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ABSTRACT

In this paper, we proposed a new lifting architecture for JPEG2000 and implemented to ASIC. We proposed a
new cell to execute unit calculation of lifting using the property of lifting which is the repetitious arithmetic
with same structure, and then recomposed the whole lifting by expanding it. After the operational sequence of
lifting arithmetic was analyzed in detail and the causality was imposed for implementation to hardware, the unit
cell was optimized. A new lifting kernel was organized by expanding simply the unit cell, and a lifting
processor was implemented for Motion JPEG2000 using it. The implemented lifting kernel can accommodate the
tile size of 1024x1024, and support both lossy compression using the (9,7) filter and lossless compression using
(5,3) filter. Also, it has the same output rate as input rate, and can continuously output the wavelet coefficients
of 4 types(LL, LH, HL, HH) at the same time. The implemented lifting processor completed a course of ASIC
using 0.35z/m CMOS library of SAMSUNG. It occupied about 90,000 gates, and stably operated in about
150MHz though difference from the used macro cell for the multiplier. Finally, the improved operated in about
150MHz though difference from the used macro cell for the multiplier. Finally, the performance can be identified

in comparison with the previous researches and commercial IPs.
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Forward Lifting Transform

Inverse Lifting Transform

32 1. REYS ol & FUYeYY 2lme o) 7xE
Fig 1. Forward/inverse lifting scheme using factoring
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Fig 2. Fixed-point multiplication for filter operation
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1. =8 A} )%y
Table 1. Lifting coefficient and binary form

Step | Coefficient Decimal .Bi.nary .
(17-bit fixed-point)

1 @ -1.58613432 | 10011010011111010

2 I} -0.052980118 | 11111100100111000

3 ¥ 0.8829110762 | 00111000100000011

4 0 0.4435068522 | 00011100011000100

5 ¢ 1.230174104 | 01001110101110110

JE 3 N N E A P P A

N . -

Mapping to
7] astep

‘
s P
Same structure

Sy s [y N [ [y Sy |

AT

Mapping to
aunit

I Y B B
Nt/
Same operation, different timing

I8 4. 1349 BlZEe) FEAIE 59 Ay

Fig 4. Unit arithmetic of 1D lifting by mapping of structure
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Fig 5. Time rescheduling of lifting (a) use of one adder
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Define : IR : Input Register
MR : Multiplier Register
ARX : Adder RegisterX
DR : Delay Register
FR : Filter Register
OR : Output Register
LBFC_hor typel(){
FR <= {-a,

for(every clock) {
IR <= Input Data;
DR3 <= DR2 <= DR1 <= IR;

MR <= IR*FR;
DR4 <= MR;
if (even) AR <= MR+AR;
OR <= AR;
else AR <= DR1+DR4;
OR <= DR3;
¥
}
LBFC hor. type2() {
<= {-a,

for(every clock) {
IR <= Input Data;

MR <= IR*FR;
AR1 <= IR+MR;
DR <= MR;

AR2(OR) <= MR+DR;
FR <= FR(Round Shift);
}
¥

T2l 6. ATAE =8 A daelE
Fig 6. Rearranged lifting arithmetic algorithm
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Table 2. Hardware resource for type of LBFC

Instance Name | Multiplier | Adder | Register | MUX

LBFC_hor_typel 1 1 10 4

LBFC_hot_type2 1 2 7 1

H 3 7| JA&E29 ACES
Table 3. Gate number of basic instance

Instance Name Bit Width Gate
Adder 17 105
Register 17 98
MUX 17 42
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Fig 8. Proposed boundary processing (a) symmetric
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Fig 9. PSNR result of boundary processing methods by
fixed-point simulation
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Fig 11. Line-based vertical lifting arithmetic
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Fig 12. Architecture of vertical LBFC(LBFC_ver)
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Fig 13. Architecture of BPU
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Fig 14. Architecture of Lifting Kernel using LFDWT
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FPGA #7o 7 R% 139U ASICE AHAe]
0.35um CMOS olH e o83t FA3t3aL
FPGAE Altera’}e] APEXE EMCZ 314t} &
ZH guFL C++iolE o] &dte AFIAL
0] Z Verilog-HDL-E Al&-3le] RTL 452 HWZ
APEsEaTE AlQtet El=Z® Ad-2 JPEG2000 XFF
e Hwol B2 g S B 9= A
Fal 2RRIMT = o) 1024x1024 F719] EFIS
238 4 9tk

ol mlo

+

4.1 sl=go] X

A Bo] 2HDHW LS F 59 ZAE]
Rt AA I2E o 9vie] AlolER A
£, o] 9|4 Lifting Kernelo] 2F 87+ 4372
A]EE H83sla 913 SDRAM Controller”} 53
Mo ACEE Hf3h T F=2lA Line

