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ABSTRACT 2. CONSTITUENT MODULES
In this paper, we present a method for designing lossless

versions of two-channel FIR filter banks. We demonstrate that 2-1 Lossless Two-point Transform

equal length PR FIR filter banks can be decomposed into 2-point

transforms and unequal length into interpolative predictions. The A 2x2 matrix A that has scalara to d is decomposed as
lossless versions of the filter banks are obtained by replacing follows, if Det(A) =1 and b#0.

every constituent module by the corresponding lossless version.

This method allows construction of the lossless versions of filter A= [a bgz 0 1 Ol b 1 OS_ 1)
banks with arbitrary filter length. Lossless versions of several %: dg %d -1)/b 1% 1%a—1)/b 10
filter banks are designed and they are found to ygsdd
performance for lossless image compression. The transformation off x,, x,] to [6,,68,] byA isthen given by
1. INTRODUCTION B0 Da+cx D
. . . ) OD: 5(0+019bD (2)
An unified lossless and lossy image coding system is useful for B.H B, +ch,B

various applications, since we can reconstruct lossy and lossless
images from a part and the whole of an encoded datahere ¢ =(a-1)/b, c,=b, c,=(d-1)/b. The integer
respectively. This coding system can be realized by using lossless o ' 2

version of (2) is given b
block transforms or lossless wavelet transforms. In the lossless @isg y

transforms, integer input signals are transformed into integer ®,0 [X + [G,x, + 0.5

transform coefficients and losslessly reconstructed. The mean gl 0

first order entropy of the integer transform coefficients must be o0~ +[¢6, +0.5 ®)
smaller than that of input for image compression. Lossless B.H B, +03,0,+05[H

versions of 8-point discrete cosine transform (DCT) and 8-point

Walsh-Hadamard transform (WHT) have been proposed [1][2]. where X,, X, 6,, 6, and 8, are integer, andc,, c, and
The lossless wavelet transforms consist of lossless versions 0(32 are real. The equation (3) is reversible, that is to &y, ]
filter banks. A lossless version of the symmetric short kernel .

filter (SSKF) [3] has been proposed [4]. Said and Pearlman's losslessly reconstructed froi,, 6,] as

proposed the S+P transform (S transform [5] + Prediction) [6].

The TS-transform proposed in [7] is a special case of the S+P mb% (6, - [d,6, + 0.5
transform. E%D: , — G0, + 0_5[%_ 4
A method for designing lossless versions of general FIR filter B H H, - [Gx, +05[H

banks was proposed [8]. This approach is based on the idea
factoring the filter bank into lifting steps [9]. In this paper, we o L
will propose a design method of lossless versions of 2-channel|1"“?)der r:]et;vo\o.rkd[m]. The cc?se ?f”D@)(_ -1 is shown in Fig.
perfect reconstruction (PR) FIR filter banks based on (b), whereA is decomposed as follows.

decomposing them into simpler steps, that is, 2-point transforms 10 1 0 b 1 0

and interpolative predictions, than lifting steps. This method will A= E- Sﬁ % Sﬁ % (5)
allow us to obtain easily lossless versions of filter banks with 0 1gi-d)/b 1 1ma+)/b 17
arbitrary filter length.

QI‘he corresponding network is shown in Fig. 1(a). This is called a

For example, we can obtain a normalized lossless 2-point WHT
In the following section, lossless versions of a 2-point transform by setting a=b=c=-d =1/+/2. Unlike the S transform, the
and an interpolative prediction are introduced. In section 3, we '
will propose methods of decomposing PR FIR filter banks into 2-
point transforms or interpolative predictions. Section 4 shows the2 2 Lossless Interpolative Prediction
design examples of lossless filter banks and their performance in-"
lossless image compression. Section 5 concludes this paper.

dynamic range is uniform.

The 2-point transform is a constituent module of the (2, 2)-FB,
where (n, n)-FB indicates the 2-channel filter bank witttap
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Figure 2. Lossless interpolative prediction and its
inverse transform.

