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(57) ABSTRACT

An encoder/decoder system usable to decrease the probabil-
ity of a failed transmission over a lossy wireless network. In

one embodiment, data packets unsuccessiully sent over the
wireless network may be retransmitted a particular number
of times, depending on how important the data in the lost
packet 1s. In another embodiment, when a number of trans-
mission failures 1s determined to exceed a predetermined
threshold, 1t may be signaled that multiple reference frames
should be used for encoding predictions.
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SYSTEMS AND METHODS FOR
TRANSMITTING DATA OVER LOSSY
NETWORKS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a divisional of U.S. patent application
Ser. No. 11/197,818, filed on Aug. 5, 2005, which 1s hereby
tully incorporated by reference.

FIELD OF THE INVENTION

The invention relates 1n general to transmitting data over
lossy networks, and 1n particular, to improving data trans-
mission performance over lossy wireless network connec-
tions.

BACKGROUND OF THE INVENTION

Typical problems associated with transmitting com-
pressed video over wireless networks include Quality of
Service (QoS), latency and maintaining basic 1image integ-
rity. For example, 1f a single packet of transmitted video data
1s lost, the fact that the video data is typically compressed 1n
the temporal domain can cause propagation and cascading of
a single artifact in one frame through multiple successive
frames. Such lossy wireless networks may operate wireless
protocols, such as those described by IEEE 802.11x and
802.15.3a, and video compression algorithms such as those
described by the AVC video standard. Lossy networks may
use transmission methods other than wireless such as, for
example, HomePlug AV Powerline Communications.

During video transmission over a lossy network, video
data (sometimes referred to as “video packets”) may be lost.
For example, wireless lossy transmission mediums can be
unrchiable 1n that the transmitted video packets may not
always be received (accurately or at all) by the wireless
receiver. To counter this, the 802.11x Media Access Control
(MAC) requires that 1n most cases a packet (or group of
packets for 802.11¢ extensions to the standard) that 1s
received will be acknowledged to the transmitter by sending,
back an “ACK” signal. Hence a missing ACK signal nor-
mally indicates that a video packet (or packets) has been
lost.

In addition, video packet data can also be lost at the
receiver. For example, as Advanced Video Coding (AVC)
encoded data tends to be bursty, an unexpectedly large burst
can overtlow bullers on the receiver-side at several locations
between the 802.11x module and the AVC decoder 1tself.
Most packets lost 1n this way can be detected by Real-Time
Transport Protocol (RTP) feedback.

To alleviate some of the inherent drawbacks associated
with lossy network communication, various data recovery
and error correction features have been built into the data
coding standard used. For example, H264/AVC 1s a more
recently developed coding standard which includes a Video
Coding Layer (VCL) to efliciently represent the video
content, and a Network Abstraction Layer (NAL) to format
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2

the VCL representation of the video and provide header
information 1 a manner appropriate for conveyance by
particular transport layers or storage media. Despite these
cllorts, there 1s a need to improve transmission reliability
and error concealment over lossy network connections, such
as 802.11x networks.

Thus, there 1s still an unsatisfied need for an 1mproved
system and method for transmitting video data over net-
works 1 a manner which decreases the probability of a
failed transmission, improves the probability of successiul
decoding and/or increases the quality of error concealment
on the receiver-side.

SUMMARY OF TH.

INVENTION

(L]

Systems and methods for transmitting data over lossy
networks, such as wireless networks, are disclosed and
claimed herein. In one embodiment a method comprises
transmitting a plurality of encoded data packets over a
wireless network, receiving acknowledgment signals for
cach of said plurality of encoded data packets when suc-
cessiully transmitted, and determining 1f a number of trans-
mission failures exceeds a to predetermined threshold, and
if so, signaling that multiple reference frames should be used
for encoding predictions.

