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A New Approximate DCT Computation Based on Subband
Decomposition and Its Application

Sung-Hwan JungT

ABSTRACT

In many image compression applications, the discrete cosine transform(DCT) is well known for its highly ef-
ficient coding performance. However, it produces undesirable block artifacts in low-bit rate coding. In addition,
in many practical applications, [aster computalion and easier VLSI implementation of DCT coeflicienls are also
important issucs. The removal of the block artifacts and faster DCT computation are therefore of practical
intercst.

In this paper, a modified DCT computation scheme was investigated, which provides a simple efficient sol-
ution to the reduction of the block artifacts while achieving faster computation. We have applied the new ap-
proach to the low-bit rate coding and decoding ol images. Simulation results on real images have verified the
improved performance of the proposed method over the standard method.

1. Introduction have been advanced along with the fast algorithms
for their computations. Of all such transforms, the di-

In many signal information processing application, screte cosine transform(DCT) is generally recognized
discrete transforms of finite-length sequences play an as the best and effeclive way to encode image infor-
important role. Various discrete transform families mation [Il. For compression of a highly correlated

image, the DCT approaches the optimum perform-

f 2AN9: 2008w AR N ance of Karhunen Loeve transform(KLT) [2]. As a
24119963 249 8, HAlgE: 1996 59 15Y result, the DCT has been adopted in the JPEG coding
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standard for still images [3] and the MPEG coding
standard for video images [4]. In general, DCT decor-
relates the data being transformed so that the most of
its energy is packed in a few of its transform coef-
ficients. In image coding applicalions, an image is
divided into a set of continuous small size sub-image
blocks, typically of size 8x8, and the DCT of each
block is then computed. To achieve high compression
ratio, the transform coefficients with large magnitudes
are quantized while those with small magnitudes,
which are mostly in the high frequency band, are ei-
ther coarsely quantized or discarded entirely with
little distortion. However, in very low bit rate coding,
the decoded image exhibits severe block artifacts
which are often undesirable. A number of researchers
have investigated the reduction of block artifacts
[5-8]. In addition, there have been efforts to develop
fast DCT computation algorithms [9-12]. However, in
most of the work reported so far, the problem of
block artifacl reductions and the development of fast
algorithms have been considered scparately.

In faect, it has been demonstrated that image com-
pression carried outf on the sub-images obtained by a
subband decomposition can be more effeclive than com-
pressing the full band image [13]. Most of so called
subband coding schemes have multirate filter banks
to get subband decomposition. The design of these fil-
ter banks for perfect reconstructionis is alsc another
research area[l14]. Therefore, conventional subband
DCT coding means the preprocessing of filter banks
and then the standard DCT processing[15,16].

In this paper, however, we develop a new DCT com-
putation scheme based on the subband decomposition
of DCT withowt the filler banks like the subband
DCTs[17,18]. As it will be shown, this approach do
provide a simultaneous solution to both block artifact
reductions and fast computation mentioned above.

We organized this paper as follows. First, in Sec-
tion 2 our subbanded DCT(SB-DCT) computation
scheme is introduced. Next, in Section 3 a partial-
band analysis of the SB-DCT, that can be used for

the efficient computation of the approximale values
of the dominant DCT samples, is provided. In Sec-
tion 4 we apply the fast approximate DCT cornpu-
talion scheme to image coding within the framework
of JPEG. In Section 5 we demonstrale through simu-
lation results that the SB-DCT based coding scheme
shows less block artifacts while being much faster
than standard DCT coding scheme. Seclion 6 contains

conclusions.

2. Subband Decomposition of DCT

The DCT of an N point data sequence x(n), n=0,
1, ... N—1 15 defined as in Eq(1)[1].

