INAIVUN T FI0Z )8



52

udilynia CT dnavasld vmsnlasumlasgduuumss i T ui

Y 1 1
iy vzdanaapdou lvvoamsthaanadns osnnmsindanadniiauoy
= é’ a 4

Navufaeien CT DAWMAL “0” uazduuumsiiuiual CT Iniiieg

e

Amualda CT Fudumidy <07 uazieulvveamsthaswadws Inaiil m

1 A s = 1 T é = 1 ] 9 1 ':' ’
CT 2z UAWMIAY “13” N30I38NI1A1 “initial CT” FAUAWMIAUAUTUAUVDIA
CT Au

vinldaeunismaninl ¢ nsdl imulanadns lugii 4.12 oy
o o ' " =t 3 I Ao 3 d a ' ~
dunamumsmama ¢ nsal P2 Wy Al lumsuisaiaoe Tinad
Tasvuogiuioulv initial CT - CT 15U Awadelawiin “0” vzgnininiin
#2071 0x7FEFF uadnunsdinsaiivdanadwtuayedlu@ou ludsaiy

' g a ) 1 I~ 9
A5 TR YAUNUAIEAT OXFFFFF itluau

v
1 e s

Y A v 1 v =
vinTAafgunismama1 € asdl ldmuiamadnslugdin 412 o2
¥ ¥ 1
daunaiudimsniaene C nsdi p3; W azifadummwiz ludou lumsiiuda
4 " v ¥

Joyauwy LPS iy Tagmininnldlunismiatdaey linei naziuegi
o'l LZ(A - Qe) - (initial CT - CT) 131 DIwaRNTAUMINY “0” 22gnush
IAA0A1 OXTFFFE LA IHAAN IIMINL “0” vzganisadadaun 0xFFFFF
v o all o ama v Y W oma B L S a ¥ 0
ugdntunsfinsdinudanadnidwadniaumng <0” ssgnuniniinaien

OxFFFFF uagwan1e iy “0” 92gnunsalindon 0x 1FFFFF
A Ao ) ' o [V Y o’dy
masiniinldlumsmamar ¢ nsdismaunadwiiniy 1 Tuddl
) A a . 2 o = P 5 £ o
veldmsideutan ¢ (Wunounisiisueyealas) nwlunfudon uazi
T Aq v g a 3 ) " @ JT LY o 1
msn1aIAN 1 lunisuIsain (UADUINAIHAANE) aaHa I NITAIUIUM
C Flanududounnnimsimnuam A aunsoinuldiuiuedied

Useansnw



a3

ELSE
IF a

IF D; = mpsy THEN
IF MSB of ag - geg = 1 THEN
one_byte ¢; = sum_cCg

g <2

0: one byte ¢

l: one byte c
2: one_byte ¢
3: one_byte ¢
4: one byte
5: one byte ¢
6: one byte c;
7: one byte ¢
ENDCASE
ELSE
ENDIF
ENDIF
ELSE
IF ay < 2 x ge, THEN
IF LZ(ay ~ qeg)

CASE Iz gey OF

0: one byte ¢
Y jone“byteia
2: one_byte ¢

x gey THEN
CASE LZ(dif a,) -

= renorm cCp
= renorm cp
= renorm cy
renorm_cg
= renorm_cg
= renorm cp
= renorm cCp
= renorm cp

1

(initiad. ct

R 22 2R

(initial «©t — ct) OF

0x0000007FFFF
0x000000FFFFF
0x000001FFFFF
0x000003FFFFF
0x000007FFFFF
0x00000FFFFFF
0x00001FFFFFF
0x00003FFFFFF

one byte ¢; = double sum_cp & 0x000000FFFFF

ct) = 0 THEN

sum_cg & 0x0000007FFFF
double sum ¢y & 0x0000007FFFF
= four sum ¢; & O0x0000007FFFF

