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This paper introduces a novel repetitive delivery scheme 
for the left and right views in service-compatible (SC) 3D 
video that provides full backward compatibility to a legacy 
DTV system while retaining HD 3D visual quality without 
additional bandwidth or a codec over the legacy 
broadcasting channel. The proposed SC delivery scheme 
transmits individual view sequences of a 3D video in 
interlaced form, that is, a left-view sequence of a 3DTV 
program to be used repeatedly is transmitted first and 
stored locally, and the right-view sequence of the 3D 
program is then transmitted. This paper specifically 
describes the signaling, synchronization, and storage 
format methods used to validate the proposed SC delivery 
scheme. The experiment results show that the proposed 
SC delivery scheme can be effectively applied for an SC 
3DTV service without degrading the DTV quality using 
only legacy DTV platforms. 
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I. Introduction 

Existing 3DTV broadcasting technologies such as MPEG, 
ATSC, DVB, and TTA have been developed for standard use 
[1], [2]. The 3DTV service scheme included in these standards 
can be classified as frame-compatible (FC) or service-
compatible (SC), depending on the backward compatibility 
with the legacy DTV system. 

An FC scheme is a key technology that was adopted in first-
generation 3DTV broadcasting services [3], [4]. It multiplexes 
the left- and right-view frames into a single frame 
configuration as that in a legacy DTV service, which allows the 
service provider to reuse the legacy DTV production and 
distribution systems. However, it requires subsampling and 
decimation of the source images to make them squeezable into 
one-half the size of an HD frame, and a degraded image quality 
is hence inevitable. Moreover, owing to the geometrical layout 
of the composite frame, the presented 3D video will not be 
compatible with legacy DTV. 

To overcome the above-mentioned problems, SC schemes 
have been developed. An SC scheme provides not only 
backward compatibility with legacy DTV but also better image 
quality than an FC scheme provides. The SC hybrid coded 
(SCHC) scheme was introduced and applied for 3DTV trial 
service in the Republic of Korea [5]-[7]. In SCHC, left- and 
right-view sequences are encoded independently using  
MPEG-2 video and H.264 [8] and are transmitted through 
various broadcasting channels, such as terrestrial, cable, or 
satellite, while maintaining not only backward compatibility 
but also HD quality for both views. Since the scheme uses 
independent encoders to encode left- and right-view sequences, 
the left-view sequence encoded by MPEG-2 video is presented 
in legacy DTV. However, for terrestrial 3DTV broadcasting, 
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owing to the fact that both views are transmitted over a 
physical channel, an image quality degradation of the left-view 
sequence is unavoidable since the bandwidth for the view will 
be reduced from 17 Mbps to 12 Mbps. 

Another SC scheme is SC frame packing (SCFP). This 
scheme packs two 720 p views into a single 1,080 p frame [9], 
while one of two views remains unaltered. In this case, if the 
left- and right-view sequences originate in the 720 p format, no 
decimation is needed and the reconstructed left- and right-view 
images will preserve their original resolution. The scheme also 
provides backward compatibility with an H.264-based DTV 
receiver using the H.264 encoding parameter for cropping a 
rectangle, which is used to signal the decoder as to which part 
of the decoded frame must be output to the display. However, 
this scheme only provides backward compatibility with an 
H.264-based DTV receiver since the applied cropping 
rectangle method is not available in MPEG-2 video. In addition, 
it may degrade the image quality of legacy DTV supporting a 
1,920 × 1,080 resolution as it has a 1,280 × 720 resolution per 
view. 

The SC non-real-time (SCNRT) scheme is the most recently 
introduced SC scheme [10]. A file containing an additional 
view (for example, the right view) is downloaded using ATSC 
NRT technology before the base view (for example, the left 
view) is broadcast in real time over a legacy terrestrial 
broadcasting channel. Even though this scheme can provide 
1,080i HD quality 3D, it requires an additional virtual channel 
and system architecture, such as an NRT encoder, for NRT file 
delivery or download [11]. In addition, it may degrade the 
legacy DTV quality by assigning a separate virtual channel 
bandwidth for NRT file delivery, which includes an additional 
codec for better compression of the additional view. 

Consequently, these SC schemes have been developed to 
provide high-quality 3D with backward compatibility with a 
legacy DTV receiver over a legacy terrestrial broadcasting 
channel. However, the limitation of these SC schemes is that 
they cannot maintain 1,080i HD quality and require an 
additional codec or system architecture for successful 3DTV 
service. 

In this paper, we propose a novel SC scheme that fully 
resolves the previously mentioned problems and efficiently 
transmits stereoscopic view sequences over a legacy DTV 
channel, in which the individual view sequences for various 
rebroadcasting 3D programs are repeatedly transmitted. 
Furthermore, this paper proposes a new method including the 
signaling, synchronization, and storage format to validate the 
proposed SC delivery scheme. 

