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DECODER BUFFER FOR STREAMING VIDEO 
RECEIVER AND METHOD OF OPERATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present invention is related to that disclosed in 
US. Provisional Patent Application No. 60/108,939, ?led on 
Nov. 18, 1998, entitled “SCALABLE VIDEO STREAM 
ING USING MPEG-4”, Which is commonly assigned to the 
assignee of the present invention. The disclosure of this 
related provisional patent application is incorporated herein 
by reference for all purposes as if fully set forth herein. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention is directed, in general, to 
video processing systems and, more speci?cally, to a 
decoder buffer for use in a streaming video receiver. 

BACKGROUND OF THE INVENTION 

[0003] Real-time streaming of multimedia content over 
Internet protocol (IP) netWorks has become an increasingly 
common application in recent years. AWide range of inter 
active and non-interactive multimedia Internet applications, 
such as neWs con-demand, live TV vieWing, video confer 
encing, and many others rely on end-to-end streaming 
solutions. Unlike a “downloaded” video ?le, Which may be 
retrieved ?rst in “non-real” time and vieWed or played back 
later, streaming video applications require a video source to 
encode and to transmit a video signal over a netWork to a 

video receiver, Which must decode and display the video 
signal in real time. The receiver relies on a decoder buffer to 
receive encoded video data packets from the netWork and to 
transfer the packets to a video decoder. 

[0004] TWo problems arise When a streaming video signal 
is transmitted across a non-guaranteed Quality-of-Service 
(QoS) netWork, such as the Internet. First, end-to-end varia 
tions in the netWork (e.g., delay jitter) betWeen the streaming 
video transmitter and the streaming video receiver mean that 
the end-to-end delay is not constant. Second, there is usually 
a signi?cant packet loss rate across non-QoS netWorks, often 
requiring re-transmission. The lost data packet must be 
recovered prior to the time the corresponding frame must be 
decoded. If not, an under?oW event occurs. Furthermore, if 
prediction-based compression is used, an under?oW due to 
lost data packets may not only impact the current frame 
being processed, but may affect many subsequent frames. 

[0005] It is Well-knoWn that re-transmission of lost pack 
ets is a viable means of recovery for continuous media 
communication over packet netWorks. Many applications 
use a negative automatic repeat request (NACK) in con 
junction With re-transmission of the lost packet. These 
approaches take into consideration both the round-trip delay 
and the delay jitter betWeen the sender and the receiver(s). 

[0006] For eXample, an end-to-end model With re-trans 
mission for packet voice transmission has been developed. 
This model takes advantage of the fact that voice data 
consists of periods of silence separated by brief talk-spurt 
segments. The model also assumes that each talk-spurt 
consists of a ?Xed number of ?Xed-siZe packets. HoWever, 
this model is not general enough to capture the character 
istics of compressed video (Which can have variable number 
of bytes or packets per video frame). 
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[0007] There is therefore a need in the art for improved 
streaming video receivers that compensate for variations 
inherent in a non-QoS netWork. In particular, there is a need 
for an improved receiver decoder buffer that takes into 
consideration both transport delay parameters (e.g., end-to 
end delay and delay jitter) and video encoder buffer con 
straints. More particularly, there is a need for an improved 
decoder buffer that eliminates the separation betWeen the 
netWork transport buffer, Which is typically used to remove 
delay jitter and to recover lost data, and the video decoder 
buffer. 

SUMMARY OF THE INVENTION 

[0008] The present invention is embodied in an Integrated 
Transport Decoder (ITD) buffer model. One key advantage 
of the ITD model is that it eliminates the separation of a 
netWork-transport buffer, Which is typically used for remov 
ing delay jitter and recovering lost data, from the video 
decoder buffer. This can signi?cantly reduce the end-to-end 
delay, and optimiZe the usage of receiver resources (such as 
memory). 

[0009] It is a primary object of the present invention to 
provide, for use With a video decoder capable of decoding 
streaming video, a decoder buffer capable of receiving from 
a streaming video transmitter data packets comprising the 
streaming video and storing the data packets in a plurality of 
access units. Each of the access units is capable of holding 
at least one data packet associated With a selected frame in 
the streaming video. The decoder buffer comprises: 1) a ?rst 
buffer region comprising at least one access unit capable of 
storing data packets that are less immediately needed by the 
video decoder; and 2) a re-transmission region comprising at 
least one access unit capable of storing data packets that are 
most immediately needed by the video decoder, Wherein the 
decoder buffer, in response to a detection of a missing data 
packet in the re-transmission region requests that the stream 
ing video transmitter retransmit the missing packet. 

[0010] In one embodiment of the present invention, at 
least one of the data packets are stored in the ?rst buffer 
region for a period of time equal to a start-up delay time of 
the decoder buffer. 