E 5. A9 Lifting Processor?] dF=]o] -
Table 5. Hardware resource of lifting processor

# |Instance Name‘ Sub Instance Gate Size
1 |LFDWT_HOR_TOP 17,926
2 LFDWT_HOR 14,336
3 Scaling Block, Logics 3,590
4 |LFDWT_VER_TOP 65,872
5 LFDWT_VER 62,118
6 Line Buffer 45,760
7 Arithmetic 16,358
8 Scaling Block, Logics 3,745
9 |SDRAM Controller 5,439
10 |Lifting Kernel 83,798
11 |Lifting Processor 89,239
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I gpolBejge] o] &x HA o]XshetE ¥ FHE ZAPE Ho|n ‘2,113} Zelel 234 A
stk A & Je AT wE AT AR
D, T Aol WP w47 2 e 5 2
42 ASIC ¥ FPGA 78z} &5 Hlw 2o Aole] BAT =< nlwa w 7EE o]z
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ASIC FPGAR EF T8It 7% 23 JPEG20002] Awlo] ShiswA AFasw chokst
o} g2 o 2 AL A|EFe H|uE el T FlZE Ado] ZAHT 9=y ] T 7904 olelst
7O P R 3 RDE 98 HWE A g S pes) mastelth & 79) PSS IPEG
= BF 2=y dadsd #dd dEEod o 20002 93 AolmE ¥ 6o ATEF} g 9"
WHoz 43 Zijﬂr ol AR o] B Jae Bl wrelz FAstm T AETo s ol
HW A& ARE3Sit) Bk olyg} A d ez o sl RS0l
BRiAlE QA Al FEAA 7P e 2 I 7914 Tile sizes U PATA 2 m3ha o]
220 vinE] HI3rE =y e nje] 144 = wzale] =79 A AT Transform<S Z=H-aF
FAlo] 4ds] B2 Ao dntHold AW W oulsr WES Fadk £ YRS UehE A
WA Dl HW7E 7R AEE, el (5,3) BER ol3, Filter: o® HEE AL 4 A= 4
o] AMg37] wjEolt} 9.7) HEE o] &3 HEH Bhitt 8w 38 AT AoE & B2 &%
o] (5.3) FEIES ©o]&3 FE|Hol Hlsix 2= =< ulwslz vt WA BB-2DEDWTS 2%
7ol <k 2u) ol BEIREE /e RS 1Y (53) TETRS Qs 3 FEYT s
st o2 H/WSE 53t 71525 Z8shd of 2] Soft IP FEZA Ao] 7l Yo AL B 2= 9
AEE HWE] 7RIk 9t F 7 dHE T} E3 RC_2DDWT % LB2DFDWTE BA1l3
T8 HIW ol 7P 22 Zo] Al WA 4 FDWTS} ngzlooﬂ HElA] Aso] e Ropo A}l
ol HWelH|, &5 wojE gl e A3 HsiA 45 IPSo|th BAIIBFDWTS CS6210 2 2
1290 ©4o] o} o] xR+ HolHES 9|7 w=Ro) gxe AYS nlwstd oW ol HIEA

A3iA ‘FZ} gy E55 st S7MIACE st yber gl 8 5=BA113FDWTZ) 78 &
d, o] Agol FAIsh SE AAAHWAN o qae apgstm gom exE Ade] wwd
°F 30%AE SR A R WRA ACLE g ey grYe T AUshEAAsIce) B

