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(57) Abstract: An encoded video stream (1100) that includes a plurality of first- resolution frames (PL) and a plurality of second-
resolution frames(PM, PH) is transmitted from an encoding client to a first remote computing system. A first-resolution non-dis -
played anchor frame (G) is also transmitted from the encoding client to the first remote computing system in the encoded video
stream. The encoding client receives, from the first remote computing system, a request to change resolution. In response to receiv -
ing the request to change resolution, the encoding client transmits, to the first remote computing system in the encoded video stream,
a set of frames that are encoded relative to the first-resolution non-displayed anchor frame.
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SINGLE-STREAM TRANSMISSION METHOD FOR MULTI-USER VIDEO
CONFERENCING

TECHNICAL FIELD
[0001] This disclosure relates to encoding and decoding visual data, such as video stream
data, for transmission or storage and subsequent display, with particular reference to multi-
user video conferencing.
BACKGROUND
[0002] Digital video streams typically represent video using a sequence of frames or still
images. Each frame can include a number of blocks, which in turn may contain information
describing the value of color, brightness or other attributes for pixels. The amount of data in a
typical video stream is large, and transmission and storage of video can use significant
computing or communications resources. Various approaches have been proposed to reduce
the amount of data in video streams, including compression and other encoding techniques.
In addition, video data can be transmitted or stored at varying spatial resolutions in order to
save transmission or storage bandwidth.
[0003] One application particularly sensitive to transmission or storage bandwidth is
multi-user video conferencing. Multi-user video conferencing is gaining popularity amongst
mobile and desktop users. In order to provide an acceptable user experience, multi-user video
conferencing applications balance quality against performance. One way in which this is
done is by using a scalable frame encoding scheme to adapt to changing internet bandwidth
conditions.
SUMMARY
[0004] One aspect of the disclosed embodiments is a method that includes transmitting,
from an encoding client to a first remote computing system, an encoded video stream that
includes a plurality of first-resolution frames and a plurality of second-resolution frames. The
method also includes transmitting, from the encoding client to the first remote computing
system in the encoded video stream, a first-resolution non-displayed anchor frame. The
method also includes receiving, at the encoding client from the first remote computing
system, a request to change resolution. In response to receiving the request to change

resolution, the method includes transmitting, from the encoding client to the first remote
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computing system in the encoded video stream, a set of frames that are encoded relative to
the first-resolution non-displayed anchor frame.
[0005] Another aspect of the disclosed embodiments is a method that includes receiving,
at a first decoding client from a first remote computing system, an encoded video stream that
includes a plurality of first-resolution frames, and decoding, at the first decoding client, at
least some frames from the plurality of first-resolution frames. The method also includes
receiving, at the first decoding client from the first remote computing system, a first-
resolution non-displayed anchor frame and decoding, at the first decoding client, the first-
resolution non-displayed anchor frame. Subsequent to decoding the first-resolution non-
displayed anchor frame, the method includes receiving, at the first decoding client, at least
one second resolution frame that is encoded relative to the decoded first-resolution non-
displayed anchor frame, and decoding, at the first decoding client, the at least one second
resolution frame using the decoded first-resolution non-displayed anchor frame.
[0006] Another aspect of the disclosed embodiments is a method that includes receiving,
from an encoding client at a video conference server, an encoded video stream that includes a
plurality of first-resolution frames and a plurality of second-resolution frames. The method
also includes transmitting the plurality of first resolution frames to at least some decoding
clients from the plurality of decoding clients and transmitting the plurality of second
resolution frames to at least some decoding clients from the plurality of decoding clients. The
method also includes receiving, from the encoding client at the video conference server in the
encoded video stream, a first-resolution non-displayed anchor frame, and transmitting the
first-resolution non-displayed anchor frame to all of the plurality of decoding clients. The
method also includes transmitting, to the encoding client from the video conference server, a
request to change resolution, and in response to receiving the request to change resolution,
receiving, from the encoding client at the video conference server in the encoded video
stream, a set of frames that are encoded relative to the first-resolution non-displayed anchor
frame and transmitting one or more frames from the set of frames to each of the plurality of
decoding clients.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The description herein makes reference to the accompanying drawings wherein
like reference numerals refer to like parts throughout the several views.
[0008] FIG. 1 is a schematic of a video encoding and decoding system.
[0009] FIG. 2 is a block diagram of a computing device that can implement a transmitting

station or a receiving station.
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[0010] FIG. 3 is a diagram of a typical video stream to be encoded and subsequently
decoded.

[0011] FIG. 4 is a block diagram of a video compression system in accordance with an
aspect of this disclosure.

