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METHODS AND SYSTEMIS FOR 
RATE-ADAPTIVE TRANSMISSION OF VIDEO 

FIELD OF THE INVENTION 

0001 Embodiments of the present invention comprise 
methods and systems for rate-adaptive transmission of video. 

BACKGROUND 

0002 Transmission of video signals requires the transfer 
of large amounts of information at high bit-rates under a 
time-sensitive schedule. This task becomes even more chal 
lenging when a video signal competes with other traffic on a 
busy network and/or a network's reliability is diminished. 
When a transmission medium will not accommodate a com 
plete video signal, some parts of the signal may need to be 
omitted from the transmission. When less important parts of 
the signal are omitted, video quality will be higher than when 
random parts are lost during transmission. 

SUMMARY 

0003 Embodiments of the present invention comprise 
methods and systems for rate-adaptive transmission of video. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 FIG. 1 is a diagram showing an exemplary bit stream 
Structure: 
0005 FIG. 2 is a diagram showing an exemplary bit stream 
structure comprising the size of layer units; 
0006 FIG.3 is a diagram showing an exemplary bit stream 
structure comprising a cumulative sum of bits: 
0007 FIG. 4 is a diagram showing an exemplary bit stream 
structure with cumulative layer sizes and a bit budget; 
0008 FIG.5 is a diagram showing an exemplary bit stream 
structure with an exemplary assignment of quality layer iden 
tification values; 
0009 FIG. 6 is a diagram showing an exemplary bit stream 
structure with an exemplary assignment of temporal level 
values 
0010 FIG. 7 is a diagram showing an exemplary embodi 
ment comprising analysis of a bit budget in comparison to the 
size of a base layer; 
0011 FIG. 8 is a diagram showing an exemplary embodi 
ment comprising transmission of a truncated portion of an 
enhancement layer; 
0012 FIG. 9 is a diagram showing an exemplary embodi 
ment comprising transmission of a current frame's enhance 
ment layer in proportion to a group budget; 
0013 FIG.10 is a diagram showing an exemplary embodi 
ment comprising allocation of transmission bandwidth 
according to a quality layer identification; 
0014 FIG. 11 is a diagram showing an exemplary embodi 
ment comprising alternative truncation methods; 
0015 FIG. 12 is a diagram showing an exemplary embodi 
ment comprising allocation of bandwidth to base layer units 
based on temporal level values; 
0016 FIG. 13 is a diagram showing an exemplary embodi 
ment comprising calculation of an additional bit budget dur 
ing an idle interval; and 
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0017 FIG. 14 is a diagram showing an exemplary embodi 
ment comprising allocation of idle interval bandwidth using 
quality layer identification values; 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0018. It will be readily understood that the components of 
the present invention, as generally described and illustrated in 
the figures herein, could be arranged and designed in a wide 
variety of different configurations. Thus, the following more 
detailed description of the embodiments of the methods and 
systems of the present invention is not intended to limit the 
scope of the invention, but it is merely representative of the 
presently preferred embodiments of the invention. 
0019 Elements of embodiments of the present invention 
may be embodied in hardware, firmware and/or software. 
While exemplary embodiments revealed herein may only 
describe one of these forms, it is to be understood that one 
skilled in the art would be able to effectuate these elements in 
any of these forms while resting within the scope of the 
present invention. 
0020 H.264/MPEG-4 AVC Joint Video Team of ITU-T 
VCEG and ISO/IEC MPEG, “Advanced Video Coding 
(AVC)-4 Edition.” ITU-T Rec. H.264 and ISO/IEC 14496 
10 (MPEG4-Part 10), January 2005), which is incorporated 
by reference herein, is a video codec specification that is 
related to some embodiments of the present invention. 
0021) ISO/IEC JTC1/SC 29/WG 11 (MPEG), “Joint Scal 
able Video Model (JSVM) 6', N8015, Montreux, Switzer 
land, April 2006, which is incorporated by reference herein, is 
a video codec specification that is related to Some embodi 
ments of the present invention. 
0022. The SVC extension of H.264/MPEG-4 AVC Work 
ing Document 1.0 (WD-1.0) (MPEG Doc. N6901) for the 
Joint Scalable Video Model (JSVM), which is incorporated 
by reference herein, is a layered video codec in which the 
redundancy between layers is exploited by inter-layer predic 
tion mechanisms. 
0023. Some embodiments of the present invention relate 
to high-quality and robust transmission of audiovisual (AV) 
data from a source device (e.g., server) to one or more desti 
nation devices (e.g., clients) over a packet network. One 
example is streaming video from a media server to TV sets in 
the home over wireless links (for example, 802.11). Another 
example is streaming video from a content delivery service to 
a client in the home over a broadband access network. Such 
consumer applications require transmission of audio and 
Video at high bit rates, and require a low end-to-end delay 
(low latency). Transmission of both stored and live video may 
be required. 
0024. A network linking a video transmitter to a receiver 
can often be considered a transmission channel with time 
varying channel conditions. For example, the available band 
width of a wireless link based on 802.11 may vary over time 
and can be unpredictable due to the unknown distance from 
the sender to the receiver device, due to RF interference, due 
to fading, due to collisions with other traffic, and due to other 
influences. Network congestion can also contribute to time 
varying and unreliable behavior. Transmission of compressed 
AV data over Such networks is challenging because high 
quality AV data streams require a very high bandwidth con 
tinuously, and impose stringent delay constraints on delivery 
of AV data. Furthermore, a small number of lost or late pack 
ets may have a large effect on video quality seen at the 
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receiver, due to the dependencies between parts of the com 
pressed AV stream. Adaptation of the video stream to the 
channel condition may be used to mitigate this problem. 
0025. In the case where the video stream consists of a 
single-layer, non-scalable bit stream, one approach to bit rate 
adaptation is through the use of transcoding or transrating. A 
major drawback of transcoding or transrating a single-layer 
bit stream is the associated computational complexity. 
Transcoding involves parsing of the video bit stream, and 
usually also involves partially decoding the bit stream, fol 
lowed by re-encoding. Therefore, the amount of computa 
tional resources needed for transcoding is significant, which 
limits its application to platforms with the required resources 
available, and may further limit the number of streams that 
can be processed. Another disadvantage is that there is usu 
ally a delay in the response of a transcoder to a request by a 
control algorithm, for example in response to a detected 
change in channel conditions. 
0026. Scalable Video Coding (SVC) is an extension of the 
H.264/MPEG AVC video codec. H.264/MPEG AVC and 
SVC are international video coding standards jointly devel 
oped by ITU and ISO. SVC enables coding video in a scalable 
manner, resulting in a scalable bit stream, for example by 
coding the video data in several layers. SVC enables fine 
grained adaptation of a bit stream in spatial, temporal and 
SNR dimensions simply by discarding parts of the bit stream. 
Adapted bit streams, for example with lower bit rates, can be 
extracted from the original scalable bit stream by a process 
requiring few computational resources. This process is also 
much faster than transcoding a non-scalable bit stream, thus 
avoiding in large part the above-mentioned response delay. 
0027 Embodiments of the present invention may dynami 
cally adapt a given SVC bit stream for high-quality video 
streaming, by intelligently selecting which parts of the bit 
stream should be transmitted, which parts should be dis 
carded entirely, and which parts should be transmitted par 
tially (truncated), in order to meet time-varying rate and/or 
delay constraints. These embodiments relate to adapting the 
bit rate to varying channel conditions, and allocation of a 
transmission bit budget to various components of a Scalable 
coded video bit stream. 
0028 Embodiments of the present invention provide 
methods and systems for adapting the instantaneous bit rate 
of a video bitstream encoded in Scalable Video Coding (SVC) 
format to unpredictable and changing channel conditions. 
0029. In some embodiments, a group of frames compris 
ing a current frame and several Subsequent frames is consid 
ered, a bit budget for that group of frames is calculated, and 
then bits are allocated to the Network Abstraction Layer 
(NAL) units of the current frame according to several meth 
ods. This may result in discarding enhancement layer NAL 
units and/or truncation (partial transmission) of enhancement 
layer NAL units. The use of a moving window comprising a 
group of multiple frames reduces video quality variations 
over time due to the variations in the bit sizes of individual 
frames. 
0030. In some embodiments, the system may apply rate 
Scaling to the current frame, where a common bit-rate Scaling 
factor may be used for every frame in the group. The system 
then transmits the base layer NAL units of the current frame, 
and transmits enhancement layer NAL units of the current 
frame up to the computed bit budget for the current frame. 
0031. In some embodiments, the system transmits the base 
layer NAL unit of the current frame, and transmits enhance 
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ment layer NAL units of the current frame provided that the 
enhancement NAL units of other frames at the same layer fit 
into the bit budget for the group. To transmit the enhancement 
layer NAL unit of the next higher layer, the remaining bit 
budget is scaled using a common Scaling factor for all NAL 
units in the group at the same layer. 
0032. In some embodiments, the system may consider 
quality layer ID information that may be available from the bit 
stream. This may be information on the importance of each 
NAL unit in terms of decoded video quality. NAL units with 
the same quality layer ID value may be grouped together into 
subsets. The system may then allocate bits from the bit budget 
to such subsets in order of their importance (in terms of 
quality layerID). 
0033. In some embodiments, when the bit budget is very 
small, all enhancement layer NAL units as well as the base 
layer NAL unit may be discarded. In these embodiments, a 
second group of frames comprising the current frame and 
several Subsequent frames may be considered and a new bit 
budget for that group of frames may be computed. In this 
case, base layer NAL units are first grouped into Subsets based 
on their temporal level. Subsequently, these embodiments 
decide to transmit or discard the base layer NAL unit of the 
current frame. Consideration of the number of frames in this 
group results in higher video quality. 
0034. In other embodiments, when the system detects 
there may be additional channel bandwidth available, trans 
mission of NAL units that were previously discarded or trans 
mitted only partially may be considered and performed. Eli 
gible NAL units may be reconsidered for transmission in 
delayed manner. This method results in high video quality 
because it increases channel bandwidth utilization. 

