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A METHOD AND SYSTEM FOR REMOTE TUNING AND CLOCK
SYNCHRONIZATION

FIELD OF THE INVENTION

The present invention relates to providing video services in a Multi-
Dwelling or Multi-Tenant network. More particularly, the present invention
relates to a method and system for remote tuning and clock synchronization.

BACKGROUND OF THE INVENTION
This section is intended to introduce the reader to various aspects of art,

"~ which may be related to various aspects of the present invention that are

described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not
as admissions of prior art. ‘

Over the last few years, many multi-dwelling (“MxU") establishments,
such as hotels, motels, apartments and the like have begun to expand into the
business of providing digital data signals, such as digital video or internet
services, to their patrons. Besides providing higher quality video than older
analog video systems, digital data systems provide the hotel or motel owner the
flexibility to supply video-on demand, internet access, and pay-per-view video to
each room over one connection. Further, because hotel and motel operators are
also usually able to charge residents a premium for digital data services, an
increasing number of multi-dwelling establishments are investing in digital data
systems. Unfortunately, distribution of digital broadcast signals, such as satellite
brbadcasts, over wires/networks requires significant amounts of bandwidth.
Providing and maintaining this bandwidth can be expensive or prohibitive for the
owners of multi-dwelling establishments.

A further problem in the distribution of digital data to a rﬁulti-dwelling’_ A
establishment is the problem of clock jitter. A stable timing clock is vital to the
decoding of digital signals because the system clock is used for buffer and color
burst control. Without a stable timing clock, the video quality and reliability can
be degraded. ‘

Typically, a video broadcast system, such as satellite or cable, will embed
a clock signal within the audio/video (“A/V") data signal by time stamping certain
transport packets within the A/V data signal as they are broadcast. Because the
delivery of the transport streams is deterministic, the time stamps provide a
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relative time base between the packets of this type. When one of these packets
is received, the receiving system compares its local clock to the time stamp and
creates a relative time base. By comparing multiple time stamps within the A/V
data signal, the receiving system is able to adjust its local clock until it matches
the broadcaster’s clock. This type of clock recovery is typically used in digital
video broadcast system today. However, because the MxU system converts the
A/V data signal into Internet Protocol (“IP”) packets introducing jitter, the
conventional method of clock recovery will not work for network set top box
systems.

SUMMARY OF THE INVENTION

The disclosed embodiments relates to a system for providing remote
tuning and clock synchronization in a network. The system includes a device
that receives a signal that includes a plurality of channels, a device that receives
a user request indicative of a desire to view at least one of the plurality of
channels, and a filter that filters the received signal and transmits a user signal

corresponding to the at least one of the plurality of channels to the user. An
alternative embodiment of the sYstem may include a device that receives a signal
that includes a plurality of packets, at least a portion of the plurality of packets
comprising an embedded time stamp, a device that detects at least a portion of
the plurality of packets containing the embedded time stamp, and a device that
computes an adjusted time stamp based on the embedded timestamp and a
precision local clock and incorporates the adjusted timestamp into the at least a
portion of the plurality of packets containing the embedded timestamp prior to

‘transmitting the at least a portion of the plurality of packets to the network.

BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings:

Figure 1 is a block diagram of a digital data system adapted for use in a
Multi-Dwelling Unit in accordance with embodiments of the present invention;
. Figure 2 is a block diagram of a satellite receiver in accordance with

embodiments of the present invention; '

Figure 3 is a block diagram of a transport packet used for passing the
parameters for the Altered Corrected Network Time Stamp (“ACNTS”) in
accordance with embodiments of the present invention;

Figure 4 is a block diagram of a network in which embodiments of the

present invention may be employed;
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Figure 5 is a block diagram of an alternative network configuration in
which embodiments of the present invention may be employed;

Figure 6 is a block diagram of a clock recovery packet in accordance with
embodiments of the present invention;

Figure 7 is a block diagram of a device that performs clock jitter removal
in accordance with embodiments of the present invention; and

Figure 8 is a block diagrarh of a packet discriminator in accordance with
embodiments of the present ‘invention.