Other embodiments are disclosed and claimed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts one embodiment of a simplified system
overview for implementing one or more aspects of the
invention;

FIG. 2 depicts a process for carrying one aspect of the
invention in accordance with one embodiment:

FIG. 3 depicts a process for carrying another aspect of the
invention, according to one embodiment;

FIG. 4 depicts a process for carrying yet another aspect of
the invention, according to one embodiment;

FIG. 5 depicts an IDR frame according to one embodi-
ment; and

FIG. 6 depicts an IDR frame according to another
embodiment.

L1

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

The mvention relates to a system 1n which data (e.g.,
video data) 1s being transmitted at least partially wirelessly
over a lossy network originating from a server to one or
more client-side systems. In one embodiment, the server
includes an encoder module and a transmitter, while the
client includes a decoder module and a receiver.

According to one aspect of the invention, data packets
sent over the wireless network by the server which are not
successiully recetved may be retransmitted a particular
number of times. In one embodiment, the number of retrans-
mission attempts 1s based on how important the data in the
lost packet 1s considered. That 1s, 1n one embodiment, the
number of retransmission attempts may be made adaptive,
and packets considered more important (e.g., those contain-
ing IDR frames) are retransmitted a greater number of times
as compared to less important packets (e.g., those containing
P frames). In one embodiment, the alorementioned data
packets may be encoded by an H.264/AVC encoder and/or
sent over a 802.11x wireless network connection to be
decoded by one or more H.264/AVC decoders.
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Another aspect of the invention 1s to improve the prob-
ability of successtul decoding at the client side. In one
embodiment, this 1s done by having a decoder signal to a
corresponding encoder to use multiple reference frames for
subsequent prediction operations. In the case of an H.264/ >
AV system, this allows frames, such as P frames, that refer
to data 1n prior frames (or 1n the case of B frames also future
frames) to refer to macroblocks 1n multiple reference frames
in order to determine the macroblocks 1n a current frame.

In another embodiment, the probability of successiul
decoding at the client side may be improved by 1dentifying
exactly which slices of the original data stream have not
been received at the decoder. In one embodiment, this may
be done by noting when an acknowledgment signal i1s not
received for a given packet and all the packet retransmission
attempts have been used. Using this information, an encoder
may then stop referring to these lost slices/macroblocks in
future coding operations. This may then limit the propaga-
tion of errors in future decoded frames at the client side. 20
While 1n one embodiment, this may be done concurrently
with the aforementioned operations, in another embodiment
it may be subsequently performed.

Still another aspect of the mvention i1s to estimate the
distortion of the data caused by lost data packets/slices. 25
Using this information, past pixels that are considers to have
been reconstructed adequately by the error concealment at
the client may continue to be referred to, while references to
data not adequately reconstructed properly may be avoided.

In one embodiment, the client itself may indicate the level 30
of distortion back to the server given that the client decoder
knows exactly what error concealment was used. This
information may then be commumnicated back to the server.
However, 1n another embodiment, an estimate of error of the
received data may also be determined on the server-side by 35
estimating the error concealment at the client for the given
lost data packets, and the distortion may then be estimated
by comparing the reconstructed data to the original data
which 1s also available at the server.

Still another aspect of the invention 1s to increase the 40
quality of error-concealment at the client by making use of
the Flexible Macroblock Ordering (FMO) functionality of
an H.264/AVC encoder/decoder system. That 1s, the recon-
struction of IDR frames (on which all successive frames 1n
the picture depend) may be made more robust by first 45
decomposing each IDR frame into n fields such that all
macroblocks of the IDR frame may be included in the n
ficlds without duplication. Thereafter, each field may be
segmented 1nto m slices. In one embodiment, all m slices for
the first field may be transmitted first, followed by the 50
transmission of all m slices for the second field, and so on
until all m slices for all n fields have been transmitted. This
may be desirable since errors 1n lossy network environments
(e.g., 802.11x) are often bursty, where a short burst of errors
might eliminate all m slices, for example, for a given field. 55
That being the case, 1f the m slices for different fields (e.g.,
1,3.4, etc.) have been received correctly, then the error
concealment functionality of the decoder (e.g., H.264/AVC
decoder) may interpolate neighboring pixels to estimate the
missing pixels since the missing macroblocks are spatially 60
surrounded by available macroblocks.

