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Abstract means that the transform for lossless-to-lossy image coding
must have the compatibility with JPEG. Additionally, the en-
Many integer DCTs (IntDCTs), which are constructed by cagoded image by such transform can be also decoded even by
cading lifting structures, have been proposed for losslessgs existing JPEG decoder if lossless data is not demanded.
lossy image coding. However, the conventional methods arejp to now, many integer DCTs (IntDCTSs), which are con-
mostly described about only block size 8. Its size may ngfucted by cascading lifting structures [5], have been pro-
be the best one in various applications including image cqghsed for lossless-to-lossy image coding [6, 7]. However, the
ing. This paper proposes a novel IntDCT using relation hgsnventional methods are mostly described about only block
tween DCT-IV and block parallel system of DCT-II. Our Intsjze 8. Its size may not be the best one in various applications
DCT achieves arbitrary block siz&/ (M = 2", n € N) including image coding.
which presents better COding performance than block size a'h|s paper proposes a novel IntDCT using relation be-
in lossless-to-lossy image coding. tween DCT-IV and block parallel system of DCT-II. Our Int-
Index Terms— integer discrete cosine transform (IDCT)DCT achieves arbitrary block sizé/ (M = 2", n € N)
lossless-to-lossy image coding, arbitrary block size, bloghich presents better coding performance than block size 8

parallel system. in lossless-to-lossy image coding.
Notations I, J, D, diag{.}, M” andMI™! are identity
1. Introduction matrix, invertible matrix, a diagonal matrix, a block diagonal

matrix, a transpose of matrix and am x M matrix. In this

In JPEG [1] which is an international standard in imageaper, let us define gDM] = (-1)" (0 <i < M —1).
coding, discrete cosine transform (DCT) [2] and differen-
tial pulse code modulation (DPCM) are separately applied40 Review
lossy and lossless image coding, respectively. DCT has sev-
eral_t_ypes: type-1 to -V_III, excellent_energy com_pac'uon Carq Lifting Structure
pability, numerous fast implementations and myriad develop-
ments of its device. DCT type-Il (DCT-1l) and -1l (DCT-III)  Lifting structure [5] is researched widely for various appli-
are commonly called DCT and inverse DCT (IDCT). Conseations. Since the structure achieves integer-to-integer trans-
quently, DCT is especially promising, since it is compatibferm, lossless-to-lossy image coding can be implemented. In
with the lossy JPEG. Fig. 1 which shows lifting structures, the analysis input sig-

Recently, with the rapid development of hardware as P@lsxz; andz;, the analysis output and synthesis input signals
and mobile phone etc. and the continual expansion of brogg-andy;, the synthesis output signals and z; and lifting
band, lossless-to-lossy image coding, which is the unificatiooefficientsT;, and7} are represented by
of lossy and lossless image coding, is demanded to obtain
higher quality and compression ratio. Such lossless-to-lossy y; = xj + round[Toz;]
image coding has been already achieved by JPEG2000 [3] y; = x; + round[T1y;
and HD Photo (JPEG-XR) [4]. However, the existing state-
of-the-art technology as JPEG2000 and JPEG-XR can not be
the substitute standard of JPEG because it is mostly used and
its compressed data is spreads too much over the world

zi = y; —round[Thy;| = x;
zj = y; — round[Tyz;) = z;

in'&nalysis and synthesis part, respectively, wheted|.] is
This work is supported in part by a Grant-in-Aid for the Global Cent¢ounding of (.).
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2 system of DCT-II, and expressed by

Yi X
= 1)
i =
wherex; andx; areM x M input signals, ang; andy; are
Figure 1: Lifting structures (white circles: rounding opera¥d x M output signals, respectively.

tions). On the other hand, Wang has found that DCT-IV can be
factorized into DCT-III and Givens rotation matrices for fast
Vi X y; implementation as [8]
f— M
_ T CIV S CE,ZVJ,W] _ T[2M] C[III] 0 ] P[2M]s[2]\/[] (2)
Xj Yi Xj m Y 0 DMcy,
Figure 2: Relation between DCT-IV and block parallel syg\!hereo si=2M -1,
tem of DCT-II. i) _ TM] T[M]J
JTiM Ty
are as follows: T[M]} s ((%H)W)
1o [to _[1 o0 where S
_ [M] . (2e+1)7 ’
[TO 1]’ [TO 1} - {—TD 1] ’ [TH} = sin (4577)
-1
1 T1 1 T] 1 _Tl
[o 1] and [0 1} [0 1 } pl 1]
piM _ pEMI
P[ 5 XN]| pm
2.2. DCT bottom
- , [ % 1 (j=2i)
DCT-II, -lll and -IV are often used for multimedia coding { top } 0 (0therw1se)
as image, video and audio coding. Tirecolumn andr-row 1 (j=N—-2i—1)
element ofM Channel DCT-II, -lll and -1V matricei)g]y], where [ bottam} g 0 (ot herw1se) .
I%] andC ) are defined as [P[ZNI]} [ -1 (i=4k-1,keN)
PmoJi T 0 (otherwise)

, [2 + 3
{C[IJIW]} mon = Mcm COoS (W) and
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where0 < m,n < M — 1 and¢; = 1/v/2 (i = 0) or 1 where Rz = [sin((#) (4)] :
4

(7 # 0). For simplicity, let us define that/ = 2" (n € N).
Here, (2) can be represented by
3. IntDCT using Relation between DCT-IV and Block

Parallel System of DCT-I I

cli’ o
i 2 pi| ©

_ pl2MIgRM] Gi2MIpi2M) [
o cl v

3.1. Relation between DCT-1V and Block Parallel System
of DCT-II whereC%,; = Cy; andC%, = Cpy. (3) is relation between

DCT-1V and block paraIIeI system of DCT-1l which is shown
We consider to process two individual signals by DCT-Hy Fig. 2.

as shown in the left part of Fig. 2. Itis called block parallel
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;- T > Ui . .
' > Y ! Yi Table 1: Lossless image coding results (LBR [bpp]).

