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Hardware Implementation of RUNCODE Encoder
for JBIG2 Symbol ID Encoding
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Abstract

In this paper, the RUNCODE encoder hardware IP was designed and implemented for symbol ID code length
encoding, which is one of major modules of JBIG2 encoder for FAX. ImpulseC Codeveloper and Xilinx
ISE/EDK program are used for the hardware generation and synthesis of VHDL code. The synthesized hardware
was downloaded to Virtex-4 FX60 FPGA on ML410 development board. The synthesized hardware utilizes
13% of total slice of FPGA. Using Active-HDL tool, the hardware was verified showing normal operation.
Compared with the software operating using Microblaze cpu on ML410 board, the synthesized hardware was
better in operation time. The improvement ratio of operation time between the synthesized hardware and
software showed about 40 times faster than software only operation. The synthesized H/W and S/W module
cooperated to succeed in compressing the CCITT standard document.
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Fig. 1. Symbol ID Code Length Encoding
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Table 1. Definition of each RUNCODE
RUNCODEO | Symbol ID code length is 0
RUNCODEL | Symbol ID code length is 1
RUNCODE2 | Symbol ID code length is 2
RUNCODE3 | Symbol ID code length is 3
RUNCODE4 | Symbol ID code length is 4

RUNCODE31 | Symbol ID code length is 31

Copy the previous symbol ID code
RUNCODE32 | length 3-6 times. The next two hits,
plus 3, indicate this repeat length.
Repeat a symbol ID code length of 0 for
RUNCODES33 | 3-10 times. The next three bits, plus 3,
indicate this repeat length.

Repeat a symbol ID code length of 0 for
RUNCODE34 | 11-138 times. The next seven hits, plus
11, indicate this repeat length.
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Table 2. The example of RUNCODE Encoding

AREHIE | AW D e Hoc
A4 (Used Fc 35 T

count) Zo] (Runs) (RUNCODES)
A 41 0 0 0ol 34
A #2 0 0 °* | RUNCODE33(0)

A&
Al #3 0 0
A #4 1 9 97} 1 RUNCODE9
A 45 8 6 RUNCODES
A 46 8 6 o] 49
Y #7 8 6 @& | RUNCODEZ(0)
A 48 8 6
A #9 64 3 3] 19 RUNCODE3
A #10 32 4 RUNCODE4
A #11 32 4
A #12 32 4 1) 69
A4 #13 32 4 @12 | RUNCODE322)
A #14 32 4
A #15 32 4
A #16 0 0 0] 1 RUNCODEO
A #17 4 7 70] 19 RUNCODET7
A #18 1 9 97} 19 RUNCODE9
A 419 2 8 8o] 19 RUNCODES
A #20 4 7 70] 19 RUNCODE7
A #21 16 5 RUNCODE5
A #22 16 5
A 423 16 5
= 57} 69
A w2 16 5 o7t RUNCODE32(2)
A #25 16 5
A #26 16 5
A 27 64 3 3] 19 RUNCODE3
A #8 8 6 60] 19 RUNCODES
A 29 4 7 70] 19 RUNCODE7
A #30 32 4 47F 19 RUNCODE4
Ad 431 4 7 RUNCODE7
70] 29 ;

A 432 4 7 RUNCODE7

o]Mdo] A-gshH VHDLO|Y verilog T=2 HEHE
o Al HAE, e stEdo] R AXES
E &2 Xilinx ISE/EDKE A}g3to] HIE ~2EdOZ
gHdated, ML410 YHTE HEo] steg o2 the
2E/F7F 3§, UART HYES T8 S35
Tyt