[0011] In another embodiment of the present invention, 
the data packets are ?rst stored in the ?rst buffer region and 
are shifted into the re-transmission region. 

[0012] In still another embodiment of the present inven 
tion, the ?rst buffer region is separate from the re-transmis 
sion region. 

[0013] In yet another embodiment of the present inven 
tion, the ?rst buffer region overlaps at least a portion of the 
re-transmission region. 

[0014] In a further embodiment of the present invention, 
the ?rst buffer region overlaps all of the re-transmission 
region. 

[0015] In a further embodiment of the present invention, 
the ?rst buffer region is separated from the re-transmission 
region by a second buffer region in Which a late data packet 
is late With respect to an expected time of arrival of the late 
data packet, but is not suf?ciently late to require a re 
transmission of the late data packet. 
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[0016] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention so 
that those skilled in the art may better understand the 
detailed description of the invention that folloWs. Additional 
features and advantages of the invention Will be described 
hereinafter that form the subject of the claims of the inven 
tion. Those skilled in the art should appreciate that they may 
readily use the conception and the speci?c embodiment 
disclosed as a basis for modifying or designing other struc 
tures for carrying out the same purposes of the present 
invention. Those skilled in the art should also realiZe that 
such equivalent constructions do not depart from the spirit 
and scope of the invention in its broadest form. 

[0017] Before undertaking the DETAILED DESCRIP 
TION, it may be advantageous to set forth de?nitions of 
certain Words and phrases used throughout this patent docu 
ment: the terms “include” and “comprise,” as Well as deriva 
tives thereof, mean inclusion Without limitation; the term 
“or,” is inclusive, meaning and/or; the phrases “associated 
With” and “associated thereWith,” as Well as derivatives 
thereof, may mean to include, be included Within, intercon 
nect With, contain, be contained Within, connect to or With, 
couple to or With, be communicable With, cooperate With, 
interleave, juxtapose, be proximate to, be bound to or With, 
have, have a property of, or the like; and the term “control 
ler” means any device, system or part thereof that controls 
at least one operation, such a device may be implemented in 
hardWare, ?rmWare or softWare, or some combination of at 
least tWo of the same. It should be noted that the function 
ality associated With any particular controller may be cen 
traliZed or distributed, Whether locally or remotely. De?ni 
tions for certain Words and phrases are provided throughout 
this patent document, those of ordinary skill in the art should 
understand that in many, if not most instances, such de?ni 
tions apply to prior, as Well as future uses of such de?ned 
Words and phrases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW 
made to the folloWing descriptions taken in conjunction With 
the accompanying draWings, Wherein like numbers desig 
nate like objects, and in Which: 

[0019] FIG. 1 illustrates an end-to-end transmission of 
streaming video from a streaming video transmitter through 
a data netWork to an exemplary streaming video receiver 
according to one embodiment of the present invention; 

[0020] FIG. 2 illustrates an ideal encoder-decoder model 
of a video coding system; 

[0021] FIG. 3 illustrates end-to-end transmission of 
streaming video from a compressed video source through a 
channel to an exemplary integrated transport decoder buffer 
and video decoder, Without support for re-transmission, 
according to one embodiment of the present invention. 

[0022] FIG. 4 illustrates a sequence diagram shoWing the 
How of data packets through different and distinct regions of 
exemplary ideal integrated transport decoder buffer. 

[0023] FIG. 5 illustrates a sequence diagram shoWing the 
How of data packets through different over-lapping regions 
of exemplary integrated transport decoder buffer con?gured 
for the maximum outer boundary range. 
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DETAILED DESCRIPTION 

[0024] FIGS. 1 through 5, discussed beloW, and the 
various embodiments used to describe the principles of the 
present invention in this patent document are by Way of 
illustration only and should not be construed in any Way to 
limit the scope of the invention. Those skilled in the art Will 
understand that the principles of the present invention may 
be implemented in any suitably arranged streaming video 
receiver. 

[0025] Additionally, those skilled in the art Will readily 
understand that While the embodiment of the present inven 
tion described beloW is principally oriented toWards stream 
ing video, this is by Way of illustration only. In fact, the 
improved integrated transport decoder buffer described 
beloW may be readily adapted for use in connection With 
streaming audio data or other streaming data that must be 
supplied to a decoder at a required rate. 

[0026] FIG. 1 illustrates an end-to-end transmission of 
streaming video from streaming video transmitter 110 
through data netWork 120 to streaming video receiver 130, 
according to one embodiment of the present invention. 
Depending on the application, streaming video transmitter 
110 may be any one of a Wide variety of sources of video 
frames, including a data netWork server, a television station, 
a cable netWork, a desktop personal computer (PC), or the 
like. Streaming video transmitter 110 comprises video frame 
source 112, video encoder 114 and encoder buffer 116. Video 
frame source 112 may be any device capable of generating 
a sequence of uncompressed video frames, including a 
television antenna and receiver unit, a video cassette player, 
a video camera, a disk storage device capable of storing a 
“raW” video clip, and the like. 