H.264/MPEG AVC-Related Embodiments 

0035) Scalable Video Coding (SVC) is an extension of the 
H.264/MPEG AVC video codec. H.264/MPEG AVC and 
SVC are international video coding standards jointly devel 
oped by ITU and ISO. SVC supports scalability in the spatial, 
temporal and SNR (signal-to-noise ratio) dimensions. SVC 
supports coarse-grained SNR scalability (CGS) by coding the 
Video data as a layered structure. SVC Supports medium grain 
scalability (MGS) by coding the video data with quality iden 
tifiers within enhancement layers. A base layer provides a 
minimum level of video quality, and may provide compatibil 
ity with H.264/AVC. One or more enhancement layers pro 
vide additional quality in an incremental manner, also 
referred to as progressive refinement. Decoding of the first 
enhancement layer requires availability of the base layer. 
Decoding of each Subsequent enhancement layer requires 
availability of all previous enhancement layers, as well as the 
base layer. SVC also supports fine-grained SNR scalability 
(FGS), which enables truncation of an enhancement layer at 
any point in the bit stream. Fine-grained SNR scalability is 
achieved by encoding Successive refinements of the trans 
form coefficients. Furthermore, temporal scalability is Sup 
ported based on a flexible temporal prediction structure, for 
example using hierarchical B frames. Temporal scalability 
utilizes the concept of a temporal level, which indicates the 
level of a video frame in a hierarchical temporal prediction 
Structure. 

0036 FIG. 1 illustrates an exemplary prediction structure, 
GOP structure and layering structure of a sample SVC bit 
stream. Temporal scalability is achieved using an IBP predic 
tion structure with hierarchical B-frames. This structure uses 
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I-frames 2, which are intra-predicted from within the frame: 
B-frames 3, which may be predicted from one or more other 
frames; and P-frames 4 which are predicted from another 
I-frame. A hierarchical B-frame 5 may be predicted from 
other B-frames as well as I-frames and P-frames while a 
standard B-frame 6 may only be predicted from I-frames and 
P-frames. In this example, the GOP size is equal to 4 frames. 
The first frame of the GOP (in encoding/decoding order) is a 
key picture 2, 4. The key pictures are either intra-coded 
(I-frame) 2 or inter-coded using a previous (key) picture 
(P-frame) 4 as a reference for motion-compensated predic 
tion. Key pictures may be considered a base layer for tempo 
ral scalability and may be assigned temporal level 0. The 
remaining pictures of a GOP are hierarchically predicted as 
illustrated by arrows in FIG.1. These non-key pictures form 
Successive temporal levels for temporal scalability, each layer 
incrementing the temporal level by 1. In some embodiments, 
the temporal level may be a function of the number of frames 
through which a current frame is predicted. For example, 
frame A is intra-predicted and is not predicted from any other 
frame, accordingly, its temporal level is 0. As another 
example, frame C is predicted only from key frames, which 
have a temporal level of 0. Accordingly, frame C has a tem 
poral level of 1 indicating that it has been predicted through 
one key frame. As yet another example, frame B is predicted 
from frame C, which was predicted from frame A. Since 
frame B has been predicted through two other frames succes 
sively, it is assigned a temporal level of 2. 
0037 Coarse-grained SNR scalability is achieved using a 
layered structure for each frame, with a base layer 10 and two 
enhancement/refinement layers 11, 12 in this example. More 
or fewer enhancement layers may be used in some embodi 
ments. Each enhancement layer may also include fine 
grained SNR scalability. 
0038. The SVC bitstream comprises NAL (Network 
Abstraction Layer) units similar to H.264/AVC. The base 
layer data of a video frame may be encapsulated into a NAL 
unit, and the data for each enhancement layer of a video frame 
may be encapsulated into a NAL unit. 
0039. Aspects of an exemplary SVC format may be 
explained with reference to FIG. 2. In this figure, the hori 
Zontal axis represents video frames in display order and the 
vertical axis represents the number of bits per video frame. 
This figure corresponds loosely to FIG. 1, wherein the first 
frame, frame i 101, is intra-coded (I-frame) and, therefore 
comprises a much larger quantity of bits per frame than Sub 
sequent B-frames (101-103 & 105-107) and even a P-frame 
(104), which is predicted only from other key frames. In this 
figure, each frame is divided into a base layer, layer 0, shown 
at the bottom of the graph and two enhancement layers, layer 
1 and layer 2, shown above the base layer. For example, frame 
i comprises base layer 110, a first enhancement layer 112 and 
a second enhancement layer 114. 
0040 FIG. 3 illustrates some aspects of some embodi 
ments of the present invention. FIG. 3 shows a cumulative 
total size of a group of frames. The horizontal axis represents 
Video frames in display order and the vertical axis represents 
a cumulative sum of bits. The base layer 120 is shown at the 
bottom of each frame, a first enhancement layer 121 is shown 
above the base layer and a second enhancement layer 122 is 
shown above the first enhancement layer 121. The cumulative 
sum of bits for the entire group of frames 126 is shown as line 
128. In some embodiments of the present invention, a bit 
budget 124 may be calculated. The bit budget may be based 
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on available communication bandwidth and/or other factors. 
When the bit budget 124 is less than the cumulative total sum 
of bits 128 for the group of frames, all or part of a current or 
target frame may be truncated or discarded according to vari 
ous methods described elsewhere in this specification. 
0041 FIG. 4 also depicts a cumulative total size of a group 
of frames, with axes and layers 120-122 as described for FIG. 
3. FIG. 4 shows two graphs, an upper graph 130 which depicts 
all layers 120-122 of each frame, and a lower graph 132, 
which depicts only the highest enhancement layer 122. In an 
exemplary embodiment described in relation to FIG. 4, a bit 
budget 124 is established. In this example, the bit budget 124 
falls below the cumulative total for all layers 128, but is above 
the cumulative total size of the base layer 127 and the first 
enhancement layer 123. Because the cumulative total of the 
base layer 127 and the first enhancement layer 123 fall within 
the bit budget 124, it may be determined that the complete 
NAL units for those layers, in the current frame, may be 
transmitted. 

