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Broadcasting services such as multi/single channel 
HDTV and 3DTV/2DTV use a multi-channel encoder that 
changes the bitrate and composition of the video service 
depending on the time. However, this type of multi-
channel encoder could cause a longer latency owing to the 
variable bitrate and relatively bigger size of the buffers, 
which results in the same delay as in 3DTV even for a 
conventional DTV service. On the other hand, systems 
built based on separate encoders, each of which is 
optimized for the target service, might not have such 
latency problems. Nevertheless, there might be a distortion 
problem in the image and sound at the time of a 
switchover between two encoders with different output 
bitrates and group of picture structures. This paper 
proposes a system that can realize a seamless video service 
conversion using two different video encoders optimized 
for each video service. An overall functional description of 
the video service change control server, which is a main 
control block for the proposed system, is also provided. 
The experiment results confirm the seamless switchover 
and reduced broadcasting latency of DTV services 
compared with a broadcasting system composed of a 
multi-channel encoder system. 
 

Keywords: Seamless video stream switch, Multi/single 
channel service, Service compatible 3DTV, Video/audio 
splicing algorithm. 

                                                               

Manuscript received Dec. 28, 2015; revised May 30, 2016; accepted June 13, 2016. 
Sangjin Kim (ksj@sbs.co.kr) is with the New Media Project Team, SBS, Seoul, Rep. of 

Korea. 
Taehyun Jeon (corresponding author, thjeon@seoultech.ac.kr) is with the Department of 

Electrical and Information Engineering, Seoul National University of Science and Technology, 
Seoul, Rep. of Korea. 

I. Introduction 

With the introduction of 3DTV and variable multi-channel 
services, a conventional HDTV service has to find a seamless 
way to share its broadcasting schedule with these new service 
types. A variable multi-channel service provides more than 
one channel in a pre-scheduled period of time using a 
dynamically configurable video encoder. This type of service 
has a common factor with 3DTV service in its utilization   
of two video channels for broadcasting. A multi-channel 
encoder that allows seamless service through a dynamic 
configuration is one of the options to achieve this goal. With 
this type of approach, the composition of the broadcasting 
systems can be simplified. 

A multi-channel encoder is a system with an MPEG-2 
video encoder and multiple MPEG-2/AVC encoders installed 
in a single system. MPEG-2 video encoders are the main 
encoders for DTV channels, and are always used, and 
MPEG-2/AVC encoders are for channels operated variably 
depending on the time. These encoders guarantee the 
continuity of video stream outputs, and are designed to set the 
video service bitrate and service components. However, 
broadcasting through multi-channel encoders results in time 
delays in broadcasting services because of the encoder 
system latency. The reason for this is that when the bitrate of 
the main MPEG-2 video encoder inside the multi-channel 
encoder changes, it operates in variable bit rate (VBR) mode 
to guarantee the continuity of the output video. A VBR mode 
operation requires a large buffer and results in latency. 
Moreover, this main MPEG-2 video encoder creates system 
latency because of its huge buffer. This buffer is placed there 
to produce a good image quality at reduced bitrates when the 
multi-channel service is being provided. For this reason, 
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latency in broadcasting services can not be avoided when 
3DTV or variable multi-channel services and regular HDTV 
services are executed together through a multi-channel 
encoder. In other words, when a new broadcasting service is 
transmitted using multi-channel encoders, not only does the 
new service become delayed, but the conventional HDTV 
service that uses the main MPEG-2 video encoder also incurs 
a delay. This could be a serious problem and will eventually 
become unacceptable for broadcasting stations that plan to 
provide new 3D or multi-channel services, and is thus one  
of the major obstacles for broadcasters in adopting a new 
service. 

On the other hand, each video service can use a separate 
video encoder. In such a case, the encoding latency can be 
reduced, and an optimized service can be provided for each 
service. However, when the encoder output is switched for a 
service conversion, a problem might occur on the receiver side 
in which the video and audio become distorted. In other words, 
to construct a broadcasting system that uses an appropriate 
video encoder for each service, a system that allows seamless 
video service conversion is essential, and is the purpose of the 
video service conversion system. 