ENDCASE
ELSE
one byte c; = four sum cp & 0x000000FFFFF
ENDIF
ELSE
CASE LZ(ag - geg) -~ {initial ¢ct‘= ct) OF
0: one byte c; = renorm ¢; & 0x0000007EFFF
1: one byte ¢, = renorm ¢p & 0x000000FFFFF
2: one byte ci = renorm c¢; & 0x000001FFFFFE
3: one byte c¢; = renorm ¢, & O0xQ00003FFFFF
4: one_byte cy = renorm ¢, & 0x000007FFFFF
5: one byte cy = renorm cg & O0x00000FFFFFF
6: one byte c; = renorm c; & O0x00001FFFFFF
7: one byte c; =-renorm cy-& 0x00003FFFFFF
ENDCASE
ENDIF
ENDIF
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P2
B2
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P2
P2

P3,

Code LPS

P31
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P2
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CASE initial ct - ct OF
1: IF cy[25:18] = OxFF THEN
CALL mask bit bit stuffing()
ELSE
CALL mask bit no bit stuffing()
ENDIF
2: IF cy[24:17) = OxFF THEN
CALL mask bit bit stuffing()
ELSE
CALL mask _bit no bit_stuffing()
ENDIF
3: IF cpl23:16] = 0xFF THEN
CALL mask bit bit stuffing()
ELSE
CALL mask bit _no bit stuffing()
ENDIF
4+ IF cp[22:15] = 0xFF THEN
CALL mask bit bit stuffing()
ELSE
CALL mask bit no bit stuffing()
ENDIF
5: IF cp[21:14] .= OxFF THEN
CALL mask bit bit stuffing()
ELSE
CALL mask bit no bit stuffing()
ENDIF
6: IF cy[20:13] = OxFF THEN
mask bit bit stuffing()
ELSE

A

mask bit no bit stuffing()
ENDIF

7: IF cp[19:12] = OxFF THEN

mask _bit bit stuffing()

ELSE

£t

mask bit no bit stuffing()
ENDIF
ENDCASE
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CASE 1z gey - (initial ct - ct) OF
8 : two byte c; = renorm ¢y & 0x0000007FFFF
9 : two _byte c; = renorm cy; & Ox000000FFFFF
10: two _byte c; = renorm cy; & O0x000001FFFFF
11: two byte c; = renorm ¢, & 0x000003FFFFF
12: two byte c¢; = renorm_cp, & 0x000007FFFFF
13: two_byte c¢; = renorm ¢y & 0x00000FFFFFF
14: two byte c¢; = renorm ¢y & 0x00001FFFFFF
OTHER: two_byte c¢; = renorm c; & 0x0000007FFFF
ENDCASE

U 4.14 yamaTAafisunisidenst ¢ nsdl T anadwivoagui 4.1

a7

CASE 1z gey— (initial ct - /ct) OF
8 + two byte ¢; = renorm ¢ & 0x000000FEFEF
9 & two byte c;p - renorm ¢g & 0x000001FFFFF
10: two.byte ¢; = renorm cg & 0x000003FFFFF
11: two byte ¢; = renorm c¢; & 0x000007FFFFF
12: two byte ¢; = renerm cp & O0x00000FFFFFF
13: two byte c; = renorm ¢y & Ox00001FFFEFF
14: two byte ¢, = renorm cy & Ox00003FFFFFF
OTHER: two byte c; = renorm cg & 0x000000FFFEF
ENDCASE
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IF ct 2 21 THEN

sum_c; = two_byte c¢; + ge;
ELSEIF ct 2 13 THEN

sum_c; = one_byte ¢; + ge;
ELSE

sum _¢; = C; ~ Ml ei=X]
ENDIF

! v a " 1 =
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IF ct 2 21 THEN

renorm c; =-two byte c; << lz qge;
ELSEIF ct 2 13 THEN

renorm ¢; = one byte ¢; << lz_ge;
ELSE

renorm cj.= ci <<.1z ge;
ENDIF
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msvhaulnylugiin 4.18

IF B = OxFF THEN
CALL bit_stuffing 1()

ELSE IF B = OxFE AND Carry bit = 1 THEN
CALL bit stuffing 2()

ELSE
CALL no_bit stuffing()