0042. However, because the total for all layers 128 is out 
side the limits of the bit budget 124, some or all of the NAL 
units in the second enhancement layer 122 may be truncated 
or omitted from current transmission in order to meet the bit 
budget 124. In some embodiments, the enhancement layer 
which the bit budget intersects 122 may be examined indi 
vidually 132 and a bit rate scaling factor 129 may be deter 
mined. In some embodiments, the bit rate scaling factor 129 
may be determined as the ratio of the remaining bit budget 
125 to the total size or cumulative sum of bits for the inter 
sected layer 131. This bit rate scaling factor 129 may be used 
to truncate intersected layer NAL units or omit intersected 
layer NAL units from a current transmission. 
0043. Some embodiments of the present invention may 
comprise quality layer information. Some of these embodi 
ments may be described in relation to FIG.5. In these embodi 
ments, NAL units of each frame may be assigned a quality 
layer identification (QLID) value. The QLID may be based on 
the layer of the NAL unit, the prediction type of the frame, the 
distortion of the signal if the unit were omitted or some other 
factor related to the quality of the signal as it is affected by a 
particular NAL unit. Several QLID values 141-145 may be 
assigned to the NAL units in a group of frames 140. In some 
embodiments, all base layer NAL units may be assigned the 
same value. In some embodiments, enhancement layer NAL 
units may be assigned a QLID based on their relative 
enhancement layer and frame prediction scenario. For 
example, a first frame 150 of a group of frames 140 may bean 
I-frame from which other frames are predicted. In this case, 
the I-frame's 150, 158 layers may have higher priority (e.g., 
64,50 & 25) than the respective layers of a P-frame 154 (e.g., 
64,42 & 10) orthose of B-frames 152,156 (e.g., 64,42 & 10). 
Hierarchical B-frames 151,153, 155 & 157 may have even 
lower QLID values (e.g., 64, 25 & 10) when they are pre 
dicted from other B-frames 152, 156. Some embodiments of 
the present invention may utilize NAL unit QLID values to 
prioritize bandwidth allocation. NAL units with QLID values 
below a threshold value may be truncated or omitted from a 
transmission. 

0044) Embodiments of the present invention may utilize 
quality layer (QL) identifiers to provide additional informa 
tion for optimized adaptation of a Scalable bit stream contain 
ing progressive refinement NAL units. In these embodiments, 
a quality layer identifier is assigned to each NAL unit. The 
value of the quality layer identifier may be in the range from 
0 to QL, inclusive. The value of a QL identifier corre 
sponds to the relative importance of a NAL unit interms of the 
impact on the overall video distortion if the NAL unit is not 
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available for decoding. The QL identifier may also be related 
to the size (in bits or bytes) of the NAL unit. In some embodi 
ments, QL identifiers can be computed by determining and 
ranking the rate-distortion slope (ratio of distortion and size) 
of the NAL units over the entire bitstream. In some embodi 
ments, the value of a QL identifier gets higher as the relative 
importance of the NAL unit increases. 
0045 Quality Layer identifiers may be included in the bit 
stream, as enabled by the SVC standard. In some embodi 
ments, QL identifier values can be obtained directly from the 
bit stream, prior to its adaptation. In other embodiments, QL 
identifier values may be inferred, or may be processed further 
prior to adaptation of the bit stream. 
0046. In some embodiments of the present invention, all 
SNR base layer NAL units may have an associated QL iden 
tifier with the same value, equal to QL. Equivalently, in 
some embodiments, the base layer NAL units for different 
frames may all be considered to have the same importance. 
Also, base layer NAL units may always be considered at least 
as important or more important than any enhancement layer 
NAL unit. Note that the value of the QL identifier of a base 
layer NAL unit may not be available directly from the bit 
stream; however, it can simply be assigned to the maximum 
value QL for the purposes of these embodiments. 
0047. The following variables, terms and expressions may 
be used to describe elements and concepts within embodi 
ments of the present invention. 

0048 L: Number of SNR layers (including the base 
layer) 

(0049) i: NAL unit index, k" SNR layer of frame i (in 
decoding order), k=0, 1,..., L-1. Denotes SNR base 
layer if k=0; denotes SNR enhancement layer if k>0. 

0050 V(i): Initial size of the NAL unit i (in bits), 
before bit rate adaptation. 

0051. Initial size of frame i (in bits), before bit rate 
adaptation. 

0052 V: Initial video bit rate (bits per second) 
0053) T(i): Temporal level of frame i. 
0054 QL(i): Quality layer identifier of NAL unit i. 
0055. In this invention, the QL identifier for each base 
layer NAL unit takes the value QL and the QL iden 
tifier of any enhancement layer NAL unit takes a value 
Smaller than QL. 

0056. For example, for NAL units it, k=1,..., L-1, the 
quality layer identifier as defined by the SVC draft of 
“Joint Scalable Video Model” may be used. This SVC 
draft assigns quality layer identifier values between 0 
and 63 (inclusive) to enhancement layer NAL units it, 
k=1,..., L-1. For NAL units io, QL(i) can take a value 
larger than 63, or any value larger than the maximum 
value allowed for enhancement layer NAL units by the 
SVC draft standard. 

0057 r(i): Transmission size (in bits) of the NAL uniti 
after rate adaptation. 

k 
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0.058 Transmission size (in bits) of frame i after rate 
adaptation. 

0059 AT: Initial playoutbuffering duration (delay tol 
erance). Fixed for every frame and does not include the 
decoder buffering delay. 

0060 AT: Inter-frame interval. 

Rate-Adaptive SVC Streaming 

0061. In some embodiments, the SVC stream bit rate may 
be adjusted in real-time utilizing SNR and temporal scalabil 
ity features. SNR enhancement layers for each frame may be 
dropped (not transmitted) or may be truncated (partially 
transmitted) in order to reduce the bit rate. Furthermore, the 
temporal resolution of the video may be reduced up to a 
minimum level where only key frames are transmitted, by 
dropping certain non-key frames. The rate adaptation meth 
ods of these embodiments may be based on estimates of the 
channel bandwidth, H. and channel backlog, B. The channel 
bandwidth represents the maximum throughput and can be 
expressed in bits or bytes per second. The channel backlog 
represents the amount of data, expressed in bits or bytes, that 
is buffered somewhere in the channel, e.g., sent into the 
channel by the server, but not yet received by the client. For 
example, when streaming over a wireless LAN link, packets 
that are sent at the application or transport layer may still be 
held in a transmission buffer? dueue at the sender MAC/PHY. 
The system may consider this data as yet to be transmitted. 
0062 Existing techniques for estimating channel band 
width and channel backlog may be used in Some embodi 
ments. Some techniques to estimate these parameters are 
disclosed in previously-filed patent applications: patent 
application Ser. No. 10/676,941, entitled “Wireless Video 
Transmission System, filed on Sep. 30, 2003, invented by 
Petrus J. L. van Beek; and patent application Ser. No. 11/560, 
457, entitled “Content-Aware Adaptive Packet Transmis 
sion.” filed on Nov. 16, 2006, invented by Sachin Deshpande, 
which are hereby incorporated herein by reference. For 
example, the client may send a feedback message, used to 
estimate bandwidth and backlog, after receiving a burst of 
packets. A burst is defined as a set of video packets that are 
sent at nearly the same time from the server application. 
0063 Real-time rate-adaptation may be performed con 
sidering the delay constraints of the video frames. Some 
embodiments may deliver frames to the client prior to their 
decoding deadline, while minimizing the distortion due to 
rate adaptation. These embodiments may utilize bit rate 
adjustment techniques based on multi-frame delay-con 
straints. Some embodiments may comprise methods and sys 
tems described in U.S. patent application Ser. No. 1 1/479, 
077, entitled “Wireless Video Transmission System.” filed on 
Jun. 30, 2006, invented by Mehmet U. Demircin and Petrus.J. 
L. van Beek, which is incorporated herein by reference. In 
these embodiments, the current frame as well as multiple 
future frames in the transmission order may be considered 
jointly for changing the streaming rate, using a pre-selected 
time scale. The first stage of these embodiments involves the 
computation of a delay-constrained transmission bit-budget 
for these multiple frames. At the second stage, a transmission 
bit rate decision for the current frame is made. When avail 
able, Quality layer (QL) information can be utilized for 
improved rate allocation. 
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SVC Rate Adaptation Based on SNR Scalability 
0064. In some embodiments, the delay-constrained bit 
budget of the current (i) and h-1 future frames in the trans 
mission order may be computed. These h frames are called a 
group and denoted as G={i.i+1,..., i+h-1}. The bit-budget 
for this group can be expressed as: 

Ra-H-((h-1)AT+FATI-B (1) 
0065. In this expression R is the group bit-budget, and F 

is a parameter that determines the target size of the channel 
backlog at the end of transmitting the group of frames. This 
parameter, F. may also determine the target fullness of the 
playout buffer at the client. Optimal values of hand F param 
eters, which result in optimal quality, depend on delay toler 
ance, channel conditions and video source characteristics. 
For example, in a low delay scenario, the number of frames in 
a group (h) may be kept relatively low. These parameters can 
be extracted from look-up tables or automatically determined 
during the streaming session. The number of frames in a 
group may be static (fixed) throughout a streaming session. 
Alternatively, the number of frames in a group may be varied 
dynamically, depending on channel and system conditions. 
0066. If the group bit budget is equal to or larger than the 

total size of all frames in the group, e.g., if 

Ra > X v(j), 
jeG 

all SNR layers of the current frame will be transmitted. There 
fore, the rate of the current frame is not reduced, e.g.: 

r(i)=V(i) for all k<L. 

