
Non-real-time delivery of stereoscopic video has been 
considered as a service scenario for 3DTV to overcome the 
limited bandwidth in the terrestrial digital television  
system. A hybrid codec combining MPEG-2 and 
H.264/AVC has been suggested for the compression of 
stereoscopic video for 3DTV. In this paper, we propose a 
stereoscopic video coding scheme using adaptive pre-/post-
filters (APPF) to improve the quality of 3D video while 
retaining compatibility with legacy video coding standards. 
The APPF are applied adaptively to blocks of various sizes 
determined by the macroblock coding mode and reference 
frame index. Experiment results show that the proposed 
method achieves up to 24.86% bit rate savings relative to a 
hybrid codec of MPEG-2 and H.264/AVC including the 
inter-view prediction. 
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I. Introduction 

Stereoscopic video has been considered as a possible 
approach to a 3D video service that could retain backward 
compatibility with an existing 2D video service. In the 
terrestrial digital television (DTV) system, a stereoscopic video 
codec should provide an additional video channel for 3D video 
alongside the base video channel while maintaining the 
existing channel capacity. Hence, there is a need for high 
coding efficiency. As a feasible solution, a hybrid codec 
consisting of MPEG-2 for a base video and H.264/AVC for an 
additional video has been suggested [1], [2]. The reason for the 
use of the MPEG-2 video codec is to maintain backward 
compatibility with existing 2D video services. Furthermore, 
non-real-time (NRT) delivery of stereoscopic video [1] is also 
considered as a service scenario for 3DTV services to 
overcome the limited bandwidth of the DTV system.  

In stereoscopic video coding [3]-[6], an inter-view prediction 
scheme is introduced to remove view redundancy existing 
between the base video and the corresponding additional video. 
In our previous work [6], it was shown that the coding 
performance of the additional video can be significantly 
improved by allowing inter-view prediction. Furthermore, it 
was noted that the efficiency of the inter-view prediction relies 
on the quality of the reconstructed base-view picture. Hence, 
the reconstructed picture was used as a reference frame for the 
corresponding additional view in the inter-view prediction 
mode. 

In this paper, a hybrid video codec combining MPEG-2 and 
H.264/AVC with inter-view prediction is adopted to compress 
the base video and the additional video, respectively. In 
addition to the hybrid video codec, we propose a stereoscopic 
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video coding scheme using adaptive pre-/post-filters (APPF) to 
improve the coding efficiency of the additional video in NRT-
based 3DTV services. The filters are designed in a similar way 
to the adaptive loop filter (ALF) adopted as one of the key 
coding tools in high efficiency video coding (HEVC) [7]. 
Specifically, to improve the quality of the reference picture for 
inter-view prediction, an adaptive filter is applied to the 
reconstructed base video frame as a pre-process and then the 
filtered picture is used as the reference. In addition, another 
adaptive filter is applied to the additional video picture as a 
post-process to directly enhance the quality of the additional 
video.  

As mentioned previously, the design of the APPF, including 
such characteristics as the filter shape, filter tap length, and 
filter coefficient derivation, is based on the ALF used in HEVC 
[7]. The ALF is an adaptive Wiener filter which is a well-
known optimal linear filter used to minimize the mean square 
error (MSE) between the original and reconstructed pictures. A 
picture filtered by ALF can be used as a reference picture for 
incoming pictures in decoding order. In general, the optimal 
filter coefficients of the Wiener filter are derived and signaled 
on a slice level. Chujoh and others [8] proposed a kind of ALF, 
called a block-based adaptive loop filter (BALF), and an 
extended version was adopted in the HEVC standard [9].  

There are two main differences between the ALF and APPF 
approaches. One is that the APPF do not allow the filtered 
picture to be used as a reference picture for incoming pictures 
of the identical view in the inter prediction mode; this may 
result in the degradation of the coding efficiency obtained by 
the ALF. However, the constraint is intended to achieve 
compatibility with the legacy video coding standards MPEG-2 
and H.264/AVC multiview video coding.  

The second difference is the use of a coding scheme for filter 
information. In HEVC, the use of the ALF is switchable based 
on a block structure synchronized with the coding unit (CU) 
structure. On the other hand, in the proposed method, the 
switching of the APPF depends on a block structure 
determined by macroblock (MB) coding information, such as 
the MB mode and the reference frame index. These are 
available in H.264/AVC, whereas the CU structure is specified 
only in HEVC.  

