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Adaptive Up-Sampling Method Using DCT for
Spatial Scalability of Scalable Video Coding

IlHong Shin and Hyun Wook Park, Senior Member, IEEE

Abstract—In the incoming amendment of H.264/AVC for scal-
able video coding (SVC), down and up-samplings in a spatial
domain are incorporated for spatial scalability. A new two-fold
up-sampling method is proposed for SVC. The proposed up-sam-
pling method is based on a combination of the forward and
backward type-II discrete cosine transform (DCT). As the pro-
posed up-sampling kernel has various symmetries for efficient
computation, a fast algorithm of type-II DCT-based up-sampling
method is also proposed. For further improvement of the up-sam-
pling performance, an adaptive filtering method in the type-II
DCT up-sampling is introduced, which applies different weighting
parameters to DCT coefficients. Even as this adaptive method is
applied, the up-sampling operation in the decoder has the same
computational complexity as the fixed weighting method. The
proposed adaptive up-sampling method shows a much improved
PSNR in comparison with the recent H.264 SVC up-sampling
method.

Index Terms—Adaptive up-sampling, down-sampling, H.264,
scalable video coding (SVC), type-II DCT, up-sampling.

I. INTRODUCTION

T HE EMERGING home-network and broadband conver-
gence network technologies allow people to see images

and video anywhere at anytime. The display devices can be a
large plasma display panel, a standard definition TV, or a very
small cell-phone. Therefore, the video codec used in these de-
vices should support various displays with different resolutions.

Transcoding [1]–[3] can be a solution for the support of var-
ious video resolutions. a large amount of research has centered
on image resizing using a discrete cosine transform (DCT)
kernel and employing the characteristics of DCT [4]–[6].
Down/up-sampling using the DCT kernel provides better peak
signal-to-noise ratio (PSNR) than those with a simple bilinear
interpolation method [4].

A scalable video coding (SVC) method [7], [8] can achieve
the adaptation of a bit-rate with useful features such as temporal
and spatial scalabilities. Scalable video coding is a promising
technology for spatial, temporal, and quality scalability on a het-
erogeneous-network or a home-network environment. The scal-
able video data can be distributed anywhere at anytime, and to
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any device that supports needs of multimedia customers. How-
ever, SVC has various limitations such as coding performance,
complex decoding, specific applications, and so on.

The H.264 [9] codec, which is a joint standard of the ITU-T
video compression and the ISO/IEC MPEG-4 Part 10 Advanced
Video Coding (AVC), has shown a dramatic improvement in
video coding performance compared to the previous H.263
[10], MPEG-2 [11], and MPEG-4 [12] codecs. Recently, Joint
Video Team of ITU-T VCEG and ISO MPEG (JVT) has been
providing a scalable video model for a scalable extension of
H.264/AVC [13]. It has inherited most of the building blocks
of H.264 [9]. For spatial scalability, 12-tap and 6-tap linear
filters are exploited in the current JSVM (joint scalable video
model) for down and up-sampling with a support of arbitrary
ratio spatial scalability [14], [15]. Although their computa-
tional complexity and down and up-sampling performance
are suitable for utilization with scalable video coding, further
improvements must be made in terms of the rate-distortion
performance of scalable video coding, i.e., the performance of
spatial scalability depends on the adopted down/up-sampling
method. Vatis et al. has been made in adaptive interpolation
filters for motion compensation in H.264 by using least square
minimization framework [16]. Segall et al. also proposed an
alternate way of adaptive filtering by using already determined
filter coefficients [17]. Recently, adaptive estimation of filter
coefficients in conjunction with down-sampling method was
studied [18], [19]. Also, other efforts were made to improve the
spatial scalability [20].