While 1t should be appreciated that all or some of the
alorementioned aspects of the invention may be imple-
mented using an H.264/AVC encoder/decoder system and/or
a 802.11x wireless network connection, it should equally be 65
appreciated that they may also be implemented using other
similar codecs and/or lossy communication channels.
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When mmplemented in software, the elements of the
invention are essentially the code segments to perform the
necessary tasks. The program or code segments can be
stored 1n a processor readable medium or transmitted by a
computer data signal embodied 1n a carrier wave over a

transmission medium or communication link.
H.264/AVC Overview

The H.264/AVC standard supports video coding that
contains either progressive, interlaced frames or both mixed
together in the same sequence. Generally, a frame of video
contains two interleaved fields—a top and a bottom field.
The two fields of an interlaced frame, which are separated 1n
time by a field period, may be coded separately as two field
pictures or together as a frame picture. A progressive frame,
on the other hand, 1s coded as a single frame picture.
However, i1t 1s still considered to consist of two fields at the
same 1nstant 1n time.

The VCL, which will be described 1n more detail below,
represents the content of the video data. In contrast, the NAL
formats the data and provides header information in a
manner appropriate for conveyance by the transport layers
or storage media. All data 1s contained in NAL units, each
of which contains an integer number of bytes. An NAL unit
specifies a generic format for use 1 both packet-oriented
and bitstream systems.

The VCL of the H.264/AVC standard 1s similar in spirit to
other standards such as MPEG-2. In short, it consists of a
hybrid of temporal and spatial prediction, in conjunction
with transform coding. Each picture of a video, which can
cither be a frame or a field, 1s partitioned nto fixed-size
macroblocks that cover a rectangular picture area of 16x16
samples of the luma component and 8x8 samples of each of
the two chroma components. All luma and chroma samples
ol a macroblock are either spatially or temporally predicted,
and the resulting prediction residual 1s transmitted using
transform coding.

The macroblocks are organized 1n slices, which represent
portions of a given image that can be decoded indepen-
dently, and the transmission order of macroblocks in the
bitstream depends on a Macroblock Allocation Map. The
H.264/AVC standard supports five different slice-coding
types. The simplest one 1s referred to as an I slice, or Intra
slice. In I slices, all macroblocks are coded without referring
to other pictures within the video sequence. On the other
hand, prior-coded 1mages can be used to form a prediction
signal for macroblocks of the predictive-coded P and B
slices (where P stands for predictive and B stands for
bi-predictive). The two additional slice types are SP (switch-
ing P) and SI (switching I), which are specified for eflicient
switching between bitstreams coded at various bit-rates.

The H.264/AVC standard supports a feature called Flex-
ible Macroblock Ordering (FMO) 1n which a pattern that
assigns the macroblocks 1n a picture to one or several slice
groups 1s specified. Each slice group may then be transmiut-
ted separately.

System Architecture Overview

FIG. 1 depicts one embodiment of a system 100 for
carrying out one or more aspects of the invention. In
particular, system 100 includes the capture of video content
from source 110. In one embodiment, video content 115 may
be real-time content transmitted from a real-time video
source. Regardless of whether the video content 115 1s
real-time content or not, 1t may then be provided to server
135 which, in the embodiment of FIG. 1, 1s comprised of
encoder 120 and transmitter 130. In one embodiment,
encoder 120 processes the video content 115 from source
110 1n order to provide encoded data 123 to some destination
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point via network 140. In one embodiment, encoder 120
may encode video content 115 in accordance with the
previously-described H.264/AVC coding standard. How-
ever, 1t should equally be appreciated that the invention may
be used with similar codecs other than the H.264/AVC
coding standard

Once encoded, encoded data 125 1s provided to transmit-
ter a client 145, as shown 1n FIG. 1. While 1n one embodi-
ment, transmitter 130 1s a 802.11x or 802.15.3a wireless
transmitter, 1t should equally be appreciated that transmaitter
130 may also transmit data according to numerous other
lossy protocols. Regardless of the wireless protocol
employed, encoded data 125 may then be provided to and
sent over network 140. In one embodiment encoder 120 may
encode video content 113 1n accordance with the previously-
described H.264/AVC coding standard. However, 1t should
equally be appreciated that the imnvention may be used with
similar codecs other than the H.264/AVC coding standard,
and with lossy networks other than 802.11x/802.15.3a wire-
less networks.