[0027] The uncompressed video frames enter video 
encoder 114 at a given picture rate (or “streaming rate”) and 
are compressed according to any knoWn compression algo 
rithm or device, such as an MPEG-4 encoder. Video encoder 
114 then transmits the compressed video frames to encoder 
buffer 116 for buffering in preparation for transmission 
across data netWork 120. Data netWork 120 may be any 
suitable IP netWork and may include portions of both public 
data netWorks, such as the Internet, and private data net 
Works, such as an enterprise-oWned local area netWork 
(LAN) or Wide area netWork 

[0028] Streaming video receiver 130 comprises decoder 
buffer 131, video decoder 134 and video display 136. 
Decoder buffer 131 receives and stores streaming com 
pressed video frames from data netWork 120. Decoder buffer 
131 then transmits the compressed video frames to video 
decoder 134 as required. Video decoder 134 decompresses 
the video frames at the same rate (ideally) at Which the video 
frames Were compressed by video encoder 114. 

[0029] Decoder buffer 131 further comprises integrated 
transport decoder (ITD) buffer 132, ITD buffer monitor 138 
and re-transmission controller 139. In accordance With the 
principles of the present invention, ITD buffer 132 integrates 
both temporal and data-unit occupancy considerations in 
order to provide video decoder 134 With compressed video 
frames at a rate that is suf?cient to avoid under?oW condi 
tions, during Which video decoder 134 is starved for com 
pressed video frames. 

[0030] ITD buffer 132 accomplishes this in cooperation 
With ITD buffer monitor 138 and re-transmission controller 
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139. ITD buffer monitor 138 monitors the level of data 
occupancy in ITD buffer 132 and detects missing data 
packets and potential under?oW conditions. In response to 
noti?cation from ITD buffer monitor 138, re-transmission 
controller 139 requests re-transmission of data missing from 
ITD buffer 132 in order to avoid under?oW conditions. In an 
advantageous embodiment of the present invention, ITD 
buffer 132, ITD buffer monitor 138, and re-transmission 
controller 139 are implemented in a personal computer (PC) 
that receives streaming video and/or audio from, for 
example, the Internet over a high-speed data line. In such an 
embodiment, ITD buffer 132 may be implemented in main 
random access memory (RAM) of the PC or in RAM on a 
video card, and ITD buffer monitor 138 and re-transmission 
controller 139 may be implemented in the CPU of the PC. 
To implement ITD buffer 132 in a PC environment, ITD 
buffer 132 may be embodied as computer executable 
instructions stored as a program on storage media 140, such 
as a CD-ROM, computer diskette, or similar device, that 
may be loaded into removable disk port 141 in streaming 
video receiver 130. 

[0031] Continuous decoding of compressed video frames 
is a key requirement of a real-time multimedia application, 
such as streaming video. To meet this requirement, a 
decoder-encoder buffer model is normally used to ensure 
that under?oW and over?oW events do not occur. These 
constraints limit the siZe (bit-Wise) of video pictures that 
enter the encoder buffer. The constraints are usually 
expressed in terms of encoder-buffer bounds, Which When 
adhered to by the encoder, guarantee continuous decoding 
and presentation of the compressed video stream at the 
receiver. 

[0032] FIG. 2 shoWs an ideal encoder-decoder model of a 
video coding system. Under this ideal model, uncompressed 
video frames 201-203 enter the compression engine of 
encoder 214 at a given picture-rate, X frames/second, as 
indicated by the Time(l) line. The compressed frames exit 
encoder 214 and enter encoder buffer 216 at the same X 
frames/second, as indicated by the Time(2) line. Similarly, 
the compressed frames exit decoder buffer 216 and enter 
channel 220 at X frames/second. Channel 220 is a generic 
representation of any transmission medium, such as the 
Internet, that transfers compressed video frames from a 
transmitting source to a receiver. In the ideal case, the delay 
of channel 220 (6c) is a constant value. 

[0033] Next, the compressed frames exit channel 220 and 
enter decoder buffer 232 at the same X frames/second as at 
the input and the output of encoder 214, as indicated by the 
Time(3) line. Decoder buffer 232 transmits the compressed 
frames to decoder 234, Which decompresses the frames and 
outputs decompressed frames 251-253 at the original X 
frames/second at Which frames entered encoder 214. 

[0034] Ideally, the end-to-end buffering delay (i.e., the 
total delay encountered in both encoder buffer 216 and 
decoder buffer 232) is constant. HoWever, the same piece of 
compressed video data (e.g., a particular byte of the video 
stream) encounters different delays in encoder buffer 216 
and decoder buffer 232. In the ideal model, encoding in 
encoder 214 and decoding in decoder 234 are instantaneous 
and require Zero execution time and data packets are not lost. 