However, we propose new up-sampling method in spatial
domain to improve spatial scalability to support dyadic scala-
bility. DCT is used in up-sampling operation, which is crucial
in SVC performance for spatial scalability. New up-sampling
method use type-II DCT, which is well known DCT for image
compression, because the phase change in down/up-sampling
using type-II DCT is the same to the defined coordinate in cur-
rent SVC recommendation [13]. Also, the combined operation
of proposed up-sampling between spatial and DCT domains,
which is not sequential but merged operation in generating
one up-sampling matrix, makes the proposed up-sampling be
employed in a simple way.

The new up-sampling method using the type-II DCT has a
large degree of symmetries for efficient computation. Thus, a
fast algorithm of the proposed up-sampling method is also pro-
posed. For a performance improvement, an adaptive filtering
method in the type-II DCT up-sampling is applied, which ap-
plies different weighting parameters to each DCT coefficient.

In this paper, the scalable extension of H.264 as well as
the rate-distortion characteristics of the spatial scalability are
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Fig. 1. Block diagram of the proposed adaptive up-sampling method for en-
coder.

briefly explained in Section II. The proposed up-sampling
method using the type-II DCT is introduced in Section III.
Section IV describes the fast algorithm of the proposed method
using the symmetric properties of the DCT and IDCT ker-
nels. The adaptive up-sampling method is also described
in Section V. Experimental results are given in Section VI.
Section VII concludes the paper.

II. SCALABLE EXTENSION OF H.264 AND SPATIAL SCALABILITY

The current SVC extension of the H.264 used layered spa-
tial scalability and intrinsic quality scalability. The layered ap-
proach was used by previous MPEG-2 [11] and MPEG-4 codec
[12] for supporting spatial scalability, which allowed two or
three spatial layers with dyadic way [13]. The fine grain scal-
ability (FGS) coding scheme in H.264 SVC makes rate scala-
bility finely controlled like MPEG-4 FGS [12]. The temporal
scalability can be performed by using hierarchical B pictures

.
Fig. 1 shows the proposed SVC encoder structure, where two

spatial layers are used for the SVC. The motion, texture, and
residual data from the lower spatial layer can be reused to en-
code the upper spatial layer. For texture coding in the H.264
SVC, up-sampled image from lower spatial layer can be used
to remove spatial redundancy. The current H.264 SVC uses
up-sampling filter using convolution operation. The difference
between the current spatial layer and the up-sampled signal from
its lower layer is coded using a typical transform coding. The
added block of the proposed method can replace the current
H.264 SVC texture up-sampling filter in Fig. 1. The residual
signal after motion compensation also can be used with the
up-sampling operation for spatial scalable coding, and a simple
bilinear up-sampling is adopted for efficient computation. The
up-sampled residual signal provides prediction signal for mo-
tion compensation at the spatial enhancement layer. It should
be noted that the proposed method only handle texture up-sam-
pling. For motion data from lower layer is used with simple
scaling of magnitude and block type in according to the mo-
tion vector and block type [13].

H.264 SVC support arbitrary-ratio spatial scalability, where
it is called as extended spatial scalability (ESS) [27]. Also
complex coordinate change problem between luminance and
chrominance components was solved by allowing phase shift in
down/up-sampling. In result, H.264 SVC has compliant coor-
dinate system with H.264. H.264 SVC has texture up-sampling
method with convolution, where four and two-taps poly phase
filter is used for luminance and chrominance components, re-
spectively. The filter set for up-sampling is made with integer,
and approximated into 16 phases. Although accurate phase
calculation is required for down/up-sampling, but approach
taken in H.264 SVC is sufficient in an actual sense. Also
down-sampling method adopted in JSVM [27] uses windowed
sinc function, and also it is approximated into 16 phases. The
down-sampling filter has characteristics for strong antialiasing,
where aliasing is inevitable in down-sampling. However,
further study should be done for friendly visual quality and
minimization of information loss.