ENDIF
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IF twobyte = 1 THEN
IF B; = 0OxFF THEN
CALL bit_stuffing 1()
ELSE IF B; = OXFE AND carry
CALL bit_stuffing 2()
ELSE
CALL no bit stuffing()
ENDIF
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IF B, = 0OxFF THEN
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ELSE IF By, = OxFE AND carry = 1 THEN
CALL bit stuffing 2()
ELSE
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ENDIF
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IF D, = mps, THEN // Code MPS
IF dif ao[15) THEN
by = by // Pl
ELSE
IF&0<2XQEQTI{EN
CASE Iz gey — (initial ct - ct) OF
1l: by = renorm cy[27:20] // P2
2: by = renorm_cg[28:21] L4 P2
3: by = renorm _cy[29:22) // P2
4: by = renorm cq[30:23) LA P2
5: by = renorm cq[31:24] // P2
6: by = renorm c¢q[32:25] // B2
7: bg = renorm c¢,[33:26] 5t P2
OTHER: bg = bg
ENDCASE
ELSE
CASE 1z gey, OF
1: by = double sum ¢,[27:20] // P3;
2: by = four sum c[27:20] // P3;
OTHER: bo = bg
ENDCASE
ENDIF
ENDIF
ELSE // Code LPS

IF a; < 2 x gey THEN
CASE initial ct - ct OF

1+ by = double sum c;[27:20] // P3s
2: by = four sum ¢o[27:20] // P33
OTHER: bg = bo
ENDCASE
ELSE
CASE 1z gey; = (initial ct - ct). OF
l: by = renorm ¢,[27:20] I/ P2
2% by = rénorm c,[28:21] ¥/ P2
3: obge= (renorm ¢o(29:22] e/ PZ
4: by = renorm c[30:23] // B2
5: by = renorm co[31:24] /7 &g
6: b= renorm cg[32:25] [/ /CP2
T: by ="renorm cg(33:26] £ P2
OTHER: by = by
ENDCASE
ENDIF

ENDIF
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CASE ipitial ct = ct OF
v carry = ¢;[26]
carry.=.c;[25]
carry = c;[(24]
carry = 'c¢;[23]
carry = renl22]
carry = c;[21]
carry = c;[20]
carry = c;[19]
: carry = ¢;[18]
10s\can = ¢; [[isF]
1l: carry = ¢;[16]
12: \‘earry.=_ex[15]
13% carry =.cj[14]
14: carry = ¢;[13]
15: carry = cpl12]
OTHER: carry = 0
ENDCASE
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CASE LZ(Qe) - (initial ct - ct) OF
8 : bgp = renorm c,[35:28]
9 : by = renorm_cy[36:29]
10: by = renorm cg[37:30]
11: bg = renorm cy[38:31]
12: by = renorm cy[39:32])
13: by = renorm cyp[40:33]
14: by = renorm cp[41:34]
OTHER: by = renorm cg[35:28]
ENDCASE
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CASE LZ(Qe) = (initial ct = ct) OF
8 : b; = renorm cp(27:20]
YL BN = FenorhXeo [ 2821 ]

10: 'b; = renorm cp[29:22]
Tl =) yeoumnlaEpk3 Ong 3 |
12+ by = renorm cp[31:24]

13: b; =‘renorm cg(32:25]

U4 oy T renerm-eoli38:261

OTHER: b; = renorm cq[27:20]
ENDCASE
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CASE LZ(Qe) - (initial ct - CT) OF
8 :IF renorm cy[34:27] = OxFF THEN
b; = '0’ & renorm _cp[26:20]
ELSE
b; = renorm cy[27:20]
ENDIF
9 :IF renorm cy[35:28] = OxFF THEN
b; = 0’ & renorm cy[27:21]
ELSE
b; = renorm cy[28:21]
ENDIF
10:IF renorm cp[36:29] = 0xFF THEN
b#= G077 & renorm cgl28 28]
ELSE 7
b; = renorm cy(29:22]
ENDIF
11:IF renorm cp[37:30] = OXFF THEN
bjl= 0" & penorm cg[29:23]
ELSE
b; = renorm cy[30:23]
ENDIF -
12:1IF renorm cg[38:31] = O0xFF THEN
by = 0/ & renorm cp[30:24]
ELSE
b; = renorm cp[31:24]
ENDIF <
13:IF renorm cg[39:32] = 0xFF THEN
b; = "0’ & renorm cg[31:25]
ELSE
b; = renorm c¢y[32:25]
ENDIF (@
14:IF renorm c,[40:33] = OxFF THEN
b; =1'0*) & renorm. cy[32:26]
ELSE
b; = renorm cg[33:26]
ENDIF
ENDCASE
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4.4.2.1 nstiwadnsnounh lidmansznudonadwsiogiv
FEAnsu wadnsaountharansnuaonadns Jegiunse lu amise
) kY 1 o o 1 Y 1 [ o 1 Y 1 o
wasan lavinAveswadnsnouni Tnsdnadnsnounyiliaumdy oxFF (B =
0xFF) M50 UAUMAY OxFE Laglianaiinl 1 (B = 0xFE, Carry Bit = 1) 92el4Ha
1 o o o = 1 & d'{ 1 dy o o 1 9 1
nsznunenadnsilegiv mnisuenmilonindou lumarilnadnsneunthey la
1 T o a 7
AIWaANSENUARBHAANTS ludTlegiiu
91nN5UTuMsMINuYesT IhdHadNE IunIouAumMIAILINA A
uaz ¢ dnnanidedu annsauaasiodmaianuvesmimharadng 1ad