Thus far, many studies and developments have been 
conducted and achieved for a seamless conversion of video 
services. One of the fundamental solutions for this is the 
baseband level switching. However, this case cannot avoid 
signal latency or a loss in video quality. Such a problem occurs 
when the transport stream (TS) level signal is decoded, 
switched at the baseband level, and is returned to the TS level 
through the re-encoding process. Since the introduction of 
image compression technology into broadcasting systems, 
methods for switching at the level of an MPEG-2 TS during 
the phase of program post-production and transmission have 
been continuously researched. 

First, an info-bus method, which communicates bit stream 
encoded information instead of conducting the entire 
recording process, was proposed [1]. In addition, a frame 
conversion method that prevents the loss of image continuity 
at the time of switching was developed [2], [3]. Later, an 
algorithm for preventing image distortion caused by frame 
conversion at the time of switching, and a method for 
minimizing the effect of switching on the video buffer verifier, 
were proposed [4], [5]. Nevertheless, these methods cannot 
avoid hindering the image quality. Moreover, their system 
realization is too complicated, and above all, because of 
system latency, these methods can not be used in an actual 
broadcasting environment. 

Tying two different streams together on a TS is called 
splicing. The MPEG-2 system standard clarifies a method 
realized for such splicing. This method uses a splice-

countdown located in the adaptation field of the TS packet 
header, and notifies the splicing point at the end boundary of 
the two streams. Based on the splice-countdown value, a 
decoder is aware of the number of remaining TS packets up to 
the splice point in advance, and ensures proper operation at the 
time of decoding and playback [6]. However, this method 
alone can not achieve seamless splicing in the receiver. 
Moreover, currently commercialized DTV receivers do not 
support this function. On the other hand, AVC allows the 
realization of switching between two compressed streams 
through the SP-Frame [7]. In addition, some strategies for 
creating an optimal SP-Frame have been suggested [8]–[10].  

Because the current DTV is based on an MPEG-2 system, it 
is essential to implement seamless video switching systems at 
the MPEG-2 TS level. This system also has to minimize the 
image damage and remove system latency in particular, and be 
compatible with current receivers. If such a system were to 
exist, it would be feasible to use multiple optimized video 
encoders and provide various video services that are optionally 
available, in addition to DTV services. 

This paper proposes a seamless video stream switch and 
video service change control server. These proposed systems 
adopt video encoders optimized for an individual service, and 
switch outputs maintaining the continuity of the video stream at 
the time of a service change. In addition, this paper proposes a 
seamless video service change system applicable to a service 
compatible 3DTV with these two systems as the main 
components. The seamless video stream switch proposed in 
this paper has a minimized system latency and provides a 
seamless switching method at the TS level. To achieve this goal, 
the replica P frame replacement algorithm is introduced. This 
frame contains the same content as that of the previous I or P 
frame and also has the minimum amount of data. Through this, 
the frame errors that occur because of the B frame processing 
when switching two streams with different inputs can be 
prevented with system latency in one frame only. 

The remainder of this paper is organized as follows.  
Section II reviews the structure of conventional service-
compatible 3DTV broadcasting systems. Section III describes 
the overall structure of service-compatible 3DTV service 
broadcasting systems using the seamless video service change 
system. In Sections IV and V, two primary components of the 
proposed system are discussed in detail, which include a 
seamless video stream switch and video service change control 
server. Experimental results are then discussed in Section VI 
based on the changes in image quality incurred by a seamless 
video stream switch operation. In addition, the performances in 
terms of latency are compared with a conventional multi-
channel encoder system. Finally, in section VII, some 
concluding remarks are provided regarding this research. 
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II. Conventional Broadcasting System for Service 
Compatible 3DTV  