[0035] The encoder buffer bounds can be expressed using 
discrete-time summation. In discrete-time domain analysis, 
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A is the end-to-end delay (i.e., including both encoder buffer 
216 and decoder buffer 232 and channel delay 60) in units of 
time. For a given video coding system, A is a constant 
number applicable to all frames entering the encoder-de 
coder buffer model. 

[0036] To simplify the discrete-time analysis, it is 
assumed that the end-to-end buffering delay (AT=A—6C) is an 
integer-multiple of the frame duration Therefore, 
NA=N(A—6c)/T represents the delay of the encoder and 

decoder buffers in terms of the number of video frames For the purposes of clarity and brevity in describing the 

principles of the present invention, the remainder of this 
disclosure Will use time units speci?ed in frame-duration 
intervals. For example, using the encoder time reference 
shoWn in FIG. 2, the nth frame enters encoder buffer 216 at 
time index “n”. The decoder time-reference of decoder 
buffer 232 is shifted by the channel delay (66), With respect 
to encoder buffer 216. 

[0037] The data rate (r) at the output of encoder (e) 214 
during frame-interval “i” may be represented as re(i). Here, 
“data rate” is used generically. It could signify bit rate, byte 
rate, or even packet rate. Similarly, the data rate at the input 
of decoder buffer 232 may be represented as rd(i). Based on 
the ideal model, re(iT)=rd(iT+6c). In addition, based on the 
convention established above, re(i)=rd(i). Thus, the bounds 
of encoder buffer 216 can be expressed as: 

Equation 1 

[0038] Where Bmxd and Bmxe are the maximum decoder 
and encoder buffer siZes respectively. 

[0039] In the ideal case, it is also assumed that encoder 
214 starts transmitting data immediately after the ?rst frame 
enters encoder 214. Therefore, the start-up delay ddf (i.e., the 
delay time the ?rst piece of data from the ?rst picture spends 
in decoder buffer 232 prior to decoding) equals the end-to 
end, encoder-decoder buffer delay: ddt=AT=T-AN. 

[0040] In one embodiment of the present invention, ITD 
buffer 132 minimiZes under?oW events by taking into con 
sideration the above-described problems of the ideal buffer 
model and the ideal encoder-decoder buffer constraints. ITD 
buffer 132 is based on lost packet recovery using re 
transmission. 

[0041] FIG. 3 is a simpli?ed block diagram of exemplary 
end-to-end transmission of streaming video, Without support 
for re-transmission. For the purposes of simplicity and 
clarity, streaming video transmitter 110 has been replaced by 
compressed video source 305 and data netWork 120 has been 
replaced by channel 320. Compressed video source 305 
transmits data packets at rate re(n) and channel 320 transmits 
data packets at rate rtd(n). Since video re-transmission is not 
supported for this embodiment, ITD buffer monitor 138 and 
re-transmission controller 139 are omitted from the diagram. 
Streaming video receiver 130 has been simpli?ed and is 
represented by ITD buffer 132 and video decoder 134. 
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[0042] As noted above, ITD buffer 132 integrates tempo 
ral and data-unit occupancy models. ITD buffer 132 is 
divided into temporal segments of ‘T’ seconds each. By Way 
of example, the parameter T may be the frame period in a 
video sequence. The data packets (bits, bytes, or packets) 
associated With a given duration T are buffered in the 
corresponding temporal segment. All of the data packets 
associated With a temporal unit are referred to as an “access” 
unit. By Way of example, data packets 351, 352, and 353 
comprise access unit Ann, data packet 354 comprises access 
unit AMZ, and data packets 355 and 356 comprise access unit 

[0043] During time interval n, the nth access unit, AD, is 
being decoded by decoder 134 and access unit An+1 is stored 
at the temporal segment nearest to the output of ITD buffer 
132. An access unit may be an audio frame, a video frame, 
or even a portion of a video frame, such as Group of Blocks 
(GOB). Therefore, the duration required to decode or dis 
play an access unit is the same as the duration of the 
temporal segment T. During the time-interval n, the rate at 
Which data enters ITD buffer 132 is rtd(n). The number of 
data packets in each access unit are not required to be the 
same. Compression algorithms used in video encoder 114 
may compress the data packets in successive access units by 
different amounts, even though each access unit represents 
temporal units of the same duration. 

[0044] For example, the three data packets 351-353 in 
access unit An+1 may comprise a complete video frame, 
Frame 1. The single data packet 354 in An+2 may represent 
only those portions of Frame 2 that are different than Frame 
1. Nonetheless, data packet 354 is sufficient to create Frame 
2 if the Frame 1 data is already knoWn. Since Frame 1 and 
Frame 2 have the same duration, the temporal segment, T, is 
the same for An+1 and AMZ. 

