
Timing Control for Synchronizing Multimedia 
Streaming over Heterogeneous Networks 

 
Sung Hei Kim*, Chang-Kyu Lee*, Shin-Gak Kang*, Kwang-deok Seo**, Tae-Jun Jung** 

*ETRI(Electronics and Telecommunications Research Institute), Rep. of Korea 
**Computers & Telecommunications Engineering, Yonsei Univ, Rep. of Korea  

*shkim@etri.re.kr, **kdseo@yonsei.ac.kr 
 

Abstract— With the advent of new devices such as smart TV, a 
single device can have connectivity with multiple heterogeneous 
networks. Various types of sophisticated services can be realized 
with the combined use of services from multiple heterogeneous 
networks. This paper studies timing control when integrating 
and synchronizing multiple streaming services which are 
delivered over heterogeneous network such as broadcast network 
and Internet. It uses the presentation time of the contents in 
providing synchronization to the multiple streams. The proposed 
method can be considered in providing synchronization to two or 
more streaming services that are delivered over the 
heterogeneous network. 
 
Keywords—Multimedia streaming, hybrid delivery over 
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I. INTRODUCTION 
A smart TV[1] is a new phrase that combines modern 

television sets or set-top boxes with the Internet and Web 2.0 
features. It is a convergence of computer and television sets or 
set-top boxes. These new devices are highly focused on online 
interactive media, Internet TV, over-the-top content, as well as 
on-demand streaming media. It is less focus on the traditional 
television broadcast. It has the similarity with the 
“smartphone” with Internet, web widgets, and software 
application. However, it is focused on integrating 
unidirectional broadcasting service with the bi-directional 
Internet-based services. 

Television broadcasting via terrestrial and satellite 
transmission channels has been the main means for 
multimedia transport for quite some time and is an important 
mode of multimedia delivery. With the explosive growth of 
the Internet, IP (Internet Protocol) - based point-to-point 
communications via broadband access have become prevalent 
in many industrial countries and are expected to become 
another important mode of communications for multimedia. 
Thus it is believed that a hybrid delivery environment 
combining these two modes of communications would enable 
advanced and sophisticated multimedia services[2]. 

As an example of a hybrid content delivery environment, 
multimedia content will be offered on both broadcasting 
channels and point-to-point communication channels (both 
may be based on IP). Some components, such as coded audio 
signals and coded video signals, are transported from different 
sources to consumer devices via different channels in the 

hybrid environment. Consumer devices present these 
components in a synchronized manner. Point-to-point 
channels also provide bi-directional communications between 
terminal devices and the network[2]. 

However, streaming services from different channel should 
be synchronized in order to maximize efficiency from the 
contents provided over both channel. For example, streaming 
of sign language service and the streaming of the broadcasting 
program should be synchronized, if it is delivered over the 
heterogeneous network. Thus, the service client should be able 
to control synchronization of the multiple streaming services. 
This paper proposes a timing control between the client and 
server to be used in synchronization of the multiple 
multimedia streaming services delivered over the 
heterogeneous networks. Paper [4] has dealt with similar topic 
of synchronized delivery of multimedia content. The use case 
discussed in [4] are similar, however, it use the concept of 
global clock based on UTC. This paper focus on 
synchronization of the presentation time of the contents itself, 
the clock proposed does not imply the use of certain clock. 

The rest of the paper is organized as follows. The following 
chapter provides description of use cases of the hybrid 
delivery that over the heterogeneous networks. The chapter 3 
provides detailed description of the proposed timing control 
solution along with the analysis of the timing relationship 
between client and server in synchronizing streams. Finally, 
chapter 5 ends with the concluding remarks which include the 
proposed future work in this topic. 

II. USE CASE FOR HYBRID DELIVERY 
Typical use cases for hybrid delivery is combing main 

contents delivered over the broadcast channel with the 
auxiliary information delivered over the broadband channel 
(both may be via IP)[2]. A typical user is watching a foreign 
language movie with subtitle via broadcast channel but 
requires a subtitle in English. The user can send a request to 
get English subtitle for this movie through the broadband 
channel. The auxiliary server sends the requested English 
subtitle to the terminal device over the broadband channel. 
The terminal device can merge the English subtitle in 
synchronization with the main contents that is currently 
played in the client device. 

Another use case can be a user requesting for download of 
the OST that is being played in the current scene of the movie. 
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The OST that is offered to the user can be part of the 
suggestion by the OST music download server during the 
viewing of the particular scene. 

 
Figure 1.  Typical architecture of architecture of the hybrid delivery of 

multimedia streams  

In order to realize this use case, client device needs to 
provide information to the supplemental servers of the current 
position of the streaming contents that is being presented to 
the user device. Thus, the user can be provided with the 
streaming service in format as the user wishes. As illustrated 
in Figure 1, it is assumed that all servers are independent with 
respect to the coding of their media streams (with the possible 
exception of scalable streams). In particular, the timestamps of 
media units produced by different servers are not related, e.g. 
they can start with some different values. 