[0012] FIG. 5 is a block diagram of a video decompression system in accordance with
another aspect of this disclosure.

[0013] FIG. 6 is a diagram of a video conferencing system in which aspects of this

disclosure can be implemented.

[0014] FIG. 7 is a diagram showing simulcast-based multiparty video conferencing.
[0015] FIG. 8 is a diagram showing a single stream containing video frames of various
resolutions.

[0016] FIG. 9 is a diagram showing frame types and prediction in a single stream of

video frames during video conference start-up.

[0017] FIG. 10 is a diagram showing transmission of video streams between an encoding
client, a video conference server, and a plurality of decoding clients during video conference
start-up.

[0018] FIG. 11 is a diagram showing a coding pattern in a single stream containing video
frames to allow a resolution change without a keyframe.

[0019] FIG. 12 is a diagram showing transmission of video streams between an encoding
client, a video conference server, and a plurality of decoding clients during a resolution
change.

[0020] FIG. 13 is a flowchart showing encoding and transmission of a video stream by an
encoding client.

[0021] FIG. 14 is a flowchart showing receipt and transmission of a video stream by a
video conference server.

[0022] FIG. 15 is a flowchart showing receipt and decoding of a video stream by a
decoding client.

[0023] FIG. 16 is a diagram showing a coding pattern of a single stream of video frames
for temporal scalability by dropping frames.

[0024] FIG. 17 is a diagram showing transmission of video streams between an encoding
client, a video conference server, and a plurality of decoding clients with temporal scalability.
DETAILED DESCRIPTION
[0025] Digital video is used for various purposes including, for example, remote business

meetings via video conferencing, high definition video entertainment, video advertisements,
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and sharing of user-generated videos. In some applications, digital video streams can be
encoded at varying spatial resolutions in order to save transmission or storage bandwidth. For
example, in a video conferencing system, one or more video streams can be encoded,
transmitted and displayed at multiple resolutions, such as a low resolution, a medium
resolution, and a high resolution.

[0026] A video conferencing system can, at times, change the resolution at which video
data streams are encoded and/or transmitted. For example, high-resolution video streams can
be switched to a low-resolution and low-resolution video streams can switch to a high-
resolution. Decisions as to which video streams are to be transmitted at which resolution can
be made automatically by a video conferencing system or the decisions can be made
manually by the participants or a moderator. A server, such as a relay server, can be a
separate computing device that receives and re-transmits video data streams while instructing
computing devices that represent participants as to what resolutions at which to encode and
transmit video data. In some cases the server can be a software program executing on one or
more computing devices representing participants in the video conference. Video conferences
can also be conducted in peer-to-peer fashion where each participant selects the resolution
with which to receive various video data streams with no video conferencing server involved.
[0027] One technique for switching resolutions of video streams can be referred to as
simulcasting. In simulcasting, each participant in a video conference can simultaneously
encode and transmit two or more video data streams. The data streams can be sent to a video
conference server for relay to other participants, or can be sent directly to the other
participants. In an example in which two video data streams are sent to the server, one video
data stream includes high-resolution video data and one video data stream includes low-
resolution video data. The video conference serve typically transmits one of the low
resolution video data or the high resolution data to each of the participants based on control
information. Typically, each participant receives only frames of the resolution that it is
actively displaying. When a participant switches to a different resolution a frame at the new
resolution is coded and transmitted to all participants that are displaying that resolution. This
frame is often called an I-frame or an intra-frame. Thus, a resolution change for one of the
participants will affect all of the participants due to the need to transmit the intra-frame.
Transmission of this frame can cause quality degradation for a small period of time, which
can be annoying to participants.

[0028] Another technique for switching video data stream resolution can be referred to as

multi-resolution or scalable coding. In this scheme, video is coded at multiple resolutions is
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transmitted to a server either in a single stream or in multiple streams. The server can then
select which of the resolutions to send to which participants based on control information.
Multi-resolution or scalable coding has coding losses compared to an optimal one-resolution
coding. During video switching, it may also take time for the high-resolution video quality to
build up. Similarly to simulcasting, this can cause quality degradation that is annoying to
participants.

[0029] According to the teachings herein, each encoding client transmits a video stream
that includes video frames at multiple resolutions. These frames can be relayed to a plurality
of decoding clients by a video conference server or can be transmitted directly to the plurality
of clients. In implementations where the video conference server is used, it forwards video
frames from the encoded video stream to the decoding clients based on the resolution being
actively decoded at the particular decoding client. Periodically, the encoding client transmits
a reference frame that is forwarded to all decoding clients but is not displayed. The non-
displayed anchor frame can transmitted to all of the decoding clients at a single resolution
regardless of the video resolution being actively decoded by the respective client. When one
of the decoding clients requests a change in resolution, the non-displayed anchor frame can
be utilized in conjunction with reference frame scaling to allow the change in resolution to
occur without requiring the encoding client to transmit a keyframe. Therefore, the increased
bandwidth consumption associated with sending a keyframe is avoided.