Continuing to refer to FIG. 1, client 145 includes receiver
150 and decoder 155. Encoded data 125 may be received by
receiver 145, which 1s 1n communication with network 140
(c.g., the Internet). Recerver 150 may then provide the
encoded data 125 to decoder 150. In another embodiment,
the encoded data 125 may be received and decoded by a
plurality of client-side devices (not shown). Depending on
the coding standard used by the encoder 120 (e.g., H.264/
AV (), the decoder 155 may then perform specific decoding
operations on the encoded data 125 to provide decoded
video content 160 to a connected display device 165, as
shown 1n FIG. 1.

It should be appreciated that server 135 and client 145
may have numerous configurations other than as depicted in
FIG. 1. For example, either or both of encoder 120 and
transmitter 130 may be separate from server 135. Similarly,
either or both of decoder 155 and receiver 150 need not be
integrated into client 145.

Although not depicted, 1t should equally be appreciated
that server 135 and/or client 145 may include other compo-
nents, such as a central processing unit (CPU), which may
include an arithmetic logic unit (ALU) for performing
computations, a collection of registers for temporary storage
of data and instructions, and a control unit for controlling
operation for the computer system. In one embodiment, the
CPU may be any one of the x86, Pentium™ class micro-
processors as marketed by Intel™ Corporation, micropro-
cessors as marketed by AMD™, or the 6x86MX micropro-
cessor as marketed by Cyrix™ Corp. In addition, any of a
variety of other processors, including those from Sun Micro-
systems, MIPS, IBM, Motorola, NEC, Cyrix, AMD, Nexgen
and others may be used. Moreover, any such CPU need not
be limited to microprocessors, but may take on other forms
such as microcontrollers, digital signal processors, reduced
istruction set computers (RISC), application specific inte-
grated circuits, and the like.

Other components that the server 135 and/or client 145
may include are a random access memory, a non-volatile
memory (e.g., hard disk, floppy disk, CD-ROM, DVD-
ROM, tape, high density floppy, high capacity removable
media, low capacity removable media, solid state memory
device, etc., and combinations thereol). The server 1335
and/or client 145 may also include a network interface (e.g.,
a network interface card, a modem interface, integrated
services digital network, etc.), and a user input device (e.g.,
a keyboard, mouse, joystick and the like for enabling a user
to iteract with and provide commands).
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It should further be appreciated that the server 135 and/or
client 145 may include system firmware, such as system
BIOS, and an operating system (e.g., DOS, Windows, Unix,
Linux, Xemx, etc) for controlling the server 135 and/or
client’s operation and the allocation of resources.
Decreasing Probability of a Failed Transmission

As mentioned above, one aspect of the invention 1s to be
able to decrease the probability of a failed transmission. To
that end, FIG. 2 depicts a process 200 for how the prob-
ability of a failed transmission may be decreased 1n accor-
dance with one embodiment of the invention. With real-time
wireless transmissions, 1t 1s not always feasible to guarantee
successiul transmission of all data packets. In particular,
excessive redundant transmissions can lead to unacceptable
latencies. With that said, some data packets can be consid-
ered more important than others. Hence, the number of
retransmission attempts may be a function of the importance
of the packets 1n question. For example, packets containing
Instantaneous Decoder Refresh (IDR) frames may be
retransmitted a greater number of times as compared to less
important packets, such as those containing predictive
frames, or P frames. To that end, process 200 begins at block
210 with the transmission of a data packet. A determination
may then be made at block 220 as to whether the packet was
received or not. In one embodiment, this determination may
be based on whether the destination receiver (e.g., client
145) provided an ACK signal back to the source (e.g., server
135). However, 1t should equally be appreciated that suc-
cessiul packet delivery may be determined using other
means as well.