The characteristics and advantages of the present invention will become
more apparent from the following description, given by way of example.

DETAILED DESCRIPTION

One or more specific embodiments of the presenf invention will be
described below. In an effort to provide a concise description of these
embodiments, not all features of an actual implementation are described in the
specification. It should be appreciated that in the development of any such
actual implementation, as in any engineering or design project, numerous
implementation-specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and business-related

constraints, which may vary from one implementation to another. Moreover, it
should be appreciated that such a development effort might be complex and time
consuming, but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill having the benefit of this
disclosure. '

Turning now to the drawings and referring initially to Figure 1, a block
diagram of a digital data system adapted for use in a Multi-Dwelling Unit in
accordance with embodiments of the present invention and designated'using a
reference numeral 10. The digital data system 10 is an integrated digital data
system to provide broadband, digital video, and services to multiple users. An

additional feature of the digital data system 10 is its ability to integrate quality

audio and video with digital IP data services for multiple users. Further, the
digital data system 10 is designed to provide a platform to launch a variety of
cost effective digital services and is designed to be both scalable and to allow
different digital data services to be added incrementally.

The digital data system 10 includes a Mini-Headend unit 12 where digital
audio, video, and data services are received, aggregated together and distributed
throughout a Multi-Dwelling Unit or Multi-Tenant Unit (“MxU") network 14. The
MxU network 14 may be located in one or more apartment buildings, hotels, or
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any other structure where there are multiple clients desiring digital audio, video,
or data services.

The Mini-Headend unit 12 is responsible for receiving data, providing
Quality of Service ("QoS") in accordance with industry standards, providing
customized services, and routing data to dwelling units 16 in the MxU network

“14. A Core Video Service System 1‘8, an Advanced Video Services System 22,

a Data Service System 24 communicatively connected to the Internet 26, and a
Gigabit QoS Ethernet Switch 28 may also be included in the Mini-Headend unit

12.
The Core Video Service System 18 preferably includes a Satellite Receiver

- System 19 that is communicatively coupled to orbiting satellites 20. The

satellites 20 transmit a signal 15 that is received by the Core Video Service
System 18. In one embodiment, the Satellite Receiver System 19 receives A/V
data signéls from a Satellite video provider, such as DirecTV. An additional
feature of the Satellite Receiver System 19 is the ability to scale the number of
A/V data signals received from the orbiting éatellites 20 based on how many
users request services. More specifically, in this embodiment, the Satellite
Receiver System 19 runs a multi-cast server-to allow a Network Set Top Box
(“NSTB”) 44 in the dw‘eIIing units 16 to request A/V data signals. The NSTB
may be capable of requesting data from the Mini-Headend unit and may be
capable ofkdecrypting and decoding video streams. The number of satellite
transponders that the Satellite Receiver System 19 is able to receive can be
adjusted by scaling the number of tuning blades in the chassis up or down. A
fully-loaded chassis or the like can contain numerous transponders and may be
.able to handle an input data rate of 2.4G"bp$ or higher. Once the satellite signals
are received, the Satellite Receiver System 19 can output IP data packets to the
Gigabit QoS Ethernet switch 28. The IP data packets may also conform to QoS
specifications set forth in IEEE 802.1p (entitled "Traffic Class Expediting and
Dynamic Multicast Filtering") and IEEE 802.1q (entitled "Virtual LANs"), which
are incorporated by reference. ' ,

The Satellite Receiver System 19 may have a 1Gbps Ethernet port which
functions as a network interface. The network interface can also be expanded
to include another Ethernet port if desired. In addition, a management system
that accepts requests for programs from the clients may also be included in the
Satellite Receiver System 19. The management system can allow the user to
select a satellite, transponder, and program IDs, which in turn could allow the
Satellite Receiver System 19 to provide specific program streams to the user.
The management system may also support multi-casting to save bandwidth.
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Although the Satellite Receiver System 19 and the satellites 20 are illustrated as
the content delivery medium in Figure 1, the use of other media (e.g., cable, fiber
and the like) for delivering content is considered within the scope of the
invention,

