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Abstract. This paper presents a fast channel switching method in Ethernet 
Passive Optical Network (EPON) system for IPTV service. Fast channel 
switching is one of the important features of successful IPTV systems. Users 
surely prefer IPTV systems with small channel switching time rather than a 
longer one. Thus a channel switching control module and a channel/permission 
list in EPON system’s ONU or OLT is designed. When EPON system receives 
channel switching message from IPTV end user, the channel switching control 
module will catch the message and search the channel list and permission list 
maintained in EPON system, then got the matching parameter of EPON for the 
new channel. The new channel’s data transmission will be enabled by directly 
updating the optical filter of the ONU that end user connected. By using this 
method in EPON system, it provides a solution for dealing with channel 
switching delays in IPTV service.  
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1   Introduction 

Broadband services in Internet like IPTV, video phone, on line gaming and so on, 
have become the most important services for both carriers and end users. IPTV 
service [1], as one of the most important triple play services run over broadband 
network, will change the end user’s entertainment style from cable TV to TV over 
Internet, from broadcast TV to inter-active TV enjoyment. 

EPON system [2], standardized in IEEE, can provide up to 1Gbps bandwidth to 
end user. As one of the solutions for broadband access network, it is recognized one 
of the final solutions for ‘last 1 mile access’.  

Figure 1 is a typical system of IPTV service running over broadband IP network 
with EPON access network. In this system, there are IP core network and EPON 
access network. In the EPON access network; the Optical Line Terminal (OLT) and 
the Optical Network Unit (ONU) connected by fibers are the main components. The 
IPTV services are provided from ISP’s IPTV servers to the end users through the  
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Fig. 1. IPTV/EPON system 

whole network. The dotted blue lines in figure 1 are video packets route. The IPTV 
server connects with multicast routers in the IP core network. The video packets are 
sent though this core network to the access network (EPON) by multicast packets. In 
EPON, the packets are broadcast from the OLT to the ONUs in MAC layer with the 
specific address of the Logical Link Identifier (LLID). 

Channel switching time is one of the key features that determine the Quality of 
Experience (QoE [3]) of IPTV service for end user. In the traditional cable TV 
system, it is around 100ms [4]. The end user almost can hardly notice the short period 
of interruption while they switch from one channel to another channel because of the 
nature of human eyes. So how to assure a small enough channel switching time in 
IPTV services? 

In this paper, a fast channel switching method in EPON for IPTV service is 
presented. Chapter two includes the mathematical analysis for the factors that impact 
the channel switching time. Chapter three includes the detail description of the 
presented method. Chapter four includes the test system and the test result analysis. 
And the last chapter provides a final conclusion. 

2   Problem Analysis 

In figure 2 below, the channel switching event is divided into several sub-events in 
sequence. Thus the total channel switching time can be divided to several parts 
accordingly.  

In figure 2, Event 0 is the user pushes button on remote controller, it needs time 
T0. Event 1 is the STB processing and sending IGMP leave message for old channel 
and IGMP join message for new channel. It needs time T1. Event 2 is IGMP 
processing in ONU. It needs time T2. Event 3 is IGMP processing in OLT. It needs 
time T3. Event 4 is IGMP processing in edge IPTV server. It needs time T4. Event 5 
is IGMP processing in remote IPTV server. It needs time T5. Event 6 is first I frame  
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Fig. 2. Channel switching time 

received. It needs time T6, Event 7 is decoding and rendering. It needs time T7. The 
channel switching time should be the summation of T1 to T7: 
 

TChannelSwitching   = T0 + T1   +   Ti       + T7 
 
From T1 to T7, each has different feature and impact to the total channel switching 

time. In IPTV service, since both video data packets and control messages are 
transported over IP packet. And the TCP/IP system is a kind of “best effort” system. 
Even the core networks assure some level of QoS since they are engineered; Time for 
sending and receiving message is affected much by the IP network traffic status. Thus 
it can not assure key features for the time sensitive applications.  

T5 is the longest delay parameter in all time parameters, because it will be affected 
by the traffic status of the core network.  

IGMP (Internet Group Management Protocol) or MLD (Multicast Listener 
Discovery) leave/join delay (T1 to T5) has a direct impact on channel switching 
delay. As the analysis in paper ‘Validating IPTV Service Quality under Realistic 
Triple Play Network Conditions’ [5] said, acceptable channel switching delay is 
generally considered to be approximately 1 second total, end-to-end. A channel 
switching time of 100~200 ms is considered by viewers to be instantaneous. To keep 
overall channel switching delay within one second, the target multicast leave/join 
delay of each network component needs to be within the 10-200 ms range. Thus T1 to 
T5 should be within 10-200 ms range. 