 

 
Figure 2.  Flow for initiating stream from the supplemental server  

The flow diagram is illustrated in Figure 2 to show the data 
exchange between server and client in the hybrid delivery 
scenario. The client device requests for a movie from the 
program stream server in the broadcast network. In the middle 
of the viewing of the movie, user can wish to watch the movie 
along with the streaming service from the supplemental server 
which can be delivered through a different network, i.e. 
broadband network for this use case. The user would have to 
inform the supplemental server of the timing information of 

the current playing position. The supplemental server needs to 
find the packet that matches the client’s playing position to be 
delivered through the broadband network. The multimedia 
streaming from different servers of different channels are 
synchronized and displayed in the client device. 

In some cases, different streams delivered in different 
network can lose synchronization. The client will need to keep 
track of the actual playing time of the data from the streams to 
keep the two or more streaming service synchronized. The 
client will also need to inform one or two servers slow down 
or speed up the delivery of the delivered streams.  

 
Figure 3.  Flow re-synchronizating hybrid delivery 

A similar capability is needed if the user wants to watch the 
video from a certain playing time. In this case client will need 
to request the server to start delivering packet starting from 
the certain position. The server will need to find the packet 
that has the similar playing time of the user’s request. 

Therefore, in realizing hybrid delivery, flow for hybrid 
delivery initiation and flow for re-synchronization should be 
considered. An example flow for re-synchronization is shown 
in figure 3. 

III.   PROPOSED SOLUTION 
This paper proposes method of integrating synchronizing 

streaming service which is delivered over the broadcast 
network with Internet based bidirectional services. Before 
describing the proposed method, we need to consider the 
timing relationship of the two streams from an example in 
figure 4. 

  
Figure 4.  Time relationship between two servers 
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Figure 4 shows the time relationship between the two 
servers. The time specified in the movie and the time specified 
in the supplemental server is not the same. If the user requests 
for a supplemental stream in the middle of a movie, the 
supplemental server will need to find the exact packet that 
corresponds with the movie that the user is currently watching.  

A. Synchronization delay 
The user requests for the streaming service from the 

supplemental server during the timecur. The timecur is sent to 
inform the supplemental server of the current playing position 
of the movie stream. The movie stream will continue during 
the processing from the supplemental server, the user will be 
watching the movie with the stream from the supplemental 
server starting from times

syn. Please note timesyn is the 
presentation time of the movie stream delivered by the main 
server, and times

syn is the presentation time of the 
supplemental stream. The timesyn and times

syn may or may not 
be of an equivalent value, but it should be similar since those 
packets will be displayed in the client device at the same time.  

There will be a delay (synchronization instance α) between 
the moment of the supplemental streaming service request and 
the moment of the first supplemental packet delivered (Figure 
4). Thus, client will need to be aware of this delay and request 
for packet with times

syn timestamp, not timecur timestamp. The 
client will need to calculate the expected delay 
(synchronization instance α) by considering the propagation 
delay between the supplemental server and client devices 
along with the processing time by the supplemental server. 
Thus client will need to derive the timesyn by adding 
synchronization instance α to the timecur timestamp (See 
equation 1). 

 
α+= timetime cursyn   (1) 

 
Since the client does not know the packet situation in the 

supplemental server, it cannot derive times
syn. The 

supplemental server will be able to find the times
syn by finding 

packet that has similar value with times
syn. The method of 

finding the exact packet for synchronization is described in the 
next sub-chapter. 

B. Finding packet for synchronization  

 
Figure 5.  Timing relationship to be considered by the supplemental server  

Figure 5 shows the timing relationship to be considered by 
the supplemental server. The first packet that will be delivered 
to the client will be the n-th packet of supplemental stream 
(supple #n). The client will be requesting for a packet that 

corresponds to timecur. Let Start_Time_Offset be the time 
difference between original start time and the actual start time 
of the supplemental stream. The supplemental server has its 
own clock frequency (CF) for the supplemental stream.  

Let Start_Clock_Offset be the clock value corresponding to 
the Start_Time_Offset. Start_Clock_Offset can be derived 
applying proper CF precision to the Start_Time_Offset as 
shown in Equation (2). 

 
CF_OffsetStart_Timek_OffsetStart_Cloc ×=  (2) 

 
In the Equation (2), CF will have the value of 90,000 or 

27,000,000. The timestamp (TS) for the first packet to be 
delivered to the client is denoted as TS0 which can be derived 
as follows: 

 
k_OffsetStart_ClocΤSTS  0n +=  (3) 

 
If the supplemental server can find the supplemental stream 

packet with the equivalent TSn, this packet will be selected to 
be delivered to the client. If there is no packet with TSn, packet 
with the closest TS will be selected to be delivered. Before 
sending the first packet, it is necessary to send the initial clock 
ticks TS0, clock frequency (CF), and identified 
Start_Clock_Offset to the client. These will be needed for 
synchronizing the first packets from the supplemental server 
with the packet from the main server.  