The Advanced Video Services System 22 is a platform that works in
conjunction with the Satellite Receiver System 19 to enable additional digital
video services. Because it is scalable, the Advanced Video Services System 22
can be adjusted depending on the number of users that use the service. For
example, the Advanced Video Services System 22 may require more servers 30
as the number of users increases. The types of services providéd by the
Advanced Video Services System 22 may include Video On Demand, Near Video
On Demand, Limited Video On Demand, Nielsen Ratings, Time Shift, Auto
Record, Personal Video Recording ("PVR"), and the like. A Conditional Access
System can also be used in conjunction with the Advanced Video system 22 for
program streams that are recorded to hard drive(s) 32.

When recording, the original program stream received from the Satellite
Receiver System 19 is decrypted, picture data is extracted, and a new program
stream (containing the extracted picture data) is encrypted and stored onto the
hard drive 32. In this embodiment, the network provider's conditional access
system is terminated at the Advanced Video System Server 30 and the new
conditional access system is used thereafter. ,

The Data Service System 24 may be used to provide internet access to
the MxU network 14. Amongst other features, the Data Service System 24 has
the ability to be scaled according to the number of clients using internet service
and the required speed or bandwidth of the internet service. The Data Service
System 24 can be supplied through a separate device or integrated into the
Satellite Receiver. The devices may be able to provide Quality of Service .
(“QoS”) to insure the quality of the video.

As stated above, the Mini-Headend unit 12 may contain the Gigabit QoS

Ethernet Switch 28 to provide connectivity between the Core Video Services

Syétem 18, the Advanced Video Services System 22, the Data Services System
24, and the MxU network 14. While the Gigabit QoS Ethernet Switch 28 may
be needed for medium to large syétems, it may be removed in small installations.
The Gigabit QoS Ethernet Switch 28 supports full-duplex Gigabit Ethernet
interfaces and is scalable to support systems of various sizes. The Gigabit QoS
Ethernet Switch 28 may also support a QoS standard as set forth in the IEEE
802.1p and 802.1q standards. The QoS standard can facilitate communication
between the Gigabit QoS Ethernet Switch 28, the Core Video Services System
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18, the Advanced Video Services System 22, and the Data Services System 24
by giving a higher priority to video data than internet data from the Data Service
System 24. For example, when video data and internet data are simultaneously
requested, video data is transmitted first and the internet data is delayed until
sufficient bandwidth becomes available. The type of services being provided and
the number of dwelling units 16 that are in the MxU network 14 are a few of the
many factors that one of ordinary skill in the art must consider in selecting the
Gigabit QoS Ethernet Switch 28.

The MxU network 14 also can include one or more service racks 34. The
service rack 34 is scalable according to the number of the dwelling units 16 in
the MxU network 14. In the one embodiment of the invention, the service rack
34 is located where the phone lines in the MxU network 14 come together. The
number of MxU networks 14 in the digital data system 10 dictates the number
of the service racks 34 that are required. Preferably, one of the service racks 34
is provided for each of the MxU networks 14 (e.g., buildings) in a multi-network

. environment (e.g., a multiple building complex). Each of the service racks 34

may include a VDSL switch 36 that uses a Plain Old Telephone Service (“POTS")
Splitter 38 to combine POTS service 40 with the digital video, audio, and data
received from the Gigabit QoS Ethernet Switch 28 of the Mini-Headend 12.
Although the VDSL switch 36 is illustrated as being an Ethernet Quadrature
Amplitude Modulation (“QAM") sWitch, any other appropriate switch is
considered within the scope of the present invention.