M51N4.9 - 4.12

M990 4.9 A29619N13AINAINATNEDINAT19 Qe AN NIAHaaNSnounil1 lud

nsgnuRaneNaans gl

Symbol Number | CX | D | I | Inps | INmps | IFinal | @@ | Qenips | Qenmps | QeFinal
4282 183 2 2 9 3 9 0x1801 | 0x2201 0x1601 0x1801
4283 4 1139 37 40 37 0x0085 | 0x0141 0x0049 | 0x0085

H a 1 1 T = o 1 [N " s o
13199 4.10 AIDE19MTAIAAIAT A B9NL NIURAAWTNOUNTIN U A IHANTENUADHAA NS

agiiu
Symbol Number | Aof P1/P3; | Aof P2 | AofP3; | Aof P33 | Afinal
4282 Ox7F83 0xC008 | OxFF06 | OxFEOC | 0xC008
4283 0xBF83 0x8500 | Ox7F06 | OxFEOC | 0x8500

M13190 4.11 #29619MIMAAIA1 C 82T nIdHadwsneuni ludananssnunonadng

Jagiiu
Symbol | ¢ otp1/p3, | CofP2 | CofP3, | CofP3s Cibjin | DoBies Crinal
Number
4282 | OXOEA16FD | Ox74FF7EQ | 0x1D42DFA | Ox3A85BF4 | OX007F7EO | 0x007F7EQ | Ox007F7EQ
4283 0x007F865 | Ox7F7E000 | Ox00FFOCA | Ox001FE194 | 0x007E000 | 0x0O7EQ00 | 0x007E000




76

ai 9 1 T U 9/ = o g 1 ) [ ] 1 o 4
13190 4.12 M2819NT1IATRAIAT B a39HUN ﬂiﬂ!N’ﬂﬁW‘ﬁﬂﬂHHu']"lJJ’ﬁQNﬁﬂ‘i$ﬂ]Jﬂ@NﬁﬁWﬁ

Tagiiu
Symbol Number | Bystpyte | Band byte | Byte Out | Two Bytes
4282 0xE9 0xDC Yes No
4283 OxFE 0xDC Yes No
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B aeen B aduilinanug 2 nsel As B (0xE9) 11ay B

1st Byte 2nd Byte

(OxFE)
B aeeinl1 C anninenun 6 sl fie ngdl PI/P3, (0x0EAIGFD),
N8l P2 (0x74FF7E0), N38i P3, (0x1D42DFA), N30l P3, (0x3485BF4),

N3%i Oy, (0007F7EQ) Wagn3di C, . (0x007F7E0)
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Mg ¢, naeN1siIsuosuealad (renorm_c, = ¢, << 1z a,) 1Az
A0 C naImMstiTuesuoalad (renorm C,=C << Iz _qe,)