A service-compatible 3DTV system maintains backward 
compatibility with conventional broadcasting systems. To do 
so, the MPEG-2 system (ISO/IEC 13818-1) is adopted as the 
multiplexing method, and the MPEG-2 video codec as the base 
video codec [6], [11]. In addition, the AVC video codec, which 
is incompatible, is adopted as an additional video codec [7], 
[12]. The ATSC selected the service-compatible 3DTV system 
as one of the standards for serving 3DTV on conventional 
broadcasting channels [13]. To realize this system, MPEG-2 
and AVC encoders need to be operated through the same 
synchronized signal within the system. However, these types  
of service-compatible 3DTV encoders do not currently exist. 
Therefore, a 3D remux was proposed to synchronize the 
streams, each of which is generated by two independent 
encoders in the multi-channel encoder [14]. In addition, the 3D 
contents should be transmitted during a certain period of time. 
To do so, a system that allows the selection of a 3DTV service 
according to the program schedule information was proposed. 
The 2D/3D service change controller used in this system 
conducts the following sequential roles: controls the multi-
channel encoder bitrate, drives the 2D/3D program specific 
information protocol (PSIP) encoder, controls the 3D remux, 
and finally, conducts the switching in the remux [15]. 

This system was developed in an environment where 
seamless switching can not be implemented at the TS level. In 
other words, the operation of this broadcasting system switches 
2D/3D on the baseband, changes the bitrate of the multi-
channel video encoder, and selects the remux input. During this 
process, the 2D/3D service change controller block controls  
the relevant systems to achieve the service switching. 

The MPEG-2 video encoder inside the multi-channel video 
encoder has a large buffer to operate in VBR mode. This is to 
maintain the continuity of the output stream when the bitrate 
changes, and to produce a good picture quality in the reduced 
bitrate when using multiple channels. For this reason, the 
system latency is much longer than in a conventional DTV 
encoder (17 frames). Moreover, the latency caused by the 3D 
remux process results in 15 additional frames. In our discussion, 
30 fps is assumed for all systems. The biggest obstacle for 
broadcasting stations to commercialize 3DTV with a 
conventional multi-channel video encoder is the additional 
broadcasting delay. In this case, more than a 3-s longer delay 
compared with other competing companies is required, not 
only for 3DTV broadcasting, but also for 2D broadcasting. 
This can be overcome using a TS switch, which allows 
seamlessly switching the TS outputs from the 2D and 3D 
encoders, each of which can be used optimally for the 

associated service. However, a conventional TS switch is a 
system whose unit processing is based on a TS packet. 
Therefore, after switching through this system, the continuity 
between streams disappears and the group of picture (GOP) 
structure is destroyed. For this reason, normal decoding is not 
performed at the receiver. In other words, bothersome images 
and sounds appear when a switching function is carried out. 

Therefore, to solve this problem, this paper proposes a 
seamless video stream switch that allows seamless switching at 
the TS level, and a video service change control server that 
sequentially controls broadcasting-related systems when the 
services change. In addition, we also propose a seamless video 
service change control system for service-compatible 3DTV 
broadcasting composed of these two systems.  

III. Proposed Architecture for Seamless Video System 

The main components of a seamless video service switching 
system designed for service compatible 3DTV broadcasting 
include a seamless video stream switch and a video service 
change control server, a block diagram of which is shown in 
Fig. 1.  

The seamless video stream switch receives output streams 
from different video encoders and selects one as the output. 
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broadcasting service. When the output stream changes in   
this selection, continuity should be maintained during the 
switchover. To achieve this goal, a seamless switching function 
is necessary at the GOP-level. 

The video service change control server receives the 
program schedule from the automatic program controller 
(APC). Based on this information, the video service change 
control server controls the output of the seamless video stream 
switch and service state of the PSIP encoder. This also controls 
the 2D/3D video router and the 3D video server. This system is 
structured in such a way that a seamless service conversion  
can be performed between HDTV and 3DTV services. This 
system can also provide a service conversion for variable 
multi-channel services with a similar system structure. More 
details on the functions of each block are discussed in [15]. 