[0030] FIG. 1 is a schematic of a video encoding and decoding system 100 in which the
systems and methods described herein can be implemented. A transmitting station 112 can
be, for example, a computer having an internal configuration of hardware such as that
described in FIG. 2. However, other suitable implementations of the transmitting station 112
are possible. For example, the processing of transmitting station 112 can be distributed
among multiple devices.

[0031] A network 128 can connect the transmitting station 112 and a receiving station
130 for encoding and decoding of a video stream. Specifically, the video stream can be
encoded in transmitting station 112 and the encoded video stream can be decoded in
receiving station 130. Network 128 can be, for example, the Internet. Network 128 can also
be a local area network (LAN), wide area network (W AN), virtual private network (VPN),
cellular telephone network or any other means of transferring the video stream from
transmitting station 112 to, in this example, receiving station 130.

[0032] Receiving station 130, in one example, can be a computer having an internal

configuration of hardware such as that described in FIG. 2. However, other suitable
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implementations of receiving station 130 are possible. For example, the processing of
receiving station 130 can be distributed among multiple devices.

[0033] Other implementations of video encoding and decoding system 100 are possible.
For example, an implementation can omit network 128. In another implementation, a video
stream can be encoded and then stored for transmission at a later time to receiving station 130
or any other device having memory. In one implementation, the receiving station 130
receives (e.g., via network 128, a computer bus, and/or some communication pathway) the
encoded video stream and stores the video stream for later decoding. In an example
implementation, a real-time transport protocol (RTP) is used for transmission of the encoded
video over network 128. In another implementation, a transport protocol other than RTP may
be used, e.g., an HTTP-based video streaming protocol.

[0034] As will be explained further herein, the transmitting station 112 and the receiving
station 130 are examples of devices that can be included in the video encoding and decoding
system 100. Additional devices can be included, such as a video conference server that relays
transmissions from the transmitting station 112 to the receiving station 130.

[0035] FIG. 2 is a block diagram of an computing device 200 that can implement a
transmitting station or a receiving station. For example, computing device 200 can implement
one or both of transmitting station 112 and receiving station 130 of FIG. 1. Computing device
200 can be in the form of a computing system including multiple computing devices, or in the
form of a single computing device, for example, a mobile phone, a tablet computer, a laptop
computer, a notebook computer, a desktop computer, and the like.

[0036] A CPU 224 in computing device 200 can be a conventional central processing
unit. Alternatively, CPU 224 can be any other type of device, or multiple devices, capable of
manipulating or processing information now-existing or hereafter developed. Although the
disclosed implementations can be practiced with a single processor as shown, e.g., CPU 224,
advantages in speed and efficiency can be achieved using more than one processor.

[0037] A memory 226 in computing device 200 can be a read only memory (ROM)
device or a random access memory (RAM) device in an implementation. Any other suitable
type of storage device can be used as the memory 226. Memory 226 can include code and
data 227 that is accessed by CPU 224 using a bus 230. Memory 226 can further include an
operating system 232 and application programs 234, the application programs 234 including
at least one program that permits CPU 224 to perform the methods described here. As shown,
for example, application programs 234 can include applications 1 through N, which further

include an application that performs a method described here. Computing device 200 can also
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include a secondary storage 236 that can be, for example, a memory card used with a mobile
computing device 200. Because the video communication sessions may contain a significant
amount of information, they can be stored in whole or in part in secondary storage 236 and
loaded into memory 226 as needed for processing.

[0038] Computing device 200 can also include one or more output devices, such as a
display 228. Display 228 may be, in one example, a touch sensitive display that combines a
display with a touch sensitive element that is operable to sense touch inputs. Display 228 can
be coupled to CPU 224 via bus 230. Other output devices that permit a user to program or
otherwise use computing device 200 can be provided in addition to or as an alternative to
display 228. When the output device is or includes a display, the display can be implemented
in various ways, including by a liquid crystal display (LCD), a cathode-ray tube (CRT) or
light emitting diode (LED) display, such as an OLED display.