[0045] Each temporal segment holds a maximum number 
of packets, Kmax, With each packet having a maximum siZe, 
bmaX, (in bits or bytes). Therefore, the maximum siZe of an 
access unit, SmaX, may be represented by SmaX§KmaX(bmX). 
Video encoder 114 is assumed to is begin each access-unit 
With a neW packet that is present only in that access unit. 

[0046] The amount of data in ITD buffer 132 at time index 
n, Btd(n), may be described by terms of B"‘(n) and Bb(n). 
B"‘(n) represents the number of consecutive-and-complete 
access units in ITD buffer 132 at the beginning of interval n, 
and Bb(n) represents the total consecutive amount of data in 
ITD buffer 132 at the end of interval n. For B"‘(n), temporal 
segments containing partial data are not counted, and all 
segments folloWing a partial segment are also not counted 
even if they contain a complete, access-unit Worth of data. 
Hence, T~B"‘(n) represents hoW much video in temporal units 
(eg seconds) that the ITD buffer 132 holds at time index n 
(Without running into an under?oW if no more data arrives). 

[0047] Therefore, if Sn denotes the siZe of access unit n, 
the relationship between B8 and Bb can be expressed as 
Equation 2 beloW: 

n+8 am) Equation 2 
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[0048] where S]- is the maximum siZe of the access unit for 
temporal segment j and UB"‘(D)+1 is the partial (incomplete) 
data of access unit AMBQOQ+1 yvhich is stored in temporal 
segment B"‘(n)+1 at the beginning of time index n. 

[0049] When re-transmission is supported as an embodi 
ment, ITD buffer 132 requires capability for a) outputting 
one temporal segment (T) Worth of data at the beginning of 
every temporal time-interval n; b) detecting lost packet(s) 
and transmitting associated negative acknowledge (NACK) 
messages to the transmitter 110 or 305; c) continuously 
storing neWly arrived primary (i.e., not re-transmitted) pack 
ets; and d) storing re-transmitted packets. The ideal ITD 
buffer 132 maintains the data rate of the video stream, 
Without delays caused by re-transmission of any lost data. In 
other Words, if re(n) is the transmission data rate used by an 
idealiZed video encoder 114 under lossless circumstances, 
ideal ITD buffer 132 Will maintain this date rate Without 
degradation caused by the re-transmission process. Depend 
ing upon the number of retransmission requests, encoder 
buffer 116 may adjust its output data rate re(n), With a 
corresponding adjustment by ITD buffer 132. 

[0050] In one embodiment, decoder buffer 131 adds buff 
ering for the incoming video stream in order to compensate 
for the time required for detection and recovery of lost data 
and for the delay associated With a “real” World implemen 
tation. By delaying all incoming video streams by this 
compensation time, decoder buffer 131 outputs video stream 
data at a continuous rate as required for decoding. Re 
transmission controller 139 and ITD buffer 132 incorporate 
processes for minimiZing the time for detecting the absence 
of packets and transferring NACKs for re-transmission by 
streaming video transmitter 110. The minimum duration of 
time needed for detecting a predetermined number of lost 
packets is represented by TL. In general, TL is a function of 
the delay jitter caused by data arriving later than expected by 
ITD buffer 132. 

[0051] The minimum amount of time needed for stream 
ing video receiver 130 to recover a packet after being 
declared lost is represented by TR. Time TR includes the time 
required for streaming video receiver 130 to send a NACK 
to streaming video transmitter 110 and the time needed for 
the re-transmitted data to reach streaming video receiver 130 
(assuming that the NACK and re-transmitted data are not 

lost). 
[0052] Exemplary decoder buffer 131 transfers a re-trans 
mitted packet With a minimum delay (TL+T1Q for the lost 
packet interval. If the minimum delay experienced by any 
video data for an ideal decoder buffer 131 is represented by 
ddmin, the amount of delay AR that may be added to the 
minimum ideal delay in order to account for the total delay 
for re-transmission is: 

ARE u(TL+TR—ddmin) 

[0053] Where u(x)=x for x>0, and u(x)=0 for x20. 

[0054] Decoder buffer 131 adds delay AR buffering for all 
output data to video decoder 134 in order to provide time for 
decoding and transferring of the data, resulting in continu 
ous video streams. Therefore, the total encoder buffer 116 to 
decoder buffer 132 output delay (ATOT)may be represented 
by: 

Equation 3 
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[0055] ITD buffer 132 provides buffering (storage) for a 
minimum number of temporal segments (Bmina) as compen 
sation for re-transmission time requirements and as preven 
tion for an under?oW event. The ITD buffer 132 sizing may 
be based, for example, on minimum and maximum bound 
aries for storing temporal segments. The process for deter 
mining these boundaries is described in the following para 
graphs. 