If 1t 1s determined at block 220 that the packet in question
was 1n fact recerved, then process 200 simply moves to
block 230 where the next data packet 1s processed. If, on the
other hand, it 1s determined that the packet was not properly
received, then process 200 may continue to block 240 where
a determination 1s made as to what number of retransmission
should be attempted for the given packet. In one embodi-
ment, the number of retransmission attempts 1s based on the
importance of the data contained within the given packet. In
another embodiment, the number of retransmissions 1s made
adaptive at all levels at which retransmission 1s implemented
to occur. For example, the number of retransmissions may
be made adaptive at the 802.11x MAC layer, as well as at the
RTP layer 1f a form of reliable or semi-reliable RTP retrans-
mission has been implemented.

Once the packet’s number of retransmissions has been
determined, process 200 will continue to block 250 where 1t
1s determined i1 the packet should be re-sent or not. If the
number of retransmission attempts equals zero, then the
packet will not be re-sent and process 200 ends. If, on the
other hand, the number of retransmission attempts 1s greater
than zero, then process 200 will continue to block 260 where
the packet 1s re-sent, and then the number of remaining
retransmission attempts 1s reduced by 1 (block 270). Once
re-sent, a determination must then be made at block 280 as
to whether the re-sent packet was received this time. I so,
then process 200 simply moves to block 230 where the next
data packet 1s processed. If not, then process 200 moves
back to block 250 where 1t 1s determined i1 the packet should
be re-sent or not (1.e., determine 1f the number of retrans-
mission attempts equals zero or not).

Increasing Probability of Successiul Decoding

As mentioned above, another aspect of the invention 1s to
increase the probability of successtul decoding at the client
side of a lossy transmission. To that end, FIG. 3 illustrates
one embodiment of a process 300 for improving the decod-
ing of video content transmitted over a lossy network (e.g.,
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network 140). In particular, process 300 begins with a
determination of whether or not the number of transmission
failures has increased. This may be done, for example, by
detecting a decreasing number of ACKs sent by a client side
device (e.g., client 145). In one embodiment, a predeter-
mined threshold may be used to compare the number of
ACKs against. Once the number of ACKs (or the rate of
ACKs received per given time period) falls below the
predetermined threshold, process 300 continues to one or
more of blocks 310, 320 and 335. That 1s, portions of process
300 may be carried out concurrently or sequentially. For
example, the portions of process 300 which comprise blocks
310-315 may be carried out concurrently with the operations
described below with reference to blocks 320-330 and/or
blocks 335-345.

Once the number of ACKs (or the rate of ACKs received)
falls below the predetermined threshold, the client or
decoder-side may signal back to the encoder that it should
use multiple reference frames for prediction purposes. For
example, 1n the case of a H.264/AVC encoder, P frames that
refer to data 1n prior frames (or 1n the case of B frames also
future frames) to refer to macroblocks in multiple reference
frames 1n order to determine the macroblocks 1n the current
frame. Hence, 11 one of the reference frames 1s missing due
to a lossy transmission error, the current frame can still be
successiully reconstructed assuming the other reference
frames are not also lost.

Thus, by using multiple reference frames (block 313) the
probability that a lost frame will cause a cascading eflect that
leads to corruption of future predicted frames can be eflec-
tively decreased. As 1llustrated by the dashed progress lines
leading from block 315, the operations of blocks 310-315
may be performed either concurrently with or sequentially
with the operations described below with reference to blocks
320-330 and 335-345.