The adaptive filter, be it the ALF or the APPF, needs to signal 
side information, such as filter coefficients and the block-based 
filter on/off control information (control map), to the decoder 
side. For NRT delivery of stereoscopic video, side information 
for the APPF can be transmitted separately over an NRT 
channel. Furthermore, the additional delay required for APPF 
processing is likely to be feasible in NRT delivery.  

This paper is structured as follows. Section II presents the 
delivery mechanism for NRT 3D video. Section III covers the 

proposed APPF-based stereoscopic video coding method. 
Section IV shows experiment results, followed by the conclusion 
in section V. 

II. Delivery of NRT 3D Video 

Figure 1 shows how one of the NRT 3DTV services 
considered by the ATSC (Advanced Television Systems 
Committee) 2.0 [1] can be practically realized. A file 
containing an additional video is transmitted through an NRT 
channel before a base video is broadcast in real-time over a 
legacy 2D channel. This NRT delivery scheme may be 
efficient when there is limited broadcasting channel capacity 
and a requirement for backward compatibility with a legacy 
2D service. 

In the NRT delivery scheme, stereoscopic video streams and 
side information produced by the proposed APPF can be 
transmitted through out-of-package or in-package delivery 
methods, as shown in Fig. 2. 

In the case of out-of-package delivery, the base video is 
transmitted over a legacy 2D service real-time channel, while 
an additional video and the APPF side information are packed  
 

 

Fig. 1. NRT stereoscopic 3D service. 
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Fig. 2. Delivery scenarios for NRT stereoscopic 3D video: (a) 
out-of-package delivery and (b) in-package delivery. 
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into a formatted file transmitted over an NRT channel. While 
this delivery method has the advantage of using exactly the 
same legacy 2D receiver, it does not require the transmission of 
a large amount of data (as a formatted file) over an NRT 
channel.  

In the case of in-package delivery, both the base and 
additional videos are transmitted over the legacy real-time 
channel, and only ALF side information is transmitted over an 
NRT channel. The in-package delivery scheme can reduce the 
amount of data transmitted over an NRT channel at the cost of 
a smaller bit allocation to the base video. The proposed method 
will be evaluated for both delivery scenarios. 

III. APPF-Based Stereoscopic Video Coding 

The ALF is an adaptive Wiener filter that can process a 
picture corrupted by Gaussian noise, distortion, and blurring. 
The adaptive Wiener filter is applied to a reconstructed picture 
to minimize the MSE between the original and reconstructed 
pictures. The ALF adopted in HEVC [7] uses a set of adaptive 
filters, up to 16 diamond-shaped filters with a limited vertical 
size, and the filter selection is based on pixel activities. In 
particular, the tap length of a Wiener filter is chosen from 5×5, 
7×7, and 9×9 filters on a slice-by-slice basis by rate-distortion 
(R-D) optimization. The ALF is applied not to an entire region 
within a picture, but to selected blocks. For this purpose, a 
picture is divided into various square block sizes ranging from 
8×8 to 64×641), and then blocks to be filtered are optimally 
selected. To indicate whether a block is filtered or not, a flag is 
signaled on a block basis. Even though the set of Wiener filters 
can minimize the distortion, there is a large amount of ALF 
side information including a filter on/off control map, filter 
coefficients, the number of filters, and tap length of each filter. 
Transmitting such quantity of side information for each slice 
can degrade the coding efficiency. 

To reduce the filter on/off control map, Chujoh and others 
proposed a quadtree-based adaptive loop filter (QALF) [9]. In 
HEVC, the filtering block split information to be signaled is 
synchronized to the CU structure. That is, block splits of the 
ALF follow the CU splits except for the minimum block size 
to be filtered, which is specified by the control depth of the 
ALF, as shown in Fig. 3. The control depth is optimally 
determined by the R-D cost. In this way, side information for 
block splits used in the QALF does not need to be transmitted. 

In the proposed method, a hybrid video codec combining 
MPEG-2 and H.264/AVC is adopted. H.264/AVC has the MB 
                                                               

1) For adaptive filtering, a picture is partitioned into various block sizes, which is referred to 
as filter block split in this paper. In principle, the filter block split is different from the prediction 
block partition of H.264/AVC. 