Increasing number of subscribers will make a strong impact to both network traffic 
and the channel switching time. As the analysis in paper ‘Channel Change 
Performance Testing’ [6] found, after increasing the subscribers number and hence 
the load on the multicast network, it increased the subscriber's perceived Join/Leave 
latencies by 70% and 65% respectively.  

To solve or avoid the three problems above, a fast channel switching method in 
EPON is presented in this paper. EPON system can control multicast traffic for end 
users in access network. The downlink traffic is broadcasted from OLT to all end 
terminals (ONU), the ONU uses a filter to select and transport the corresponding 
traffic to the end user.  
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By doing channel switching control in EPON, it will reduce or avoid the impact of 
core network’s traffic status. Processing IGMP message will also reduce the impact of 
IGMP message delay. This method collects information of all subscribers for 
cooperation but not make compete in subscribers, thus it decreases the impact of 
increasing of subscribers to network traffic and channel switching time. 

3   The Fast Channel Switching Method 

In the fast channel switching method in EPON system, a channel switching control 
module and a channel list module (in ONU or OLT) is designed. In case of 
authentication to different ISPs, a permission snooping module and a permission list 
are also designed. 

The channel list is maintained and updated by using IGMP snooping function. The 
permission list is maintained and updated by the permission snooping function. The 
Permission snooping module communicates with the ISP’s authentication servers to 
get authentication information. 

When EPON system catches the message for channel switching from end user, the 
channel switching control module will search the channel list maintained in EPON 
system, and got the matching parameters for the new channel. The new channel’s data 
transmission will be enabled by directly updating the optical filter of the ONU that the 
end user connected.  

3.1   The Fast IPTV Channel Switching Processing Procedure 

With one user is watching one channel at a time, for thousands or even millions of 
users in the same access network, there are more than one channel’s traffic available 
to end users. These entire video traffic uses multicast inside the network. For 
example, when User A is watching channel 1, User X in the same access network 
might watch channel 2 at the same time. So when the end user A wants to switch from 
channel 1 to channel 2, the traffic of channel 2 to User X can be sent to User A by 
multicast control in the access network. EPON system controls this in MAC layer 
with a faster response and processing speed by updating the optical filter.  

As shown in figure 3, the channel switching processing is: 

1) EPON system catches the user’s IGMP ‘JOIN’ request for switching to a new 
channel. Then in GMP EPON frame, there are fields of new channel’s group address 
and the “TYPE” field indicating of joining a new group: 2. such parameters will be 
checked and recorded for next step. 

2) Channel switching control module checks the channel list with the index of 
group address. 

3) If there is a record in its channel list (the access network has the traffic already), 
go to next step. If no records in the channel list, go to step 6. 

4) Get Logical Link Identifier (LLID [7]) of the new channel from channel list. 
5) Update the LLID filter of the ONU with the new channel’s LLID number. So 

that the new channel’s traffic can go through the ONU’s filter to the end user. 
6) Forward the IGMP request to IGMP servers (IGMP router, IPTV servers) to 

finish message procedure with ISP. 
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Fig. 3. Message flow of the IPTV channel switching 

In some cases, it is the Contact Volume Editor that checks all the pdfs. In such 
cases, the authors are not involved in the checking phase. 

3.2   Generating and Maintaining Channel List 

1) Receives user’s IGMP request for channel starting.  
2) Then IGMP snooping module will check the MAC frame rom the IGMP 

message part, there are fields of new channel’s group address and the “JOIN” field for 
channel starting. 

3) gets the “group address” for the channel. 
4) checks PHY data with the “group address” for LLID. 

Then the first two fields of channel list have been generated as table 1 below:  

Table 1. Channel List 

Multicast Group Address LLID 
225.1.1.21 24 
225.1.1.22 56 
225.1.1.23 43 

 
In case of authentication are needed. There are fields of authentication in the 

channel list.  
 

1) Receives user’s authentication message for channel starting.  
2) analyzing the authentication message. 
3) gets the authentication info. 

 

Then the two fields of channel list authentication can be generated as table 2 
below: 

Forward multicast message to 
multicast server 

User's IGMP message for channel switching 

Check Channel List 

Update LLID filter 

In the list

Receive data of new channel

Get LLID 

No 

Yes 
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Table 2. Channel List 

Multicast Group Address LLID Permission ISP 
225.1.1.21 24 Yes X 
225.1.1.22 36 Yes Y 
225.1.1.23 43 No Z 

The channels in EPON system usually changed dynamically according to end 
user’s watching status. So the channel list should be updated dynamically or timely 
when the channel status changed. 

3.3   Layered Implementations in ONU and OLT 

This method can be implemented in OLT side or ONU side independently. Or it can 
be implemented in ONU and OLT at the same time as a kind of layered structure. For 
different implementation ways, the benefits are different. 