IV. Seamless Video Stream Switch 

A seamless video stream switch provides an uninterrupted 
switching function between two different sets of MPEG-2 
video and AC-3 audio streams. In other words, this switch 
performs frame-level conversion by analyzing the frame 
structure of MPEG-2 video streams in real time for a seamless 
stream conversion. In particular, until the I frame appears on 
the target stream after the switching command is issued, a P 
frame that is a replica of an I or P frame in the original stream 
(before conversion), should be broadcasted continuously. In so 
doing, we can prevent the problem of frame image distortion at 
the receiver side during the splicing process. 

For seamless stream conversion in AC-3 audio streams, we 
analyze the frame structure of AC-3 audio streams and conduct 
the conversion at the frame level. In addition, we ensure 
seamless broadcasting for an audio frame transmitted through 
two contiguous packetized elementary streams (PES) at the 
time of conversion. We also allow two audio streams to be 
switched simultaneously. This is because AC-3 audio streams 
sometimes have to transmit two streams simultaneously in 
order to broadcast bilingual or commentary tracks. 

Furthermore, because two different video encoders use the 
values of another program clock reference (PCR), presentation 
time stamp (PTS), or decoding time stamp (DTS), we revise 
the values such that they can be transmitted while maintaining 
the continuity. This prevents receiver operation errors during 
stream conversion. However, the decoder buffer model is 
maintained by ensuring that the difference in values of the PTS 
and PCR (or DTS and PCR) does not change. When additional 
AVC video streams, such as service-compatible 3DTV, exist, 
we revise the PTS and DTS timing values for additional AVC 
video streams while compensating the timing values of PTS 
and DTS for an MPEG-2 video stream.  

When applying a system to broadcasting, one of the most 
important techniques is to maintain broadcasting transmission 
latency to a minimum. The proposed switch keeps the latency 
(caused by a seamless video switch) to less than a frame, the 
detailed procedure of which is discussed in the following section. 

1. Video Splicing Algorithm 

This section discusses how to achieve a seamless video 
stream switch using the proposed video splicing algorithm. In 
our description, it is assumed that input stream 1 is switched 
into input stream 2 following the switching command. Input 
stream 1 is a 2D video stream at the output of the 2D video 
encoder, whereas input stream 2 is the MPEG-2 video stream 
in the synchronized 3D video stream at the output of the 3D 
remux. When the switchover command is received while input 
stream 1 is generated, input stream 1 is still displayed until a P 
or an I frame appears in input stream 1, as shown in Fig. 2. The 
switching process should be initiated right after the appearance 
of the corresponding P or I frame. The reason for this is that the 
B frame found before the following P or I frame refers to an I 
or P frame that has already been transmitted [16]. In Figs. 2 
through 4, the frames are shown in the decoding order. In 
addition, the proposed algorithm can be applied to the closed 
GOP, which is a very common video stream structure in a 
broadcasting service. 
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When a P or an I frame is encountered in input stream 1, a 
replica P frame is displayed until the I frame appears in input 
stream 2, as shown in Fig. 3. A duplicated P frame is a 
hypothetical frame proposed by this paper to allow seamless 
switching on the TS. This replica P frame displays the same 
frame as the preceding P or I frame. 

Herein, a replica P frame has a (0,0) motion vector in all 
macro blocks, and is composed of data with a difference value 
of zero between blocks. Thus, the frame produces a completely 
identical picture to the preceding frame. Such a frame has an 
extremely small data load, and can be constructed on one video 
elemental stream (ES). For example, the ES of the replica P 
frame is assembled with 750 Bytes based on a 1,080i HD 
signal; its size includes a header and additional information, 
and occupies five TS packets. Considering that the current 
DTV broadcasting uses over 1,000 packets on average for the I 
frame, and over 300 TS packets on average for the B frame, 
this is an extremely small size. As shown in Fig. 3, a replica P 
frame is a replica image of an I frame from input stream 1. 

The reason for broadcasting a replica P frame is that input 
stream 2 should be displayed as soon as an I frame appears in 
this stream. In other words, displaying input stream 1 
continuously makes an immediate switchover impossible 
when an I frame appears in input stream 2. Later, as shown   
in Fig. 4, when an I frame is detected in input stream 2, the 
video stream switch block starts to generate input stream 2 as 
its output. 