The rate-distortion characteristics of the spatial scalability in
a video coding are determined by the base and enhancement
layer bit-rates. The higher quality of the base layer leads to a
poor quality of the enhancement layer. There is a trade-off rela-
tionship between the base layer image quality and the rate-dis-
tortion performance of the enhancement layer. However, the re-
quired quality of the base layer depends on the service applica-
tions. Therefore, the down/up-sampling method should be im-
proved for the performance of the spatial scalability.

It is important to note that three factors affect the perfor-
mance of the spatial scalability. These are the image quality of
the lower spatial layer, the bit-rates of the spatial enhancement
layer, and the characteristics of the video signal content. When
the lower spatial layer has good quality, the enhancement layer
quality is highly affected by the performance of the adopted
up-sampling method.

III. THE PROPOSED UP-SAMPLING METHOD USING TYPE-II
DCT

The type-I DCT-based up-sampling filters without phase shift
[21] is proposed in a typical coordinate of down/up-sampling.
However, the down/up-sampling of the current H.264 SVC suf-
fers from a half-pel shift similar to the YUV420 down-sam-
pling shown in Fig. 2. As the up-sampling coordinate should
be matched to the down-sampling coordinate, a new up-sam-
pling filters having a half-pel shift [22] is proposed. The pro-
posed up-sampling method can be used in conjunction with
the down-sampling filter of the current H.264 SVC, where the
down-sampling filter of H.264 SVC has a half-pel shift.

The DCT family has four types, termed here types I, II, III,
and IV. Each type of DCT means applied periodicity and sym-
metry in generating real transform with Fourier transform. For
example, when symmetric extension is performed in the input
signal for Fourier transform at each end of input signal, then real
transform is made with property of discrete Fourier transform.
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Fig. 2. SVC pixel coordinates in down/up-sampling.

Fig. 3. Schematic two-fold up-sampling operation using DCT.

Each type of DCT has various properties and specific applica-
tions. Type-III DCT is the inverse transform of type-II DCT,
which is known as IDCT. A variant of Type-IV DCT is called
as Modified DCT in audio coding. The most common DCT is
the type-II, which is used in the image compression due to the
asymptotic equivalence of the optimal KL transform. The defi-
nition of the type-II DCT is given as follows:

where

(1)

where is the input signal and is the number of input
samples. When the type-II DCT is used in down/up-sampling,
the down/up-sampled coordinates have a half-pel shifted result,
as shown in Fig. 2. Fig. 3 represents the up-sampling schemes
using the type-II DCT in the DCT domain. The signal length of

the type-II DCT is , and zeros are appended in the high fre-
quency region after the type-II DCT. Following this, the type-II
IDCT of the extended samples is performed to obtain the
two-fold up-sampled data shown in Fig. 3. As the cascaded oper-
ation in up-sampling using DCT and IDCT is inefficient in com-
putational complexity, a combined operation of type-II DCT
based up-sampling is proposed, where it becomes the spatial-do-
main up-sampling filter. It is possible to describe the two-fold
up-sampling process in a matrix form as follows:

(2)

where denotes the 1-D type-II DCT kernel for sam-
ples, and and are the original image block of

and the up-sampled image block of , respec-
tively. represents the upper most rows of ,
and the superscript indicates the transpose of the matrix. The
inverse transform of the type-II DCT is simply the transpose of
the forward type-II DCT. In (2), is the zero ma-
trix. The scaling factor in the matrix calculation is omitted for
simplicity. and denote the vertical and hori-
zontal up-sampling kernels, respectively. There is a transpose
relationship between the vertical and horizontal up-sampling
matrices, i.e., . Each element of the two-fold
type-II DCT-based up-sampling matrix to a vertical direction
can be written as follows:

where

for

(3)

where is the element of the vertical
up-sampling matrix, . The 2-D up-sampling can be
separately performed using the vertical up-sampling followed
by the horizontal up-sampling. Hereinbefore we only discussed
up-sampling using DCT in a dyadic way. Also, the focus of this
paper is about two-fold case. The extension to an arbitrary ratio
is possible with DCT, and is compliant to coordinate system of
H.264 SVC. However, very complex matrix structure will be
made in combining into one up-sampling kernel. The arbitrary
ratio up-sampling with DCT can be made, and generalized.
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IV. FAST ALGORITHM OF THE PROPOSED TYPE-II DCT
UP-SAMPLING

The combined kernel of the forward and backward DCT has a
large degree of symmetry [22]. The type-II DCT-based up-sam-
pling kernel of (3) is rewritten as (4), shown at the bottom of the
page. From (4), it is shown that the up-sampling kernel is sym-
metric, i.e.,

. This symmetry can be written as follows

...
...