[0056] In the absence of lost packets and delay jitter, at 
any time index n, the ITD buffer 132 provides the folloWing 
occupancy capability: 

TB“(n);TBmin“= L+TR 

[0057] An ideal ITD buffer 132 has a maximum decoding 
delay (ddmaX), Where ddmaxéAideal. Consequently, in the 
absence of lost packets and delay jitter, ideal ITD buffer 132 
satis?es the folloWing requirement: 

Equation 5 

[0058] Further, in the absence of lost data and delay jitter, 
the ideal ITD buffer 132 provides storage requirements for 
TB"‘(n) data, bounded as folloWs: 

[0059] ITD buffer 132 storage capability With consider 
ation for delay jitter may be expressed as: 

Equation 7 

T RéT -B“(n) é ddmax+u(TL+TR—ddmin)+TE 

[0060] Where TE is the delay jitter associated With packets 
arriving earlier than expected to ITD buffer 132. Therefore, 
if B8 is the maximum number of temporal segments that rnaX 

ITD buffer 132 holds, then: 

Equation 8 

T 19am,‘§ddmaX+u(TL+TRddmhQ+TE Equation 9 

[0061] or 

Ba ddmax + 14(TL + TR — ddmjn) + T5 

max — + 

[0062] ITD buffer 132 storage capability is based on the 
above equations, minimum ideal storage requirements, and 
delays associated With data transfers. ITD buffer 132 has a 
minimum siZe determined by ideal encoder buffer 116 Which 
is represented by Bmaxa. ITD buffer 132 provides added 
storage to adjust for delays introduced by ITD buffer 132 
and for data arriving earlier than expected. ITD buffer 132 
storage requirements (in temporal units) for accommodation 
of these exemplary delays is represented by Textm, as shoWn 
beloW. 

T eX\Ia=u(T L+T R_ddmin)+T E Equation 10 

[0063] Using this relationship, ITD buffer 132 storage 
requirement for satisfying the BbrnaX upper limit (in temporal 
units), is shoWn by the folloWing upper boundary relation 
ship: 

Bmaxb EBWXMRWX'Tem=BmaXd+RmX[u(TL+TR— 
ddmirj+TE] 

[0064] An ideal ITD buffer 132 has a minimum decoding 
delay (ddmin) Which is equal to Zero and a maximum 
decoding delay (ddmaX) Which is equal to the ideal end-to 
end buffering delay (Aideal). The ideal ITD buffer 132 is 
siZed to provide extra minimum delay that is equal to 

Equation 11 
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TL+TR, Where TL and TR are assumed to be integer-multiples 
of the duration T. The minimum time delay requirement is 
found by substituting the ideal buffer region ddmin=0 and 
dm=Aideal into previously described equation for ATOT. 
This extra buffer requirement stores NL+NR temporal seg 
ments, Where NR=TR/T and N=TL/T. Thus, ideal ITD buffer 
132 is found to provide storage for the folloWing number of 
temporal segments: 

Bmaxa §NL+NR+[(TE+ddmax)/T] Equation 12 

[0065] Since the maximum decoding delay, ddmaX=Aidea1= 
AT, corresponds to AN temporal segments, BbrnaX is further 
described as folloWs: 

[0066] Where NE=[TE/T]. 

Equation 13 

[0067] FIG. 4 is a sequence diagram shoWing the How of 
data packets through different regions of exemplary ITD 
buffer 132 under the assumption that ddmin=0 (the loWer 
boundary level) and dmaX=Aidea1. ITD buffer 132 data enters 
from the right side of the diagram and exits to the video 
decoder 134 at the left side. The most recently received data 
is in a buffer area Which is labeled “too-early for re 
transmission request region” (too-early). Depending on the 
location in the too-early region of the buffer, ITD buffer 132 
introduces buffer delays labeled NE, AN, or NL. The area of 
this too-early buffer region Which comprises the ideal delay 
AN, is labeled as the ideal-buffer region. ITD buffer 132 
manages the ideal-buffer region as an ideal video buffer, i.e., 
data packets ?oW through this region and are only delayed 
by the inherent characteristics of the buffer element(s). Ideal 
ITD buffer 132 provides the remaining too-early buffer areas 
to compensate for delays associated With the transfer of 
video streams from streaming video transmitter 110 to 
decoder 131 (NE), as Well as delays caused by delayed or 
lost video packets (NL). 

[0068] ITD buffer 132 provides delay NR in the re-trans 
mission region in order to compensate for expected time 
requirements for the initiation and reception of re-transmis 
sion requests. Exemplary decoder buffer 131 initiates re 
transmission requests during the time periods associated 
With the re-transmission region. 