When a B frame appears immediately after an I frame in 
input stream 2, the corresponding B frames are discarded and a 
replica P frame is displayed, as shown in Fig. 5. Otherwise, the 
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Fig. 5. Replacement of B frame with replica P frame after a
switchover point in the output stream. 
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frames break up due to the existing B frames. The reason for 
this is that the P frame referred to by the existing B frames is 
not transmitted.  

The replica P frame displayed here is different from the 
replica P frame before the switchover, and is assembled  
based on the I or P frame that appears immediately after the 
switchover to input stream 2. Figure 6 shows the overall 
algorithm of the switchover. 

Input streams 1 and 2 are the outputs from two different 
video encoders. Therefore, they use different values for PCR, 
PTS, and DTS, and have different buffer models. To prevent 
operation errors in the receiver during conversion, the values 
should be transmitted while maintaining continuity throughout 
the revision. In other words, even after an output conversion, 
the PCR of input stream 1 should be the clock reference. To 
this end, the value difference between the PCR of input stream 
2 and the PCR of input stream 1 is subtracted from the PTS 
and DTS of input stream 2 to align with the PCR of input 
stream 1. However, this process alone cannot guarantee 
continuity. Each encoder has a differently featured buffer 
model, and can cause a problem during a switchover. In other 
words, the conversion to a bigger buffer model with a relatively 
large value difference between the PCR and PTS (or DTS) 
results in the problem of a huge gap between the PCR and PTS 
(or DTS) during the switchover. This situation can be solved by 
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inserting a replica P frame (freeze-frame) that is identical to the 
preceding frame. On the other hand, conversion to a relatively 
smaller buffer model results in a reversed PTS (or DTS) value 
during a switchover. In other words, it creates a value for the 
PTS (or DTS) that has already passed. This problem can be 
solved by simply skipping the corresponding frames. In 
addition, when the input stream is made up of an MPEG-2 
video stream and an additional synchronized AVC video 
stream, the timing values are revised in the two streams in 
order to maintain the synchronicity. 

2. Audio Splicing Algorithm 

When switching streams, a smooth conversion should be 
ensured without breaking up the audio or damaging any of  
the video frames at the receiver. The proposed system was 
designed to ensure no damage will occur to a fragmented AC3 
frame on an audio PES from the use of switching. In addition, 
the switchover point for audio at the AC3 frame level is 
rearranged to be synchronized with the point of the video 
switchover. In other words, we estimate the timing closest to 
the video stream switchover point, and reassemble the AC3 
audio in the frame unit based on the estimated timing. Through 
this strategy, synchronization with the video stream and a 
seamless switching of the audio stream can be achieved 
concurrently. 

The construction of a buffer for a switchover, and 
determination of the optimum timing to generate the output 
stream, are described in Fig. 7. At the first stage, the audio PES 
is extracted from each input stream TS. Each audio PES is 
uploaded to the AC3 buffer. 

At this time, the time stamp information from the audio 
 

 

Fig. 7. Switchover procedure for audio streams. 
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stream appears only once per audio PES; therefore, the PTS 
time of the AC3 frame within the PES is estimated and stored 
with the AC3 frame. This is applied for a switchover of streams 
based on the AC3 audio frame (not PES) at the point in time 
closest to the video switchover timing because the audio time 
stamp information has a larger gap than the video. 

Once the switching command is issued, the AC3 audio 
frame closest to the video switchover timing is searched in the 
buffer for input stream 2. The resulting AC3 audio frame is set 
as the first audio frame after a switchover. When necessary, the 
associated AC3 audio frame is fragmented and switched with 
the last part of the preceding PES, and the beginning of the 
following PES in the output stream. An AC3 frame spliced in 
this manner is turned into an audio PES and converted back at 
the MPEG-2 TS level. 

V. Video Service Change Control Server 

A video service change control server and APC check the 
current broadcasting condition, and control the operation of 
each device according to the current condition. This system 
controls a total of four devices: a PSIP encoder, video router, 
seamless video stream switch, and 3D video server. 