...
...

...
...

...
...

(5)

where for simplicity. The general symmetry
in the type-II DCT is that the elements of each row are symmet-
rical in even rows and antisymmetric in odd rows. However, the
combined kernel has a different symmetry. Therefore, a fast al-
gorithm of the type-II DCT-based up-sampling kernel should be
designed carefully. The symmetry of the proposed up-sampling
kernel can be exploited to reduce the number of multiplications.

Let and be defined, whose -el-
ements are given as follows:

for (6)

where is defined in (4). It is possible to decompose
the up-sampling matrix using and as fol-
lows:

where

...
. . .

...
(7)

In (7), and are the identity and antiiden-
tity matrices, respectively, and is original image block
to be upsampled. Since is also symmetrical,
i.e., ,
further decomposition of is possible, where

is decomposed into and
through (6). Therefore, it can be recursively decomposed until
the final matrix becomes two rows and one column, where
should be a power of two. In addition, the element of the final

filter can be written as follows

where (8)

where for (4)
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For computational efficiency of , can
be described as (9), shown at the bottom of the page, where

, , , and are the
submatrices of . The element of and

have a relationship as follows:

(10)

Additionally, elements of and have a re-
lationship as follows:

(11)

By using the relationships in (10) and (11), is de-
composed further for complexity reduction [22]. The horizontal
up-sampling procedure can be performed in a similar way.

The proposed fast filtering method reduces the
number of multiplications of the direct matrix implementation
to approximately 74%, as shown in Table I. It has a compa-
rable computational complexity to the H.264 SVC up-sampling
filter. For performance improvements, we adopt an overlapping
method [21]. In overlapping of two-fold up-sampling, the ex-
tended 4 points are overlapped for filtering at left and right of
the current block [21]. Although the proposed fast method with
overlapping is about two times slower than H.264 SVC up-sam-
pling filter, it also shows great reduction of complexity in com-
parison with direct matrix multiplication. The 6 6 adaptive
filter [16] shows largest complexity due to the non-separability,
where it does not have symmetry in vertical and horizontal di-
rections due to the phase shift in up-sampling.

TABLE I
NUMBER OF MULTIPLICATIONS FOR THE PROPOSED, THE JSVM UP-SAMPLING,

AND THE 6� 6 ADAPTIVE FILTER METHODS

V. ADAPTIVE UP-SAMPLING METHOD USING TYPE-II DCT

The proposed up-sampling method can be adaptively applied
according to the image characteristics [23]. The proposed adap-
tive approach also employs the type-II DCT-based up-sampling
matrix, where each frequency component is weighted differ-
ently in the type-II DCT. The weighting parameters for the fre-
quency components are adaptively determined in the proposed
adaptive method, whereas these are all in unity in the fixed
method described in the previous section. The weighting pa-
rameters make image to be closely to the original image by
using DCT coefficient adjustment. For example, when original
image has low frequency component, the weighting parameters
in the DCT domain will be constant. But on the other hand, the
weighting parameters depends on the quality of lower resolu-
tion image and frequency characteristics of original image.

An adaptive vertical up-sampling matrix, , is derived
as follows:

where

(12)

Equation (12) shows the adaptive up-sampling kernel, where
the diagonal matrix represents the weighting parameters de-
pending on the video characteristics. The horizontal and ver-
tical up-sampling can be performed with and
matrices, respectively. The -element of can be
written as follows:

...
. . .