6) MNISIAONNARNT1INATIAIUIUAI A a2anil1 (g, 30
renorm_a, H) renorm_dqe,) uazﬁmmﬁ'anﬁwmmufwzndJu
(qe_nlps, 138 qe_nmps, 130 qe,) WiHARWTINNITIABNAL A
aufuradns oIS IaenaIn T (a, = select a() -
select_qe())

o

54.1.2 SmSvanddsminave

¢=ie =]

mMsnnvesnuiteiminausuyaily 3 Juneu nanslugili 4.2

a

1 " Ed
uaz 4.3 eanamilagnssyussnuiseiminaueil gneoauuulimuise

e

o o

Usgnrawa lddosdaydnyainfouiu dsiunisimarueeansidhsia

dydnualfnilszmidousumadhsiadaydnaliidos uidunismauau
azanmAY fuinswzetusamzduRnATIINau3TY [2] faii
1) waIMseuAmIndIMsHauuussuiae: 1A CX nazan
D 1ha cX TJe1um191nn1513 MPS (mps, = MPS(CX)), NLPS
(nlps, = NLPS(I(CX))), NLPS_NLPS (nlps_nlps,
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wwzilu c, = C + qe,)

WIAAOIMIYD3 A (double_a, = a, << 1), MAIVDI A (four_a, =
a, << 2), MDY a navhmsIuesuealad (renorm_a, = a, <<
Iz_a), MADUDYC (double ¢, = ¢; << 1), MAIMIv0 C
(four_c, = ¢, << 2)UAgAIND4 ¢, naIM I3 uoiuoalad
(renorm_c, = ¢, <<lz_ge,)

MNISIAeNRAGNEVINNISAIUIUAI A 829131 (a, M50
renorm_a, n3o renorm_qe,) uaxﬁmmﬁaﬂﬁmmmim:ndju
(qe_nlps, 130 ge_nmps, 30 qe,) HIHAANTINMFIHOAA A AV
AunadwtoInnIsidenainud1vziilu (a = select a( -

select_qge())
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M15190 N1 LAAAIUDIAI519 NLPS_Qe, 71519 NMPS_Qe, 1519 LZ_Qe, A5 14

NLPS_SWITCH 1iaA1319 NMPS_SWITCH

Index | NLPS_Qe | NMPS Qe | LZ_Qe | NLPS SWITCH | NMPS_SWITCH
0 0x3401 0x3401 1 0 0
1 0x5601 0x1801 2 1 0
2 0x3801 | Ox0ACI 3 0 0
3 0x1C01 | 0x0521 4 0 0
4 0x1101 0x0221 5 0 0
5 0x0521 0x0111 6 0 0
6 0x5601 0x5401 1 1 0
7 0x5601 0x4801 1 1 0
8 0x5601 0x3801 1 1 0
9 0x5601 0x3001 2 1 0
10 0x4801 0x2401 2 0 0
11 0x3801 | 0x1CO1 2 0 0
12 0x3001 0x1601 3 0 0
13 0x2801 0x1101 3 0 0
14 0x5601 0x5401 1 1 0
15 0x5601 0x5101 1 1 0
16 0x5401 0x4801 1 0 0
17 0x5101 0x3801 1 0 0
18 0x4801 0x3401 2 0 0
19 0x3801 0x3001 " 0 0
20 0x3401 0x2801 2 0 0
21 0x3401 0x2401 2 0 0
22 0x3001 0x2201 2 0 0
23 0x2801 | 0x1CO1 2 0 0
24 0x2401 0x1801 3 0 0
25 0x2201 0x1601 3 0 0
26 0x1CO1 | 0x1401 3 0 0
o 0x1801 0x1201 3 0 0
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M319N n.1 (70)

Index | NLPS_Qe | NMPS_Qe | LZ Qe | NLPS_SWITCH | NMPS_SWITCH
28 0x1601 0x1101 3 0 0
29 0x1401 | 0x0ACI 3 0 0
30 0x1201 | 0x09CI 4 0 0
31 0x1101 | Ox08Al 4 0 0
32 0x0AC1 | 0x0521 4 0 0
33 0x09C1 0x0441 5 0 0
34 0x08A1 | 0x02A1 5 0 0
35 0x0521 | 0x0221 6 0 0
36 0x0441 0x0141 6 0 0
37 0x02A1 0x0111 A 0 0
38 0x0221 | 0x0085 7 0 0
39 0x0141 | 0x0049 8 0 0
40 0x0111 | 0x0025 9 0 0
41 0x0085 | 0x0015 10 0 0
42 0x0049 | 0x0009 11 0 0
43 0x0025 | 0x0005 12 0 0
44 0x0015 | 0x0001 13 0 0
45 0x0009° | 0x0001 15 0 0
46 0x5601 | 0x5601 1 0 0
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M1319% N2 UAAIAIUBIAIT14 NLPS_NLPS, 11514 NMPS_NLPS, 11319 NLPS_NMPS i1ag