3—1 St=90f 24

=
()
1o
u
N

[
N
N
)
rlr
=
td

= gl Agdct o
g I33S B AEES ARE3F 9
3 1 3HE AwT LR w5



>
X

4, 193} ; JBIG2 ¥ ID F33E 93 UIE R57|9 F=go] A 303

=2 ek ol LR AE 2= 16 st=dole] 34 15-E Active-HDL[20]S AH&-5
HIE(15:0)8] Z71E 7HA= 20007]9] w =& A of AAstHh HEHOZ MLAI0EE| Microblaze
S145(Used Symbol Count)9k A4{:==50] 7HA|L §) CPUS 4% F, Nt st=4 o5 FPGAS v
= UseCount®] 7R~ 3 #%3h= SubCount ﬁoi et /R s 48 Flash WX o] AgH
3Gtk LR A= vyl A3d e OJFEAME ZH3tY WO dAFS T e
slznt 39S Fol AAE EolA 09 #E xﬂQ] 43S FEToEN AFEAATE S
H AES SR ARElaL i L R A= ek AR, GAE sk=dole] FX-609 AL
w2 2] = UseCount9} SubCount kS o]-8-3fe] ¢ 7V SlicezolA 2 %E ARA=A S
gt Eg|E ANt SHEYE o]&sto 7 E’VH, AAE stedojsl LT EYole] AFRS u
A E ] EgjoA]o] #w(Symbol ID CodeLength)E ¢} Microblaze 015 o]-§sto] AXEGojgto R A
T3} 781X Symbol ID CodeLength = ©]-8-3}<] s MW 2ede AHPAREe Bluskgith
ddo|E Falal oJojX UIEE F3l=E AA 5} Microblaze Foj& 4ol E}O]UV]- 71wl
act OPB-TimerE ©]-83tof A AlZHs 4350
OPB-Timer= dt=9o)7} 5212 wf 28& S35t
Elo] M ZH T9]= ticks©] A, ticksell ZZA|A L F
v, Adg 2 A1t 2t F718 wehd SAAe] Bk 343 AL
< @71 el ol BHE =3 & Hi Y] S5
4-1 24 &3 A 48 4Y Tk AAZ, FX-609] 10BE Lvht A=A
A3
Ao AR WTHEE XilinxAMIA TR
ML410 HE2A Virtex-4 FX60 FPGAZS W g3}a 4-2 H8 21
At #3719 st=go] 7S A3 Impulse C
CodeveloperS AR&3te] A~ZEJo]s} sl=glo] & 4-2-1 A 259 Ity H#3

%, tulo)AsgolWE T3S T Xilinx ALY ISE9}
EDK Tool[19]& AM&3le] St=9]o1S A6,

L =&
Used Symbol
Count index \ Freq. SubCount
1 7 0
1 2 4 0
3 2 0
4 4 1 0
1 R we
2 index ‘ Freq. SubCount
1 8 8
7 2 4 4
3 2 2
4 1 0

J8 3. 5=k E2le 44 of

Flg.3. The example of creating of Huffman Tree



A€ F57]9 IBIG2 FCD[4] F-5o Sl
2E A9 3202 28 F34 15MHzolA 45t
28 PIFeEA Aoz TS ¢ 5 AN
A8 A o, 29
5 HolE7t AdH oz 9 vet
ok a2deold $53kE dolH e A 2¥o]
15.02 psoll A '0x47F SHHZA AAE sh=9o]
7h BRAH R SRR e RN

4-2-1 45 A5 o

ol

7t

A =9 o]EL Xilinxk ISE/EDKE o]-&3}
ML410 7 B E Ao] FpGAY) st o]z F7)s)
AL, AZEY )9} AFo T o]NRME =3}

Sty a3 =A A58 A25 2011d 4

= A9e SRRt 2TESolse] A5 A7
2 B3t} AxEF Ol HolHE S Zo

il

op
ofr
=l

fa stedo] el M) T4 A4E ¢
& 2ZEF o] FoM ] Aol O
= Ao AAE st=dolrt B
T HrEdS T8 2l A5siln 2
dis REUh AHes $4EE B

o

ol o off
= IR O /1)