E 6. A¢E HW] A ARE
Table 6. Resource usage of proposed H/W

Arch. Filter =~ |Image Size * + Storage Size | Output Rate FOI_EZ flaetrlg}l, Gate Count Cocn(l);lt::?glity
N ©7 | 25625 | 36 36 18 5Kbit ! - - Simple
53) | 25625 | 36 36 17.5Kbit f - - Simple
2l 53 | 129x129 | 4 8 236 Kbit f (%)9&1\3};) (&f’gilm%) Complex
©7)/ . 110Mhz 2,363 SL
3l QN | meass | s 16 57.6Kbit ” PO | (aoRey | Complex
O . >150Mhz 32,262 .
Ours oy |loexioe| 12 24 256Kbit f s | ooy Simple
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Table 7. Performance comparison of commercial IPs

Design Tile Size | Tran-sform Filter Target Technology | Gate Count |Clock (MHz) Memory
Altera EP1S2 4,291 LE 130 2 MRAM
BA113FDWT[4] | 128x128 F 9,7, (5,3) | Xilinx XC2V100 3,381 SL 135 42 RAMBI6
ASIC(0.18ym) 50,000 205 112Kbits+512Kb
Altera 3,280 LE 65 External RAM
RC_2DDWTI[5] | 512x512 F/I 9,7)
Xilinx Vertex II 1,698 SL 95 External RAM
LB-2DFDWT[6] | 256x256 F ©,7) Xilinx Vertex IT 2,227 SL 51 14 Block RAM
BB-2DFDWTJ[7] - F (5,3) Xilinx Vertex IT 946 SL 52 10 Block RAM
Altera APEX20 7,381 LE 47 24 ESB
CS6210[8] 128x128 F 9,7), (5,3) | Xilinx VirtexE-8 3,784 SL 55 24 BRAB
ASIC(0.18ym) 55,000 150 50KB
Altera APEX20K 5820 LE 52 128 ESB
Ours 1024x1024]  FJI ©,7), (5,3) 38,038 150 256Kbit
ASIC(0.35um)

112,965 150 OKbit
38,0387)(THe 329} VIR 2] HHE HE 1024x1024 =719 EIYS 8T F 3 o=
ﬂi AHEE AR 2AYY B 2PE MY & HolEE&3 Y EHEE 94 trIRA Ao

I, FPGA®] 739 5,82071¢] LE(Logic Element)= % 47}A] BUje(LL, LH, HL, HH)2] ¢lo]Eg] A
T HARZ A2 AdE AREstal ok B4 59 FES TAFeE YT F YT =S IPEG
739 BAI13FDWT2} CS62100] Aet® H/Wol H] 2000904 L73%+E 9,7)ZEEH ¢ (5,3)ZHE 25 At
I} =2 A& B 4 doy ol 38 ¥ FPGA £ F Qo] &HUET FEAYEES =25 Ad
tluto] o] Hdof wel WAEE ¢ Uk HE g & JAtk SAMSUNG2] 0.35um CMOS &}o]
o] AHgS BY 598 B ZE Addtn 228 E o]&3te ASICLE Fdd =y =2
7148 79 BAIIBFDWTE  112Kbitx40]al AXE oF 9utAfo] Alo|EE AHfaslHA 150MHz
RC_2DDWT- 50Kx8x4¢] wW®ZE AR ojfe] £LoA HHom TSI FAE
256KbitS ARE-sh= AIRMe 2=ZE Aol 71 2 HWE 7]Ee] st 1po} Hlusiy 53 54

S Hrygs o7 3 S 7kAa Qe WA Motion JPEG200004 73}
= AIRE BT FEAE 5 o] 5 g o

43 P&R 22t A4S Bopl 448 £ e Aoz Asd
ApolloE ©]83}] PNRS 4335} DRC %
LVS #HHE olegle] ZE FESAT A
chip Z7]= 2655%x2655°]3 AAE core?] utili-
zation2 ¢F 80%°l aEsth 1™ 160 AAE

H/W2| P&R9] A #olol-S YeRith

2z T
Aol ke —M& FHWE g 7z xﬂ 74
S, AT ZRE A Fuke) Hgo] Fol

. J8! 16. P&R $9] #ojokx: A
E) 30 ™
g HWER Taskalth e Bzy Ade Ayl Fig 16. Layout result after P&R
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