[0069] It is important to note that the ideal-buffer and 
re-transmission regions may overlap, depending on the 
values of the different delay parameters (ddmin, TR, TL) 
HoWever, for the exemplary ideal ITD buffer 132 With 
ddmin=0, the re-transmission and ideal-buffer regions do not 
overlap. 

[0070] For ITD buffer 132, NE represents the initial decod 
ing delay (ddf) Which corresponds to the amount of delay 
encountered by the very ?rst piece of data that enters the 
buffer prior to the decoding of the ?rst picture (or access 
unit). This ddf is based on, among other things, the streaming 
video transmitter 110 and data netWork 120 data transmis 
sion rates during elapsed time ddf. In the ideal case, ITD 
buffer 132 uses this same data rate for entering received data 
into its buffer (storage) regions. Ideal decoder buffer 131 
recogniZes the amount of data in its ITD buffer 132 regions 
just prior to the time that the ?rst access unit is decoded as 



US 2004/0086268 A1 

BOd data. This BOd data, also referred to as “start-up-delay” 
data, is determined from the following relationship: 

AN Equation 14 

[0071] When ddmin=0, ideal decoder buffer 131 re-trans 
mission processing is comprised of the following proce 
dures: 

[0072] 1. The ideal-buffer region is ?lled until all data 
associated With the start-up delay are in the buffer. Since lost 
events may also occur during this time interval, these data 
may be treated in a special Way, such as by using reliable 
transmission (eg using TCP) for them. The ideal condition 
for lossless data is satis?ed When: 

Equation 15 

[0073] Where Bk is the amount of data stored in ideal ITD 
buffer 132 temporal segment k at any instant of time. 

[0074] 2. After Equation 15 is satis?ed, ITD buffer 132 
advances the content of all temporal storage segments by 
one segment toWard the buffer output. Subsequently, ideal 
ITD buffer 132 repeats this process every T units of time. 
After NL+NR periods of T (i.e. after TL+TR), decoder 134 
starts decoding the ?rst access unit. The time-period that 
starts When decoding of the ?rst access unit begins is labeled 
T1. Hence, the beginning of any time period n (Tn) repre 
sents the time When access unit An+k is moved to temporal 
segment k. 

[0075] 3. Ideal ITD buffer 132 considers data missing in 
temporal segment NR of the re-transmission buffer region as 
lost. This condition occurs When: 

BNR(”) <Sn+NR Equation 1 6 

[0076] Where BNR(n) is the amount of data in temporal 
segment NR at time period n and S]- is the siZe of access unit 
j. When ideal ITD buffer 132 determines that data is missing, 
it sends a re-transmission request to streaming video trans 
mitter 110. 

[0077] 4. Ideal ITD buffer 132 places arriving re-trans 
mitted data into their corresponding temporal segments of 
the re-transmission region. Assuming the re-transmitted data 
are received, ideal ITD buffer 132 transfers the re-transmit 
ted data to the video decoder 134 prior to the decoding times 
of their corresponding access units. 

[0078] FIG. 5 is a sequence diagram shoWing the How of 
data packets through different regions of exemplary ITD 
buffer 132 With over-lap betWeen the ideal buffer, NL, and 
re-transmission regions. For this case, ITD buffer 132 is 
con?gured for the maXimum outer boundary Where 
ddmin§TL+TR, causing its ideal-buffer region to totally 
over-lap its re-transmission region. Thus, decoder buffer 131 
transfers the received video stream to video decoder 134 
after all of the data associated With the start-up delay arrives. 

May 6, 2004 

Then, video decoder 134 decodes the ?rst access unit 
Without further delays. Decoder buffer 131 performs the 
re-transmission function as previously described. 

[0079] In a similar manner, decoder buffer 131, provides 
data transfer betWeen streaming video transmitter 110 and 
video decoder 134 for the general case When ddrnin has a 
value betWeen the minimum and maXimum boundary areas 
(i.e., When 0<ddmin<TL+T1Q, With an additional delay of 
(TL+TR—ddmin). 
[0080] Although the present invention has been described 
in detail, those skilled in the art should understand that they 
can make various changes, substitutions and alterations 
herein Without departing from the spirit and scope of the 
invention in its broadest form. 

What is claimed is: 
1. For use With a video decoder capable of decoding 

streaming video, a decoder buffer capable of receiving from 
a streaming video transmitter data packets comprising said 
streaming video and storing said data packets in a plurality 
of access units, each of said access units capable of holding 
at least one data packet associated With a selected frame in 
said streaming video, Wherein said decoder buffer com 
prises: 

a ?rst buffer region comprising at least one access unit 
capable of storing data packets that are less immedi 
ately needed by said video decoder; and 

a re-transmission region comprising at least one access 
unit capable of storing data packets that are most 
immediately needed by said video decoder, Wherein 
said decoder buffer, in response to a detection of a 
missing data packet in said re-transmission region 
requests that said streaming video transmitter retrans 
mit said missing packet. 