 

Fig. 3. Example of ALF block structure according to control 
depth in given CU. 
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structure instead of the CU structure. Thus, ALF information 
related to the CU structure cannot be directly used. It might be 
assumed that H.264/AVC is replaced with HEVC as a 
compression codec for an additional video; however, the 
standardization of HEVC is still in progress and HEVC is not 
yet a stable standard. H.264/AVC has already been adopted in 
various video applications. Therefore, we propose a method of 
applying adaptive Wiener filters (APPF) to H.264/AVC. As 
mentioned previously, H.264/AVC has an MB structure and 
the proposed method uses the MB-based coding information, 
such as the MB mode and reference frame index, to avoid the 
transmission overhead needed if block splits of the adaptive 
Wiener filter are sent. Specifically, if the adaptive Wiener filter 
is applied, it is applied to blocks of various sizes, such as 8×8, 
16×16, 32×32, and 64×64. The procedure for selecting the 
block size is depicted in the flow chart of Fig. 4.  

First, for a 64×64 block structure, if all MBs in the 64×64 
block are coded as Inter 16×16 (P_16×16), Inter 16×8, Inter 
8×16, or Intra 16×16 and have the same coding property (such 
as SKIP), intra prediction mode, or reference index for inter 
prediction, then the 64×64 block is not divided for the adaptive 
Wiener filter. Otherwise, the 64×64 block is divided into four 
32×32 blocks. In the same way, each 32×32 block may or may 
not be divided into four 16×16 blocks. For a 16×16 block, the 
split is performed on the condition that the MB mode of the 
16×16 block is a sub-MB (P_8×8), Intra 8×8, or Intra 4×4. The 
block boundary of the adaptive Wiener filter is aligned with the 
MB or sub-MB boundary. By using the proposed filter block 
split method, side information for the block split can be 
inferred on the decoder side without transmitting it explicitly. 
The motivation for using the MB properties is based on an 
observation that MBs with the same MB properties have 
similar error characteristics between the original and 
reconstructed pictures. The ALF_flag specifying the filter 
on/off for each block should still be signaled per a split block, 
as shown in Fig. 3. 
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Fig. 4. Flow chart of proposed determination of ALF block split. 
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Fig. 5. Example of proposed determination of filter block split.
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Fig. 6. Overall configuration of proposed stereoscopic video codec.
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In the proposed filter block split method, the number of 
homogenous blocks by which a block is split can be treated as 
a threshold. Through experiments where thresholds are applied 
differently, it was found that the relaxation of such a condition 
of homogeneity for the coding properties may improve the 
coding efficiency. Figure 5 shows an instance of the proposed 
block split determination with the relaxed condition: if 14 MBs 

of a 64×64 block are coded by the SKIP mode rather than   
16 MBs, the 64×64 block is determined to be undivided.  

Figure 6 shows the overall codec structure when adopting 
the APPF for stereoscopic video coding. A base video is coded 
by MPEG-2 and transmitted over a real-time channel, and an 
additional video is coded by H.264/AVC with inter-view 
prediction. The resulting bit stream is formatted into a file to be 
transmitted over an NRT channel prior to the base video. The 
adaptive pre-filter is applied to the reconstructed picture of the 
base video in a pre-processor to enhance the picture quality for 
use as the reference picture in inter-view prediction mode. In 
the post-processor, the adaptive post-filter is applied to the 
reconstructed additional video to enhance the picture quality 
directly. 

The APPF side information, such as the filter coefficients 
and control information for filtering, is transmitted over an 
NRT channel. The 2D base video transmitted over the real-time 
channel is decoded and may be directly displayed, whereas 3D 
video can be provided by decoding the additional video 
transmitted over the NRT channel. In pre-/post-processing on 
the decoder side, the APPF are applied to the base and 
additional videos, respectively, in the same way as on the 
encoder side by using the delivered APPF side information. 

IV. Experiment Results 

To evaluate the proposed stereoscopic video coding scheme, 
some high-definition stereoscopic video sequences, namely, 
“Balloons,” “Kendo,” “Lovebird1,” and “Newspaper” [10], are 
used. The base video is encoded using MPEG-2 with a 
constant bit rate while applying the rate control method [11]. 
This corresponds with the general usage for legacy 2D  
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Table 1. Simulation encoding parameters for base video. 

Parameter Setting 

Resolution/frame rate 720p/30 fps 

Number of frames 150 

GOP structure IBBP (intra period = 24) 

Profile@level Main profile@high level 

In-package: 4.511 Mbps 
Coding rate 

Out-of-package: 6.447 Mbps 

Table 2. Simulation encoding parameters for additional video. 

Parameter Setting 

Entropy coding method CABAC 

Basis QP {22, 27, 32, 37} 

GOP structure 4 IbBbP (GOP size 4) 

Intra period 24 

Number of views minus one 1 

View order 0-1 

 

broadcasting, and the essential encoding parameters for the 
base video are listed in Table 1. 