0067. If the group bit budget is smaller than or equal to the 
total size of the SNR base layers of the frames in the group, 
i.e. if 

Ras X v(jo), 
jeG 

the system will transmit only the base layer NAL unit of the 
current frame and discard all enhancement layer NAL units. 
Therefore: 

0068. If the group bit-budget is less than the total size of 
the frames in the group, but more than the total size of the 
SNR base layer data only, i.e. if 

jeG jeG 

the system may transmit the base layer NAL unit of the 
current frame, and may transmit part of the enhancement 
layer data, and discard the remaining part. The bit rate of the 
stream should be reduced in the projected time scale that 
corresponds to the h frames in the group. In some embodi 
ments, the transmission size of the current frame, r(i), may be 
determined as follows. In some embodiments, each video 
frame in the group G may be treated the same, without using 
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quality layer (QL) information. In some embodiments, dif 
ferent layers may be treated differently, prioritizing lower 
layers more than higher layers. In some embodiments, the 
quality layer (QL) information may be utilized, thereby dis 
tinguishing different video frames in terms of their effect on 
the overall video quality. 
0069 SNR Layer Dropping and Truncation Method 1: 
Rate Scaling 
0070 These embodiments may reduce the size of every 
frame in the group to the same rate. The transmission size of 
the current frame, r(i), may be computed by Scaling its initial 
bit size by the ratio of the bit budget for the group and the 
initial bit size of the group, as follows: 

R (2) 
X v(j) 
jeG 

0071. The transmission budget for the current frame, r(i), 
may be distributed among the NAL units (corresponding to 
different SNR layers) as follows. Note that the base layer 
NAL unit is transmitted entirely. 
0072 The system first does a check to see if all the layers 
of the current frame can be transmitted: 

0073. If 

L. -l 

r(i) > V(i) then r(ii) = V(i) for all Osk < L. 
k O 

0074. Otherwise, the system determines the largest layer 
index M such that all SNR layers for this frame with layer 
number smaller than M fit into the bit budget for the frame 
entirely. 

i-l (3) 

0 < i < L and X v(i) 3 r} M = mas 
ik=0 

(0075 Subsequently, NAL units for this frame with SNR 
layer index smaller than Mare transmitted entirely: 

r(i)=v(i) for all OskM&L. 

0076 Furthermore, the NAL unit for this frame with SNR 
layer index M is truncated as follows: 

- 

r(ii) = r(i) - v(ii), for k = M < L. 
k= 

Note that truncation of this NAL unit is only allowed if the 
layer is coded in fine-grained scalable (FGS) manner. Other 
wise, this NAL unit is discarded entirely. 
(0077. If any NAL units exist for this frame with SNR layer 
index larger than M, they are discarded entirely: 

r(i)=0, for MakL. 
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SNR Layer Dropping and Truncation Method 2: Layer Pri 
oritization 

0078. These embodiments treat different layers differ 
ently, prioritizing lower layers more than higher layers. The 
transmission rate allocation for each enhancement layer NAL 
uniti (0<k<L) of the current framei is determined as follows. 
This method proceeds layer by layer, starting from the 
enhancement layer with the lowest k. 
0079. The current NAL uniti is transmitted entirely if the 
bit-budget is large enough for this NAL unit as well as all the 
NAL units in the group belonging to the enhancement layerk 
and all the lower enhancement layers: 

r(ii) = V(i), if: Ra, c. X. V(is). 
iseG.Ws=0... k. 

0080. If the NAL unit is transmitted entirely, the next NAL 
unit with layer index incremented by 1 will be considered. 
0081. Otherwise, if 

X v(i.) > Ra > X v(i.) 
iseG.Ws=0 ...k iseG.Ws=0... k-1 

the transmission size of the current NAL uniti is computed as 
follows: 

(e- X. th) iseG.Ws=0 ... k-1 
r(ii) = V(i) 

0082 Furthermore, in this case the NAL units it. . . . . 
is are discarded entirely: 

r(ii)=0,..., r(ii. 1)-0. 

SNR Layer Dropping and Truncation Method 3: Quality 
Layer Information Based 
0083. These embodiments may use quality layer (QL) 
information for determining the transmission decisions for 
the current frame. These embodiments reduce distortion (i.e. 
maximize quality) by transmitting the most important NAL 
units in the group. In some embodiments, more important 
NAL units have higher QL identifier values. For the calcula 
tions below we associate a value to the QL identifier for the 
base layer NAL unit, QL(i), that is larger than the maximum 
allowed QL identifier value for enhancement layer NAL 
units. 
0084. The transmission rate decisions for each enhance 
ment layer NAL unit it (0<k<L) of the current frame i are 
determined as follows. 
0085. Define Nas the set of NAL units in the group that are 
more important than the current NAL unit i. 
I0086 Elements of N satisfy the following condition: 

jeN if QL(j)>9L(i), jeG and Oss-L 

I0087. The current NAL unit is is discarded entirely if the 
bit-budget is too small for the NAL units more important than 
i. 
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isew 

Otherwise, the transmission rate for the current NAL uniti is 
determined as described below. 

I0088 Let us define Pas the set of NAL units in the group 
G that have the same importance as the current NAL unit i. 
Thus: 

I0089. The current NAL uniti is transmitted entirely if the 
bit-budget is large enough for all the NAL units belonging to 
the union of set N and set P. 

r(i) = (i.), if: Rae X v(i.). 
ise(NUP) 

0090. Otherwise, in some embodiments, the transmission 
rate assigned to the current NAL unit is can be calculated 
using any one of the following algorithm variants: 
0091 Approach 1: This approach treats all the NAL units 
in the set P equally and thus all the NAL units in P are 
truncated by the same ratio: 

(e -X th) isew 

neP 

0092. Approach 2: This approach uses the remaining bits 
greedily by treating the current NAL unit is favorably com 
pared to other NAL units belonging to the set P: 

isew 

0093. Approach 3: This approach allocates the remaining 
bits first to other NAL units (excluding the current NAL unit 
i) belonging to the set P before assigning them to the current 
NAL unit i: 

r(i) = m Ra-X. vi.)- X th) 
isew ise(P\ii) 

Note that truncation of this NAL unit is only allowed if the 
layer is coded in fine-grained scalable (FGS) manner or a 
similar method. Otherwise, this NAL unit may be discarded 
entirely. 
0094. In embodiments that apply this method to an SVC 
bitstream which contains CGS and/or MGS, the above pro 
cess may be simplified. The simplified process of these 
embodiments can result in reduction in the number of com 
putations and lower complexity. The selected NAL units for 
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transmission and the computed truncation ratios when using 
the simplified process may remain the same as described 
above. 

SVC Rate Adaptation Based on SNR and Temporal Scalabil 
ity 

0095 Some embodiments of the present invention may 
evaluate a frame based on a temporal level value. Some of 
these embodiments may be described in relation to FIG. 6. In 
these embodiments, NAL units in a frame may be assigned a 
temporal level value based on the frame's status in a predic 
tion scheme. The temporal level value of a unit may be based 
on the number of dependent frames in the prediction Scheme. 
Accordingly, an I-frame 160,168 may be assigned a temporal 
level value of 0, while a P-frame 164, predicted from an 
I-frame 160, may be assigned a temporal level value of 1. A 
B-frame 162,166 that is predicted from a P-frame 164, that is, 
in turn, predicted from another frame 160, may be assigned a 
temporal level value of 2. Any hierarchical B-frames pre 
dicted from a B-frame 162, 166 may be assigned a temporal 
level value of 3. Transmission priority may then be allocated 
to units with the lowest temporal level value first with mar 
ginal units being truncated or omitted from a transmission. 
0096. In some embodiments of the present invention, if the 
rate reduction achieved by SNR scalability is not sufficient to 
prevent playout buffer underflows, further rate adaptation can 
be performed by reducing the temporal resolution of the 
video. In these embodiments, temporal scalability may be 
effectively achieved by discarding the SNR base layer data of 
certain video frames. This rate adaptation method based on 
temporal scalability may use the time-scale concept. Some 
embodiments may maximize the number of correctly 
decoded frames in the group while maintaining delay con 
straints. 