N1
CclBy= 3 ?_r(n)cos(w), OsksN-1 (1)
n=0 2N

Now, a length-N input sequence x(#), with N being
even, can be decomposed into two sub-sequences x;
(n) and xx(7) of lenglh N/2 each:

xdm) =-— {x(2n) +x(2n +1)},

L
2

! N
xh(n)z? {202n)—x(2n +1)}, =n=0,1, ’? —1i.
)

The original sequence x{n) can be reconstructed {rom
the subsequences x/{n) and xa(#) by means of the in-

verse relationship
2(2n) = xi(n) +xu(n),

n D) =2 =n0), n=0, 1,2 =1 ()
A physical interpretation of the generation of the sub-
sequences x(#n) and xx(») is given in Figure | from
which it is evident that the subsequence xA#) is lhc
down-sampled version of the lowpass filiered sequence
a(n), and the subsequence x4(#n) is the down-sampled
version of the highpass filtered sequence b(n).
Substituting Eq. (3) into Eq. (1), we can rewrite Eq.
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(Fig. 1) Subsequence by a 2-band decomposition.

(1) as in Eq(4){17,18]

L

C(k)= 22 2x(27) cos(

neQ

4n+1)nk )
2N

N

2
+ 3 2x(2n +1)cos

nul

( (4n +3)nk )
2N

=2005(l]f-) T 2x(m)cos

( (2n +1) =k )
2N =l

N

N
o omk ) ) (2n+l)nk)
+Zsm( N ");0 2x;,(n)sm( N )
k=0,1, -, N—1, @

or, equivalently as

C(k)=2cos ( % ) Ci(k) +2sin ( %) Su(k),

kE=0,1,,N—1, (5)

where

i, Osks% 1,
— N
Cl(k)= Oy k=.-.-.-..’

2
N

—Ci(N—k), ) +1<k<N-1,

and
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Sk(®), osks%—h
— N
Suk)=1 1, k=?,
N
Sp(N—B), > +1<k<N—1,

with C/(E) denoting the (N/2)-point DCT of x (%),
and Sp(%) denoting the (N/2)-point DST(discrete sinc
transform) of x;(%). The computation of the N-point
DCT using Eq. (5) requiring the computation of an
(N/2)-point DCT and an (N/2)-point DST will be
called the subbanded DCT.

The computational scheme outlined by Eq. (5) can-
be repeated now by replacing the computation of the
two (N/2)-point transforms, C:(k) and S;(k), assuming
N/2 is even, with expressions involving (N/4)-point

transforms as follows:

oy

Cz(k)=2¢os(%k) 2;,0 Mlz(n)cos(Q’HNl)zik)
Lo
+2sin ( };,_k ) Zﬂ 2xp(n)sin ( -(2_72_:!:&1-)—2_55)

nk\ = . [ mk Y=
—ZCOS(T) Culk) +2$1ﬂ( v ) Su(%),
k=0,1, -, iv” -1, (6a)

T_l
S =2cos ( N ) 2x1n)sin ( M)

N

n=l

F

3 2xm(m)cos

0

Li
4
—2sin
"

U

)

=2cos( zk ) Em(k)—*Zsin(

((211 +I)27Lk)
N

-

by

) CunR),

z|

k=0,1, -, — —1, (6b)

where
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AY
Culk), OSkSZ—l,
- N
Cylk)=3 0, =7
N
—CH(*%['-'k), —+l£k£l——l,
N
Cri(R), Os.ks;—l,
- N
Culk)=4 0, k=—,
4
N N N
- 2 g A EANN
Cm,(2 ), 4 +l<k< > 1
N
Su(R), 051257—1,
- N
S”z(k)= l, k=7’
N N N
— =k ~Fl<hks——
S 2 ), 2 1 ) 1,
and
N
Sulk), Osksz—l,
- N
k)= k=—
Shl( ) 1, 4 3
N N
Sl 2 -k, ) Hl<k< > b

with Cr(k) and Cun(k) denoting the (N/4)-point DCTs
of 214x) and xp(#) defined by:

xa(n) = % {x2n) +2,0n +1)},

x;,;,(n)=% (02m) — 542 + 1)}, m=0, 1, -, % 1.
7

and Su(k) and Sw(k) denoting the (N/4)-point DSTs
of x4(#) and xu(n) defined by:

x(n) = 17 {x2n)—xQn +1)},

Xpln) = -15* {xx(2n) +x,(2n +1)}, n=0,1, -,

Equation (6) can be repeated by replacing the com-
putation of the (N/4)-point transforms with the ex-
pressions involving {N/8)-point transforms. The pro-
cess can be continued until very short DCTs and

DSTs are employed as indicated Figure 2.
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(Fig. 2) A four-band SB-DCT algorithm.