The additional video is encoded without rate control, and the 
proposed method is evaluated at several different quantization 
parameters (QPs) according to the Bjøntegaard delta bit rate 
(BDBR) and the Bjøntegaard delta peak signal-to-noise rate 
(BD-PSNR) [12] and according to the R-D performance. In 
addition, we evaluate the performance for the two delivery 
scenarios, namely, out-of-package and in-package. The 
additional video is encoded using a codec based on JMVM 8.0 
[13], which is allowed for inter-view prediction, the encoding 
parameters of which are listed in Table 2. 

In the following experiments, the BDBR and BD-PSNR are 
measured relative to an anchor that is coded using MPEG-2 for 
the base video and H.264/AVC including the inter-view 
prediction mode for the additional video. The anchor did not 
use the adaptive Wiener filter.  

First, to evaluate the proposed adaptive filter, we code test 
sequences as single view encodings using H.264/AVC, 
H.264/AVC with a modified BALF, and H.264/AVC with the 
proposed adaptive post-filter. The modified BALF is the same 
as the BALF [8] except that a filtered picture is not allowed (for 
fairness) to be used as a reference picture for the inter 
prediction mode. Figure 7 shows the R-D performance of the 
three coding conditions. It should be noted that the proposed 
adaptive post-filter outperforms the modified BALF as well as 
H.264/AVC alone. Unlike the adaptive post-filter, BALF uses a 
constant block size in a slice and the block size is determined as  

 

Fig. 7. R-D performance of H.264/AVC, H.264/AVC with 
modified BALF [8], and H.264/AVC with proposed 
adaptive post-filter. 
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one of 8×8 to 128×128 on a slice basis. Therefore, this 
experiment result verifies that allowing various block sizes in  
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Table 3. Coding gain for out-of-package transmission. 

Pre-filter Post-filter Pre-/post-filters
Sequence 

BDBR 
BD-

PSNR BDBR 
BD-

PSNR BDBR
BD-

PSNR
Balloons 5.98 –0.20 –10.71 0.45 –3.36 0.20 

Kendo 8.55 –0.30 –9.54 0.41 –0.01 0.06 

Lovebird1 1.06 –0.02 –15.13 0.53 –11.26 0.40 

Newspaper 4.18 –0.13 –6.49 0.24 –0.72 0.06 

Average 4.94 –0.16 –10.47 0.41 –3.84 0.18 

Table 4. Coding gain for in-package transmission. 

Pre-ALF Post-ALF Pre-/post-ALF 
Sequence 

BDBR 
BD-

PSNR BDBR 
BD-

PSNR BDBR
BD-

PSNR
Balloons –3.37  0.13  –20.15  0.84  –20.72 0.86 

Kendo –3.09  0.12 –18.20  0.78  –18.81 0.81 

Lovebird1 –4.52  0.15  –24.86  0.92  –24.86 0.92 

Newspaper –3.09  0.11  –16.48  0.63  –16.58 0.64 

Average –3.52  0.13  –19.92  0.79  –20.24 0.81 

 

the filter block split process to be dependent on local 
characteristics is more effective than using blocks of a constant 
size determined on a slice basis. Furthermore, the proposed 
method does not signal overhead bits for the block split. 

For the case when both the proposed pre-filter and post-filter 
are applied for out-of-package delivery, the BDBR and BD-
PSNR results are shown in Table 3. In these results, the rate 
includes the rate of filter side information as well as that of the 
additional video. It can be seen that applying the adaptive post-
filter to the additional video achieves an average 10.47% bit 
savings. The reduction verifies that the adaptive post-filter 
improves the quality of reconstructed additional pictures by 
minimizing the error between the original and reconstructed 
pictures. On the other hand, applying only the adaptive pre-
filter shows a reduction in coding efficiency. This result 
suggests that using only the pre-filter may increase bit rates for 
filter side information disproportionately to improvements in 
the quality of reference pictures for the inter-view prediction 
mode. 

Table 4 shows the coding gain for the case of in-package 
delivery. Unlike the case of out-of-package delivery, the rate 
does not include the rate of ALF side information since it can 
be assumed that the side information is transmitted 
independently through an NRT channel. As shown in the 
results, there is up to a 24.86% bit rate improvement when 
applying the proposed APPF. This is a result of the quality  

 

Fig. 8. PSNR variations of H.264/AVC and H.264/AVC with 
proposed pre-/post-filters (QP=32). 
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improvement of the reference pictures for the inter-view 
prediction mode and the reconstructed additional pictures. It is 
worth noting that the quality of the base and additional videos 
transmitted through a legacy broadcasting channel could be 
enhanced significantly if the proposed filter information were 
freely transmitted through an NRT channel instead of the band-
limited broadcasting channel. 