There are three main differences between the proposed SC 
scheme and a legacy SC delivery scheme. The first difference 
is the use of the bandwidth for 3D video transmission. In 

SCHC and SCNRT, division of the legacy DTV bandwidth is 
required since an additional view sequence encoded by H.264 
has to be multiplexed and transmitted with the base view. On 
the other hand, the proposed SC delivery scheme fully utilizes 
the allocated video bandwidth for the broadcasting channel. 
The second difference is the use of an additional codec. While 
SCHC and SCNRT use two different codecs (MPEG-2 video 
and H.264) to encode stereoscopic view sequences, the 
proposed scheme uses only one video codec, which is used in 
legacy DTV. The third difference is that the proposed SC 
delivery scheme can transmit stereoscopic view sequences on 
all legacy DTV platforms while guaranteeing the legacy DTV 
quality up to 1,080i HD, whereas the SCFP scheme supports a 
maximum of 720 p and can be used only with an H.264-based 
DTV platform. 

The remainder of this paper is structured as follows. Section 
II presents the proposed SC delivery scheme. Section III shows 
the experiment results, which are followed by some concluding 
remarks in section IV. 

II. Repetitive Delivery Scheme for Stereoscopic Views 

1. Overview 

One of the important concerns in providing a viable 3D 
video service is to feasibly and simply transmit stereoscopic 
view sequences over a legacy channel without degrading the 
quality while preserving the allocated bandwidth, backward 
compatibility, and legacy DTV system. In the proposed SC 
delivery scheme, stereoscopic view sequences are transmitted 
over a legacy DTV channel in an interlaced form. This is 
similar to the concept of general rebroadcasting programs, as 
shown in Fig. 1. 

The 3DTV encoder transmits Program A, Program B (left 
view), Program C, and Program B (right view) at the scheduled 
program service time. Programs A and C are normal DTV 
programs, whereas Program B is a 3D program. When the 
3DTV encoder transmits Program B, it does not send full 3D 
video. Instead, it interlaces the left- and right-view sequences as 
a separate program in between other programs. When the 
3DTV receiver receives Program B (left view), if it is signaled 
as a 3DTV program, it stores the program in local storage. 
Initially, however, Program B (left view) can be displayed in 
2D only since there is no matched right-view sequence. When 
the 3DTV receiver receives a right-view sequence of Program 
B at a later time, it loads the stored left-view sequence and 
presents the program in 3D. Similarly, if the 3DTV receiver has 
a previously stored right-view sequence, it can display Program 
B in 3D when the left-view sequence is received. 

Figure 2 shows a diagram of a broadcasting service platform  
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Fig. 1. Concept of repetitive delivery scheme for stereoscopic 
views. 
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Fig. 2. Diagram of broadcasting service platform based on 
proposed SC delivery scheme. 
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based on the proposed SC delivery scheme. This platform is 
the same as a legacy DTV broadcasting platform. Stereoscopic 
views are encoded in an interlaced manner using a video 
encoding method used by the legacy DTV system and 
transmitted to the transport stream (TS)-multiplexer. The TS-
multiplexer generates an MPEG-2 TS [12] including the 
proposed signaling methods for frame-based synchronization, 
identification, and association of stereoscopic views to store in 
the 3DTV receiver. This signaling provides backward 
compatibility and can be easily updated through a firmware 
update in the legacy DTV system. That is, the proposed SC 
delivery scheme has a merit that can be feasibly applied to a 
legacy DTV broadcasting platform by updating only the legacy 
TS-multiplexer.  

2. Signaling Architecture  

To fulfill the proposed SC delivery scheme, a new descriptor 
and metadata are proposed, as described in Tables 1 and 2. This  

Table 1. Stereoscopic_linkage_descriptor. 

Syntax 

Stereoscopic_linkage_descriptor() { 
descriptor_tag 
descriptor_length 
leftview_flag 
filename_length 
for (i=0;i<filename_length;i++) {  

filename 
}  
expireDate 

} 

 

Table 2. Stereoscopic_pairing_info. 

Syntax 

Stereoscopic_pairing_info() { 
identifier 
filename_length 
for (i=0;i<filename_length;i++) {  

filename 
}  
frame_number 

} 

 

 
signaling, contained in the program specific information (PSI), 
is encapsulated into a transport stream to allow the 3DTV 
receiver to synchronize and store stereoscopic view sequences. 