When it is implemented in ONU only, it is an efficient implementation way, 
because ONU is the nearest node to end user. Thus it can make quicker response to its 
end user.  

When it is implemented in OLT only, it is a secure way, because the OLT is 
located in carrier side and are managed by carriers, not by end user. And The OLT 
can have a channel list made by all the ONU it connected, the OLT can have larger 
channel list than ONU.  

3.4   Message Sequences for Two Channel Switching Cases 

There are two cases for end user about channel switching. One is to start a new 
channel when the TV is opened. The other is change a channel during watching a TV 
channel. 
 

1) Start a new channel A 
As shown in figure 4, it is the sequence of this method for end user to start a 

channel. The ONU uses the channel list method to control the channel list. User A 
sends F1 to Multicast sever to start for channel A. User A sends F2 to authentication 
server to start for channel A. User A sends F3 to IPTV server to start for channel A. 
The ONU catches F1 and checks the channel list. Then it updates the LLID filter for 
the new channel A. The end user receives data of channel A. Then before the end user 
receives “ACK” messages “F4”, “F5”, “F6”, the channel starting has been finished. It 
saved time. 

 

2) Switch to channel B from A 
The ONU use the channel list method to control the channel list. User A is now 

watching Channel A. Then User A sends F1 to Multicast sever to switch to channel B. 
User A sends F2 to authentication server to switch to channel B. User A sends F3 to 
IPTV server to switch to channel B. The ONU finds F1 and checks the channel list. 
Then it updates the LLID filter for the new channel B. The end user receives data of 
channel B. Then before the end user receives “ACK” messages “F4”, “F5”, “F6”, the 
channel switching has been finished. Then it saved time. 
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Fig. 4. Start a new channel 

4   Test Bed 

We implemented this method in a network structure as shown in figure 5 below. We 
tested the impacts about the channel switching method. 

 
 
 
 
 
 
 
 
 

Fig. 5. Test bed 

In figure 5, the method is implemented inside IPTV client. The IPTV server sends 
IPTV videos to 3 IPTV clients. In order to compare, IPTV client 1 has function of fast 
channel switching.  IPTV Client 2 and IPTV Client 3 do not have the function of fast 
channel switching.  
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After testing the channel switching of three IPTV clients, we found the total time 
for channel switching are obviously different. IPTV client 1 that has the fast channel 
switching method has the shortest channel switching time. 

To find out our method’s benefit for IGMP message in channel switching time, we 
also test the system numerically. We measured the channel switching time in end user 
side especially for IGMP message. 

When the end user made channel switching, IGMP ‘JOIN ‘message will be sent 
from the end user’s terminal to the network. We record the starting time from the 
IGMP ‘JOIN’ message. The end time is from the first coming UDP multicast packet 
of the new channel.  

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Test result. The under blue line is result of the end user with the fast channel switching 
method. The upper pink line is the result of the end user without the fast channel switching 
method. For impact of IGMP delay, this presented method has a strong advantage. 

It is critical to select the test tools and methodologies with the ability to test IPTV 
in the larger context of triple play networks to verify IPTV QoE under increasing 
scale, dynamic subscriber behavior, and amidst other voice and data services. Since 
quality can be inconsistent across the subscriber base, it's important to evaluate IPTV 
QoE on a per-subscriber basis. Our test is on such kind of structure to measure the 
behavior of subscriber.  

5   Conclusion 

In this paper, a fast channel switching method in EPON system for IPTV service is 
presented. Mathematical analysis for factors that impact channel switching time is 
discussed. The test system and test result show this method has strong impact on 
processing IGMP message. So that it can provide fast channel switching solution in 
EPON system. 

References 

1. Liu, duo, MII, standardization of ITU-T FG IPTV, 10.20 (2006) 
2. IEEE STD 802.3ah-2004, Ethernet in the First Mile 

 



288 Y. Nie and H. Yoshiuchi 

3. http://imec.be/wwwinter/mediacenter/en/SR2005/html/142224.html 
4. Yu, qing, multicast in IPTV system, magazine of science of telecommunication, 12.10 

(2006) 
5. Tara Van Unen, Agilent, Validating IPTV Service Quality under Realistic Triple Play 

Network Conditions, IP Television (2007) 
6. IXIA, IPTV - Channel Change Performance Testing (2007) 
7. Wei, Z.: The implementation of LLID multicast in EPON, Optical Communication, 3 

(2005) 


	A Fast Channel Switching Method in EPON System for IPTV Service
	Introduction
	Problem Analysis
	The Fast Channel Switching Method
	The Fast IPTV Channel Switching Processing Procedure
	Generating and Maintaining Channel List
	Layered Implementations in ONU and OLT
	Message Sequences for Two Channel Switching Cases

	Test Bed
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