in the digital data system 10, ‘each of the dwelling units 16 may include a
modem 42, a Network Set Top Box (“NSTB") 44, both the modem 42 and the‘
NSTB 44, or an integrated modem and NSTB unit. One example of the NSTB 44
is a DirecTV set top box that has been.configured to interface with the Mini-
Headend unit 14. The modem 42 is one example of a device that mey be used
by the NSTB to access digital data, audio, and video services. The modem 42
may be connectable to the VDSL switch 36 via phone lines and can terminate
the VDSL line. The modem 42 may also have a POTS Splitter and a connection
for phone services 46. The modem 42 may also have an Ethernet port to
provide one or more computers 48 access to the internet in addition to providing
the NSTB 44 access to audio, video, and data services. _

Although phone lines are shown in Figure 1 the communication medium
between the dwelling units 16, the service rack 34, and the Mini-Headend unit
12, other appropriate forms of networking, including cable and wireless
networks, are considered within the scope of the invention.
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An important component of the architecture of Figure 1 is the capability of
remote tuning. Remote tuning removes the satellite tuning functions from the
NSTB 44 and transfers them to the Mini-Headend unit 12. In the embodiment
shown in Figure 1, the tuning function takes place within the Satellite Receiver
System 19. The transfer of the tuning function, which may include tuning,
demodulation, and demultiplexing, to the Mini-Headend unit 12 permits the
network to operate on less bandwidth because only a limited subset of data that
the Satellite Receiver System 19 actually receives is transmitted to the NTSB 44.

In operation, when the remote tuning function in the Satellite Receiver
System 19 receives a request from a NSTB 44, it processes the request and
connects to a satellite transponder. Because the transponder data rate usually
exceeds the bandwidth of the network between the Satellite Receiver System 19
and the NSTB 44, the data must be filtered. One embodiment of a filter in the
present invention filters the transport streams by Packet Identifier (“PID”). In
this case, the NSTB- 44 request may include PIDs of interest. The filtering
process reduces the data rate down by extracting on’ly the streams with
requested PIDs. This reduced data rate should not exceed the bandwidth limit of
the network. It should be noted that as the number of NSTBs 44 on the
network increases, the number of tuners available for each NSTB may decrease
because the NSTBs can share the Satellite Receiver System’s tuners.

Another aspect of the architecture of Figure 1 is the ability to syn'chronize

the MxU network clock to the A/V data signal provider’s system clock. As

described above, the Satellite Receiver System 19 receives broadcast
audio/video (A/V) data signals. These signals are composed of transport
packets, and some of these transport packets contain an embedded time stamp
from the broadcast system. The embedded time stamp can be used for buffer
and color burst control. The Satellite Receiver System 19 converts the transport
packets to IP data signals for the NTSBs. In this process jitter is introduced, and
the original system clock information is lost. Because the Satellite Receiver

‘System 19 is capable of tuning to multiple transponders and receiving multiple

video channels, each of which may have a unique system clock, unique clock
jitter can be introduced to every channel. The Satellite Receiver System 19 can
be modified to remove the jitter introduced by the conversion process and thus
provide a jitter free time base for the NSTBs.

Figure 2 is a block diagram of a Satellite Receiver System in accordance
with embodiments of the present invention and is designated using a reference
numeral 50. A precision local clock (“PLC"”) 51 may be adapted to time stamp
only specific network packets. Using the PLC 51 and a time compensation
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algorithm, accurate time stamps for a given A/V data signal can be applied to the
packets of an outgoing IP data signal. Among the advantages of this method is
that it only requires one system clock on the Satellite Receiver System 50 and
does not require an actual phase lock clock per video channel. For a DirecTV
satellite system, the frequency of the PLC 51 should be no slower than 27MHz.
It should be noted that a faster clock may reduce the computation error.

A satellite feed 56 is received by a plurality of tuner/demodulators 57a-
57c. Each of the tuner/demodulators 57a-57c corresponds to a different
received channel. The output of each of the tuner/demodulators 57a-67¢ is
delivered to a corresponding receive time stamp latch (“RTSL") 62a-562¢. The
PLC 51 is adaptéd to function as a source -clock to the plurality of receive time
stamp latches 52a-b2c. '

Each of the RTSLs 52a-52¢ adds a time stamp onto every A/V data signal

‘transport packet as it is received. A Packet Processor 53 is configured to detect

the packets within the A/V data signal that have the embedded time stamp.