The stereoscopic_linkage_descriptor() in Table 1 is defined 
for link information between stereoscopic views. In this 
descriptor, leftview_flag indicates whether the currently 
broadcasting video elementary stream (ES) is the left view and 
is used to distinguish individual view sequences when the ES is 
stored in the 3DTV receiver. In addition, filename_length 
indicates the length of the filename for individual view 
sequences to be stored in the 3DTV receiver. The filename is 
the name to be stored with a newly defined storage format. The 
term expireDate indicates the expiration time of the stored file 
in the 3DTV receiver. This descriptor is conveyed in the 
descriptor loop of the program map table (PMT) for a video ES. 
In the proposed SC delivery scheme, the frame-based 

synchronization between the real-time broadcasting video and 
the stored file is an important technology for providing a 
successful 3DTV service. To be specific, each video has a 
different presentation time stamp (PTS) since the individual 
view sequences are transmitted in an interlaced form. It 
therefore requires a new synchronization method. 
As shown in Table 2, stereoscopic_pairing_info is used to 

provide accurate frame-based synchronization, wherein the 
filename indicates the associated file stored in the 3DTV  
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Fig. 3. PES structure of metadata and assignment of frame
number for each AU of 3D video ES. 
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receiver. The term frame_number specifies the frame number 
assigned for each access unit (AU) of the 3D video ES. This 
information is conveyed as a metadata stream (stream_type 
0x06) in the packetized elementary stream (PES) with the 
same PTS value of the real-time broadcasting video ES.  
Figure 3 shows the PES structure of metadata to assign an 

identical frame number for each AU of the 3D video ES. In 
detail, each PES including this metadata has the same PTS (as 
with each PES of the 3D video ES) to assign the frame number 
per AU. This method provides accurate synchronization between 
the stored file and real-time broadcasting video ES more robustly. 

3. Storage Format  

The proposed storage format has a simple packet structure, 
which improves the memory efficiency by minimizing the 
header size for fast access of files in the 3DTV receiver, as  
 

shown in Fig. 4. 
The AU_frame_number is acquired and recorded by the 
frame_number value of the stereoscopic_pairing_info. The 
AU_size provides information about the AU_data length, and 
AU_data includes an actual left-view stream or right-view 
stream after de-packetizing a video PES. This stored file is 
represented using the filename value of 
stereoscopic_linkage_descriptor. 

The proposed format minimizes the parsing complexity and 
provides rapid access and loading of a stored stream in the 
3DTV receiver. This is one of the key requirements to 
synchronize and display between the stored file and the real-
time broadcasting video ES. Table 3 shows the comparison 

 

 

Fig. 4. Proposed storage format structure. 
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Table 3. Comparison results of access time and storage size. 

Storage format Access time Storage size Video 

Proposed method 0 ms - 1 ms 24.4 Mbytes 

MPEG-2 TS 10 ms - 11 ms 25.1 Mbytes 
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Fig. 5. Process of frame-based synchronization. 
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Table 4. Test conditions for picture quality evaluation. 

SC delivery 
schemes 

Encoding method Bit rates 
Left-view 

resolution 

SCHC MPEG-2 12 M 1,920 × 1,080 

16 M 1,920 × 1,080 
SCNRT MPEG-2 

17 M 1,920 × 1,080 

Proposed method MPEG-2 18 M 1,920 × 1,080 

 

 
results of the access time and storage size for a stored file, 
which is encoded by MPEG-2 at 18 Mbps, between the 
proposed format and MPEG-2 TS, which is used as a storage 
format in legacy DTV. The access time represents the time in 
which the first AU is loaded into decoder memory after the 
parsing of packets. 

4. Frame-Based Synchronization  

The proposed SC delivery scheme is realized by an arbitrary 
pairing of real-time broadcasting streams and previously stored 
files, which do not have the same PTS. It is therefore necessary 
to provide a novel synchronization method. Figure 5 illustrates 
the process of frame-based synchronization based on the frame 
number described in section II. 

When the ES for one of the views of the stereoscopic video 
is being transmitted, the 3DTV receiver recognizes the 
associated filename and frame number of each AU of the video 
ES by analyzing the stereoscopic_pairing_information in the 
metadata stream and comparing the PTS values between the 
metadata PES and the currently broadcasting video PES. The 
3DTV receiver then searches for the previously stored file 
containing the paired stereoscopic view sequence and 
synchronizes the file with the currently broadcasting video  
ES by matching frame_number of the 
stereoscopic_pairing_infomation, which is assigned for a real-
time broadcasting video, and AU_frame_number of the stored 
file. The proposed synchronization method can be used to 
robustly perform accurate synchronization between the stored 
file and real-time broadcasting video ES. 

III. Experiment Results 

1. Image Quality Evaluation 

The delivery of high-quality 3D video, while maintaining 
legacy HD quality, is an important component for a successful 
3DTV service. The primary purpose of this experiment is to 
verify the preservation of legacy DTV image quality when 
transmitting a 3D video using the proposed SC delivery scheme. 