Figure 8 shows the internal structure of the video service 
change control server. The state management module in Fig. 8 
applies the schedule management, state control, and monitoring. 
Furthermore, the control module communicates with devices 
through the communication module, and conducts the state 
checking and issuing of the control commands for each device. 
Users can check the schedule through the UI and control  
 

 

Fig. 8. Block diagram of video service change control server. 
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each device. 
The schedule management module in the state management 

module shown in Fig. 8 periodically reads the newest schedule 
from the schedule DB, and maintains updated schedule 
information. When the program schedule information is 
updated, it is delivered to the state control module. The state 
control module then determines whether the broadcasting 
program is in 2D or 3D based on the program schedule 
information received from the schedule management module. 
In addition, based on the current condition of each device, 
which is updated by the monitoring module, a state changing 
request is sent to each device in sequence. 

The control module sequentially controls the four devices 
that the video service change control server regulates. The 
video router control module regulates the input selection (either 
2D or 3D video) and thus the video router, shown in Fig. 1, can 
select the appropriate input for the current broadcasting 
condition. The seamless switch control module regulates the 
operation of the seamless video stream switch from 2D to 3D, 
or vice versa, as mentioned earlier. The PSIP control module 
regulates the smooth operation of the 2D/3D PSIP encoder 
based on the broadcasting conditions, and the video server 
control module operates the 3D video server such that 3D 
contents can be broadcasted during the 3D broadcasting time. 

When broadcasting a moving image that is being switched 
from 2D to 3D, the image does not break up, but a time-
reversed movement or sudden frame switch can occur because 
of the seamless switch operation. Therefore, when switching 
from 2D to 3D, and vice versa, one should broadcast a freeze-
frame or notification image during the switch. While this 
notification image is displayed during the switching period, the 
video service change control server regulates the four control 
devices in sequence. Figure 9 shows a switching scenario from 
the 2D to 3D conditions. The figure shows a baseband video 
signal time delay of a 2D video stream that has gone through 
the 2D encoder, and the time delay of the 3D video stream that 
has gone through the 3D encoder and 3D remux. 

The three individual video streams in Fig. 9 (which reflects a 
system delay for each case) are represented in three timelines. 
The red arrows indicate the desirable flow from 2D to 3D. For 
a stable frame transmission, the service conversion must be 
conducted in the section in which the notification images from 
the 2D and 3D video streams overlap. 

The conversion scenario can be explained sequentially as 
follows. First, a notification image stored in the 3D video 
server is played. To guarantee a stable system operation, the 
duration of the notification image is 7 s. The latency of a 2D 
video stream from a 2D MPEG-2 video encoder is 17 frames, 
and the latency of a 3D video stream from a 3D encoder (3 s 
and 22 frames) and 3D remux (15 frames) is 4 s and 7 frames.  
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Fig. 9. Frame conversion procedure from a 2D to a 3D stream.

 
With regard to two video streams that reach a seamless 

switch with a different latency, image switching should be 
completed during the display of the notification image. 
Therefore, the time available for image switching should be 
between N + (4 s and 7 frames) and N + (7 s and 17 frames), 
where N refers to the time when the notification image of the 
3D video server starts to play. 

After switching, the PSIP should be applied. The time for 
applying the PSIP should be within N + (4 s and 7 frames) + 7 s 
from the moment of switching. If the PSIP is applied too early, a 
mismatch can occur between the channel information and 
receiver stream because of the signalling without the presence of 
a 3D video stream. On the other hand, if the PSIP is applied late, 
the start time of the 3D service is delayed to the viewers. To 
summarize, the system operation sequence is as follows: after 
playing the notification and 3D images from the 3D video server 
and switching to the video router, the seamless video stream 
switch is switched over, and the PSIP server is converted into 3D. 

For the 3D to 2D service change, to ensure a seamless video 
stream, the switching operation should be completed during the 
notification image. This notification image should be placed 
after the 3D image, and before the 2D image is about to be 
converted. When converting from 3D to 2D, the system should 
be operated in the order of video router, PSIP server, and 
seamless video stream switch. Similar to the case of converting 
from 2D to 3D, the video service change control server should 
switch services without a frame error by precisely regulating 
the four control devices in the correct sequence while 
displaying the notification image. 