Figure 8 shows PSNR variations over 150 frames for 
sequences Balloons and Kendo when the pre-/post-filters are 
applied. The average coding gains for the cases are shown in 
Table 4 (the last column). The proposed pre-/post-filters 
consistently outperform the anchor over all frames for the 
sequences.  

V. Conclusion 

This paper proposed an efficient stereoscopic video coding 
scheme for NRT stereoscopic 3D services. The proposed 
method added the adaptive pre-/post-filters to a hybrid codec 
combining MPEG-2 and H.264/AVC. The coding efficiency of 
the additional video channel required for 3D was enhanced by 
using higher quality reference pictures for the inter-view 
prediction mode; these were generated by applying a pre-filter 
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to the reconstructed base video. Furthermore, the quality of the 
additional video was significantly improved by applying a 
post-filter to the reconstructed additional video. To reduce the 
amount of side information for the filters, MB coding 
information was utilized to determine the block sizes to be 
filtered. 

The proposed scheme showed up to a 24.86% coding gain 
improvement over an anchor coded using MPEG-2 for the 
base video and H.264/AVC including the inter-view prediction 
mode for the additional video. The result was obtained under 
the assumption that the side information for the proposed pre-
/post-filters is transmitted through an NRT channel. The 
proposed scheme is expected to be well suited to NRT 3D 
services in which a separate NRT channel is available to deliver 
the side information for the pre-/post-filters or a combination of 
that side information and the additional video. 

References 

[1] “Non-Real-Time Content Delivery,” Document Number S13-1-
026r48, ATSC, Apr. 2010. 

[2] K. Yun et al., “Efficient Multiplexing Scheme of Stereoscopic 
Video Sequences for Digital Broadcasting Services,” ETRI J., vol. 
32, no. 6, Dec. 2010. 

[3] A. Vetro, T. Wiegand, and G.J. Sullivan, “Overview of the Stereo 
and Multiview Video Coding Extensions of the H.264/AVC 
Standard,” Proc. IEEE, vol. 99, no. 4, Apr. 2011, pp. 626-642. 

[4] L.-F. Ding, S.-Y. Chien, and L.-G. Chen, “Joint Prediction 
Algorithm and Architecture for Stereo Video Hybrid Coding 
Systems,” IEEE Trans. Circuits Syst. Video Technol., vol. 16, no. 
11, 2006, pp.1324-1337. 

[5] P. Merkle et al., “Stereo Video Compression for Mobile 3D 
Services,” Proc. 3DTV Conf., Potsdam, Germany, 2009. 

[6] B. Lee et al., “Study on the Stereoscopic Codecs for Non-Real 
Time 3DTV Services,” Proc. IS&T SPIE Stereoscopic Displays 
Applications (SD&A), SPIE vol. 7863, Jan. 2011. 

[7] JCT-VC, “High Efficiency Video Coding (HEVC) Text 
Specification Draft 6,” JCTVC-H1003, 8th JCT-VC Meeting, 
San José, CA, USA, Feb. 2012. 

[8] T. Chujoh et al., “Block-Based Adaptive Loop Filter,” ITU-T 
SG16/Q.6, Doc. VCEG-AI18, July 2008. 

[9] T. Chujoh et al., “Specification and Experimental Results of 
Quadtree-Based Adaptive Loop Filter,” ITU-T SG16/Q.6 Doc. 
VCEG-AK22, Apr. 2009. 

[10] ISO/IEC JTC1/SC29/WG11, “Call for Proposals on 3D Video 
Coding Technology,” Doc. N12036, 96th MPEG meeting, 
Geneva, Switzerland, Mar. 2011. 

[11] http://www.mpeg.org/MPEG/MSSG
[12] G. Bjontegaard, “Calculation of Average PSNR Differences 

between RD Curves,” ITU-T SG16/Q6, Doc. VCEG-M33, Apr. 

2001. 
[13] “Joint Multiview Video Model (JMVM) 8.0,” JVT-AA207, 

Geneva, Switzerland, Apr. 2008. 
 

