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ABSTRACT X He) ol v e i s R

Several lifting-based filter banks (LBFBs) are proposed for lossless- 1

X . . h 1 — F(z
achieve good coding performance due to many rounding operations, M e
and they may have wide dynamic range of lifting coefficients due : : :
torization ofM-channel perfect reconstruction filter bank (PRFB).
Using the block parallel system of PRFBs with an imposed condi-
called the parallel lifting. The validity of our structures is shown by
applying them to lossless-to-lossy image coding. —

to-lossy image coding. However, the conventional methods can not
to inverse matrix. This paper presents a more practical lifting fac- L] NS A L A I
tion, we can factorize them into a novel lifting structure which is Figure 1: AnM-channel filter bank.
Index Terms— Perfect reconstruction filter bank (PRFB), block o M e = 1M 1 .

parallel system, parallel lifting, lossless-to-lossy image coding. o
o
o M > el O - M o
1. INTRODUCTION z E@) @ R() z
. . . : : =1 : :
Image coding has lossy and lossless mode. Lossy image coding o3 -
is adopted to Internet contents and mobile etc., and lossless image L» IM > > 1M i»

ym)

coding is adopted to medical and art field etc. Then lossless and —
lossy compressed data are usually independent each other. For ex- ) i
ample, in the international standard JPEG [1], discrete cosine trans- Figure 2: A polyphase structure of filter bank.
form (DCT) [2] is applied to lossy image coding and DCM is ap-
plied to lossless image coding.

With the rapid development of Internet and multimedia tech-
nology, the unification of lossy and lossless compressed data &here e(2) = [1 z1.. Z_(M_l)]- If perfect reconstruction is

demanded to obtain higher quality and compression ratio Suchchjeved, the synthesis polyphase maRisz) can be chosen as the
?S V\\]/%ESZCI)OO [3] V\gtlh 9/|7 and 5/3-tap g.ISCfete Wa\/t(?'e} traSNSfor;:hverse ofE(2). The obtained FB is called a perfect reconstruction
L or OS.Sy ana lossless |mage_ CcoO |ng,. respectively. eV_eI’ B (PRFB). |fET Z—l E(2) =1 andR(2) = ET Z—l , the FB be-
lifting-based flter banks (LBFBs) which are filter banks (FBs) with Iong(s to a)speciag cla)ss (of) PRFBs cal(le)d a pa(raun)itary FB (PUFB).
the lifting structure [4] are widely researched for the unification of ppER \vithout PUFB is called a biorthogonal FB (BOFB).

lossy and lossless data [5-7]. This coding is called lossless-0-10SSY e refore M-channel PRFBS can be implemented by the lattice
image coding. However, they are not practical because [5, 6] Caycyyre that consists of the product of the first and several building
not achieve good coding performance due to many rounding opef ks In this paper, we assume that the filter lengMigK € N).

ations,.and [7] may.have wide dynamic range of lifting coefficients,-l-he polyphase matri(z) of the PRFB is expressed by [8]
due to inverse matrix.

In this paper, using the block parallel system of perfect recon- _
struction FBs (PRFBs) with an imposed condition, we can factorize E(2) = WLAL(Z) - W1A1()Wo @
them into a novel lifting structure which is called the parallel lifting. wherel —
The every building blocks have more practical structure which con .
sists of three block lifting matrices with same lifting coefficient ma-
trix without an inverse operation. Finally, the validity of our struc- M-y
tures is shown by applying them to lossless-to-lossy image coding. Ax(2) = {I 10 } )

Notations: I, MT andMM! are an identity matrix, a transpose 0 z W
of a matrixM and anM x M matrix M, respectively.

v K —1, Wy is arbitraryM x M nonsingular matrix and
Ay(2) is expressed as

Although y is arbitrary integer K y < M, we sety = M/2
2. REVIEW andA(2) 2 Ay(2) for simplicity whenM is even. Fig. 3 shows
2.1 Perfect Reconstruction Filter Bank (PRFB) a lattice structure of PRFB. WheWy is an orthogonal matrix,

_ _ _ W, '=W], itisa PUFB.
Fig. 1 shows aM-channel FB which consists of parallel analysis
filters Hy(2), synthesis filterd(z), decimaters and interpolators. 2.2 Block Lifting Structure
Fig. 2 illustrates its equivalent polyphase representation wléze
andR(z) are the polyphase matrices, respectively. The polyphas
representation is formulated as follows [8]:

bifting structure [4] is researched widely. Since the structure
achieves integer-to-integer transform, lossless-to-lossy image cod-
ing can be realized. Fig. 4 shows a lifting structure. In Fig. 4,
T_ M T analysis input signalg andx;j, analysis output and synthesis in-
[HO['(:?(ZH)léfzz) ”H'\é'\;l(lz()z)} - eE((zZ)PEFz(’\?) put signalsy; andy;, synthesis output signatsandz; and a lifting
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Figure 6: A time-series processing of lattice strcture of PRFB.