Lo Mo ot i e
so rlo di alt ),
S o
=

Jo {m

w2
—_—
—_
o
(e

g oo

N,
10,
r)« oX,

115023271 us|

15.019471 L

0.0038 us

a8 4. MA ok
Fig. 4. Full Waveform

(L
L FLE L ELE
1]

e

0.0045 us 0,005 us

T
0.0055 us

T (L
0,006 us 0.0065 us 0,007 us 0.0075 us

15.015289 us

O 5. o3 MY Holg by
Flg. 5. Input Symbol Data Waveform

T

X

i Bla 3 Jalp

| E AT

+ i T 3
B Jsymdenc/r_runcode |0 | 0 5

[1a 1

15,024 us

T T
15,025 us

[ I T |
15.032 us 15.036 us

Cursor 1

15,019436 us—]15.023296 us|

2 6. £8 lo|e uy
Fig. 6. Output Data Waveform



A8, %3t ; JBIG2 A ID Fu3tE A% o

é?}‘
t |
Jl

[2 File Edit Miew Project Hardware Software Device Conflguration Debug  Simulation W

DI"E; AR iy B4R ER M E R

== =2 =2 4NN DWW
Project Information Area X |i756
IP Catalog I Project 1 Applications 1757

1| 1758

E‘.Dﬂware Projects 1759

1Add Software Application Praject,,, T
[¥Default: micrablaze_0_bootioop 1761
[#\Default: microblaze 0_xmdstub 1762
= @ Project: tast 15763
@ Processor: micrablaze 0 SLiiE

Executable: EABIG2YSymIDEnC | BWEDK2W
@ Cormpiler Options
@ Sources
@ Headers
@Pro]ect symid_100601
i Processar: micrablaze 0
Executable: E‘WJBIGZWSvaDEnc TEHEDKZY

* Imp lse C is E Dy ight{c) 2003-2007 Impulse dccelerated Technologies; Inc.
tnu Tra
MI contour extl’act\on

... 30 Encoding Terminate ............{SymlD Encoding time = 192292289 ticks

- -~ SymID_H-End-------
... 3B Encoding Ternina

L. UBIGZ Encoding Termimats o..o...eesees
hop| [cat fon conplete. Prass the Entsr key ta oontinus

38 7. 28719 HEYOf/LTE | HE MY
23}

Flg. 7. Hardware/Software co—operation test result
of the Encoder

TG AT B 78B3H I ticks7H £ QA

3, st=dojE FRAS B B 19 93 29wt
ncksﬂ 28530tk F€0] 15MHzo A AlRte.2
AVskE Z¥zh oF 104.41 sec9t 2.56 sec7t Hh. SF=)
oF o|&T T AZEJOOE TANZE 1
Ho} of 4ouf o) WhE TS Hol Folh EE 1
F 8ollA] Bzo] ARH I0BE HA9 1% AR
ko] st=dlojz o] 7Edl APEE SAslt

SYMBOLID_16_0518 Partition Summary
Mo partition information was found,

Device Utilization S y {esti | b

Logic Utilization Used Available Utilization

Number of Slices 3414 25230 13%
MNumnber of Slice Flip Flops 1864 | 50560 | 3%
Murmber of 4 input LUTs 437 B0RG0 12%
Murmber of bonded I0Bs an 352 IEE
MNumber of FIFO16/RAME1Bs | 57 ze | 24%
Mumber of GCLKs T 32| 3%

JO8 8. 7HE StEY S5 TAH 2 FPGA AFRH
Fig. 8. FPGA Usage of the Implemented Hardware

Total Block
V.2 B

o] sf=go] 47| 305

ool A de] AREE I gl HAE Y AsdS
A3l AFE A2 o) %‘%—E—%Cﬂ JIBIG2 3t=9)
oA z=Flo] 8 Fiel A ID
9 HFE $371E sfudofz é g
o} A IBIG2 E2sl= ¢ FHo] Q= AHZE A
EJolE o8&t oy S5
Aeste] AFEsla AR F=goje] FEH Al
T T eH oz A9 o} & £ itk &
A F=gofel AZE 0l AFHAE 3l
ImpulseC CoDeveloper &5 ARS8l 2t RES
SISt} 123l ALDECAFS] Active-HDL
of 91 HolEd tigt 33 AFS AR £ XilinxAF
o] ISE/EDKE A3t st=dol=2 st A
3 2 AZE XilinxAk] ML410 AFREAo)
Virtex-4 FX60 FPGAE o|-&3t3ith A3 27, 47
¥ H3E 233 3414 SlicesES ARE3l] A
FPGA Slice &3] 13%E A1, W3E HE
3= 98] A9 A7TH 2.56secE AZES 01?..“}
A2l Ag-E} oF 408 o) WE X EEE
Atk w8 7 REL JBIG2 AZES 099 °4E A
5S AAste oz FAZS FRlEHh
g5 JAZE 15 PuHE Al2He] A3
2 A A2 S S A SEE
AR AR e 718 Al A= JEEE
il el Fn A=l EARS