[0039] Computing device 200 can also include or be in communication with an image-
sensing device 238, for example a camera, or any other image-sensing device 238 now
existing or hereafter developed that can sense an image such as the image of a user operating
computing device 200. Image-sensing device 238 can be positioned such that it is directed
toward the user operating computing device 200. In an example, the position and optical axis
of image-sensing device 238 can be configured such that the field of vision includes an area
that is directly adjacent to display 228 and from which display 228 is visible.

[0040] Computing device 200 can also include or be in communication with a sound-
sensing device 240, for example a microphone, or any other sound-sensing device now
existing or hereafter developed that can sense sounds near computing device 200. Sound-
sensing device 240 can be positioned such that it is directed toward the user operating
computing device 200 and can be configured to receive sounds, for example, speech or other
utterances, made by the user while the user operates computing device 200.

[0041] Although FIG. 2 depicts CPU 224 and memory 226 of computing device 200 as
being integrated into a single unit, other configurations can be utilized. The operations of
CPU 224 can be distributed across multiple machines (each machine having one or more of
processors) that can be coupled directly or across a local area or other network. Memory 226
can be distributed across multiple machines such as a network-based memory or memory in
multiple machines performing the operations of computing device 200. Although depicted
here as a single bus, bus 230 of computing device 200 can be composed of multiple buses.
Further, secondary storage 236 can be directly coupled to the other components of computing

device 200 or can be accessed via a network and can comprise a single integrated unit such as
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a memory card or multiple units such as multiple memory cards. Computing device 200 can
thus be implemented in a wide variety of configurations.

[0042] FIG. 3 is a diagram of an example of a video 350 to be encoded and subsequently
decoded. Video 350 includes a video sequence 352. At the next level, video sequence 352
includes a number of adjacent frames 354. While three frames are depicted as adjacent
frames 354, video sequence 352 can include any number of adjacent frames 354. Adjacent
frames 354 can then be further subdivided into individual frames, e.g., a single frame 356. At
the next level, single frame 356 can be divided into a series of blocks 358, which can contain
data corresponding to, for example, 16 x 16 pixels in frame 356. The blocks can also be
arranged in planes of data. For example, a corresponding block in each plane can respectively
contain luminance and chrominance data for the pixels of the block. Blocks 58 can also be of
any other suitable size such as 16x8 pixel groups or 8x16 pixel groups and can be further
subdivided into smaller blocks depending on the application. Unless otherwise noted, the
terms block and macroblock are used interchangeably herein.

[0043] FIG. 4 is a block diagram of an encoder 470 in accordance with an aspect of this
disclosure. Encoder 470 can be implemented, as described above, in transmitting station 112
such as by providing a computer software program stored in memory, for example, memory
226. The computer software program can include machine instructions that, when executed
by a processor such as CPU 224, cause transmitting station 112 to encode video data in the
manner described in FIG. 4. Encoder 470 can also be implemented as specialized hardware
included, for example, in transmitting station 112. Encoder 470 has the following stages to
perform the various functions in a forward path (shown by the solid connection lines) to
produce an encoded or compressed bitstream 488 using input video 350: an intra/inter
prediction stage 472, a transform stage 474, a quantization stage 476, and an entropy
encoding stage 478. Encoder 470 may also include a reconstruction path (shown by the
dotted connection lines) to reconstruct a frame for encoding of future blocks. In FIG. 4,
encoder 470 has the following stages to perform the various functions in a reconstruction
path: a dequantization stage 480, an inverse transform stage 482, a reconstruction stage 484,
and a loop filtering stage 486. Other structural variations of encoder 470 can be used to
encode video 350.

[0044] When video 350 is presented for encoding, each frame 356 within the video 350
can be processed in units of blocks 358. At the intra/inter prediction stage 472, each block
can be encoded using intra-frame prediction (prediction using blocks within a single frame)

or inter-frame prediction (prediction using blocks from a different frame). In any case, a

-8-



WO 2017/007659 PCT/US2016/040165

prediction block can be formed. In the case of intra-prediction, a prediction block can be
formed from samples in the current frame that have been previously encoded and
reconstructed. In the case of inter-prediction, a prediction block can be formed from samples
in one or more previously constructed reference frames.

[0045] Next, still referring to FIG. 4, the prediction block can be subtracted from the
current block at intra/inter prediction stage 472 to produce a residual block (also called a
residual). Transform stage 474 transforms the residual into transform coefficients in, for
example, the frequency domain. Examples of block-based transforms include the Karhunen-
Loeve Transform (KLT), the Discrete Cosine Transform (DCT), and the Singular Value
Decomposition Transform (SVD). In one example, the DCT transforms the block into the
frequency domain. In the case of DCT, the transform coefficient values are based on spatial
frequency, with the lowest frequency (DC) coefficient at the top-left of the matrix and the
highest frequency coefficient at the bottom-right of the matrix.