~This configuration may be based on PID/SCID, packet type or the like. The

Packet Processor 53 saves the RTSL 52 and the broadcast A/V stream
embedded time stamp (“SCR”) and has the ability to process the two time
stamps to create a normalized clock rate as shown in Equations 1,2, and 3.
Normalizing the Broadcast System Clock to the PLC provides a time adjustment
factor (“TAF”). o

Broadcast A/V Stream Clock Delta: -
' ASCR = SCR, - SCR,,, n>0' Equation 1

Precision Local Clock Delta:
ARTSL = RTSL, - RTSL

n-11

n>0 Equation 2

Normalizing the Broadcast System Clock to the PLC provides a time adjustment
factor (TAF): ‘

ASCR
ARTSL

TAF =

Equation 3

- The principal behind applying time stamps to IP packets is to allow
multiple devices on a network to synchronize their clocks with a sender or
server. There are several network protocols that may be used to apply time
stamps. Inone network protocol, the time stamps are not applied at the
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physical layer. This protocol requires the use of statistical methods to remove
the jitter introduce after a time stamp has been applied to the packet and before
the packet is put on the physical network. These statistical methods are known
to one skilled in art, and will not be discussed in detail. Another network
protocol involves applying the time stamp to the network packet at the physical
layer. In this method, assuming that the delay path between the sender and
receiver is constant, the jitter that is introduced by the system can be removed if
the receiving device also applies a time stamp at the physical layer and then

- synchronizes its clock to the sender’s clock.

The following discussion relates to how. the sender applies an accurate
time stamp to a network packet. The Satellite Receiver System 50 has several
options to transmit IP data signal time stamp packets. One option is to use
standard protocols, such as NTP, RTP and the like. Another option is to create a
new transport packet with the correct timing information in same format as the
A/V data signal time stamp. Either implementation requires the Satellite Receiver
to apply the correct time stamp for a targeted video channel. One way to do
this is to apply the time stamp to the IP data signal time stamp packet as it is
being transmitted onto a physical network 55. In this embodiment, a local
counter using the PLC 59 latches a network time stamp (“NTS") that is applied
to an IP data signal time stamp packet. Because the NTS is not synchronized
with the embedded time stamp from the A/V data signal, it can be adjusted as
shown in Equation 4 to produce a Corrected Network Time Stamp (“CNTS").
Because the CNTS has been adjusted by the TAF from Equation 3, it is
synchronized with the embedded time stamp in the A/V data signal. The result
isa systém that does not require multiple voltage controlled crystal oscillators
(“VCXO0s"), and applies an accurate jitter free time stamp to the IP data signal
tirije stamp packet. ' ' '

Corrected Network Time Stamp (CNTS):

CNTS = NTS xTAF Equation 4

The method described above is for an ideal system in which the PLC 51
does not drift and there are no calculation errors in the CNTS. There are several
methods that can be used to minimize the effects of clock drift and calculation
errors in a non-ideal system. First, it will reduce errors if the PLC is an accurate
crystal with drift less than +- 10 parts per million (“ppm”). Next, since the
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Satellite Receiver System determines when a network time stamp packet is sent,
the TAF can be averaged over only that period of time to provide a more
accurate CNTS. This window average, called the Altered CNTS (“ACNTS”) is
shown in Equation 5.

Altered CNTS (ACNTS);
N
> .(SCR,-SCR,)
ACNTS = NTS X don , Equation 5

' RTSL, — RTSL,

k=n

where:
n is the first unused sample
N is the latest sample, a sample is taken when the time stamps are detected in
the transport stream
" Equation 5 can be further simplified by controlling how the time stamps

are collected. If this is done, Equation 5 becomes:

SCR,, - SCR,
RTSL, ~RTSL, '

" ACNTS = NTS x Equation 6

as long as register overflow and counter wrap around are compensated.