Regardless of whether sequentially or concurrently per-
formed, at block 320 the server side (e.g., server 135) may
identily exactly which slices of the original video stream
have not been received at the decoder. In one embodiment,
this information 1s available since the server knows which
data packets are lost because a ACK signal would not have
been received for the given packet at the 802.11x MAC
layer, or which RTP packets are lost at the RTP application
layer. Once the missing slices have been 1dentified, process
300 may continue to block 3235 where the encoder 1s notified
of exactly which slices (and hence which macroblocks) have
not been recerved by the decoder. Using this information, the
encoder (which in one embodiment 1s an H2.64/AVC
encoder) will stop referring to these lost slices/macroblocks
in future P and B frames (block 330). In another embodi-
ment, the encoder may also generate additional IDR frames
if necessary.

Either currently with or sequentially to the aforemen-
tioned operations of process 300, the level of distortion
caused by the missing packets may be estimated by the
server at block 335. This may be significant since not all lost
packets degrade the video equally, specially since many
decoders (e.g., H264 decoders) employ error concealment.
In one embodiment, the client itsell may estimate the
distortion of the client’s video caused by the lost packets.
This may be preferable since the decoder will know exactly
how 1t has implemented possibly proprietary error conceal-
ment. In this case, the level of distortion may be commu-
nicated back to the server (block 340).

Alternatively, this back channel of communication
between the client and server may be unreliable. In that case,
an estimate of the error of the final video may also be
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determined at the server by estimating the error concealment
at the client for the given lost slices/packets. The distortion
may be estimated by comparing the reconstructed video to
the original video which 1s also available at the server.
Regardless of whether the distortion has been estimated on
the client side or on the server side, this information may
then be used by the encoder to only refer to past pixels that
are considered to have been reconstructed adequately by the
error concealment at the client (block 345).

In addition to real-time video content, the process 300 of
FIG. 3 may also be implemented for pre-stored streams on
the server side (such as on a PVR or at a ISP’s head-end).
In this case, several versions of the same encoded stream can
be pre-stored, which can decrease the latency of producing
these multiple versions of encoded data on the fly. In other
cases where the content 1s being encoded in real-time, 1n
latency-critical applications 1t may be preferable to generate
multiple encoded streams (e.g., H.264/AVC) simultaneously
in a manner that allows switching between them to limat
dependencies on any specific lost slices as explained above.
Increasing Quality of Error Concealment

As mentioned above, another aspect of the invention 1s to
increase the quality of error concealment at the client side of
a lossy transmission. To that end, FIG. 4 illustrates one
embodiment of a process 400 for using error concealment to
reduce the distortion of the video content caused by the
missing macroblocks. In the case of an H.264/AVC encoder,
Flexible Macroblock Ordering (FMQO) 1s available. The
reconstruction of IDR frames (on which all successive
frames 1n the picture depend) may be made more robust
using the process 400 of FIG. 4. In particular, process 400
begins at block 410 by decomposing each IDR frame 1nto n
fields. As will be shown below with reference to FIG. 5, each
field may comprise macroblocks spatially separated from
other macroblocks by p macroblocks. Hence, all macrob-
locks of the IDR frame may be included in the n fields
without duplication. Thereafter at block 420 each field may
be segmented mnto m slices by the NAL, where size restric-
tions may be imposed by a wireless network (e.g., 802.11x)
link laver.

Once the fields have been segmented mto m slices,
process 400 may continue to block 430 for all m slices for
the first field may be transmitted first, followed by the
transmission of all m slices for the second field, and so on
until all m slices for all n fields have been transmitted. This
form of transmission may be particularly useful for trans-
missions over a lossy network i which errors are often
bursty (e.g., 802.11x), where a short burst of errors might
climinate all m slices for a given field. However, if the m
slices for different fields (e.g., 1,3.4, etc.) have been received
correctly, then the error concealment functionality of the
decoder (e.g., H.264/AVC decoder) will be able to interpo-
late neighboring pixels to estimate the missing pixels given
that the missing macroblocks are spatially adjacent to or
surrounded by available macroblocks. This approach avoids
the need to transmit duplicate data to compensate for lost
packets or slices, hence requiring less bandwidth. In another
embodiment, instead of a single macroblock separated by n
macroblocks, the single macroblock may 1tself be expanded
to include a group of macroblocks around the original
macroblock.