zj > Yy

Figure 4: Lifting structure (White circles: rounding operations.) Wi 0
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A system in (2) is called the block parallel system. TheXijfin
(2) can be factorized into lifting structure, we can achieve lossless-
to-lossy image coding. In conclusion, a method of approach for

coefficientT are represented as

Yi = X +RTX|] z =y —R[Tyj]| =X lossless-to-lossy image coding is boiled down to how to factorize
Yi = X Zj = Yj=Xj X into lifting structure.
whereR[.] is rounding operation. 3.2 Parallel Lifting Factorization

In other hand, the block lifting structure [7] is known as an effi- . -
cient one. The structure achieves higher compression ratio becau'ggSt’ let defineX, as
it can merge many rounding operations. Fig. 5(a) shows a block

lifting structure before merging the rounding operations, and Fig. Xk 2 [0 I} Xy = { 0 Wk} . 3)
5(b) shows one afrer merged them. It is clear that the number of

rounding operations is reduced fraif to N when the size of the . . o ) .

lifting coefficient matrixT is N x N. In Fig. 5(b), analysis input Second, the block lifting matrix is multiplied from the right sides of
signals vectok; andxj, analysis output and synthesis input signals(3) as

vectory; andyj, synthesis output signals vectar andzj and a X\ { I,l 0} — { I Wk} ] (4)
lifting coefficient matrixT are represented as w I Wi 0
Next, the other block lifting matrix is multiplied from the right sides
Yi = Xi+ R[TXJ] N Zi = Yi— R[TyJ] =X of (4) as 9 P 9
Yi = Xj Z) T Y =X
. . . I Wi [T -W| |1 0
whereR][.] is rounding operation. {Wk 0 } [0 I } = [Wk ~w2|- (%)

3. PARALLEL LIFTING-BASED PERFECT - . _ . .
RECONSTRUCTION FILTER BANK (PLPRFB) Therefore, the block lifting matrix which is same as (4) is multiplied
from the right sides of (5) as
In this section, we propose an efficient lifting structure using the
block parallel systemof PRFB. { I 0 } [ I 0} {1 0 ] ©)
2 -1 = 2| -
3.1 Block Parallel System Wi =Wi (Wi 1 0 —Wi

First, the lattice structure can be expressed as a time-series proceggmsequentryXy in (3) can be factorized into the lifting structures
ing such as Fig. 6 [9]. Two building blocR&/y framed by dashed ysing (4)-(6) as
line in Fig. 6 are expressed as
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Figure 5: Block lifting structure: (a)before merging, (b)after merging rounding operations. (White circles: rounding operations.)
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e 3.3 Merging Rounding Operations
Wy L, 3

I I Many rounding operations can be merged because the lifting coef-
‘ Wy ‘ ‘ Wi ‘ ficient of PLPRFB can be expressed as a matrix (block). This is an
W, efficient for lossless image coding [7]. Table 2 shows the number of
é é 1 rounding operations when the numbers are in one system. Although
W, — 3 s i the numbers in [7] are the least, PLPRFB can reduce it to the almost
—» > same number.
@) (b)

4. RESULTS

Figure 7: A block parallel system of PRFB: (a)basic structure.4.1 Filter Bank Design

b)parallel lifting structure. (White circles: rounding operations. . . . _—
(B)p 9 ( gop ) In this paper, we focus on image coding applications. The cost func-

tion to design the FBs is a weighted linear combination of coding
gainCcg, stopband attenuatid®stopand DC leakag€pc [8]-

Table 1: Comparison of the number of free parameters.

6] | 7] | PLPUFB | PLBOFB C = —w1Ccg +WoCsTop+W3Cpe
/
gi;i go 1954 ig 17028 wherew,, w, andws are weighting factors. We designed only 34

PLPUFB and PLBOFB because its filter size have better perfor-
mance than the other size. Their frequency responses are depicted

Table 2: Comparison of the number of merged rounding opera-j, Fig. 8.

tions.
[6] 7] PLPUFB | PLBOFB o L ,
56 T =6 T2 =20 192 24 [ 192 24 4.2 .Appl|cat|o.n to Lossless-to-Lossy Ima'ge Coding .
8x24 | 180—82 | 176 — 28 | 288— 36 | 288— 36 In this subsection, our PLPRFBs are applied to lossless image cod-
ing by using the rounding operations in the each lifting structure.
We adopted the periodic extension at the image boundaries and
. r EZW-IP as a wavelet based coder [11]. The lossless image coding
%, — I o I 0] [T Wy I 0 @ It 4b
K= o —WE *lel Illo 1 *Wil NE results are compared by
. Total number of bitfbit
However, (7) is not the complete lifting structure duewé. Lossless bit rafepp = i