[0046] Quantization stage 476 converts the transform coefficients into discrete quantum
values, which are referred to as quantized transform coefficients, using a quantizer value or a
quantization level. The quantized transform coefficients are then entropy encoded by entropy
encoding stage 478. The entropy-encoded coefficients, together with other information used
to decode the block, which may include for example the type of prediction used, motion
vectors and quantizer value, are then output to compressed bitstream 488. Compressed
bitstream 488 can be formatted using various techniques, such as variable length coding
(VLC) or arithmetic coding. Compressed bitstream 488 can also be referred to as an encoded
video stream and the terms are used interchangeably herein.

[0047] The reconstruction path in FIG. 4 (shown by the dotted connection lines) can be
used to ensure that both encoder 470 and a decoder 500 (described below) use the same
reference frames to decode compressed bitstream 488. The reconstruction path performs
functions that are similar to functions that take place during the decoding process that are
discussed in more detail below, including dequantizing the quantized transform coefficients
at dequantization stage 480 and inverse transforming the dequantized transform coefficients
at inverse transform stage 482 to produce a derivative residual block (also called a derivative
residual). At reconstruction stage 484, the prediction block that was predicted at the
intra/inter prediction stage 472 can be added to the derivative residual to create a
reconstructed block. Loop filtering stage 486 can be applied to the reconstructed block to

reduce distortion such as blocking artifacts.
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[0048] Other variations of encoder 470 can be used to encode compressed bitstream 488.
For example, a non-transform based encoder 470 can quantize the residual signal directly
without transform stage 474. In another implementation, an encoder 470 can have
quantization stage 476 and dequantization stage 480 combined into a single stage.

[0049] FIG. 5 is a block diagram of a decoder 500 in accordance with an

implementation. Decoder 500 can be implemented in receiving station 130, for example, by
providing a computer software program stored in memory 226. The computer software
program can include machine instructions that, when executed by a processor such as CPU
224, cause receiving station 130 to decode video data in the manner described in FIG. 5.
Decoder 500 can also be implemented in hardware included, for example, in transmitting
station 112 or receiving station 130.

[0050] Decoder 500, similar to the reconstruction path of encoder 470 discussed above,
includes in one example the following stages to perform various functions to produce an
output video stream 516 from compressed bitstream 488: an entropy decoding stage 502, a
dequantization stage 504, an inverse transform stage 506, an intra/inter prediction stage 508,
a reconstruction stage 510, a filtering stage 512, which can include loop filtering and/or
deblocking and a frame buffering stage 514. Other structural variations of decoder 500 can be
used to decode compressed bitstream 488.

[0051] When compressed bitstream 488 is presented for decoding, the data elements
within compressed bitstream 488 can be decoded by entropy decoding stage 502 (using, for
example, arithmetic coding) to produce a set of quantized transform coefficients.
Dequantization stage 504 dequantizes the quantized transform coefficients, and inverse
transform stage 506 inverse transforms the dequantized transform coefficients to produce a
derivative residual that can be identical to that created by inverse transform stage 482 in
encoder 470. Using header information decoded from compressed bitstream 488 such as
modes and motion vectors, decoder 500 can use intra/inter prediction stage 508 to create the
same prediction block as was created in encoder 470, e.g., at intra/inter prediction stage 472.
At reconstruction stage 510, the prediction block can be added to the derivative residual to
create a reconstructed block. Filtering stage 512 can be applied to the reconstructed block to
reduce blocking artifacts. Information can then be held in a frame buffer at frame buffering
stage 514 for subsequent use in decoding or output. A post-processing stage can be applied to
the reconstructed block to further refine the image. The result of the process performed by the
decoder is output as output video stream 516. Output video stream 516 can also be referred to

as a decoded video stream and the terms are used interchangeably herein.
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[0052] Other variations of decoder 500 can be used to decode compressed bitstream 488.
For example, decoder 500 can produce output video stream 516 without post-processing.
[0053] FIG. 6 shows a video conferencing system 600 that can be utilized to implement
the systems and methods described herein. The video conferencing system 600 is an example
of a multi-point video conference system in relay mode. Generally, each client or terminal
has at least one encoder and sends one or more video streams to a relay server. The
resolution, frame rate and bitrate, etc., are controlled by the relay server or some other
controllers. Generally, each client or terminal receives one or more encoded video streams
that include video captured at one of the other clients. Thus, each client encodes and
transmits video, and also receives and decodes video. Depending on the functionality being
described, clients may be referred to herein as encoding clients or decoding clients. Clients
may also be referred to as endpoints.