In another embodiment, the encoding process 400 of FIG.
4 may also help the buller management and streaming stacks
to determine which packets of data can be dropped prior to
wireless transmission (or after wireless reception) should
critical congestion occur at other stages of the network. By
dropping a network packet containing one of the fields of the
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dropping a network packet containing one of the fields of the
frame may result 1n better decoded video quality at the
receiver compared to randomly dropping any packet 1n the
original stream. It should further be appreciated that, fo
specific applications 1 which spatial multiplexing MIMO
wireless technology 1s used, it 1s possible to optionally
transmit each field on a separate spatial channel to further
improve performance.

While the aforementioned process 400 was described in
terms ol IDR frames, 1t should further be appreciated that it
may be used with any type of data frame containing spatial
intra-frame data so long as the available bandwidth and
computational resources permit.

Referring now to FIG. 5, depicted 1s one embodiment of
an IDR frame 500 comprised of 4 fields, where the indi-
vidual macroblock of any one field are spatially separated
from each other by p=1 macroblock in both the horizontal
and vertical directions. Field #3, for example, 1s comprised
of all the individual macroblocks labeled “3,” as shown 1n
FIG. 5. In this fashion, Field #3 may be transmitted 1n
multiple slices/packets so as to reduce the consequence of
bursty errors by improving the error concealment function-
ality on the decoder side.

FIG. 6 depicts another embodiment of an IDR frame 600.
However, 1in the embodiment of FIG. 6, the IDR {frame 600
1s comprised of a plurality of “super-macroblocks.” In this
embodiment, a super-macroblock 1s made up of 4 individual
macroblocks all containing data for the same field. Thus, all
super-macroblocks labelled #1, for example, are considered
part of Field #1 and are transmitted as one or more slices in
sequence. Thereafter, the same 1s done for Field #2 (which
1s correspondingly comprised of the super-macroblocks
labelled #2), then Field #3 and so on. Compared to the
macroblock based algorithm of FIG. 5, the super-macrob-
lock algorithm of FIG. 6 will tend to increase encoding
elliciency but decrease accuracy ol reconstruction at the
decoder should a field be lost 1n transmission.

While the invention has been described in connection
with various embodiments, it will be understood that the
invention 1s capable of further modifications. This applica-
tion 1s intended to cover any variations, uses or adaptations
of the invention following, in general, the principles of the
invention, and including such departures from the present
disclosure as, within the known and customary practice
within the art to which the invention pertains.

What 1s claimed 1s:

1. A method comprising:

transmitting a plurality of encoded data packets over a

wireless network;

receiving acknowledgment signals for each of said plu-

rality of encoded data packets when successiully trans-
mitted; and

determining if a number of transmission failures exceeds

a predetermined threshold, and 11 so,

signaling that multiple reference frames should be used

for encoding predictions.

2. The method of claim 1, wherein said plurality of
encoded data packets are encoded according to an H.264/
AVC coding standard.

3. The method of claim 2, wherein said wireless network
1s a lossy wireless network.

4. The method of claim 1, further comprising determining,
a number of retransmission attempts for a particular encoded
data packet 11 not successfully transmitted, wherein said
number of retransmission attempts 1s based at least in part on
a type of data 1n said encoded data packet.
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5. The method of claim 4, wherein said number of
retransmission attempts increases when said type of data in
said particular encoded data packet 1s Instantaneous Decoder
Refresh (IDR) frame data.
6. The method of claim 1, wherein determining the
number of transmission failures exceeds the predetermined
threshold comprises detecting a decrease 1in a number of
acknowledgment signals being sent.
7. The method of claim 1, further comprising:
identifying one or more slices of said plurality of encoded
data packets which were not successtully transmitted;
and
ceasing to refer to said one or more slices when encoding,
subsequent frames of said encoded video data.
8. The method of claim 1, further comprising;:
estimating a distortion level caused by the unsuccessiul
receipt of a plurality of lost data packets transmitted
over said network; and
encoding additional video data using said distortion level
to avoid referencing
said plurality of lost data packets.
9. A system comprising;:
a wireless network:
a client coupled to said wireless network, said client
including a decoder and a receiver;
a server coupled to said wireless network, said sever
including an encoder and a transmitter, wherein said
server 1s to,
transmit a plurality of encoded data packets over the
wireless network to said client;