...
...

. . .
...

...
. . .

...
...

. . .
...

(9)
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where

for

(13)

where denotes the adaptive parameters. When the pro-
posed adaptive up-sampling method is applied, the up-sampling
matrices of and are computed for every frame
using the optimum weighting parameters of and , respec-
tively.

The computational complexity of the adaptive up-sampling
method is identical to that of the fixed up-sampling method, and
the proposed fast algorithm in Section IV can be applied to the
adaptive method. A 5-bit quantization of the weighting parame-
ters was experimentally determined to be suitable for the trans-
mission of the parameter to the decoder. The coding scheme of
exp-golumb [9] is applied, where each weighting parameter is
preprocessed by DPCM (differential pulse coded modulation).
As shown in Fig. 1, the transmitted adaptive parameters are
used to reconstruct the type-II DCT adaptive up-sampling kernel
using (15), and the adaptive up-sampling is performed at the de-
coder side to provide the prediction signal on the current spatial
layer.

The least-square minimization method was used for an esti-
mation of the weighting parameters. Let the denote the
block index of the down-sampled image, which has a width
and a height , then the optimum and that minimize
error between the original up-sampled image and the computed
up-sampled image are obtained, as follows:

(14)

where and are the th block of the original up-sam-
pled image and down-sampled image, respectively, and is
the number of blocks in the down-sampled image. Equation (14)
can be addressed as a nonlinear least square optimization. Var-
ious works were proposed in nonlinear optimization [24]–[26],

TABLE II
EXPERIMENTAL CONDITIONS

including iteration methods. However, the iteration process in
a global optimization can be a serious burden to a real time
system. Therefore, a simple suboptimal solution using cyclic
coordinate descent algorithm [24], [26] is proposed. The op-
timal is assumed as identity matrix. Initially, the optimal
is obtained using the linear least square optimization method
with the identity matrix . At the second step, the obtained

is fixed to estimate with the linear least square optimiza-
tion. Finally, a new is determined with the optimum ob-
tained in the second step. Three iterations were experimentally
determined to be sufficient for the suboptimal solution. Since
each iteration can be treated as a linear least-sqaure problem,
the closed-form solution of optimal estimation of vertical pa-
rameters can be written as (15), shown at the bottom of the
page, where is the stacked matrix of , whose size is

. In (15), is the optimally estimated horizontal
up-sampling filter in previous iteration, and denotes Kro-
necker tensor product. and denote th column vector
of each matrix, and means element-wise multiplication on ma-
trix operation. is the diagonal matrix due to
the orthogonal property of transform. Hence, diagonal matrix of

can be excluded in the matrix inversion op-
eration of (15), the computational complexity is reduced from

to in optimal estimation. After obtaining optimal
vertical parameters, the same procedure is applied for horizontal
parameters in an iterative fashion.

VI. EXPERIMENTAL RESULTS

The proposed adaptive type-II DCT-based up-sampling
method was implemented in the JSVM video codec [13].
Down-sampled video was generated by a JSVM down-sam-
pling filter. The other condition is listed in Table II.

A 2-D adaptive nonseparable wiener interpolation filter [16]
was implemented for performance comparison. Also current
4-tap linear filter of the JSVM was experimentally compared.

where

(15)
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Fig. 4. Rate-PSNR curves of Stefan and Harbour sequences with intra only
coding. (a) Base layer QP of 24 with Stefan. (b) Base layer QP of 28 with Stefan.
(c) Base layer QP of 24 with Harbour. (d) Base layer QP of 28, with Harbour.