[0054] The video conferencing system 600 includes server 602 and participants 604, 606,
608, and 610. The server 602 and the participants 604, 606, 608, and 610 can each be
implemented in the same manner and with the same hardware as described with respect to the
transmitting station 112 and the receiving station 130.

[0055] The participants send an encoded video stream, for example, a video stream 612,
to server 602. As will be discussed herein the video stream 612 can include video frames at
multiple resolutions. Server 602 receives the encoded video streams and sends to the
participants 604, 606, 608, and 610 a return signal, such as a return signal 614, that includes
portions of the video streams received from the other participants. The content of the video
streams transmitted to each of the participants includes video for some or all of the other
participants, at a certain resolution.

[0056] At any time during the video conference, a request to change the resolution of the
video sent to one of the participants 604, 606, 608, or 610 can be made. The request can be
made by the server 602 or by one of the participants 604, 606, 608, or 610. For example, one
of the participants 604, 606, 608, or 610 can transmit, to the server 602, a request to change
resolution. This request will be relayed from the server 602 to the other participants, and will
result in changes in operation at the server 602 and the other participants in order to effect the
resolution change at the participant that made the request, as will be explained further herein.
[0057] FIG. 7 shows a prior art system 700 in which an encoding client 710 transmits
video streams to a video conference server 720. The video conference server 720 receives the
video streams and transmits the video streams to a plurality of decoding clients. The video

streams that are encoded and transmitted by the encoding client 710 include a high-resolution
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video stream 712, a medium-resolution video stream 714, and a low-resolution video stream
716. The video streams 712, 714, 716 are independent of one another.

[0058] The video conference server 720 receives the video streams 712, 714, 716 and
distributes them to the decoding clients according to the available bandwidth of each of the
decoding clients. In this example, the decoding clients include a first decoding client 730
having medium bandwidth, a second decoding client 732 having medium bandwidth, a third
decoding client 734 having low bandwidth, and a fourth decoding client 736 having high
bandwidth. The video conference server 720 forwards the high-resolution video stream 712
to the fourth decoding client 736, forwards the medium-resolution video stream 714 to the
first decoding client 730 and the second decoding client 732, and forwards the low-resolution
video stream 716 to the third decoding client 734.

[0059] In the simulcast approach utilized in the system 700, inefficiency is experienced
when a different resolution of video needs to be sent to one of the decoding clients 730, 732,
734, 736. For example, if one of the decoding clients experiences a drop in the available
bandwidth and can no longer sustain the video resolution that they have been decoding, the
video conference server determines that the video stream being sent to that particular
decoding client needs to be switched. In order to switch the video stream being sent to one of
the decoding clients, the video conference server 720 transmits a request to the encoding
client 710, where the requests asks the encoding client 710 to create and transmit an
independently decodable key frame update for the video stream that the decoding client needs
to switch to. Because key frames do not compress as well as temporally predicted frames, this
causes an increased bandwidth usage by the encoding client 710, the decoding client that
requested the resolution change, and all of the other decoding clients that are displaying the
resolution that the decoding client needs to switch to, since they also receive the
independently decodable key frame update.

[0060] FIG. 8 shows a single stream 800 of video frames that can be transmitted by an
encoding client. The single stream 800 includes frames of three different resolutions that are
included in the same stream. The frames shown in the single stream 800 correspond to three
different time periods labeled 7, ¢; and ¢#,. Each of the time periods 7 ¢; and ¢, can correspond
to a single timestamp for the frames that are included within the respective time period. The
single stream 800 includes frames Fy, F; and F> within time period #y. The single stream 800
includes frames F3, F4, and F's within time period #;. The single stream 800 includes frames

Fs, Fy, and Fgwithin time period ;. Frames Fy, F3, and fs are low-resolution frames, while
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frames F;, F,4, and F7 are medium-resolution frames, and frames F, F's, and Fgare high-
resolution frames.

[0061] In FIG. 8, three frames of different resolutions are included within each of the
time periods by way of example. Numbers of frames other than three could be included in
each time period at different resolutions, such as frames having two different resolutions or
frames having four different resolutions within each time period.

[0062] All of the frames within a single time period can be representations of the same
image. For example, frames Fy F; and F,can be representations of a single video image at
low-resolution, medium-resolution, and high-resolution, respectively.

[0063] FIG. 9 shows a single stream 900 of video frames 900 during video conference
start-up. The frames in the single stream 900 are transmitted from an encoding client to a
video conference server for relay to decoding clients.

