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Abstract mostly used and its compressed data is extremely widely used
_ . . _worldwide. This means that a transform for lossless-to-lossy
Many integer discrete cosine transforms (IntDCTs), whigihage coding must be compatible with JPEG. Additionally,
are constructed by cascading lifting structures, have been piimage encoded by such a transform must also be decod-
posed for lossless-to-lossy image coding. However, the c@Bte even by the existing JPEG decoder if lossless data is not
ventional methods are mostly only suitable for a block siggquired.
qf 8. This s'ize may not bg the be;t one for various applicaUp to now, many integer DCTs (IntDCTs), which are con-
tions including image coding. This paper proposes a no¥@lucted by cascading lifting structures [5], have been pro-
IntDCT using the relation between the discrete cosine trapgsed for lossless-to-lossy image coding [6, 7]. However, the
form type IV (DCT-1V) and the parallel block system of theonventional methods are mostly only suitable for a block
discrete cosine transform type Il (DCT-II). Our IntDCT cagjze of 8. This size may not be the best one for various appli-
be used with an arbitrary block sizd (]\/[ =2" n € N), cations inc|uding image Coding_

which results in better COding performance than a block Size'rhis paper proposes a novel IntDCT using the relation be-

of 8 in lossless-to-lossy image coding. tween DCT-IV and the parallel block system of DCT-II. Our
IntDCT can be used with an arbitrary block size(M = 27,
1. Introduction n € N), which results in better coding performance than a

block size of 8 in lossless-to-lossy image coding.

In JPEG [1], which is an international standard for image Notation I, J, D, diag{.}, M” andM*} are the identity
coding, the discrete cosine transform (DCT) [2] and diffefatrix, an invertible matrix, a diagonal matrix, a block diago-
ential pulse code modulation (DPCM) are separately applie@l matrix, the transpose of a matrix and’en< A/ matrix, re-
to lossy and lossless image coding, respectively. DCT r&gectively. In this papefD™] = (—1)" (0 < i < M —1).
several types (type | to -VIII), excellent energy compaction
capability and numerous fast implementations, and myriad Review
devices have been developed using it. DCT type Il (DCT-II)
and type Il (DCT-11l) are commonly called DCT and invers
DCT (IDCT), respectively. Consequently, DCT is especial
promising since it is compatible with lossy JPEG. The lifting structure [5] for various applications has been

Recently, with the rapid development of hardware sucisearched widely. Since the structure achieves an integer-
as PCs and mobile phones. and the continual expansiotosiinteger transform, lossless-to-lossy image coding can be
broadband, lossless-to-lossy image coding, which is the uniplemented. In Figure 1, which shows lifting structures, the
fication of lossy and lossless image coding, is required aoalysis input signals; andz;, the analysis output and syn-
obtain higher quality and a higher compression ratio. Suitesis input signalg; andy;, the synthesis output signais
lossless-to-lossy image coding has already been achieveaigz; and the lifting coefficientd, and; are represented
JPEG2000 [3] and HD Photo (JPEG-XR) [4]. Howevehy
existing state-of-the-art technology such as JPEG2000 and
JPEG-XR cannot be used to replace JPEG because JPEG is y; = xj + round[Toz;]

Y = x; + round[Thy;

X

%’.1. Lifting structure
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Figure 2: Relation between DCT-1V and parallel block sys-
Figure 1: Lifting structures (white circles: rounding OP€r3am of DCT-II

tions)

wherex; andx; areM x M input signals, ang; andy; are
in the analysis and synthesis parts, respectively, wheyex rr output signals, respectively.