3. Approximate Computation of DCT

The mput information has energy concentrated in
certain frequency bands in most practical applications.
Assuming that the remaining frequency bands have
negligible energy contributions, discarding of the cal-
culations corresponding to the components in these
bands makes the computation process simple. It re-
sults in a fast approximate DCT computation of the
dominant DCT samples. As we shall demonstrale la-
ter, the approximate DCT samples represent the orig-
inal information reasonably close with negligible dis-
tortion.

3.1 Half-Band Approximation of SB-DCT

Let us assume that most energy of the information
. N .
1s in the frequency range k€40, 1, ---, Y —1.In this

this case, we can carry out a hall-band transformation
with the approximated low-pass component and com-

pute the approximate DCT cocfficients according to:

Zoos(;—]];) Ci(k), kE{O, 1, -",g—l },
Ch)=

0, otherwise. (9)



In fact, in many image coding applications, most of re-
levant information in images is in the low frequencies.
Therefore, the above approximation to the DCT coef-
ficients obtained by neglecting xx(#), the high fre-
quency componcnts of x(z) in Eq.(4), is reasonable.
This approach is also intuitively satisfactory, as in the
primary band of interest, the following inequalities
hold:

nk
(5 ||>

sin(%)\, [ClB) | > | SuR)].
(10)

Thus, a simple reasonable approximation of overall SB-
DCT can be obtained by discarding the second term
in Eq. (5) containing the contribution by the high fre-

quency components.

3.2 Approximate IDCT computation

In a similar manner, like the forward DCT, we can
compule the approximate inverse DCT (IDCT) of a
given set of N DCT coefficients. The inverse discrete
cosine transform (IDCT) of N point data sequence x

(n), is defined as

= (2n+l)nk)

xn)= N E‘o C(k)C(k)OOS(—N .
0<n=<N-—-1, an

where

C(o)=—;—, t@=1 forl<k=<N-—L (12)

For example, if the dominant samples of the DCT are
N
in the range of OSks? —1, we can safely set C(k)=

N
0, k> ? —1. As s result, Eq. (11) can be replaced with

i(n)="]17 T (BE® cos(

k=0

(2n +1)nk )
N ?

0<n=N-1, (13)
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thus reducing the IDCT computational complexity o
about half of that needed in the original one accord-
ing to Eq. (11[17,18]

4. Image Coding Applications

In general, subband decompositions with (N/29)x
(N/29-point SB-DCT can be carried out with the
number of stages u depending on the applications.

4.1 Half-Band SB-DCT

The proposed coding scheme based on an approxi-
mate 2-D DCT computation using an half-band sub-
band decomposition (¢=1) is shown in Figﬁre 3. First,
after the first subband stage, the input sub-image
block x(m, n) of size NXN is decomposed into 4 sub-
images using a 2-D 2x2 Hadamard and the sub-im-
age corresponding to the half-band low-low (LL) fre-
quency components is kept. Next, an (N/2) X (N/2)-
point SB-DCT is computed from the low-low sub-im-
age and the approximate SB-DCT coefficients é (2, v)
are saved, quantized and Huffman coded under the
JPEG framework. In the receiver, the coded SB-DCT
coefficients are decoded and the restored image %(m,
7) is recovered through an (N X N)-point IDCT.