Table 5. Experiment results for left-view image quality evaluation.

Legacy DTV SCHC SCNRT Proposed method

18 M 12 M 16 M 17 M 18 M 

39.2 dB 37.1 dB 38.7 dB 38.9 dB 39.2 dB 

 

 
The test conditions used to verify the legacy DTV quality 

between the proposed SC and other SC delivery schemes are 
described in Table 4. We evaluate the left-view image quality 
displayed in legacy DTV through the SCHC scheme, SCNRT 
scheme, and proposed SC delivery scheme. The image quality 
evaluation is performed using 1,080i HD 3D video sequences 
under a terrestrial broadcasting environment [13]. 

The 3D video sequences consist of various types of content, 
including a documentary, music video, and sports broadcast. 
The left-view sequence of the SCHC delivery scheme is 
encoded with MPEG-2 video at 12 Mbps, which was applied 
to the terrestrial 3DTV trial service in the Republic of Korea. In 
SCNRT, the left-view sequence is encoded with MPEG-2 
video at 16 Mbps and 17 Mbps, considering the required 
bandwidth for NRT file delivery or download in legacy 
terrestrial DTV. For the proposed SC delivery scheme, the left-
view sequence is encoded with MPEG-2 video at the same 
coding rate used for legacy terrestrial DTV broadcasting. 

The experiment results shown in Table 5 indicate that the 
peak signal-to-noise ratio of the proposed SC delivery scheme 
is about 2.1 dB higher than that of SCHC and 0.3 dB to 0.5 dB 
higher than that of SCNRT. 

The image quality degradation of the legacy DTV is 
unavoidable in SCHC and SCNRT owing to the division of 
bandwidth to transmit 3D video. Based on this experiment, we 
confirm that the proposed SC delivery scheme can transmit 
high-quality 3D video without any degradation in the image 
quality by maintaining the video coding rate to be the same as 
that of legacy DTV. 

2. Proposed SC Delivery Evaluation 

To verify the usability of the proposed SC delivery scheme, 
the newly developed 3DTV broadcasting system is applied as 
shown in Fig. 6. The 3DTV encoder is composed of a 
scheduler for transmitting 2D or 3D video sequences according 
to their schedule, an MPEG-2 video and AC-3 encoder for AV 
encoding, and a TS-multiplexer including a PSI encoder. The 
3DTV receiver is composed of a TS-demultiplexer to parse the 
TS, an MPEG-2 and AC-3 decoder for AC decoding, a file 
generator to store and load left-view streams or right-view 
streams, a sync-manager to synchronize between a real-time 
broadcasting stream and previously stored files, and a renderer 
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Fig. 6. Structure of developed 3DTV broadcasting system: (a) 
3DTV encoder and (b) 3DTV receiver. 
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Fig. 7. Experiment results: (a) developed system and 3DTV 
service using proposed 3D delivery scheme and 
(b) snapshot of backward compatibility with legacy DTV.
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for the presentation. 

To verify the 3DTV broadcasting service using the proposed 
SC delivery scheme, this experiment has progressed under 
similar conditions as terrestrial DTV broadcasting. The results 
in Fig. 7(a) verify the 3D video transmission and reception 

quality using the proposed SC delivery scheme. Figure 7(b) 
shows the backward compatibility of the developed system 
with legacy DTV. 

Based on the experiment results, the proposed SC delivery 
scheme provides a simple and efficient 3D video transmission, 
but with better image quality than other SC schemes while 
maintaining backward compatibility with a legacy DTV 
system. In addition, we confirm that it can be easily combined 
with a legacy DTV platform by updating only the legacy TS-
multiplexer. 

IV. Conclusion 

In this paper, we proposed a novel SC delivery scheme that 
provides full backward compatibility with a legacy DTV 
system while retaining the HD 3D visual quality without 
additional bandwidth or a codec over a legacy broadcasting 
channel. In terms of maintaining legacy DTV quality, the 
experiment results show up to a 2.1 dB quality improvement 
over SCHC and SCNRT. Furthermore, we confirmed that it 
provides not only a simpler delivery scheme than other SC 
schemes but also an efficient SC 3DTV service using only a 
legacy DTV system. We confirm that this SC delivery scheme 
can be directly applied to a 3DTV service for various 
rebroadcasting 3D programs that are repeatedly transmitted, 
such as advertisements, dramas, movies, and so on. Since the 
proposed SC delivery scheme transmits individual view 
sequences of a 3D video at different times, in our future work, 
we will research how to achieve further gain by comparing it to 
other SC schemes in terms of cost and time consumption. 
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