Figure 1. Lossless 2-point transform and its inverse
transform. (a)Case of Dé=1. (b)Case of Def{)= -1. Figure 3. Two-channel analysis/synthesis filter bank.
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Figure 4. One decomposition of (221 )-FB.
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andn-tap analysis filters. The (1, 3)-FB is as simple as the (2, 2)-Then, from theory of filter banks [12], the perfect reconstruction
FB. An integer version of a constituent module of the (1, 3)-FB is yequirement in time domain is

B,0 O X, ad 2L-1 B
0 (=D"*h,(mh,(2m-n-1) =5(m~-1) ©)

%1 0= %(1 = [GyX, +C, X, +O.5[%. (6) nZO N

®.H B % H for 1sm<2L-1. The following equations are obtained by
It is obvious that the input is losslessly reconstructed. We name isetting m=1 and m=2L -1 in (9),
lossless interpolative prediction (LIP). The LIP and its inverse ~h,(0)h, (1) +h, ()h,(0) =0
transform are shown in Fig. 2. h (2L -Dh, (2L —2) ~h (2L -2 (2L ~1) =0 (10)

3. DECOMPOSITION OF FILTER BANK From (7) and (10), the following equations are obtained.
3.1 Decomposition of (2, 2L)-FB Yo(n) =h (2L = 2)y,(n) —h,(2L = 2)y,(n)
2L-3

Here, we demonstrate that perfect reconstructidn 2P)-FBs, , - mZoh"(m)X(n_ m (11)
whose delay isl21, can be decomposed into 2-point transforms. Yi() = -sh @y, (n+2) +s5h, Dy, (n+2)
It is known that paraunitary PR filter banks can be decomposed = ZLz_shl’(m)x(n— m)
into lattice modules which are special cases of 2-point transforms o

11]. We show that non-paraunitary PR filter banks can also be . . .
Eiegomposed into 2-pointptransform)s/ where s, is an arbitrary constant. Equation (11) means that the

i i o analysis part of the PRI(22L)-FB is decomposed intd_2 tap
The two channel filter bank is shown in Fig. 3. Let's suppose thatgi < and a 2-point transformA, as shown in Fig. 4, where
every filter length is R (L= 2), that is, ’

o th(2L-2) -h,(2L-2)0"
,(n) = - = . 12
)= GumAmm @) "H-sho  sho d (12)
%) = mzzohl(m)X(n - In the synthesis part in Fig. 3,
the delay of the filter bank id 21, and L1
z(n) = 3 (9p(2M) yo(n=2m) + g, (2m)y, (n —2m))
9o(n) =(=D"h,(n) ® "0 (13)

0.(0) =—(-1)"h,(n) 2n+1)= 3 (6,(2m*+Dy,(n-2m) + g, (2m+ Dy, (n-2m)
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Figure 5. Full decompositions of (2 2L)-FB.
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Figure 6. One decomposition of (21, 4.-1)-FB.
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Figure 7. Full decompositions of (21, 2.-1)-FB.

wheren is even. From (8), (10), (11) and (13), the following o
equations are derived. Yo(n) = mZoho(m)x(n -m)

B ; (15)
)= 3 h(m)x(n-m)

L-2
2n+2) = 3 (g;(2m)y;(n=2m) +g;(2m)y;(n - 2m)) "
L-2 . . . . . e
Z(n+3) = z_(gg(2m+1)y;,(n - 2m) + g/ (2m+1)y,(n - 2m) the delay of the flltgr bank i1, an.d (8) is satlsfleq. Then, the
70 perfect reconstruction requirement in time domain is
Equation (11), (12) and (14) mean that the synthesis part is
decomposed intol22 tap filters and a 2-point transform,™ as
shown in Fig. 4. The filter bank that consists fgf(n) , h(n), for 1<ms<2L-1. The following equations are obtained by
gy(n) and g;(n) is PR and its delay id.23. Thus, the original ~ setting m=1 and m=2L -1 in (16),
filter bank is decomposed intd_2ayer 2-point transforms as _ _
shown in Fig. 5 by repeating the above decompositions. To h(oz(cl_)))hlglz)lj_h%glzh(?%l__f)l) (2L-2)=0" a7
replace every 2-point transform by the corresponding lossless 2- hy h hy h -

point transform,' we must multiply each matrix by.a constant S0 grom (15) and (17), the following equations are obtained.
that the determinant will become 1 or —1. Therk gegrees of

