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ASIC Design of Lifting Processor for Motion JPEG2000
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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 03541 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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Table 1. Lifting coefficient and binary form

Binary

Step | Coefficient (17-bit fixed-point)

Decimal

1 « -1.58613432 | 10011010011111010
2 I5] -0.052980118 | 11111100100111000
3 o 0.8829110762 | 00111000100000011
4 é 0.4435068522 | 00011100011000100
5 ¢ 1.230174104 | 01001110101110110
el x e lx [aTx Dol x [xx[x, ] IXIJ
1 Mapping to
7] _aster
CITHTTITITTITTITI 1]
TOTITTTTITII]
Nt/

Unit arithmetic Same operation, different timing

37 4. PR 2Ege) FRARRE S Qe
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
(b) use of two adders

Define : IR : Input Register
MR : Multiplier Register
ARX : Adder RegisterX
DR : Delay Register
FR : Filter Register
OR : Qutput Register

LBFC_hor_typel(){

FR <= [-q O);

for(every clock) {
IR <= Input Data;
DR3 <= DR2 <= DRI <= [R;

MR <= IR*FR;
DR4 <= MR;
if (even) AR <= MR+AR;
OR <= AR;
else AR <= DRI+DR4;
OR <= DR3;
/
}
LBFC_hor_type2() {
FR <= {-q 0}
for(every clock) {
IR <= Input Data;
MR <= IR*FR;
ARI <= IR+MR;
DR <= MR,

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

I3 6. A7AE 2lxE Qi daeE
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

E 3. 712 d2aEre AoleS
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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¥ 4. LBFCY 53
Table 4. Operation of LBFC
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Fig. 8. Proposed boundary processing (a) symmetric
extension (b) zero padding (c) edge extemsion

mDCT OSE-SE ZEBE-BE OBE-SE 0zZP-ZP

7

7

7
7

LU

PSNR(dB)
8

A Y

Ly
NI
MITINAIRIRRER |
A R IRERRY
SRR

N

R

|
R

=7 =7
evel 2 Level3 Lovel4 Level5

A R Y

=

Level 1

-

Decomposed Level

%L%l 9. 3ALFY AFE 53 AAA HAES PSNR
1t

Fig. 9. PSNR result of boundary processing methods by
fixed-point simulation

23 89 (a):= JPEG2000 XEollM stz 9l
= AAql #AM(SE, Symmetric Extension)©]
I, (e AAE 7 944 e 5 gl il
ozt BAMPH(ZP, Zero Padding)elth I3 89
)7} £ EFA Ajklaal she /AR 23
H(EE, Edge Extension)o.2 3] AAl sl=
FAEe gz sk wAlelth AASA
) upAlEzke] AsE 23 9o Jehlich 219 9
= olgie}l 7o) 57EA] wlel dWidk AFHE el
Aoz zeze] 7+ B (EH-tjz)el g
PSNR ZAzlolel 512x512 =719 50070 44-& o
Arog FALEY AEHe)AAS g Aot 5
g7z B ZEL SEPS A5l ZPE JzEH
tzde 383 23E Aslze DCTES £
AR ¥gla, 2% 100 2R zho] AA| s
& A A7t YL & & ek webd ARt
BhAe SE E2 EE uhalo g oIS sijgke
sa3lulgl AES Hol=E JPEG2000 ¢5% $
T & byl E & stk




=/ Motion JPEG2000-2- $13F 2] 2 A9 ASIC AA

a7 10. Z%l%)?} ZAAA e 25t °é‘*&€?+(d()a) 9% ©)
SE-SE (48.1308dB) (c) EE-EE(38.9297dB) (d) EE-SE
(39.3947dB)
Fig. 10. Image result by proposed boundary processing (a)
original image (b) SE-SE (48.1308dB) (c) EE-EE (38.9297dB)
(d) EE-SE(39.3947dB)
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Fig. 11. Line-based vertical lifting arithmetic
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Fig. 13. Architecture of BPU
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Fig. 14. Architecture of Lifting Kemel using LFDWT
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Fig. 15. Architecture of lifting processor
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Table 5. Hardware resource of lifting processor

# mﬁfﬁf Sub Instance (S}f‘;:
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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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
ili Vi 1 42 RAMBI1
BA13FDWT[4] 112288>< P ©7). 3) Xilinx XC2V100 3,381 SL 35 112Kbits+6
ASIC(0.18
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