0097. In some embodiments, the system may decide 
whether the current frame is transmitted or dropped based on 
the importance of the frame in terms of its temporal levelt(i). 
Frames with a lower temporal level may be considered as 
more important than frames with a higher temporal level. 
since frames with a lower temporal level are used as a refer 
ence for prediction of frames with a higher temporal level. 
0098. In some embodiments, if the base layer cannot be 
transmitted in-budget, temporal scalability may be invoked. 
If the group bit-budget computed for SNR scalability is 
smaller than the total (bit) size of the SNR base layer NAL 
units of the frames in the group, i.e., 

jeG 

temporal scalability may be implemented. Temporal Scalabil 
ity may decide to discard the base layer data of certain frames, 
in addition to the enhancement layer data that may already 
have been discarded according to embodiments described 
above. 

0099. In these embodiments, the bit-budget may be con 
sidered for a group of frames G', where the size of this group 
may be different than the size of the group G defined for SNR 
Scalability. In some embodiments, it may be advantageous to 
use a larger group for the purpose of temporal scalability. In 
Some embodiments, longer time scales for temporal Scalabil 
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ity result in better performance. The new frame group is 
defined as: G'={i,i-1,..., i-h'-1}. 
0100. The new transmission bit-budget is computed as 
follows: 

0101 Subsequently, the NAL unit with the base layer of 
the current frame (NAL unit io) is transmitted, if the bit 
budget is large enough for this NAL unit as well as other NAL 
units in the group that are more important interms oftemporal 
level: 

0102 Otherwise, NAL unit is is discarded, effectively 
dropping frame i entirely: 

r(i) = 0, if: R G < v(io) + X. v(jo) for je G. 

0103) In these embodiments, the system may decide to 
transmit the base layer NAL unit (i) irrespective of the bit 
budget, if the frame is considered a very important frame, for 
example on the basis of the temporal level of the frame ti). 

Delayed NAL Unit Transmission 
0104. In some embodiments, an additional method, 
named Delayed NAL Unit Transmission, may be used as an 
extension of the previous two scalability methods, in combi 
nation with other methods or on its own. In some embodi 
ments explained previously, NAL units may have only one 
transmission opportunity at their first scheduled transmission 
time. These embodiments perform well when the initial buff 
ering duration is relatively long, for example longer than 300 
ms, by fully utilizing the channel when necessary. At rela 
tively short delay tolerances, the streaming system may not 
utilize the full channel bandwidth efficiently due to relatively 
large rate reductions. Large rate adjustments may occur when 
the h and F parameters are set to Small values, in order to 
prevent buffer under-runs. 
0105 Embodiments comprising delayed transmission 
may detect idle channel intervals (instances when the channel 
is not fully utilized), and Subsequently transmit previously 
dropped or truncated NAL units whose decoding deadlines 
have not yet expired. Hence, better channel utilization is 
achieved by the delayed transmission of NAL units, i.e., at 
later transmission opportunities. These embodiments may 
also utilize quality layer (QL) information for selecting the 
most important NAL unit that is not expired and eligible for 
delayed transmission. 
0106. In some embodiments, idle channel intervals may be 
detected using feedback messages of the client, which are 
sent after a burst is received. In the case of a wireless link, the 
channel will stay idle after the most recent burst transmission 
is acknowledged (i.e. the channel backlog is Zero), and if there 
is still time left until the transmission time for the next frame. 
Hence, the delayed NAL unit transmission stage may be 
initiated after a feedback message has been received. 
0107 First, the bit-budget for the idle interval may be 
determined as follows: 
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0108. In this expression t is the scheduled transmission 
time of the next frame (i+1), and C, is the receive time of the 
latest feedback indicating the channel backlog is empty. 
Delayed transmission can be disabled in cases where the idle 
interval is shorter than a threshold ( ), i.e. (ti-ca)<w. 
0109 Next, the most important, not-expired and previ 
ously discarded/truncated NAL unit is determined. In some 
embodiments, SNR base layers are always more important 
than the enhancement layers. 
0110 Define the set of NAL units eligible for delayed 
transmission, E. as: 

jeE, if: thf"ATest, and r(j)<V(i). 

10111. In this definition t, is the initial transmission time of 
frame. 3 is a constant safety factor, with Os3s 1, that can be 
used to disable the delayed transmission of NAL units whose 
deadline is too close. Additional tests may be performed to 
determine eligibility of a NAL unit. For example, the 
expected transmission duration of the NAL unit may also be 
tested. 
0112 Determine the most important NAL unit in E as the 
NAL unit with maximum Quality Layer identifier: 

ap = argmax QL(i) (6) 
i€E 

0113. If multiple NAL units in Eshare the same maximum 
quality layer, the one with the minimum frame sequence 
number is selected. If the Quality Layer information is not 
available, a can be chosen as the oldest and lowest SNR layer 
in E. 
0114) Next, the size of NAL unit a when performing 
delay transmission, d(a), is calculated as follows. 
0115 If a is an SNR base layer, i.e. b=0, transmit it 
entirely, since base layers can not be truncated. 

d(a)=v(a), if b=0. (7) 

0116. If a, is an SNR enhancement layer, i.e. b0, the 
remaining bits/bytes of the NAL unit may be transmitted up to 
the calculated bit-budget: 

d(a)=min R, v(a)-r(a), if b-0. (8) 

transmit frame 

begin 
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0117. In some embodiments, truncation of this NAL unit 
is only allowed if the layer is coded in fine-grained scalable 
(FGS) manner. Otherwise, this NAL unit is transmitted in its 
entirety only if the entire NAL unit fits into the calculated 
bit-budget for delayed transmission d(a). 
0118. The total transmission size of NAL unita, is updated 
after the delayed transmission: 

0119 Finally, the client station may send a feedback mes 
sage after receiving the delayed NAL unit packet burst. 
I0120 Optionally, in some embodiments, the above pro 
cess may be repeated for the next most important NAL unit in 
E after updating the bit budget: 

R=R-d(a), if Rs 0. 

I0121 Let N be the maximum number of delayed NAL 
units that the system is allowed to transmit before another 
feedback message is received. N is equal to 1 in case trans 
mission of multiple delayed NAL units before getting another 
feedback message is not allowed during delayed NAL unit 
transmission. N is equal to the size of E in case transmission 
of multiple delayed NAL units is allowed. Alternatively, N 
can be set to any fixed number by the system. Naturally, 
multiple delayed NAL unit transmissions are allowed only to 
the extent allowed by the bit budget. 
I0122. In some embodiments, the delayed NAL unit trans 
mission stage is initiated every time a feedback message from 
the client is received. Therefore, it is possible that the delayed 
NAL unit transmission stage is initiated multiple times in a 
single frame interval. Every time this stage is initiated, the 
process starts by checking if an idle interval is detected, 
computing the remaining bit budget, etc. 