Figure 10 shows a scenario for converting from 3D to 2D 
conditions. The red arrows indicate a normal flow from 3D to 
2D. For a stable transmission, a service conversion should be 
conducted in the notification image display section, where both 
3D and 2D video streams appear in the input of the seamless 
video stream switch. The conversion scenario can be described 
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Fig. 10. Frame conversion procedure from 3D to 2D stream. 

2D video

Notification

3D video

2D video

Notification

Notification3D video

Baseband

2D video 
stream

3D video 
stream

PISP

Seamless switch change interval

3D     2D 

2D video stream delay

3D video stream delay

Router change interval

 
 
as the following phases. First, the 2D/3D video router is 
converted from a 3D video server output to a 2D switcher output 
in order to provide a source for the 2D video. At this time, the 
duration of the image notifying the end of a 3D program should 
be 7 s in order to complete the procedure without error. In 
addition, an approximately 7-s long notification image should be 
inserted before the 2D program that is about to start immediately 
after the switch; playback of the 2D program should be operated 
7 s prior to the actual start of the broadcast. To provide as many 
3D images as possible during a 3D program, the PSIP server 
should be allowed to be converted into 2D after the notification 
image arrives at the timeline of the 3D video stream. 
Furthermore, to prevent the receiver from making an error in 
selecting the 3D channel during the 3D/2D conversion, the 
seamless video stream switch should be operated after the PSIP 
conversion (that is, the 3D channel should be removed first such 
that selecting the 3D channel at the time of conversion should be 
prevented). The precise switch timing of the switcher is as 
follows. The latency of a 2D video stream is 17 frames, and the 
latency of a 3D video stream is 4 s and 7 frames. Because 
switching is conducted based on the video stream that arrives at 
the seamless video stream switch, switching should be 
completed within the section between M + (4 s and 7 frames) 
and M + (7 s + 17 frames). Here, M refers to the start time of the 
image that notifies the end of the 3D service. To summarize, the 
system operation sequence is as follows: the video router is 
converted, the PSIP server is switched to 3D, the seamless video 
stream switch is switched over, and the 3D video server is 
stopped. 

VI. Experimental Results 

1. Comparison of Image Quality 

Experiments were carried out to compare the performance of 

 

Fig. 11. Image of a frame taken at the moment of a switchover 
(proposed system). 

 

 

Fig. 12. Images of frames taken at the moment of a switchover 
(conventional TS switch).  
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the proposed seamless video stream switch with a conventional 
scheme. Herein, the conventional scheme assumes a TS level 
switch without considering the GOP structure of the receiver. 
An image of a frame taken at the moment of a switchover is 
shown in Fig. 11, where a seamless video stream switching 
from 2D to 3D, or from 3D to 2D, is applied. Because of the 
use of a replica P frame during the process of seamless video 
stream switching, when converting a fast-moving image, some 
frames can change back to the frame of the preceding images, 
which results in unnatural movements. However, error patterns 
such as block noise do not occur at the receiver. Therefore, a 
switchover within a freeze-frame that contains a notification 
image allows for a smooth service conversion. Application of 
this type of switchover for an unexpected emergency event 
may be inappropriate. However, the implementation of a 
switchoverer for more general purposes including emergencies 
requires a relatively larger buffer to ensure sufficient time to 
analyze and synchronize the video data streams. This larger 
buffer size may cause an unacceptable time delay for 
commercial broadcasting where low latency is one of the 
issues of priority. 

On the other hand, Fig. 12 shows images of error patterns 
that may occur owing to the use of a conventional TS switch 
instead of a seamless video stream switch. Because the GOP 
structure is destroyed, various types of errors occur on the 
decoder with a high rate. For this reason, diverse types of error 
patterns appear in the images. 