round].] is the rounding of (). o ~ On the other hand, Wang has found that DCT-IV can be
In this case, the lifting matrices and their inverse matric@gtorized into DCT-11l and Givens rotation matrices for fast
are as follows: implementation as [8]
[1 0} {1 0}_1—{1 0] m _ piaar) (Crft 0 [2M] g[2M]
To 1| |To 1|  — |-Tp 1|’ C ' =TkM |~ o | PEMIgEM 2
0 0 710 v 0 D[M]C[I]}g] ( )
1T and 1T 1 -1y
01 01 0 1 where0 < i < 2M —1,
2.2. DCT o) _ | Thod TN
I IR s N, s LS
DCT-II, -lll and -IV are often used for multimedia coding s
as image, video and audio coding. Tirecolumn and-row T = cos <(2gv})”>
element ofM Channel DCT-II, -lll and -IV matriceCl)’’, where " @it)r
M] - |:Tszn:| = sin ( 8M )
andC | are defined as
, /2 m(n+ i) ~
M _ 3 2 [5 xN]
{CEU qmm = Mcm cos (M) pi2M] _ PfixN] szwzy]
Pbo2ttom
1
{C[IJIVII]} = ,/icncos ((m+2)n7r> [ %xN} 1 (j=2i)
mn M M top 0 (otherwme)
M 2 (m+3)(n+3)7 where { } 1 (j=N=-2i—-1)
[C[N]} =/ 37 ¢ 2 i 2 bottom i 0 (ot herw1se)
- { [2M]} —1 (i=4k—1, k€ N)
pRM = .
i 0 (otherwise)
where0 < m,n < M — 1 and¢; = 1/v/2 (i = 0) or 1
(7 # 0). For simplicity, let us define that/ = 2™ (n € N). and
. . 1
3. IntDCT using Relation between DCT-IV and Parallel Ra 0
Block System of DCT-II glom) _ i
3.1. Relation between DCT-1V and parallel block system 0 Rz
of DCT-II 1
We consider how to process two individual signals by where Rz — CQS(E) *Smsrz)
4 sin(§) cos(%)

DCT-1l as shown on the left side of Figure 2. This system
is called the parallel block system of DCT-Il and is express%re Equation (2) can be rewritten as
by

ch o

_ pl2M]q2M] My |1
0 C[IJIW] =P S Cp T [ D[M] 3)

X;
<o
whereC%, = C;; andC%, = Cjy. Equation (3) is the rela-

tion between DCT-IV and the parallel block system of DCT-II
shown in Figure 2.
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Ry = Filter [6] [71 Prop. IntDCT

. - S M 8 8 8 16 32
J ] > Yi J > Y Baboon | 6.33 | 6.93| 6.32| 6.22 | 6.20
Barbara| 5.07 | 5.54 | 5.05| 4.85| 4.80
Figure 3: Lifting factorization of Givens rotation matrix Boat 5271 5771 5.26| 5.14| 5.13
(white circles: rounding operations) Elaine | 5.30 | 5.95| 5.30 | 5.20 | 5.08

Fingerl | 6.11| 6.41 | 6.11 | 5.84| 5.72
Finger2 | 5.91| 6.17 | 5.90| 5.59| 5.45
Goldhill | 5.23 | 5.74| 5.22| 5.11| 5.09
Grass | 6.22 | 6.70 | 6.22| 6.12| 6.07
Lena | 4.74| 5.26 | 4.72| 461 | 4.61
Pepper | 5.02 | 5.55| 5.02 | 4.94| 4.97

Figure 4. Lifting factorization of DCT-IV (white circles: Avg. | 552]6.00] 551 5.36] 531
rounding operations)

3.2. Lifting factorization of M-channel DCT-IV and 4. Simulation Results

rotation matrices In this section, the use of the proposed IntDCT for lossless-

To achieve lossless-to-lossy image codif§!, TI2M!  to-lossy image coding is validated by considering the lossless

and M in Equation (3) must be factorized into liftingbit rate (LBR) [bpp] for lossless image coding and the peak

structures. First, sinc82M) and T12M] can be regarded assignal-to-noise ratio (PSNR) [dB] for lossy image coding.
cascading Givens rotation matrices, The set partitioning in hierarchical trees (SPIHT) progressive

image transmission algorithm [10] was used to encode the
[1 Cojlfg‘l} { 1 0] [1 Cojlfg‘l} transformed images. We used the results in [6, 7] for com-
0 1 sinf 1| [0 1 parison and ten 512 512 gray scale test images including
“Barbara”, “Goldhill” and “Lena”.