2. The decoder buffer set forth in claim 1 Wherein at least 
one of said data packets are stored in said ?rst buffer region 
for a period of time equal to a start-up delay time of said 
decoder buffer. 

3. The decoder buffer set forth in claim 1 Wherein said 
data packets are ?rst stored in said ?rst buffer region and are 
shifted into said re-transmission region. 

4. The decoder buffer set forth in claim 1 Wherein said ?rst 
buffer region is separate from said re-transmission region. 

5. The decoder buffer set forth in claim 1 Wherein said ?rst 
buffer region overlaps at least a portion of said re-transmis 
sion region. 

6. The decoder buffer set forth in claim 5 Wherein said ?rst 
buffer region overlaps all of said re-transmission region. 

7. The decoder buffer set forth in claim 1 Wherein said ?rst 
buffer region is separated from said re-transmission region 
by a second buffer region in Which a late data packet is late 
With respect to an expected time of arrival of said late data 
packet, but is not suf?ciently late to require a re-transmission 
of said late data packet. 

8. A receiver capable of receiving encoded streaming data 
comprising: 

a device capable of at least one of: 1) displaying streaming 
video data associated With said encoded streaming data 
and 2) audibly playing streaming audio data associated 
With said encoded streaming data; 

a decoder capable of decoding said encoded streaming 
data; and 
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a decoder buffer capable of receiving from a streaming 
data transmitter data packets comprising said encoded 
streaming data and storing said data packets in a 
plurality of access units, each of said access units 
capable of holding at least one data packet associated 
With a selected portion of said encoded streaming data, 
Wherein said decoder buffer comprises: 

a ?rst buffer region comprising at least one access unit 
capable of storing data packets that are less imme 
diately needed by said decoder; and 

a re-transmission region comprising at least one access 
unit capable of storing data packets that are most 
immediately needed by said decoder, Wherein said 
decoder buffer, in response to a detection of a miss 
ing data packet in said re-transmission region 
requests that said streaming video transmitter 
retransmit said missing packet. 

9. The receiver set forth in claim 8 Wherein at least one of 
said data packets are stored in said ?rst buffer region for a 
period of time equal to a start-up delay time of said decoder 
buffer. 

10. The receiver set forth in claim 8 Wherein said data 
packets are ?rst stored in said ?rst buffer region and are 
shifted into said re-transmission region. 

11. The receiver set forth in claim 8 Wherein said ?rst 
buffer region is separate from said re-transmission region. 

12. The receiver set forth in claim 8 Wherein said ?rst 
buffer region overlaps at least a portion of said re-transmis 
sion region. 

13. The receiver set forth in claim 12 Wherein said ?rst 
buffer region overlaps all of said re-transmission region. 

14. The receiver set forth in claim 8 Wherein said ?rst 
buffer region is separated from said re-transmission region 
by a second buffer region in Which a late data packet is late 
With respect to an eXpected time of arrival of said late data 
packet, but is not sufficiently late to require a re-transmission 
of said late data packet. 

15. For use With a video decoder capable of decoding 
streaming video, a method of buffering the streaming video 
comprising the steps of: 
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receiving from a streaming video transmitter data packets 
comprising the streaming video and storing the data 
packets in a plurality of access units in a decoder buffer, 
each of the access units capable of holding at least one 
data packet associated With a selected frame in the 
streaming video; 

storing data packets that are less immediately needed by 
the video decoder in a ?rst buffer region of the decoder 
buffer comprising at least one access unit capable of 
storing data packets; and 

storing data packets that are most immediately needed by 
the video decoder in a re-transmission region of the 
decoder buffer comprising at least one access unit, 
Wherein the decoder buffer, in response to a detection 
of a missing data packet in the re-transmission region, 
requests that the streaming video transmitter retransmit 
the missing packet. 

16. The decoder buffer set forth in claim 15 Wherein at 
least one of the data packets are stored in the ?rst buffer 
region for a period of time equal to a start-up delay time of 
the decoder buffer. 

17. The decoder buffer set forth in claim 15 Wherein the 
data packets are ?rst stored in the ?rst buffer region and are 
shifted into the re-transmission region. 

18. The decoder buffer set forth in claim 15 Wherein the 
?rst buffer region is separate from the re-transmission 
region. 

19. The decoder buffer set forth in claim 15 Wherein the 
?rst buffer region overlaps at least a portion of the re 
transmission region. 

20. The decoder buffer set forth in claim 19 Wherein the 
?rst buffer region overlaps all of the re-transmission region. 

21. The decoder buffer set forth in claim 15 Wherein the 
?rst buffer region is separated from the re-transmission 
region by a second buffer region in Which a late data packet 
is late With respect to an eXpected time of arrival of the late 
data packet, but is not suf?ciently late to require a re 
transmission of the late data packet. 