There are several different network time stamp protocols, such as NTP,
RTP and the like. These protocols generally require the CNTS or ACNTS values
to be ca‘IcuIated by the sending unit, in this case the Satellite Receiver System

50. Thus, in one embodiment, the Satellite. Receiver System calculates one
ACNTS per video channel. In another embodiment, the system uses a transport

packet or a property packet to pass the ACNTS parameters to the client or
receiver which performs the ACNTS calculation.

Figure 3 is a block diagram an embodiment of a transport packet that may
be used for passing the parameters for the Altered Corrected Network Time
Stamp (“ACNTS”) in accordance with embodiments of the present invention and
designatéd using a reference numeral 60. The packet 60 may corhprise an IP
header, a UDP header, a transport header, a network time stamp (“NTS"), an
SCRy, an SCR,, an RTSL, and an RTSL,. The embodiment illustrated in Figure 3
may reduce the processing requirement of the Satellite Receiver by requiring the
NSTB to calculate the ACNTS for each channel that it is using. The Satellite
Receiver System may still insert the NTS, but the rest of the packet’s parameters
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need not be applied to the network packet until the packet is actually sent. The
NSTB calculates the ACNTS using equation 5 or 6 when it receives the packet.

The system outlined above may comprise a clock recovery scheme for a
system that provides an accurate time stamping of packets at the endpoints of a
network (the Satellite Receiver System and the NSTB). This system may reduce
the clock jitter introduced by intermediate network devices such as off-the-shelf
Gigabit and Ethernet QAM switches. It should be noted, however, that inserting
the time stamp as the network time stamp packet is placed onto the network
may require additional hardware and costs. For this reason, another embodiment
of this invention is a system that produces little or no jitfer. Such a system may
be referred to as a jitterless MxU system. t

Figure 4 is a block diagram of a network in which embodiments of the
present invention may be employed. The diagram is generally referred to by the
reference numeral 80. Removing component jitter is primarily based on knowing
the clock relationships between two physically connected network devices. Fbr
example, in the system 80, there are N network devices that are connected to
each other. Each network device has its own clock and it is desired to
synchronize device N’s 85 clock to device A’s 81 clock.

Because this system 80 does not restrict the device N’s 85 ability to
synchronize to any other device, the device N’s first task may be to synchronize -
its clock to any of the other devices in the system. To allow this flexibility, the
two network devices that are synchronizing may establish a clock relationship
between themselves. Because N is the endpoint in system 80, the clock
relationship from left to right will be CA/CB, CB/CC, CC/CD, and so on, where

CA is the clock in the device A, CB is the clock in device B and so on. The clock

relationship is established by sending time stamped network packets to a related
device. For example, the device A 81 sends a time stamp packet to the device B
82. The device A 81 applies the time stamp just before the packet is put on the
physical network. The arrival time for the packet to reach the device B is
delayed by the constant C,s. The device B uses it local clock to capture the .
arrival time of the network packet from the device A. After receiving two of
these packets, the device B can calculate the clock relation between the devices
A and B (CA/CB), as shown in Equation 7. '

cA/CB=Ch = Chn Equation 7
CB. —CB,_,
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Once all the clock relationships in system 80 are known, the system 80
can synchronize the device N's clock to the device A’s clock. In order to achieve
clock synchronization the receiver (the device N 85) needs at a minimum two
clock recover packets from the sender (the device A 81). Even though the
physical wire between the two devices is considered a fixed delay, the delay
between each device is not necessarily fixed. The objective is to compensate for
delay that’s introduced by each device and to quantify the unit delays in the
sender’s (A) clock units.

The device A sends a clock recovery network packet to the device N.

This packet may be a modified IP time stamp packet as discussed above. Two
fields are added to the packet, clock rate and delay ticks. “Clock rate” defines
the clock ratios as the packet goes through the system. “Delay ticks” is
accumulation of delays for each device in the sender’s tick units. When the
device A sends a clock recovery packet to the device N, the clock recovery
packet initially has the clock rate set to 1 and the delay ticks to.O.