Byung-Tak Lee received his BS and MS in 
electronics engineering from Korea Aerospace 
University, Goyang, Gyeonggi-do, Rep. of 
Korea, in 2009 and 2011, respectively. He is 
currently an assistant engineer in Samsung 
Electronics. His research interests include video 
coding and video signal processing.  

 
BongHo Lee received his MS in avionics 
engineering from Korea Aerospace University, 
Goyang, Gyeonggi-hdo, Rep. of Korea, in 1999. 
In 1999, he joined ETRI, Daejeon, Rep. of 
Korea, where he has been working on 
broadcasting system technologies. Currently, as 
a senior researcher, he is involved in the 

Realistic Broadcasting System Research Team focusing on the R&D 
of 3DTV technologies. His main research interests are mobile 
multimedia broadcasting systems, 3DTV, and digital hologram. 
 

Haechul Choi received his BS in electronics 
engineering from Kyungpook National 
University, Daegu, Rep. of Korea, in 1997 and 
his MS and PhD in electrical engineering from 
the Korea Advanced Institute of Science and 
Technology (KAIST), Daejeon, Rep. of Korea, 
in 1999 and 2004, respectively. He is an 

assistant professor in the Department of Information and 
Communication Engineering at Hanbat National University, Daejeon, 
Rep. of Korea. From 2004 to 2010, he was a senior member of the 
research staff of the Broadcasting Media Research Group of ETRI, 
Daejeon, Rep. of Korea. His current research interests include image 
processing, video coding, and pattern recognition. 
 

Jin-soo Kim received his BS in electronics 
engineering from Kyungpook National 
University, Daegu, Rep. of Korea, in 1991 and 
his MS and PhD in electrical engineering from 
the Korea Advanced Institute of Science and 
Technology (KAIST), Daejeon, Rep. of Korea, 
in 1993 and 1998, respectively. From 1998 to 

2000, he was with the Business Division of System LSI at Samsung 
Electronics, where he was involved in the development of MCU 
chipsets. Since March 2000, he has been a faculty member in the 
Department of Information and Communication Engineering, Hanbat 
National University, Rep. of Korea, where he is a professor. His 
research interests include distributed video coding (DVC), high 

672   Byung-Tak Lee et al. ETRI Journal, Volume 34, Number 5, October 2012 

http://www.mpeg.org/MPEG/MSSG


efficiency video coding, networked video rate shaping, and adaptation 
and media convergence. 
 

Kugjin Yun received his BS and MS in 
computer engineering from Cheonbuk National 
University, Jeonju, Rep. of Korea, in 1999 and 
2001, respectively. He joined ETRI, Daejeon 
Rep. Of Korea, in 2001, and he is currently a 
senior research member of the Realistic 
Broadcasting System Research Team. His 

current research interests include 3DTV and 3D mobile broadcasting. 
 

Won-Sik Cheong received his BS, MS and 
PhD in electronic and electrical engineering 
from Kyungpook National University, Daegu, 
Rep. of Korea, in 1992, 1994, and 2000, 
respectively. He joined ETRI, Daejeon, Rep. of 
Korea, in 2000. Currently, he is the director of 
the Realistic Broadcasting Technology 

Research Team of the Broadcasting Systems Research Department. 
His research interests include 3DTV broadcasting systems, interactive 
multimedia broadcasting systems, video and image coding, and digital 
signal processing. 
 

Jae-Gon Kim received his BS in electronics 
engineering from Kyungpook National 
University, Daegu, Rep. of Korea, in 1990, and 
his MS and PhD in electrical engineering from 
the Korea Advanced Institute of Science and 
Technology (KAIST), Daejeon, Rep. of Korea, 
in 1992 and 2005, respectively. From 1992 to 

2007, he was with ETRI, Daejeon, Rep. of Korea, where he was 
involved in the development of digital broadcasting media services, 
MPEG-4/7/21 standards and related applications, and convergence 
media technologies. From 2001 to 2002, he was a staff associate in the 
Department of Electrical Engineering at Columbia University, New 
York, NY, USA. He is currently an associated professor in the School 
of Electronics, Telecommunication, and Computer Engineering at 
Korea Aerospace University, Goyang, Gyeonggi-do, Rep. of Korea. 
His research interests include video signal processing, video coding, 
video adaptation, and multimedia applications.  

 

ETRI Journal, Volume 34, Number 5, October 2012 Byung-Tak Lee et al.   673 

http://en.wikipedia.org/wiki/Goyang
http://en.wikipedia.org/wiki/Gyeonggi-do


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