Ry = Filter [6] [7] Prop. IntDCT

2 by T > U M 8 8 8 \ 16 \ 32
! 7 e Baboon | 6.33 | 6.93 | 6.32] 6.22 | 6.20
: - o . . , Barbara| 5.07 | 5.54 | 5.05| 4.85| 4.80
Figure 3: Lifting factorization of Givens rotation matrix Boat | 527|577 526! 5.14| 5.13
(white circles: rounding operations). Elaine | 5.30 | 5.95| 530 | 5.20| 5.08

Fingerl | 6.11| 6.41 | 6.11 | 5.84| 5.72
Finger2 | 591 | 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 474 | 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. | 5.52] 6.00| 5,51 | 5.36| 5.31
rounding operations).

3.2. Lifting Factorization of A/-channel DCT-IV and Ro- 4. Simulation Results

tation Matrices . . . :
In this section, the proposed IntDCTs are validated in

For achievement to lossless-to-lossy image codst!, lossless-to-lossy image coding by the lossless bitrate (LBR)
TEM] and CE,QVM] in (3) must be factorized to lifting struc-[bpp] in lossless image coding and peak signal-to-noise ratio
tures. First, sinc&(2M] and T2M] can be regarded as castPSNR) [dB] in lossy image coding. The set partitioning in
cading Givens rotation matrices, hierarchical trees (SPIHT) progressive image transmission al-

gorithm [10] was used to encode the transformed images. We
[1 C‘ﬁ;fgl} { 1 0] [1 Coflfg_l} chose [6, 7] as the conventional IntDCTs and ten §1812
0 1 sin 1] |0 1 grayscale test images, for example, “Goldhill” and “Lena”.

Ry — {cos 6 —sin 9}

sinf cos6

is adopted for lifting factorization oB[2M] ar_wdTmM]: Fig9- 41 Lossless Image Coding

3 shows lifting factorization of Givens rotation matrix. Next,

we can consider to process two individual signals by DCT-First, the proposed IntDCTs are applied to lossless image
IV like DCT-Il in (1) as diag{C}2!', ")} It is known that coding. The comparison of

block parallels system of DCT-1V can be factorized to lifting

structures which just have DCT-1V in each coefficient [9] as LBR [bpp| = Total mumber Of.blts [b?t]
follows: Total number of pixels [pixel]

cM o

_ {0 I] [I C[[A‘j”} { I 0] [I C[M]} in lossless image coding is shown in Table 1. The coding
0o cif 0

1ollo 1 _ oM g iV performance of the proposed'lntDCTs is better than the per-
v formance of all of the conventional methods.

(4)

and this factorization is shown by Fig. 4. Then, because (h
does not exist in (3), let us consider that double block parallelif jossy compressed data is required, it can be achieved by

;. Lossy Image Coding

system of DCT-Il'in (3) as interrupting the obtained lossless bit stream. Therefore, we
can use the existing JPEG decoder to reconstruct an image.
cMl g cMl g :
; big I _ The comparison of
diag =
[M]] > (M]
0 CY 0 CY -
P pi] [Fa” ] |8 i Pt < s )
0 P 0 S 0 Cj

(2] where MSE is the mean squared error, with other lossy image
T 0 ; I 0 I 0 coding methods is shown in Table 2 and Fig. 5. In Table 2 and
X [2m] | X diag ]| | ¢ B
0 T 0D 0D Fig. 5, we see that our IntDCTs denote better results on the
. ] ]y . ~ PSNR against the conventional ones and the high frequency
It is clear thatdiag{C};,’, C,'} in (5) can factorized into region in the reconstructed image using our IntDCTs is well-
lifting structures by (4). approximated.
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Table 2: Lossy image coding results (PSNR [dB]).
Filter [6] [7] Prop. IntDCT
M 8 8 8 | 16 | 32
bitrate: 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

bitrate: 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

bitrate: 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

5. Conclusion

This paper proposed/-channel integer discrete cosine 4
transform (IntDCT) using relation between DCT-IV and j#
block parallel system of DCT-Il. Our proposals were val-
idated in lossless-to-lossy image coding. As a result,
channel proposal was comparable to the conventional IntQ
CTs, and 16 and 32-channel proposals showed better codi
performance. Since our proposal achieves easy extension
larger size, it has a perspective for various applications.

Figure 5: Enlarged images of “Goldhill” in lossy image cod-

ing: (top-left) original, (to-right) Komatsu’s [6], (middle-left)

Liang’s [7], (middle-right) 8-channel prop., (bottom-left) 16-
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