[0064] The frames located in time period 7y are the first frames that are transmitted during
a video conference. In time period 7, the low-resolution frame is an intra-frame. An intra-
frame is encoded with reference to no other frames and can be decoded with reference to no
other frames.

[0065] The medium-resolution frame in time period 7y is encoded with reference to the
low-resolution intra-frame from time period #. This is done by reference frame scaling. In
particular, the medium-resolution frame in time period 7y is encoded with reference to a
scaled-up version of the intra-frame. Thus, to decode the medium-resolution frame in time
period 1y, the decoding client will require copies of the low-resolution intra-frame and the
medium-resolution predicted frame from time period #, and will utilize reference {frame
scaling by decoding the low-resolution intra-frame, scaling it up to the size of the medium-
resolution predicted frame, and then decoding the medium-resolution predicted frame with
reference to the scaled-up version of the low-resolution intra-frame.

[0066] The high-resolution predicted frame in time period 7y is also encoded with
reference to the low-resolution intra-frame for time period 7y, the medium-resolution
predicted frame for time period #y, or both. For example, the high-resolution predicted frame
in time period 7 can be decoded using the low-resolution intra-frame and the medium-
resolution predicted frame from time period 7y using reference frame scaling, as previously
described.

[0067] Subsequent to time period 7y, all of the low-resolution, medium-resolution, and
high-resolution frames are encoded with reference to the same resolution frame from a

previous time period. In some implementations, each of the low-resolution, medium-
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resolution, and high-resolution frames from a certain time period are encoded with respect to
the same resolution frame from the immediately preceding time period. In other
implementations, predicted frames from time periods subsequent to time period 7y can be
encoded with reference to same-resolution frames from time periods other than the
immediately preceding time period.

[0068] FIG. 10 shows a system 1000 in which video streams are transmitted between an
encoding client 1010, a video conference server 1020, a first decoding client 1030, a second
decoding client 1032, and a third decoding client 1034. The first decoding client 1030 has
high bandwidth, the second decoding client 1032 has medium bandwidth, and the third
decoding client 1034 has low bandwidth. Initially, the encoding client 1010 transmits the
single video stream 900 to the video conference server 1020. The video conference server
1020 determines which of the frames from the single video stream 900 will be transmitted to
each of the decoding clients 1030, 1032, 1034.

[0069] The first decoding client 1030 has high bandwidth, and therefore, the video
conference server 1020 transmits high-resolution video to the first decoding client. During
time period 7y, the video conference server 1020 transmits the low-resolution intra-frame 7,
the medium-resolution predicted frame Py, and the high-resolution predicted frame Py to the
decoding client 1030. The video frame for time period #, is therefore decoded by the first
decoding client 1030 with reference to the low-resolution intra-frame 7 and the medium-
resolution predicted frame Py, utilizing reference frame scaling, as previously discussed. In
time period #; and in subsequent time periods, the decoding client 1030 receives the high-
resolution predicted frame Py for the respective time period, which references another high-
resolution frame from a prior time period.

[0070] The second decoding client 1032 has medium bandwidth and therefore receives
medium-resolution video from the video conference server 1020. During time period ?, the
low-resolution intra-frame / and the medium-resolution predicted frame Py, are transmitted
from the video conference server 1020 to the second decoding client 1032. The medium
resolution predicted frame Py, for time period 7y is then decoded by the second decoding
client 1032 with reference to the low-resolution intra-frame / for time period 7y using
reference frame scaling. During time period #; and subsequent time periods, the second
decoding client 1032 receives the medium-resolution predicted frame Py for the respective
time period, which is decoded with reference to the medium-resolution predicted frame for a

prior time period.
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[0071] The third decoding client 1034 has low bandwidth and therefore receives low-
resolution video from the video conference server 1020. During time period #y, the third
decoding client 1034 receives the low-resolution intra-frame / from the video conference
server, and that frame is decoded. During time period #; and subsequent time periods, the
third decoding client 1034 receives a low-resolution predicted frame Py, which is decoded
with reference to a low-resolution frame from a prior time period.

[0072] FIG. 11 shows a video stream 1110 that includes a coding pattern change. The
video stream 1110 can be transmitted, for example, from the encoding client 1010 to the
video conference server 1020 in the system 1000. In the video stream 1110, time periods %y
and #; are the same as in the single video stream 900. At a time period ¢, subsequent to time
period #;, the video stream 1110 includes a non-displayed anchor frame G in addition to a
low-resolution predicted frame P;, a medium-resolution predicted frame P and a high-
resolution predicted frame Py. Many iterations of transmission of the non-displayed anchor
frame G can occur periodically during transmission of the video stream 900, such as at
predetermined intervals or at times determined in any manner.