With the given TS0 and CF, the client device will be able to 
derive the Absolute_Presentation_Time (APT) of the i-th 
packet with the timestamp TSi, i.e., APTi, which is given by: 

 

CF
ΤSΤSAPT  0 i

i
−=  (4) 

 
Based on this concept, suppl

iAPT , i.e. APT for i-th packet of 
supplemental stream and movie

jAPT , i.e. APT for j-th packet of 
movie stream can be compared for synchronization. Thus, it is 
possible to synchronize two packets if difference of 

suppl

iAPT and movie

jAPT satisfies the following criteria. 
  

Δι <− APTAPT movie
j

suppl   (5) 

 
In Equation (5), Δ  is synchronization bound which should 

be set to an adequate value according to the synchronization 
precision. For 3D movie, Δ  should be set to 0 when 
synchronizing stream for left side and for right side. 

C. Flow for synchronizing new stream 
The flow for synchronizing the new stream is shown in 

figure 6. The user requests for the service from the 
supplemental server. The client device and the supplemental 
server will need to initiate communication and service. The 
synchronization instance α can be calculated in this process. 
The client device can calculates timesyn, i.e., TSsyn from timecur 
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and synchronization instance α. The client requests for the 
service from the supplemental server starting from the 
position TSsyn. The supplemental server calculates the 
Start_Clock_Offset and informs the client of the TS0, CF, 
Start_Clock_Offset to be used in synchronizing packet from 
the main server as shown in step 5. 

Client device 
Supplemental 

server

Calculate 
Start_Clock_Offset 

(use Eq. 2)

Step 3: Request for suppl. 
service (include TSsyn)

User request for 
service from the 

supplemental server

Obtain TSn

(use Eq. 3)

Deliver packet 
starting from TSn

Step 
2: Step 

4:

Step 
6:

Step 
7:

Step5: Inform TS0, CF,
Start_Clock_Offset to be 

used for synchronization

Suppl. Packet (TSn)
Synchronize Suppl. 

Packet & main packet 
(use Eq. 4 & Eq. 5)

Step 
8:

Obtain TSsyn as 
Start_Time_Offset

( )α+=TSTS cursyn

Step 1: Initiate service 
(calculate α )

Suppl. Packet (TSn+1)

:
:

 
Figure 6.  Flow for synchronizing new stream  

The supplemental server derives TSn, which pertains to the 
times

syn. It starts to deliver supplemental packets starting from 
TSn. Upon receiving the supplemental packet, the client 
obtains the APTn to be used to synchronize with the main 
packet. It is possible to synchronize two or more streams using 
the proposed method. 

D. Flow for synchronizing out-of-sync problem 

Primary server
(contents A)

Supplemental server
(contents B)Client device

Contents(B, T5)
Contents(A, T5)

Contents(A, T6)

Contents(A, T7)

Consume
Contents(A, 

T5)

Contents(A, T8)

Contents(B, T6)

Consume
Contents(A, 

T6)

discard

discard

Contents(A, T9)

Contents(A, T10)

Contents(A, T6)

Contents(A, T12)

Contents(A, T13)

Contents(A, T14)

Contents(A, T15)

Contents(A, T16)

Contents(A, T17)

Contents(A, T18)

Calculate propagation delay from supplemental server to client device

Request for contents(B)
from time 17

Contents(B, T17)

Contents(B, T18)

Consume
Contents(A/

B, T17)

Consume
Contents(A/

B, T18)

 
Figure 7.  Resolving out-of-sync problem 

Figure 7 shows an example of using hybrid synchronization 
control by the client device to solve the out-of-sync problem. 
If the client recognizes out-of-sync problem, it calculates the 
propagation delay from supplemental server to client. The 
client requests for content from the supplemental server 
starting from adequate time. The proposed scheme can be 
used for resolving this problem. 

IV.  RESULTS AND CONCLUDING REMARKS 
This paper provides description on the proposal of the 

timing control for synchronizing multimedia streaming 
delivered over heterogeneous networks. With the timing 
information provided by the servers, client device can provide 
synchronization to two or more servers. The proposed method 
can be achieved by calculating the synchronization delay by 
the client and finding packet to be synchronized by the 
supplemental server. The proposed scheme can be used in 
synchronizing new streaming flows and to resolve the out-of-
sync problem that can occur during the synchronization. 

It is possible to use the proposed method to provide 
synchronization to various multimedia streaming services 
which allow flexibility for the viewers to watch multimedia 
streams in their preferable ways. This would enable advanced 
and sophisticated multimedia services.  

There are more issues that need to be solved in providing 
perfect synchronization to the level of 3D synchronization. 
The proposed method can be one of the steps to proving such 
synchronization. 
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