=

m
m\i
g O
—{u:
o
i

l"-{

R

Ib
(o
frt
=
%ﬂ

2 A7 20108 W) ShE ]l ofsto]
o] Fol A+

ikl

P

Mo
rek

[1] CCITT Draft Rec. T4, Standardization of Group 3
Facsimile Apparatus for Document Transmission, 1979.
[2] CCITT Rec. T.6, Facsimile Coding Schemes and Coding
Control Function for Group 4 Facsimile Apparatus, 1988



306

[3] ITU-T Rec. T.82, Information Technology - Coded
Representation of Picture and Audio Information -
Progressive Bi-Level Image Compression, March, 1993.

[4] ISO/IEC JTC1/SC29/WG1 (ITU-T SG8) N1359,
JBIG2 Final Committee Draft, July, 1999.

[5] P.G. Howard, "AT&T JBIG2 Coder Proposal,"
ISO/ISE JTC1/SC29/WG1, Feb, 1996.

[6] P.G. Howard, F. Kossentini, B. Martins, S.
Forchhammer, and W.J. Rucklidge, "The Emerging
JBIG2 Standard," IEEE Trans. Circuits, Syst. Video
Technol., vol. 8, no. 7, pp. 838-848, Nov. 1998.

[7

[8

[9] http://www.verypdf.com

[10] O. Johnsen, J. Segen, and G. Cash, "Coding of
Two-Level Pictures by Pattern Matching and
Substitution," Bell System Technical Journal, vol. 62,
no. 8, Oct., 1983.

[11] P. G. Howard, "Lossless and Lossy Compression of
Text Images by Soft Pattern Matching," ISO
JTCI/SC29/WG1, N205, 1995.

[12] B3, 1183k, “IBIG2 3| =ZRE F53}7]9] 3l=d]
ol A, §F5HEIP]E] o] Sf3]=EA] pp. 101 - 109,
Feb., 2009

[13] X148, 138}, “UHIt| =8 JBIG2 F-538}719] 3}
Qo] A, §+E 83 H=EA] Vol. 35, No. 2,
pp. 182 - 192, Feb., 2010

[14] M. J. Atallah, Algorithms and Theory of Computation
Handbook. Chapter 12., CRC Press, 1998

[15] http://www.fags.org/rfes/rfc1951 . html

[16] J. Ziv and A. Lempel, “A universal algorithm for

http://www.adobe.com

]
] http://www.leadtools.com
]

sequential data compression,” [EEE Transactions on
Information Theory, vol. 23, Issue 3, pp. 337 - 343
[17] J. Ziv and A. Lempel, "Compression of Individual
Sequences via Variable-Rate Coding," IEEE Transactions
on Information Theory., pp. 530 - 536, Sept., 1978.
[18] http://www.impulsec.com
[19] 7 &, Real Xilinx Processor World. 9/E#/E/o] 2005
[20] http://www.aldec.com

ke els] =A] A154 Al2s 20114 4€

MY E (1535R)

199613 29 © PEThshn ARS8k
i} 29

200013 8 : Fpehstw AXSAFE}}
A &4

2001 39~3) 1 B9l AAEA
&3} AL

)

Aok QPAEAE, YHt= Al2E, TBIG,

7
MPEG-4
18 3 (5FH)

19799 29 : e w AAZe

s 29

1982 29 M2distu AAEEtat
A £
1989 29 Mostn AALEet)
HRAL 9

1985\ 39 ~AA : FLoistu
AAEAIF 8} g

Ao GAIEAE, AWt =R 28 IBIG2, H.264,
Network Video *]E]