Algorithm Pseudo-Code 

I0123. The following pseudo-code may be used to describe 
methods of some embodiments of the present invention com 
prising invocation of adaptive transmission and conditional 
delayed transmission of NAL units. 

adaptive transmission of NAL units of current frame 
end 

receive feedback 
begin 

update the expected channel bandwidth 
d1 = decide to invoke delayed NAL unit transmission 
if (d1 == true) 
then 

adaptive delayed transmission of NAL units of current and previous frames 
endif 

end 
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0.124. The following pseudo-code may be used to describe 
methods of some embodiments of the present invention com 
prising adaptive transmission of NAL units. 

adaptive transmission of NAL units of current frame 

begin 
determine the current channel backlog 
determine the expected channel bandwidth 
determine the group of frames G 
d2 = determine whether all NAL units in G can be transmitted 
if (d2 == true) 
then 

transmit all NAL units of the current frame 
else 

d3 = determine whether all base layer NAL units in G can be transmitted 
if (d3 == true) 
then 

transmit base layer NAL units of the current frame 
adaptive Snr scalable transmission 

else 
discard enhancement layer NAL units of the current frame 
adaptive temporal scalable transmission 

endif 
endif 

end 

0.125. The following pseudo-code may be used to describe 
methods of some embodiments of the present invention com 
prising partial transmission of enhancement layer NAL units. 

adaptive Snr Scalable transmission 

begin 
for enhancement layer k = 1 ... L-1 

d4 = determine whether layer k NAL units can be transmitted 
if (dA == true) 

transmit layer kNAL units of current frame 
else 

d5 = determine whether layer k NAL units can be partially transmitted 
if (d5 == true) 

truncate layer kNAL units of current frame 
partially transmit layer kNAL units of current frame 

else 
discard layer kNAL units of current frame 

endif 
endif 

endfor 
end 

0126 The following pseudo-code may be used to describe 
methods of some embodiments of the present invention com 
prising temporal scalability. 

adaptive temporal scalable transmission 

begin 
determine the group of frames G' 
d6 = determine whether current base layer NAL unit can be transmitted 
if (d6 == true) 

transmit layer ONAL unit of current frame 
else 

discard layer ONAL unit of current frame 
endif 

end 
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0127. The following pseudo-code may be used to describe 
methods of some embodiments of the present invention com 
prising adaptive delayed transmission of NAL units. 
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budget remainder. If the budget remainder is at least as large 
as the next most important enhancement layer, that enhance 
ment layer may be allocated to the budget thereby creating an 

adaptive delayed transmission of NAL units of current and previous frames 

begin 
determine bit budget for delayed NAL unit transmission 
determine set of NAL units eligible for delayed transmission E 
determine priority order of eligible NAL units 
for eligible NAL unit with priority index j = 1 ... N 

d7 = determine whether NAL unit can be transmitted 
if (d7 == true) 

transmitj" NAL unit 
else 

d8 = determine whether NAL unit can be partially transmitted 
if (d8 == true) 

truncate "NAL unit 
partially transmiti" NAL unit 

else 
discardi" NAL unit 

endif 
endif 
update bit budget for delayed NAL unit transmission 

endfor 
end 

0128 Aspects of some embodiments of the present inven 
tion may be described with reference to FIG. 7. In these 
embodiments, a group of frames (GOF) may be analyzed 20 
to determine the size of the GOF in bits, bytes, or some other 
measure of memory needed to store or transmit the GOF. In 
some embodiments, the size of each frame within the GOF 
and each layer within each frame may also be determined. In 
Some embodiments, the size of each frame's base layer and 
any enhancement layers may be determined. 
0129. In these embodiments, communication bandwidth 
is also analyzed 22 to determine the bandwidth of the com 
munication medium over which a signal may be sent. Based 
on the available bandwidth, a GOF bit budget may be com 
puted 24. The bit budget may represent an estimate of the 
amount of data that may be transmitted across the communi 
cation medium at the time of the estimate. 
0130. Once a bit budget is established, the bit budget may 
be compared 26 to the size of frame elements within the GOF. 
Typically, a comparison is made to determine whether the bit 
budget is larger than the total size of all base layers in the 
GOF. If the bit budget is larger than the sum of all the base 
layers in the GOF, a further analysis 28 may be performed to 
determine what additional elements of the frame, such as 
enhancement layers, may be transmitted along with the base 
layer. If the bit budget is smaller than the sum of all the base 
layers in the GOF, a determination 29 may be made to ascer 
tain what base layer units may be discarded. 
0131 Aspects of some embodiments of the present inven 
tion may be described with reference to FIG. 8. In these 
embodiments, once it has been determined that a base layer 
fits within the bit budget for a GOF, a bit budget for a current 
target frame may be determined 30. The base layer may then 
be allocated 31 to the current frame bit budget leaving a 
current frame budget remainder. The base layer may be trans 
mitted at this time if it has not already been transmitted or it 
may be selected for transmission at Some later time. In some 
embodiments, the size of the next most important enhance 
ment layer may then be compared 32 to the current frame 

updated budget remainder and the enhancement layer may be 
transmitted 33. This process may be repeated until all 
enhancement layers for the current frame have been transmit 
ted or until the next most important enhancement layer is 
larger than the updated budget reminder. 
0.132. In some embodiments, when the next most impor 
tant enhancement layer will not fit in the updated budget 
remainder, it may be determined whether portions of an 
enhancement layer may be transmitted. In some embodi 
ments, a layer may be divided into Smaller elements, such as 
through Fine Grain Scalability (FGS) in some AVC/SVC 
related embodiments. If a layer is not divisible (e.g., not FGS) 
the remaining enhancement layer may be discarded or other 
wise omitted from the current transmission schedule 35 and 
the process may proceed to the next frame. 
I0133) If a signal is encoded in a format that allows layer 
divisibility (e.g., FGS), the enhancement layer that did not fit 
into the updated budget remainder may be truncated 36 to the 
size of the budget remainder. The truncated layer portion 37 
may then be transmitted with the other more important layers. 
I0134. In some embodiments, after the bit budget for each 
frame is exhausted, a new GOF may be selected for the next 
frame in the sequence and the above process may be repeated 
for the next frame. 
0.135 Aspects of some embodiments of the present inven 
tion may be described with reference to FIG. 9. In these 
embodiments, once it is determined that the base layer for all 
frames in the GOF will fit in the GOF bit budget 28, the size 
ofall base layers is allocated 40 to the GOF bit budget thereby 
creating a GOF bit budget remainder. The base layer for the 
current frame may then be transmitted 47. The next most 
important enhancement layer is then examined. When the 
size of the next most important enhancement layer for all 
frames in the GOF is smaller than the GOF bit budget remain 
der 41, that layer size is allocated to the GOF bit budget 
remainder thereby creating an updated GOF bit budget 
remainder. The allocated enhancement layer for the current 
frame is then transmitted 42 or selected for later transmission. 
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This process may be repeated for each enhancement layer in 
a frame until all enhancement layers have been transmitted or 
until an enhancement layer is smaller than the updated GOF 
bit budget remainder. 
0136. In some embodiments, when the next most impor 
tant enhancement layer will not fit in the updated GOF bit 
budget remainder, it may be determined 43 whether portions 
of an enhancement layer may be transmitted. In some 
embodiments, a layer may be divided into Smaller elements, 
such as through Fine Grain Scalability (FGS) in some AVC/ 
SVC-related embodiments. If a layer is not divisible (e.g., not 
FGS) the remaining enhancement layer may be discarded or 
otherwise omitted from the current transmission schedule 44 
and the process may proceed to the next frame. 
0.137 If a signal is encoded in a format that allows layer 
divisibility (e.g., FGS), the enhancement layer that did not fit 
into the updated GOF bit budget remainder may be truncated 
45 to the size of the budget remainder. The truncated layer 
portion 46 may then be transmitted with the other more 
important layers or otherwise selected for transmission. 
0.138. In some embodiments, after the GOF bit budget is 
exhausted and as much of the current frame has been selected 
for transmission as possible under this method, a new GOF 
may be selected for the next frame in the sequence and the 
above process may be repeated for the next frame. 
0139 Aspects of some embodiments of the present inven 
tion may be described with reference to FIG. 10. In these 
embodiments, it has been determined that the base layer NAL 
units fit in the group bit budget in step 26 of FIG. 7 so the base 
layer NAL units are transmitted or selected for transmission 
50. The size of these base layer units may then be allocated 
against the group bit budget thereby creating a remaining 
group bit budget. In these embodiments, a Quality Layer 
Identification (QLID) may be assigned 58 to each layer of 
each frame in the GOF. Each layer may be encoded in a unit, 
such as a Network Abstraction Layer (NAL) unit. The QLID 
may relate each unit to its importance relative to the perceived 
quality of the signal. In some embodiments, a base layer 
QLID may be more important than a first enhancement layer, 
which may be more important than a second enhancement 
layer. Furthermore, an I frame may be more important than a 
P frame, which may be more important than a B frame. In 
Some embodiments, the QLID may be assigned based on the 
distortion of the signal when the unit is omitted. 
0140. Once QLIDs have been assigned 58 to each layer or 