A1519 NMPS_NMPS

Index | NLPS_NLPS | NMPS_NLPS | NLPS_NMPS | NMPS_NMPS
0 6 2 6 2
1 6 7 9 3
2 14 10 12 4
3 20 13 29 5
4 27 30 33 38
5 31 34 36 39
6 6 7 14 8
7 14 15 14 9
8 14 15 14 10
9 14 15 17 11
10 16 18 18 12
11 17 19 20 13
12 19 21 21 29
13 19 22 27 30
14 14 15 14 16
15 14 15 15 17
16 14 16 16 18
17 15 17 17 19
18 16 18 18 20
19 17 19 19 21
20 18 20 19 22
21 18 20 20 23
22 19 21 21 24
23 19 22 22 25
24 20 23 23 26
25 21 24 24 27
26 75) 25 25 28
27 23 26 26 29




M990 0.2 (71D)

Index | NLPS_NLPS | NMPS_NLPS | NLPS_NMPS | NMPS_NMPS
28 24 27 27 30
29 25 28 28 31
30 26 29 29 32
31 27 30 30 33
32 28 31 31 34
33 29 32 32 35
34 30 33 33 36
35 31 34 34 37
36 32 35 35 38
37 33 36 36 39
38 34 37 37 40
39 35 38 38 41
40 36 39 39 42
41 37 40 40 43
42 38 41 41 44
43 39 42 42 45
44 40 43 43 45
45 41 44 43 45
46 D 45 o N i N/
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byte emission technique of the Q-Coder. MQ-Coder
uses context based probability estimation of 19
conlexts. Each context has an associated prebability
state that identifies value of the most probable symbol
(MPS) and index (I) pointing to a probability
estimation table (PET). After a symbol has been coded,
the corresponding state is updated according to the
prebability mapping rules. PET determines the
probability estimation (Qe) for the least probable
symbol (LPS), the next index value (NLPS, NMPS)
and the exchange mdicator (SWITCH) of the MPS.
MQ-Coder module contains a set of registers: A, B, C,
CT and L. MQ-Coder is implemented using fixed
precision integer arithmetic and using an integer
representation of fractional values in which 0x8000 is
equivalent to decimal 0.75. The interval A is kept in
the range 0.75 < A < 1.5. Whenever, the value of
register A falls below 0.75, its value will be doubled
together with the value of the register C. Then, the
down counter, CT, is decremented. If the CT value
reaches 0, the previous value of the register B is
released to the output codestream. The value of the
byte counter (L) is incremented. Finally, the high order
bits of the register C are moved out to temporal buffer
B.

3. The proposed MQ-Coder Architecture

Usually, the regular operation of the MQ-Coder is
sequential, which can process only one symbol al a
time. However, the bit-plane coding can generate more
than one symbol per clock cycle. Consequently, the
coding speed will be limited and bottlenecked at the
interface between the output of the bit-plane coder and
the input of the MQ-Coder. If the MQ-Coder is
designed to support more than one inpul symbol, it can
help to accelerate the coding process. Theretore, the
proposed MQ-Coder architecture, as shown in figure 1,
is a dual symbol processor, which can process two
symbols for each clock cycle to minimize the
bottleneck problem. This can help to increase the
performance of the EBCOT. The proposed MQ-Coder
can be separated into 4 main units. The first unit is the
main control unit. The second unit is the PET unit,
which stores all the probabilities and the index
prediction values. The third unit is the upper bound
unit used to calculate the value of the register A. The
last unit is the lower bound unit used to calculate the
value of the register C. Figure 2 shows the operalion of
MQ-Coder. In order to process two symbols per clock
cycle, there is a need Lo predict the upper bound value
(A) and the lower bound value {C). The regular process
to calculate the upper bound value and the lower bound
value is presented in the dashed box. This can be
grouped into 3 patterns, for the upper bound value is
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(Figure 3): 1) P1: A= A - Qe, 2) P2: A = Qe then
renormalized subsequently, 3) P3: A = A — Qe then
renormalized subsequently, for the lower bound value
is (Figure 4): 1) P1: C=C + Qe, 2) P2: C = C then
renormalized subsequently, 3) P3: C = C + Qe then
renormalized subsequently. When we replace the value
of the register A in the decision condition (A >
0x8000) by A = A — Qe calculated from previous step,
this will result in a new decision condition (A < 2Qe).
Considering the value of the upper bound (A), the
maximum number of renormalization is 2. This comes
from the difference between Min{A) = 0x8000 and
Max(Qe) 0x5601, which equals to min (A) =
0x29FF. Since the difference value has 2 leading zeros,
the prediction values of P3 can be categorized into
three cases (P3,, P3;, and P3;), which corresponds to
no renormalization, renormalization with one shifting,
and renormalization with two shifting respectively.
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Figure 1. MQ-Coder architecture.