Figure 5 is a block diagram of an alternative network configuration in
which embodiments of the present invention may be employed. The diagram is
generally referred to by the reference numeral 90. The packet is time stamped

" by device A and sent to device B. The device B captures the arrival time of the

packet and determines where to route the packet and any processing that is
required. When the packet is r'eady to be transmitted, the device B recognizes
that the packet is a clock recovery packet and captures a departure time. The
device B then computes the delay between the time stamps (see Equation 8) and
multiples them by CA/CB {see Equation 9). This result is then added to the

~“delay ticks” in the clock recovery packét, and the “clock rate” from the packet

is multiplied by CA/CB and then written back into the clock recovery packet.
This process is repeated at each network device until the packet is received by
the device N. This process is shown mathematically in Equations 10, 11, and
12. Equation 13 shows how to determine the overall clock error between the
device A and the device N.

The delay for B: ‘
t, = DepartureTime — ArrivalTime, Equation 8

units are in B’s clock

The delay for B in A’s clock units:

t4, =g’ixtb Equation 9
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Clock Ratio though the system
ClockRatio = —%x 1+ (CA)EE + %gﬁ
CB CcC. \CBCC

cC
—X
CD

CB

Equation 10

The variable delay through the system in A’s clock units (delay ticks) (Equation
11):

-DelayTicks =—Ci4—xtb + C—A) B xt, + c4 CB) cc Xt +ot..
CB CB)CC CBCC)CD
Therefore:
m k C
DelayTicks = ) | , xH—é’—"— , " Equation 12
k=B n=B n

m is the last device before N

Clock Error=|1- (ACTSnfDelgyTzclfsn)—(Acg’Sn_l_JrDezayTz_cks,,_l) <1¢=, (ppm)
ArrivalTime, — ArrivalTime,_,

" {Equation 13) Eduation 13 does not have to be used to adjust N's clock. It is the

clock error in parts per million (ppm).
The device N receives the clock recovery packet and captures the arrival
time. The information in the packet and the arrival time are saved. Once a ’

“second clock recovery packet is received, the device N can synchronize its clock

to A’s clock using the respective arrival times and the information in the

recovery packets.
Figure 6 is a block diagram of a clock recovery packet in accordance with

embodiments of the presen{ invention. The clock recovery packet is generally

referred to by the reference numeral 100. The clock recovery packet 1 00

comprises an ACTS, a clock rate component and a delay ticks component.
Turning now to Figure 7, a block diagram of a device that performs clock
jitter removal in accordance with embodiments of the present invention is
illustrated. The diagram is generally referred to by a reference numeral 120. A
standard router and switches will not perform the time stamping and packet
modification required for a jitterless MxU network. The network 120 requires a
precisidn clock 121 with little error. This clock is shared by a plurality of packet
discriminators 122 and can be used by a packet processor 123. The packet
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discriminators 122 are connected to the physical ports 124 and are capable of
time stamping incoming and outgoing packets.

Figure 8 is a block diagram of a packet discriminator in accordance with
embodiments of the present invention. The packet discriminator is generally
referred to by the reference numeral 130. When a packet arrives, it is time
stamped, and the time stamp is saved with the packet. As the packet is being
transmitted through physical port 131, a discriminator 132 scans the packets for
a clock recovery packet. If a pécket of this type is detected, the discriminator
132 captures a time stamp 133. The discriminator then uses the previous and
current time stamps to compute the new “delay ticks” and “clock ratio”, which
are written back into the packet. The checksum and cyclic redundancy code
(“CRC”) are computed, and the packet is transmitted.