2. Measurement of System Delay 

The system latencies were measured and compared for two 
paths going through two encoders in the seamless video service 
change control system for a service-compatible 3DTV service 
broadcasting system. By doing so, we were able to find the 
transmission latency for a 2D DTV service compared with that 
of a broadcasting system using a multi-channel encoder. The 
first step for the experiment is to identify the system path for 
the latency measurements. An image with a time code overlaid 
is applied to each path, and an image of the output in each path 
is then taken simultaneously. In doing so, we can determine 
how much system latency exists. 

Figure 13 shows a measurement of a path going through a 
multi-channel encoder. Figure 14 shows the measurement of a 
path going through a 2D video encoder. The left image in   
Fig. 13 is the input baseband video signal of the multi-channel 
encoder, and the right image is the decoding of the signal 
transmitted through the multi-channel encoder, 3D remux, and 
seamless video stream switch, as illustrated in Fig. 1. We were 
able to verify that the system latency was 4 s and 8 frames  
(15 frames for 3D remux, 1 frame for a seamless video stream 

 

Fig. 13. Measurement of the path delay for a conventional multi-
channel encoder.  

 

 

Fig. 14. Measurement of the path delay for a 2D encoder. 
 

switch, and 3 s and 22 frames for a multi-channel encoder  
and receiver decoding). The left image in Fig. 14 is the input 
baseband video signal of the 2D video encoder, and the right 
image is the decoded signal transmitted through a 2D video 
encoder and seamless video stream switch. The system latency 
was 18 frames (1 frame for a seamless video stream switch, 
and 17 frames for multi-channel encoder and receiver 
decoding). The latency of a 2D service in a conventional multi-
channel encoder for service-compatible 3DTV broadcasting is 
4 s and 7 frames (excluding the one-frame delay caused by the 
newly added seamless video stream switch), and 18 frames for 
the proposed system. These results confirm that a reduction  
in latency (3 s and 19 frames) can be achieved through our 
proposed system. 

3. Systems for Commercial Services 

For commercialized 3DTV service broadcasting, a master 
control room for the world’s first terrestrial 3DTV broadcast 
was built, as shown in Fig. 15. The lower part of this figure also 
shows the structure of the system installed inside the 3D master 
control room. By introducing our proposed system, the system 
errors that can occur during conversion from 2D to 3D, or vice 
versa, can be minimized. Using the proposed system, the 
additional latency that might occur in a 2D broadcasting 
service, which is one of the major obstacles for broadcasters to 
not adopt a new service, is removed. This solution is believed 
to be a key triggering element for commercialized 3DTV. One 
of the major terrestrial TV broadcasters in Korea is now 
offering 3D service by utilizing the proposed system. Figure 16 
shows a captured image of the commercialized 3D service 
displayed on a receiver. 
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Fig. 15. Commercialized 3DTV system adopting the proposed
seamless video service change control system. 

Multi-channel encoder

3D remux

PSIP encoder

Remux

Service change controller

Seamless video switch

 

 

Fig. 16. Captured images of the commercialized 3DTV service.
 

VII. Conclusion 

A service-compatible 3DTV method is a service 
broadcasting 3DTV selectively during certain time periods. 

However, when using a multi-channel encoder that allows 
3DTV, a conventional DTV service, which consumes most of 
the service hours, will encounter a problem of latency. 
Therefore, this paper proposed a seamless video service change 
control system assembled using a seamless video stream 
switch and video service change control server, which uses 
different video encoders for the optimized encoding of each 
video service, and converts the output during a service 
conversion. 

We confirmed that there are no issues with the video quality 
in decoding transmitted signals when converting services from 
2D to 3D, or vice versa, using this system. Furthermore, we 
were able to reduce the transmission latency remarkably 
compared with a broadcasting system with a multi-channel 
encoder. Thanks to the seamless video service change control 
system, the operational burden for commercialized 3DTV 
services disappeared, and it was possible to build a stable 
service compatible 3DTV broadcasting system. Through this 
method, the world’s first 3DTV terrestrial commercial service 
has launched. 

As future work, further research can be aimed at the 
development of a commercial broadcasting system for a multi-
channel service, which might be another strong candidate for 
application of the proposed algorithm. 
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