All frames were coded as an intra frame to show the max-
imum performance of the proposed method. The rate-PSNR
curves are shown in Fig. 4 for intra only coding. In Fig. 4, rate
means total bit-rates of base and enhancement layers, and only

Fig. 5. Rate-PSNR curves of City sequence with combined scalability. (a) Ex-
tracted result of 7.5 Hz and BQP 24. (b) Extracted result of 7.5 Hz and BQP
28. (c) Extracted result of 30 Hz and BQP 24. (d) Extracted result of 30 Hz and
BQP 30, (GOP is 16, and two layer of FGS were used).

luminance PSNR is considered. The fixed method with over-
lapping denotes the proposed type-II DCT-based up-sampling
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Fig. 6. Mean and standard deviation of the horizontal and vertical weighting
parameters for city sequences. (a) Horizontal weighting parameters with base
layer QP of 24. (b) Horizontal weighting parameters with base layer QP of
32. (c) Vertical weighting parameters with base layer QP of 24. (d) Vertical
weighting parameters with base layer QP of 32.

without adaptive parameters, where overlapping method is ap-
plied as denoted in Section IV. The proposed adaptive method
with overlapping shows improvements in comparison with the
fixed method, where the fixed method also provides PSNR gain
over JSVM method. Also, the 6 6 adaptive filter shows PSNR
gain over the fixed method. However, the proposed adaptive
method performs better than 6 6 adaptive filter, whose com-
plexity is larger than adaptive method with overlapping as noted
in Section IV. When the enhancement layer uses small QP or
large bit-rate, any up-sampling methods do not give significant
PSNR gain as discussed in Section II. When QP of the base
layer increases, the PSNR gain decreases due to the incomplete
down-sampled signals.

When we used intra only coding, the proposed method shows
better performance than that of the 4-tap up-sampling method
of JSVM. However, we consider the combined scalability with
inter coding, where the combined scalability contains spatial,
temporal, quality scalabilities [13]. Fig. 5 shows experimental
results of inter coding, where the GOP size was 16, and exper-
imental condition is the same as Table II.

The starting QP of FGS refinement [13] was set to 44 for
providing low to high video quality. The extracted frame-rate
using temporal scalability are 7.5 Hz in Fig. 5(a)–(b) and 30 Hz
in Fig. 5(c)–(d), respectively.

As shown in the experimental results, the PSNR gain of the
proposed method in inter coding is reduced in comparison with
the result of intra only coding, because the number of texture
up-sampling blocks decreases due to the small number of intra
blocks in a GOP. Similar trends are shown at the high bit-rates
of the enhancement layer as shown in the intra-only coding re-
sults. The proposed overlapping method improves PSNR over
nonoverlapping method. Therefore, the proposed method pro-
vides much improved PSNR at the low frame rate as shown in
Fig. 5.

Fig. 6 shows the mean and standard deviation of the weighting
parameters for city sequences, where the weighting parameters
were used adaptively for each frame. The horizontal and vertical
axes show the frequency index and the optimized parameters,
respectively. As shown in Fig. 6, the adaptive parameters of the
horizontal and vertical up-sampling have different characteris-
tics in each video sequence. It is also clear that the optimized
weighting parameters depend on the base-layer QP. It can be
understood that a different base-layer QP leads different char-
acteristics in the frequency domain due to the quantization, even
in the same image.

VII. CONCLUSION

An adaptive up-sampling method for performance improve-
ment of spatial scalability in the H.264 SVC was proposed
with a dyadic way. The up-sampling method was developed
using a type-II DCT with a phase shift for correspondence with
the current H.264 SVC standard. In addition, a fast algorithm
was proposed for up-sampling using symmetries of the DCT
kernel. By transmitting the adaptive weighting parameters of
the type-II DCT-based up-sampling kernel, it led to improved
results for the proposed adaptive up-sampling method in com-
parison with the JSVM up-sampling method. As discussed in
the experimental section, proposed method provides benefits
of rate-PSNR performance at the good quality of base layer
and low quality of enhancement layer. When SVC coding
scenario meets these circumstances, proposed method should
be useful. Additionally, a further development of the arbitrary
ratio up-sampling method for the support of H.264 SVC is
under underway by the authors.
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