I'o compute the upper bound value and the lower
bound wvalue from a sequence of two symbols, two
prediction processes must be implemented as presented
in figure 5. The first prediction process aims to predict
the value of register A and the value of register C
resulted from the (irst symbol in FSEU (First Symbol
Encoding Unit) while the second prediction process
attempts to predict that of register A resulted and
register C resulted from the second symbol in SSEU
(Second Symbol Encoding Unit). Since the prediction
processes of the upper bound and lower bound values
are quite similar, they can be done simultaneously with
the similar prediction condition. The actual value of the



register A and the register C in each prediction process
depends on 4 conditions: the decision value
(MPS/LPS), the number of leading zeros cbtained from
the leading zero detector {LZD) [7], the MSB of the
result of A - Qe, and the result of the comparison of A
< 2Qe. Moreover, to further reduce the computation
time, the values of Qe, renormalized Ce, and 2Qe are
precalculated and kept in the memory. However, to be
able to predict the upper bound value, the lower bound
value and the index pointed to the PET table for the
second input symbol must also be estimated in
advance.
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Figure 2, MQ-Coder procedure in JPEG2000.
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512 have been generated. The number of clock cycles
used to process the sample data for an image is
2,619383 clock cycles (excluded flush register
process). The maximum frequency is 123.794 MHz.

Table II shows a comparison of the clock rate and
throughput of the proposed MQ coder system and the
systems preposed by [5]. The clock rate and
throughput of the proposed system outperforms those
of [5].

Figure 4. Lower bound unit procedure.

Table L. A hardware cost for the synthesized
proposed architecture.

Technology Library xcs3s200-5tq144
Number of Slices 901

Number of Slice Flip Fleps 708

Number of 4 input LUTs 1633

Number of GClks 1

Maximum Frequency (MHz) 123.794

Figure 3. Upper bound unit procedure.

4. Experimental results

The proposed parallel symbol processor for MQ
arithmetic coder is implemented on the Spartan-3
FPGA device using the Prcject Navigator 8.2.03i tool.
The cost of the designed hardware for the preposed
system is illustrated in table 1. To evaluate the
performance of the proposed system, the test vectors of
input symbols obtained from images with size of 512 x

Table II. A comparison of clock rate and
throughput.

: Clock Rate Throughput
BT NCRtaE (MHz.) (Msymbols/sec)
2 Symbol [5] 26.29 52.58

2 Symbol 123.79 61.89

5. Conclusion

This paper presents a parallel symbol encoder for
arithmetic coder architecture implemented on FPGA.
The proposed architecture aims to improve the
performance of the JPEG2000 arithmetic enceder



(MQ-coder). Since the regular MQ-Coder is sequential,
the prediction process is needed in order to be able to
process two symbols in one clock cycle. The prediction
processes of the upper bound value (A), the lower
bound value (C) and the index value (I), are proposed.
This helps to minimize the bottlenecked problem at the
interface between the output of the bit-plane coder and
the input of the MQ-Coder while can help to increase
the perfermance of the JPEG2000 encoder. As a result,
the dual symbol encoding speed can be greater than
100 MHz with the throughput of 61.89 Msymbols/sec.
The preposed architecture could he developed to
perform multiple symbol processing. However, the
coding time for each image is difficult to improve since
the preposed architecture is already designed to meet
the critical path delay. The attempt to improve the
coding system performance could be done to minimize
the hardware cost or to increase the clock speed.
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