Ry — {cos 6 —sin 9}

sinf cos6

is adopted for the lifting factorization 82! and T[2M],

Figure 3 shows the lifting factorization of a Givens rotatioq 1. | ossless image coding

matrix. Next, we consider how to process two individual sig-

nals by DCT-IV similar to that by DCT-Il in Equation (1) as First, the proposed IntDCT is applied to lossless image
diag{C, cM)} Itis known that the parallel block systenfoding. The comparison of

of DCT-IV can be factorized into lifting structures with only Total number of bits [bit]

DCT-1V in each coefficient [9] as follows: LBR [bpp] = Total number of pixels [pixe]

clM o

o | = {0 —I] [I C%q { L 0] [I C%/jq for lossless image coding is shown in Table 1. The coding
0o c 0

I0|]|l0 I —C%] I I performance of the proposed IntDCT is better than that of the
(4) conventional methods.

and this factorization is shown in Figure 4. Then, becauge Lossy image coding
none of the terms in Equation (4) exist in Equation (3), let us _ _ _ _
consider the double parallel block system of DCT-Il in Equa- If lossy compressed data is required, this can be achieved

tion (3) as by interrupting the obtained lossless bit stream. Therefore,
we can use the existing JPEG decoder to reconstruct an im-
i c[;y] 0 c[lfy] 0 age. The comparison of
tag o cM|'| o M =
I II 2552

|:P[2]W] 0 :||:S[2M] 0 :l

0 P[M] 0 Si2M] [2M]
0 Cu where MSE is the mean squared error, with other lossy image
TRM 0 ‘ I 0 I 0 coding methods is shown in Table 2 and Figure 5. In Table
o | 49 g pia| g p| [ ©) 5 and i i
gure 5, we see that our IntDCT gives better results
in terms of the PSNR than the conventional methods and that
Itis clear thatdz‘ag{C%”, CE.AVM} in Equation (5) can factor-
ized into lifting structures using Equation (4).




Table 2: Lossy image coding results (PSNR [dB])
Filter [6] [7] Prop. IntDCT
M 8 8 8 | 16 | 32
bit rate: 0.25 [bpp]
Barbara| 25.91 | 23.33| 25.91 | 27.95| 28.71
Goldhill | 28.73 | 27.34| 28.73 | 29.70 | 29.97
Lena | 30.74| 29.08| 30.75| 32.65| 33.04

bit rate: 0.50 [bpp]
Barbara| 29.83 | 27.24 | 29.83 | 31.79 | 32.44
Goldhill | 31.58 | 28.77 | 31.59 | 32.32| 32.48
Lena | 34.77| 32.75| 34.77 | 36.09 | 36.18

bit rate: 1.00 [bpp]
Barbara| 35.52 | 31.58 | 35.51 | 36.89 | 37.20
Goldhill | 34.99 | 31.72| 35.01 | 35.52| 35.60
Lena | 38.27| 35.91| 38.34| 39.08| 39.02

the high-frequency region in the image reconstructed usinfgf
our IntDCT is well approximated.

5. Conclusion

This paper proposed alf -channel integer discrete cosine
transform (IntDCT) using the relation between DCT-IV and
the parallel block system of DCT-II. Our proposed IntDCT
was validated for lossless-to-lossy image coding. As a re
sult, in the case of 8-channel our proposed method was com-
parable to conventional IntDCTs, and in the case of 16 ahi@ure 5: Enlarged images of “Goldhill" for lossy image cod-
32-channel it exhibited better coding performance. Since ¢i@: (top left) original, (top right) using the method of Ko-
proposed method can be easily extended to a larger block sig@tsuet al. [6], (middle left) using the method of Liang
it is promising for various applications. al. [7], (middle right) using the 8-channel proposed method,
(bottom left) using the 16-channel proposed method, (bottom
right) using the 32-channel proposed method
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