unit, each unit in the current frame starting 59 with the least 
important and progressing to most important may be ana 
lyzed in Succession. 
0141. This analysis 51 may determine whether all units in 
the GOF with a QLID more important than the current 
frame's unit fit in the remaining GOF bit budget. If so, it is 
then determined 55 whether all units in the GOF with a QLID 
equal to the current frame's unit fit in the remaining GOF bit 
budget. If all units with a QLID equal to the current unit fit in 
the remaining GOF bit budget, the current unit and any more 
important units in the current frame may be transmitted or 
selected for transmission 57. If all units with a QLID equal to 
the current unit do not fit in the remaining GOF bit budget, the 
current unit may be discarded or omitted 56 from transmis 
sion at the current time. When units are divisible, the current 
unit may be truncated according to a variety of methods. 
Some exemplary methods are described below in relation to 
FIG 11. 
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0142. If all units in the GOF with a QLID more important 
than the current frame's unit do not fit in the remaining GOF 
bit budget, the current frame's unit is discarded 52 or other 
wise omitted from transmission at the current time. The pro 
cess may then proceed to the next most important unit 53 in 
the current frame and repeat until all units in the current frame 
are processed 54. 
0143. In some embodiments of the present invention, 
when all units with a QLID equal to the current frame's unit 
do not fit in the GOF bit budget, any NAL units more impor 
tant that the current NAL unit may be transmitted and the 
current frame's unit may be truncated 56. In an exemplary 
embodiment, shown in FIG. 11, the current unit may be 
truncated 60 in proportion to the ratio of the remaining GOF 
bit budget to the total size of units with a QLID equal to the 
QLID of the current frame's unit. In an alternative exemplary 
embodiment 62, whatever portion of the current frame's unit 
will fit in the remaining GOF bit budget may be transmitted or 
selected for transmission. In yet another exemplary embodi 
ment 64, the remaining GOF bit budget may be allocated to 
other units with the same QLID as the current frame's unit. 
After this allocation, whatever portion of the current frame's 
unit will fit in the remaining GOF bit budget may be trans 
mitted or selected for transmission. After these allocation 
methods 60, 62 and 64, described in relation to FIG. 11, are 
performed, these methods may proceed to Supplementary 
allocation and transmission processes such as those described 
in relation to FIGS. 13 and 14. 
0144 Aspects of some embodiments of the present inven 
tion may be described in relation to FIG. 12. In these embodi 
ments, a GOF is selected, a GOF bit budget is determined and 
the size of base layers of frames in the GOF is determined. 
When all base layers do not fit in the GOF bit budget, all 
enhancement layer units may be discarded or omitted from 
transmission at the current time 70. 

0145. In some embodiments, a second GOF may be 
selected 72 when all base layers do not fit in the budget. 
Typically, a larger GOF comprising more frames may be 
selected. A second GOF bit budget may be calculated 74 or 
estimated for this second GOF. In alternative embodiments, 
the original GOF and GOF bit budget may be used. 
0146 In these embodiments, a temporal level is assigned 
to each base layer unit. In some embodiments, the temporal 
level may relate to the number of frames through which a 
frame is predicted or may otherwise relate to the importance 
of a frame in the prediction of other frames. In these embodi 
ments, a lower temporal level indicates greater importance. 
0.147. In some embodiments, the base layer units may be 
selected 76 in order of most important temporal level until the 
bit budget is exhausted. This may be done by selecting a 
temporal level threshold or by other methods. In some 
embodiments, a threshold value may be selected as the lowest 
temporal level value such that the sum of the base layer NAL 
units with a temporal level less than the threshold value is 
greater than the bit budget 76. In some embodiments, base 
layer NAL units may be transmitted or selected for transmis 
sion 78 when their temporal level is less than the threshold 
value. In other embodiments, if the current frame's base layer 
unit has a temporal level that is important enough to fall 
within the bit budget, the unit may be transmitted 78 or 
selected for transmission. 
0148 Aspects of some embodiments of the present inven 
tion may be described in relation to FIG. 13. In these embodi 
ments, units for frames have already been selected and trans 
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mitted by methods described above or by other methods and 
Some units have been omitted from transmission. After trans 
mission of these frames, it may be determined that the trans 
mission medium has available bandwidth, such as during an 
idle interval. In these embodiments, a supplementary bit bud 
get may be determined 80 for this interval. Untransmitted 
units for the previously transmitted frames may also be deter 
mined 82. These untransmitted units may be assigned to the 
Supplementary bit budget. These units may be assigned using 
methods described above or by other methods. The assigned 
units may then be transmitted 86 during this interval. 
0149 Aspects of some embodiments of the present inven 
tion may be described in relation to FIG. 14. In these embodi 
ments, units for frames have already been selected and trans 
mitted by methods described above or by other methods and 
Some units have been omitted from transmission. After trans 
mission of these frames, it may be determined that the trans 
mission medium has available bandwidth, such as during an 
idle interval. In these embodiments a supplementary bit bud 
get may be determined 90. This supplementary bit budget 
may be based on transmission medium status and conditions 
after the initial transmission was sent. Full units and partial 
units that were previously omitted from transmission may be 
considered 91 for transmission. These units may be assigned 
a QLID if an assignment has not already been made 92. Each 
unit may then be evaluated according to its QLID. A deter 
mination 93 may then be made to determine whether all 
partial and full units with QLID above a threshold level will fit 
in the supplementary bit budget. If all units at the current 
QLID fit in the bit budget, all these units may be transmitted 
or selected for transmission 94. The level may then be incre 
mented 95 and the process repeated until the bit budget is 
exhausted. 
0150. When all units at a particular QLID do not fit in the 

bit budget, those units at the current QLID threshold that have 
the lowest frame sequence number may be selected until the 
bit budget is exhausted 96. When the bit budget is exhausted, 
the selected units may be transmitted 97. 
0151. The terms and expressions which have been 
employed in the forgoing specification are used therein as 
terms of description and not of limitation, and there is no 
intention in the use of such terms and expressions of exclud 
ing equivalence of the features shown and described or por 
tions thereof, it being recognized that the scope of the inven 
tion is defined and limited only by the claims which follow. 
What is claimed is: 
1. A method for rate-adaptive transmission of scalable 

signals, said method comprising: 
a. Selecting a group of frames (GOF) comprising a current 

frame; 
b. determining the initial size of said GOF, comprising all 
NAL units in said GOF: 

c. determining a GOF bit budget for said GOF: 
d. computing a current frame bit budget for said current 

frame wherein said current frame bit budget is propor 
tional to the total size of all NAL units in said current 
frame multiplied by the ratio of the GOF bit budget to the 
initial size of said GOF: 

e. computing the size of a current-frame base layer NAL 
unit and any current frame enhancement layer NAL 
units of said current frame; 

f allocating a portion of said current frame bit budget to 
said current frame base layer NAL unit thereby deter 
mining a current-frame bit budget remainder, 
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g. authorizing transmission of said current frame base layer 
NAL unit; 

h. determining whether the size of a next most important 
layer NAL unit of said current frame is less than said 
current-frame bit budget remainder; 

i. allocating a next portion of said current-frame bit budget 
remainder to said next most important layer NAL unit 
thereby determining an adjusted current-frame bit bud 
get remainder if the size of said next most important 
layer NAL unit is less than said current-frame bit budget 
remainder, 

j. authorizing transmission of said next most important 
layer NAL unit if the size of said next most important 
layer NAL unit is less than said current-frame bit budget 
remainder, and 

k. repeating stepsh-for each Successively more important 
enhancement layer NAL unit of said current frame until 
said adjusted current-frame bit budget remainder is 
Smaller than a last most important layer NAL unit. 

2. A method as described in claim 1 further comprising: 
a. truncating said last most important layer NAL unit to fit 

in said adjusted current-frame bit budget remainder and 
transmitting said truncated last most important layer 
NAL unit when said scalable signal is encoded with Fine 
Grain Scalability (FGS); and 

b. discarding said last most important layer NAL unit, 
when said scalable signal is not encoded with FGS. 

3. A method as described in claim 1 further comprising: 
a. analyzing an updated available transmission bandwidth 

after transmission of said current frame base layer NAL 
unit and any next most important layer NAL units 
thereby determining an updated bit budget; 

b. determining eligible unsent NAL units and partially 
unsent NAL units: 

c. allocating said unsent/partially-unsent NAL units to said 
updated bit budget until said updated bit budget is 
expended; and 

d. authorizing said allocated unsent/partially-unsent NAL 
units for transmission. 