While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and will be described in detail herein. However, it should be

~ understood that the invention is not intended to be limited to the particular forms

disclosed. Rather, the invention is to cover all modlflcatlons, equivalents and
alternatives falling within the spirit and scope of the invention as defined by the

" following appended claims.
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CLAIMS

1. A system (12) for remote tuning over a network (14), comprising:
a device (18) that receives a signal (15) that comprises a plurality of
channels; ‘
a device (19) that receives a user request indicative of a desire to view at
least one of the plurality of channels; and
a filter (19) that filters the received signal and transmits a user signal
corresponding to the at least one of the plurality of channels to the

user.

2, The system (12) set forth in élaim 1, wherein the network (14) comprises

a MxU network.

3. The system (12) set forth in claim 1, wherein the filter comprises a packet
identifier (“PID") filter.

4, The system (12) set forth in claim 1, wherein the signal (15) is received
from a satellite (20).

5. The system (12) set forth in claim 1, wherein the network (14) comprises

" a plurality of network set top boxes (“NSTBs").

6. . A method for performing remote tuning over a network {14), the method
comprising the acts of: A ‘
receiving a signal (15) that comprises a plurality of channels;
reéeiving a user request indicative of a desire to view at least one of the
plurality of channels;
filtering the received signal to obtain a user signal corresponding to the at
least one of the plurality of channels; and '
transmitting the user signal to the user via the network (14).

7. The method set forth in claim 6, comprising employing a packet identifier
(“PID") filter to produce the user signal.
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8. A system (12) for synchronizing clocks across a network (14}, comprising:

a device (18) that receives a signal (15) that comprises a plurality of
packets, at least a portion of the plurality of packets comprising an
embedded time stamp;

a device (19) that detects the at least a portion of the plurality of packets
containing the embedded time stamp; and

a device (19) that compuies an adjusted time stamp based on the
embedded timestamp and a precision local clock (51) and
incorporates the adjusted timestamp into the at least a portion of
the plurality of packets containing the embedded timestamp prior to
transmitting the at least a portion of the plurality of packets to the
network (14).

9. The system (12) set forth in claim 8, wherein the at least a portion of the

~ packets are converted into Internet Protocol (“IP”) packets prior to being

transmitted to the network (14).

10. The system (1 2) set forth in claim 8, wherein each of the plurality of
packets receive a localized timestamp based on the precision local clock (51)
regardless of whether they contain the embedded timestamp.

11.  The system (12) set forth in claim 8, wherein the network (14) comprises
a plurality of network set top boxes (“NSTBs”) (44).

12.  The system (1 2) set forth in claim 12, wherein time synchfonization data

is sent to the NSTBs in a transport packet.

13. The system (12) set forth in claim 12, wherein each of the NSTBs is
adapted to employ the transport packet to synchronize an internal clock to the
embedded time stamps based on the time synchronization data.

14. The system (12) set forth in claim 8, wherein a normalized clock rate is
computed from the embedded time stamp and the precision local clock.

15. The system (12) set forth in claim 8, wherein a time adjustment factor is
computed.



10

15

20

25

WO 2004/054157 PCT/US2003/038753

17

16. A method for synchronizing clocks across a network (14), the method
comprising the acts of:
receiving a signal (15) that comprises a plurality of packets, at least a
portion of the plurality of packets comprising an embedded time
stamp;
detecting packets containing the embedded time stamp; .
computing an adjusted time stamp based on the embedded timestamp and
a precision local clock (51);
incorporating the adjusted timestamp into the at least a portion of the
plurality of packets containing the embedded timeétamp; and
transmitting the at least a portion of the plurality of packets to the
network (14).

17. The method set forth in claim 16, comprising the act of converting the at
least a plurality of packets into Internet Protocol (“IP") packets.

18. - The method set forth in claim 16, comprising the act of incorporating a
localized timestamp based on the precision local clock (61) into each of the
plurality of packets regardless of whether they contain the embedded timestamp.

19. The method set forth in claim 16, wherein the act of transmitting'the at
least a portion of the plurality of packets to the network (14) comprises
transmitting the at least a portion of the plurality of packets to a plurality of
network set top boxes (“NSTBs") (44). :
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