Quantizing

x(n,n)| Subband W/2)x(N/2) -
=y > and coding [ C(u,v)

A Decompo |9 point
1nptt | -gitisn eT

(a) Coder

(k) | Rlrun)
-point =
1DCT output

Tla,v) —aml Dacoding }—2me

{b) Dacoder

(Fig. 3) Biock diagram of the proposed coding system
based on half band SB-DCT.

5. Simulation Results and Discussion

The proposed SB-DCT scheme has been applied to
the coding of test image, LENA of size 512%512.
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The 2-D SB-DCT has been implemented using the C
language on a Sun/Spare 1+ workstation. We have
compared the performance of our proposed SB-DCT
based coding system with thal of the conventional
DCT based JPEG coding for various average bit rales
in the range 0.5—0.2 bpp. For the comparison of
both schemes we used N=16 for the SB-DCT based
method and N=8 for the standard DCT based
method while employing the same JPEG quantization
table in both cases. For the approximate DCT com-
putation using the SB-DCT scheme we used a single
stage decomposition (u=1).

Table 1 shows the PSNR and the total time needed
to develop the coded image for LENA for various
values of the average bit rate. It can be seen from this
table that both the SB-DCT and DCT based coding
scheme exhibit similar performances with respect to
the PSNR, but the SB-DCT based method is over 2
times faster than the conventional DCT based method.
Because it computes only dominant coefficients and
all the rest of coefficients are filled with zero on Eq.

).

{Table 1) Performance comparison of SB-DCT and DCT
based coding of LENA image.

PSNR[dB] Time[sec]
method | Proposed | Standard | Proposed | Standard
bpp SB-DCT DCT |SB-DCT| DCT
0.50 34.11 3449 384 855
0.45 33.98 34.15 384 855
0.40 33.75 33.74 38.3 853
0.35 33.53 3327 38.3 852
0.30 33.20 32,61 38.1 85.1
0.25 32.86 3 38.1 850
0.20 32.35 30.28 38.1 85.0

Figures 4(a) and 4(b) show, respectively, the decod-
ed LENA image obtained from the coded image at 0.3
bpp developed via the SB-DCT based approach and its

associated error image. Figures 5(a) and (b) depict the

{a) SB-DCT

R R A N
/ "‘y“) Qup i My T Nl -

(Fig. 4) The decoded version of the SB-DCT based JPEG
coded{0.30bpp) image and its error image for
the LENA image.

corresponding images for the standard DCT based ap-
proach at the same bil rate. As can be seen, at low bit
rales, the standard DCT based approach shows vis-
ible block artifacts, whercas, the SB-DCT based ap-
proach shows a more acceptable quality with almost

no visible blocking effects.



(b) error

(Fig. 5) The decoded version of the DCT based JPEG cod-
ed(0.30bpp) image and its error image for the
LENA image.

6. Conclusions

Based on a subband decomposition of the DCT de-
finition, a new algorithm for the computation of
DCT has been defined. This algorithm, unlike other

well-known algorithrus, permits approximate fast com-
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pulation of dominant DCT samples without prepro-
cessing such as multirate filter banks if the infor-
mation energy is essentially confined to a small band.
A detailed analysis of the new algorithm for the com-
putation of all or partial DCT samples have been in-
cluded.

The proposed method has been applied to the com-
pression of real images to verify its performance in
coding applications. The simulation results show that
this approach yields acceptable quality with consider-
ably less visible block artifacts over the standard
JPEG method while being over two times faster, Vari-
ous alterntives fo the SB-DCT computation scheme
are outlined which can be exploited to provide a trade
off between image quality and computational com-
plexity. ‘

It should be pointed oul here in the computer simul-
ations carried out for comparing the performance of
the SB-DCT with that of the conventional DCT, no
attempt have been made to optimize the basic DCT
program. As the same program is used for both
computations, the relative computational efficiency of
the SB-DCT with respect to the convention'al DCT is
expected to remain essentially the same, indepen-
dently of the actual DCT program being used.

Further research efforts are concentrated in the an-
aysis and comparision with JPEG standard DCT using
an optimized DCT code and applying this scheme to

image sequences and finally to the real world.
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