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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 0.35um 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 Decimal . .

(17-bit fixed-point)
1 «a -1.58613432 10011010011111010
2 8 -0.052980118 | 11111100100111000
3 ¥ 0.8829110762 | 00111000100000011
4 ) 0.4435068522 | 00011100011000100
5 ¢ 1.230174104 | 01001110101110110

Mapping to
a step
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Mapping to
a unit

[TTTTITTTITITTT]
Nt/
Same operation, different timing
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Fig 4. Unit arithmetic of 1D lifting by mapping of structure
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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, 0};
for (every clock)
IR <= Input Data;,
DR3 <= DR2 <= DR1 <= IR;
MR <= IR*FR;
DR4 <= MR;
if (even) AR <= MR+AR;
OR <= AR;
else AR <= DRI1+DR4;
OR <= DR3;
}
}
LBFC hor_ type2() {
FR <= {-a, 0};
for(every clock) {
IR <= Input Data;
MR <= IR*FR;
AR1 <= IR+MR;
DR <= MR;
AR2 (OR) <= MR+DR;
FR <= FR(Round Shift);
}
}

a8 6. AR Bl=ZE o4t daelE
Fig 6. Rearranged lifting arithmetic algorithm

348

i3]

5]

o _m
r
[3]

—n

stge 1 stgn2 =m3 stap4 g5

@
N ’n e

==

stage 1 stgo2 w3 stage 4 sage 5

111

323 7. 993 LBFCY] 72 (a) WA (b) W2
Fig 7. Architecture of horizontal LBFC(LBFC_hor) (a)
typel (b) type2

¥ 2. LBFC?| Ffol me st=do] AR
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Instance Name | Multiplier | Adder | Register | MUX

LBFC_hor_typel 1 1 10 4

LBFC_hot_type2 1 2 7 1
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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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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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Arch. Filter  |Image Size * + Storage Size | Output Rate Frequency Gate Count Complexity
0] o7 256x256 36 36 18 5Kbit f - - Simple
(5.3) 256x256 36 36 17.5Kbit f - - Simple
. 200Mhz 15,000
2 (5,3 129%129 4 8 236 Kbit f ©0.18m) ©.18m) Complex
o7 . 110Mhz 2,363 SL
131 3) 256x256 8 16 57.6Kbit 12 (FPGA) (43 449Reg) Complex
o7 . >150Mhz 32,262 .
Ours (53 [|102x1024) 12 24 256Kbit f ©0.35,m) ©0.35.m) 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
BA113FDWTI[4] | 128x128 F 9,7),(5,3) | Xilinx XC2V100 3,381 SL 135 42 RAMBI16
ASIC(0.18um) 50,000 205 112Kbits+512Kb
Altera 3,280 LE 65 External RAM
RC_2DDWT[5] | 512x512 F/1 9,7
Xilinx Vertex IT 1,698 SL 95 External RAM
LB-2DFDWT[6] | 256%256 F ©,7 Xilinx Vertex I 2,227SL 51 14 Block RAM
BB-2DFDWTI[7] - F (5,3 Xilinx Vertex II 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(0.18um) 55,000 150 50KB
Altera APEX20K 5820 LE 52 128 ESB
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