:go(—l)"'lm(nm(zm— n-1)=5(m-1) (16)

freedom in the d iti thatg , 22,
reedom |rT e ecc?mp05| ion process, .atsos, Sy e sL._z, Yo(n) = y, () = 5 L (myx(n—m)
where s is an arbitrary constant used iA , and the ratio of m=0
' ey — h, (D) h, (2L -1)
dynamic range ofy,(n) to that of y,(n) in the original filter yi(n) =y,(n+2) ‘@ Yi( 2)‘m vi(n). (18)
bank. These parameters should be determined so that the _24 N
performance of the lossless filter bank, for example, lossless - mzoh(m)x(n m)

compression efficiency, would become high.
Equation (18) means that the analysis part of this filter bank is

3.2 Decomposition of (2+1, 2.-1)-FB decomposed into .21 tap filter hj(n) , a 4.-3 tap filter h;(n)
and an interpolative prediction as shown in Fig. 6, where

Here, we demonstrate that P.FL(-ZLz 2_-1)-F35, whosg qlelay is Co =-NM /(@) and ¢, =-h(2L-1)/h(2L-3). We can
2L-1, can be decomposed into interpolative predictions. Let's ™ '

suppose in Fig. 3 that filter length df,(n) is 2.+1, that of
h(n) is 2-1 (L= 2), that s,

derive in the same manner &8sl that the synthesis part is
decomposed into d.23 tap filter g;(n), a 2.-1 tap filter g, (n)
and an interpolative prediction as shown in Fig. 6. The filter bank



Table I.  Coefficients of LIPs in (5, 7)-LFB and 2-point Table Il. Mean first order entropy of transformed images
transforms in 12-LFB and 16-LCQF. (bit/pel).
Coefficients of LIPs Aerial |Airplanel Baboon Coupleé Lenna | Peppers
oo =Co1 = 39//185 PCM 6.99 6.80 | 7.47 7.20| 7.59 | 7.49
- =¢,=-5/14
(5.7)-LFB ?2‘; =%;11=0-2 LDCT | 549 | 454 | 632| 476 479 | 4.97
2-point trasforms (5,3)-LFB| 5.28 | 4.37 6.33| 4.62| 473 | 491
a =-1.066016 b= 1.066016 co=0.469036 do=0.469036 TS 541 4.50 6.39 4.78| 4.79 4.95
a1=1.010085 br = 0.142379 ¢1=-0.142379 di = -1.010085
a=-0.099572 be = -1.004945 c. = 1.004945 d2 = 0.099572 (5.7)LFB| 553 | 459 | 643) 483 486 | 496
12-1FB| 4= -1.052956 b =-0.320721 cs = 0.329721 s = 1.052956 12-LFB | 5.34 | 449 | 631 473 477 | 496
an=-0.310223 bi = 1.047014 c:= 1.047014 da =-0.310223
as = -0.658149 bs= 1197147 cs= 1197147 ds = -0.658149 16-LCQF| 549 | 4.67 6.36| 493 4.85 | 507

a0 =-0.836680 bo=0.547692 co=0.547692 do = 0.836680
a1 =0.919718 b: = 0.392579 c1 = 0.392579, d1 =-0.919718
a2 =0.862876 b.=-0.505416 c2=0.505416 d2>=0.862876
a3 =-0.514990 bs = 0.857196 cs=0.857196 ds =0.514990

yield good performance for lossless image compression. It seems
that the decomposition of filter banks is available for not only

16-LCQH ai=0.141530 b:=0.989934 cs=0.989934 di =-0.141530 lossless coding system, but also adaptive wavelet transform.
as=0.679310 bs = 0.733851 cs = 0.733851 ds = -0.679310
as = 0.946089 bs = 0.323907 cs = 0.323907 ds = -0.946089
ar=0.997421 br = 0.071776 G = 0.071776 d = -0.997421 6. REFERENCES
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