. . 1 ) . Total number of pixelipixel]
Let impose a conditioW, ~ = Wy for the completion of lifting

factorization of PRFB. In case of PUFBYy must be a symmetric  which indicate how the FBs efficiently reduce the spatial redun-
orthogonal matrix Wheré’Vk’l =W/ = W, as follows [10]: dancy of the input signals.
If lossy compressed data is required, it can be achieved by in-

uT 0 terrupting the lossless bit stream obtained. The lossy image coding
Wy = {U(‘;'O U?(.l] {(Sjlk( _S(‘EJ (|]<,o UIJ (8)  results are compared by
25%
whereUy o andUy ; areM/2 x M /2 arbitrary orthogonal matrices, PSNRdB] = 10logo MSE
[Cklii = cosagi and[Slii = sinagi(0 <i < M/2), respectively. In
case of BOFB, (8) is extended as follows: where MSE is the mean squared error. Table 3 and Fig. 9 show the
comparison of lossless bits rate and PSNRs between our PLPRFBs
Vio O Ck Sk V[& 0 and the conventional methods and lossy compressed images of ‘Bar-
Wy = { 0 Vi J {Sk —Ck} 0 v-1 (9)  bara’ when bit rate is 0.25[bpp]. 5/3-tap DWT [3]x24 PUFB [6]
’ k1 and 8<24 BOFB [7] are selected as the conventional method for

) ) ) lossless image coding. Similarly, 9/7-tap discrete wavelet transform
whereVy o andVy 1 areM/2 x M /2 arbitrary nonsingular matrix, (DWT) [3], 8x24 PUFB [6] and &24 BOFB [7] are selected as the

[Cklii = cosay; and[SyJii = sinayi(0 <i < M/2), respectively. conventional method for lossy image coding. Our PLPRFBs present
As aresultXy in (2) can be factorized into the complete block same or better performance than the conventional FBs in both loss-
lifting structure such as less and lossy image coding.
0 -I I 0| |I Wy I o 5. CONCLUSION
Xk=11 o||-wy I|]o 1 ||-w, 1| (1O . — o
k k In this paper, we proposed a more practical lifting factorization of

o o M-channel perfect reconstruction filter banks (PRFBs) using the

The block parallel systefX and its lifting factorization in (10) are  pjock parallel system. This PRFBs are called parallel lifting-based
shown in Fig. 7(a) and (b). » PRFBs (PLPRFBs). The every building blocks can be factorized

PRFB using (10) is called parallel lifting-based PRFB (PL-nto the three block lifting matrix with same lifting coefficient ma-
PRFB). Especially, PLPRFB based on (8) and (9) are called paragiy without an inverse operation. Although the condition for lift-
lel lifting-based PUFB (PLPUFB) and parallel lifting-based BOFB g factorization is imposed, our PLPRFBs are comparable or even
(PLBOFB). Table 1 shows the comparison of the number of fregetter performance in comparison with the conventional FBs in
parameters (PLPUFBXM?/4, PLBOFB:KM(M +1)/2). lossless-to-lossy image coding.

In (10), it is clear that the each building blo& is constructed
by using three block lifting matrices with same lifting coefficient aAcknowledgment

matrix without an inverse operation. This is a practical structure. ) ) ) o
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Figure 8: Frequency responses of PLPRFBs: X28PLPUFB, (b)&24 PLBOFB(analysis), (c)824 PLBOFB(synthesis).

Table 3: Comparison of lossless-to-lossy image coding (Lossless
bit rate[bpp] and PSNR[dB]).
Lossless PSNRI[dB]
FILTER bit rate 1.00 0.50 0.25
[opp] | [opp] [bpp] [bpp]
‘Barbara’
5/3 and 9/7-tap DWT, 4.87 34.88 3049 27.25
8x24 PUFB [6] 4.82 36.07 31.98 28.38
8x24 BOFB [7] 4.77 36.18 32.03 28.40
8x24 PLPUFB 4.77 36.14 3192 28.33 @) (b)
8x24 PLBOFB 4.76 36.21 31.99 28.36
‘Elaine’
5/3 and 9/7-tap DWT 5.11 34.61 3294 3151 ’
8x24 PUFB [6] 5.06 35.24 3329 31.34
8x24 BOFB [7] 5.04 35.32 33.24 31.26
8x24 PLPUFB 5.05 35.31 33.28 31.33
8x24 PLBOFB 5.03 35.38 33.33 31.33
Finger
5/3 and 9/7-tap DWT, 5.84 29.07 25.99 2351
8x24 PUFB [6] 5.68 30.21 26.59 23.79
8x24 BOFB [7] 5.65 30.25 26.62 23.77
8x24 PLPUFB 5.66 30.26 26.58 23.71
8x24 PLBOFB 566 | 30.21 26.62 23.91 © (d)
Average of 10 test images Figure 9: Enlarged image of ‘Barbara’ (Bit rate: 0.25[bpp]):
S5/3and 9/7-tap DWT|| 531 | 32.95 30.06 27.62 (2)Original image, (b)9/7-tap DWT, (c)@4 PLPUFB, (d)&24
8x24 PUFB [6] 532 |33.46 30.33 27.68 PLBOEB.
8x24 BOFB [7] 5.29 33,53 30.31 27.65
8x24 PLPUFB 5.29 33.56 30.32 27.62
8x24 PLBOFB 5.29 33,56 30.37 27.70
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