4. A method as described in claim 1 further comprising: 
a. analyzing an updated available transmission bandwidth 

after transmission of said current frame base layer NAL 
unit and any next most important layer NAL units 
thereby determining an updated bit budget; 

b. determining eligible unsent NAL units and partially 
unsent NAL units: 

c. determining a quality layer identification (QLID) for 
each of said unsent/partially-unsent NAL units: 

d. allocating said unsent/partially-unsent NAL units to said 
updated bit budget in order of QLID until said updated 
bit budget is expended; and 

e. authorizing said unsent/partially-unsent NAL units for 
transmission. 

5. A method for rate-adaptive transmission of scalable 
signals, said method comprising: 

a. Selecting a group of frames (GOF) comprising a current 
frame; 

b. determining a GOF bit budget for said GOF: 
c. determining a GOF total base layer size for all base layer 
NAL units in said GOF: 

d. when said GOF total base layer size is greater than said 
GOF bit budget 
i) assigning a temporal level to each of said base layer 
NAL units in said GOF, 
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ii) allocating base layer NAL units to said GOF bit 
budget in order of highest priority temporal level until 
said GOF bit budget is expended, and 

iii) authorizing transmission of said allocated base layer 
NAL units. 

6. A method as described in claim 5 further comprising 
transmitting all base layer NAL units in said GOF when said 
GOF total base layer size is less than said GOF bit budget. 

7. A method as described in claim 5 further comprising: 
a. analyzing an updated available transmission bandwidth 

after transmission of any of said base layer NAL units 
and any next most important layer NAL units thereby 
determining an updated bit budget; 

b. determining eligible unsent NAL units: 
c. allocating said unsent NAL units to said updated bit 

budget until said updated bit budget is expended; and 
d. authorizing said allocated unsent NAL units for trans 

mission. 
8. A method as described in claim 5 further comprising: 
a. analyzing an updated available transmission bandwidth 

after transmission of said base layer NAL units thereby 
determining an updated bit budget; 

b. determining eligible unsent NAL units: 
c. determining a quality layer identification (QLID) for 

each of said unsent NAL units: 
d. allocating said unsent NAL units to said updated bit 

budget in order of QLID until said updated bit budget is 
expended; and 

e. authorizing said unsent NAL units for transmission. 
9. A method as described in claim 5 wherein said temporal 

level is related to the number of frames through which a frame 
is predicted. 

10. A method for rate-adaptive transmission of scalable 
signals, said method comprising: 

a. Selecting a group of frames (GOF) comprising a current 
frame; 

b. determining the initial size of all base layer NAL units in 
said GOF: 

c. analyzing available transmission bandwidth to deter 
mine a GOF bit budget for said GOF: 

d. allocating said base layer NAL units to said GOF budget, 
thereby calculating a first remaining GOF bit budget; 

e. transmitting said base layer NAL units; 
f determining the size of all NAL units in a first enhance 
ment layer; 

g. determining whether the size of said first enhancement 
layer NAL units is less than said first remaining GOF bit 
budget; 

h. allocating said first enhancement layer NAL units to said 
first remaining GOF bit budget thereby creating a sec 
ond remaining GOF bit budget and transmitting a first 
enhancement layer NAL unit for said current frame 
when said size of said first enhancement layer NAL units 
is less than said first remaining GOF bit budget; 

i. repeating step (h) for Successive enhancement layers 
until the size of said first remaining GOF bit budget is 
less than the size of all NAL units in an enhancement 
layer; and 

j. truncating a current frame enhancement layer NAL unit 
in proportion to the ratio of the first remaining GOF bit 
budget to the size of the first enhancement layer NAL 
units for said GOF and transmitting said truncated cur 
rent frame enhancement layer NAL unit when the size of 
said first enhancement layer NAL units is less than said 
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first remaining GOF bit budget and the signal is encoded 
with Fine Grain Scalability (FGS). 

11. A method as described in claim 10 further comprising 
discarding said current frame enhancement layer NAL unit 
when the size of said enhancement layer NAL units is less 
than said first remaining GOF bit budget and said signal is not 
encoded with FGS. 

12. A method as described in claim 10 further comprising: 
a. analyzing an updated available transmission bandwidth 

after transmission of said current frame base layer NAL 
unit and any next most important layer NAL units 
thereby determining an updated bit budget; 

b. determining eligible unsent NAL units and partially 
unsent NAL units: 

c. allocating said unsent/partially-unsent NAL units to said 
updated bit budget until said updated bit budget is 
expended; and 

d. Selecting said allocated unsent/partially-unsent NAL 
units for transmission. 

13. A method as described in claim 10 further comprising: 
a. analyzing an updated available transmission bandwidth 

after transmission of said current frame base layer NAL 
unit and any next most important layer NAL units 
thereby determining an updated bit budget; 
determining eligible unsent NAL units and partially 
unsent NAL units: 

c. determining a quality layer identification (QLID) for 
each of said unsent/partially-unsent NAL units: 

d. allocating said unsent/partially-unsent NAL units to said 
updated bit budget in order of QLID until said updated 
bit budget is expended; and 

e. Selecting said unsent/partially-unsent NAL units for 
transmission. 

14. A method for rate-adaptive transmission of scalable 
signals, said method comprising: 

a. Selecting a group of frames (GOF) comprising a current 
frame, wherein each frame in said GOF comprises at 
least one NAL unit; 

b. determining the initial total size of said GOF: 
c. determining a GOF bit budget for said GOF: 
d. assigning a quality layer identification (QLID) to each 
NAL unit in said GOF: 

e. Selecting a first threshold QLID value, that is assigned to 
a current frame NAL unit, wherein the total size of all 
NAL units in said GOF with QLID values more impor 
tant than said first threshold QLID value is no larger than 
said GOF bit budget; 

f. authorizing for transmission all current frame NAL units 
with QLIDs more important than said first threshold 
QLID value; 

g. determining whether the total size of all NAL units in 
said GOF with QLID values at least as important as said 
first threshold QLID value is no larger than said GOF bit 
budget; and 

h. authorizing for transmission all current frame NAL units 
with QLIDs at least as important as said first threshold 
QLID value when the total size of all NAL units in said 
GOF with QLID values at least as important as said first 
threshold QLID value is no larger than said GOF bit 
budget. 

15. A method as described in claim 14 further comprising: 
a. truncating a current frame NAL unit to fit in said GOF bit 

budget and transmitting said truncated current frame 
NAL unit when said scalable signal is encoded with Fine 
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Grain Scalability (FGS) and when the total size of all 
NAL units in said GOF with QLID values at least as 
important as said first threshold QLID value is larger 
than said GOF bit budget; and 

b. discarding said current frame NAL unit, when said Scal 
able signal is not encoded with FGS and when the total 
size of all NAL units in said GOF with QLID values at 
least as important as said first threshold QLID value is 
larger than said GOF bit budget. 

16. A method as described in claim 14 further comprising: 
a. analyzing an updated available transmission bandwidth 

after transmission of said current frame NAL unit 
thereby determining an updated bit budget; 

b. determining eligible unsent NAL units and partially 
unsent NAL units: 

c. allocating said unsent/partially-unsent NAL units to said 
updated bit budget until said updated bit budget is 
expended; and 

d. authorizing said allocated unsent/partially-unsent NAL 
units for transmission. 

17. A method as described in claim 14 further comprising: 
a. analyzing an updated available transmission bandwidth 

after transmission of said current frame NAL unit 
thereby determining an updated bit budget; 
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b. determining eligible unsent NAL units and partially 
unsent NAL units: 

c. determining a quality layer identification (QLID) for 
each of said unsent/partially-unsent NAL units: 

d. allocating said unsent/partially-unsent NAL units to said 
updated bit budget in order of QLID until said updated 
bit budget is expended; and 

e. authorizing said unsent/partially-unsent NAL units for 
transmission. 

18. A method as described in claim 15 wherein said trun 
cating comprises truncating said current frame NAL unit in 
proportion to a ratio of a remaining bit budget to the total size 
of all NAL units with QLID equal to the QLID of the current 
NAL unit. 

19. A method as described in claim 15 wherein said trun 
cating comprises authorizing for transmission any portion of 
a current frame NAL unit that will fit in a remaining bit 
budget. 

20. A method as described in claim 15 further comprising 
allocating any remaining GOF bit budget to other NAL units 
with a QLID equal to that of the current frame. 

c c c c c 
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