receive acknowledgment signals for each of said plu-
rality of encoded data packets when successiully
transmitted to said client; and

determine 1f a number of transmission failures exceeds
a predetermined threshold, and 11 so,

signal that multiple reference frames should be used for
encoding predictions.

10. The system of claim 9, wheremn said plurality of
encoded data packets are encoded according to an H.264/
AVC coding standard.

11. The system of claim 10, wherein said wireless network
1s a lossy wireless network.

12. The system of claim 9, wherein said server 1s to further
determine a number of retransmission attempts for a par-
ticular encoded data packet 1f not successiully transmitted,
wherein said number of retransmission attempts 1s based at
least 1n part on a type of data in said encoded data packet.

13. The system of claim 12, wherein said number of
retransmission attempts increases when said type of data in
said particular encoded data packet 1s Instantaneous Decoder
Refresh (IDR) frame data.

14. The system of claim 9, wherein determining the
number of transmission failures exceeds the predetermined
threshold comprises detecting a decrease in a number of
acknowledgment signals being sent.

15. The system of claim 9, wheremn said server 1s to
further,

identify one or more slices of said plurality of encoded
data packets which were not successtully transmitted;
and

cease to refer to said one or more slices when encoding
subsequent frames of said encoded video data.

16. The system of claim 9, wherein said server 1s to

further,

estimate a distortion level caused by the unsuccessiul
receipt of a plurality of lost data packets transmitted
over said network; and
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encode additional video data using said distortion level
to avoid referencing said plurality of lost data pack-
ets.
17. A system comprising.

12
22. The system of claim 21, wherein all macroblocks of the

IDR frame are included in the plurality of fields.

23. The system of claim 17, wherein the server is further
configured to identify macroblocks not received by the client

a server in communication with a wireless network, the 5 Jfrom the server and interpolate neighboring pixels to esti-

server being configured to:

encode a plurality of data packets including a plurality of

frames associated with video content;

transmit the plurality of encoded data packets to a client
connected to the wireless network;

decompose each of the frames into a plurality of fields,

segment each of the fields into a plurality of slices;

transmit each of the slices associated with a first of the
fields over the wireless network to the client; and

transmit each of the slices associated with a second of the
fields over the wireless network to the client after
transmission of each of the slices associated with the

fivst of the fields.

18. The system of claim 17, wherein the plurality of

encoded video data packets arve encoded according to an

H.264/AVC coding standard.

19. The system of claim 17, wherein the wireless network

is a lossy wireless network.

20. The system of claim 17, wherein each of the frames is
an Instantaneous Decoder Refresh (IDR) frame.

21. The system of claim 20, wherein each of the fields
comprises a plurality of macroblocks, the macroblocks
being spatially separated from one another by p macrob-

locks.
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mate pixels of the macroblocks not received by the client.

24. The system of claim 17, wherein the server is further
configured to determine which of the video data packets are
not to be transmitted from the server to the client due to
congestion of the wireless network.

25. The system of claim 17, wherein the server is further
configured to transmit each of the plurality of fields on a
separate spatial channel.

26. The system of claim 17, wherein the server includes an
encoder adapted to encode the plurality of data packets
including a plurality of frames associated with video con-
lent.

27. The system of claim 17, further comprising a trans-
mitter adapted to transmit each of the slices associated with
the first of the fields over the wireless network to the client;
and transmit each of the slices associated with the second of
the fields over the wireless network to the client after
transmission of each of the slices associated with the first of
the fields.

28. The system of claim 27, wherein the server includes
the transmitter.

29. The system of claim 27, wherein the transmitter is
separate from the server.

¥ ¥ H ¥ H
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