[0073] The non-displayed anchor frame G is a frame that will be transmitted to all of the
decoding clients by the video conference server, regardless of the resolution that any
particular decoding client is currently using. The non-displayed anchor frame G is sent at a
single resolution so that all of the decoding clients receive the non-displayed anchor frame G
at the same resolution. In one implementation, the resolution of the non-displayed anchor
frame is the same resolution as the lowest resolution frames being used by any decoding
client. In this example, the resolution of the non-displayed anchor frame G is the same
resolution as the low-resolution predicted frames Pry.

[0074] When the frames for time period ¢,, are received at the video conference server
1020, the video conference server will send the non-displayed anchor frame G to all of the
decoding clients 1030, 1032, 1034 along with the frame that they would normally receive for
time period #,,. Accordingly, the video conference server 1020 transmits the non-displayed
anchor frame G and the high-resolution predicted frame Py to the first decoding client 1030,
the video conference server 1020 transmits the non-displayed anchor frame and the medium-
resolution predicted frame, Py, to the second decoding client 1032, and the video conference
server 1020 sends the non-displayed anchor frame G along with the low-resolution predicted
frame Pz to the third decoding client 1034.

[0075] The non-displayed anchor frame G is stored in a frame buffer at each of the
decoding clients 1030, 1032, 1034. Typically, the non-displayed anchor frame G itself is not
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displayed by any of the decoding clients 1030, 1032, 1034. Instead, the non-displayed anchor
frame G is used as a reference frame when decoding other frames.

[0076] In one implementation, the encoding client 1010 sends the non-displayed anchor
frame G in a manner that allows each of the clients to store the same independently decodable
frame, and that independently decodable frame is directly stored at each of the decoding
clients 1030, 1032, 1034. For example, the encoding client 1010 can send the non-displayed
anchor frame as an update in the form of a predicted frame that is encoded with reference to
either of a previous non-displayed anchor frame or the intra-frame /.

[0077] Time period #, occurs subsequent to time period ¢,,, and can be separated from 7,
by the passage of a large number of time periods. Time period 7, occurs subsequent to a
resolution change request. The resolution change request can be made for a number of
reasons, such as for changing bandwidth conditions, or a change in the size at which a video
is displayed on a display screen at one of the decoding client. As one example, the resolution
change request can be made by one of the decoding clients 1030, 1032, 1034 in response to a
user input. As another example, the resolution change request can be made by the video
conference server 1020, upon detecting a bandwidth change between the video conference
server 1020 and one of the decoding clients 1030, 1032, 1034. As another example, the
resolution change request can be made by the encoding client 1010 in response to changing
bandwidth conditions between the encoding client 1010 and the video conference server.
[0078] The resolution change request is transmitted to the encoding client 1010. As an
example, if the resolution change request originates from one of the decoding clients 1030,
1032, 1034, the resolution change request can be transmitted from the decoding client to the
video conference server 1020 and then be relayed from the video conference server 1020 to
the encoding client 1010.

[0079] In time period 7,, the encoding client transmits a set of frames that are encoded
relative to the non-displayed anchor frame. In the illustrated example, predicted {frame P; for
time period #, is a predicted frame that references the non-displayed anchor frame transmitted
by the encoding client during time period #,,. The medium-resolution predicted frame Py, for
the time period ¢, is a predicted frame that references the low-resolution predicted frame Py,
for the time period #,, and the decoding clients will apply reference frame scaling to the low-
resolution predicted frame Py in order to decode the medium-resolution reference frame Pyy.
The high-resolution predicted frame Py for time period #, is a predicted frame that is encoded
relative to the medium-resolution predicted frame Py, for time period #,. Therefore, decoding

the high-resolution predicted frame Py requires that a decoding end point first decode the
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low-resolution reference frame Py, using the non-displayed anchor frame G, then apply
reference frame scaling to the low-resolution predicted frame P; and utilize it as a basis for
decoding the medium-reference predicted frame Py, which is then utilized as a basis for
decoding the high-resolution predicted frame Py again by applying reference frame scaling to
the medium-resolution predicted frame Pp,. Alternatively, frames Py, and Py for time period
t, may also be directly predicted from non-displayed anchor frame G and not from the lower
resolution frame(s).

[0080] FIG. 12 shows a video conferencing system 1200 that includes an encoding client
1210, a video conference server 1220, a first decoding client 1230, a second decoding client
1232, and a third decoding client 1234. The clients and server in the video conferencing
system 1200 are similar to equivalent clients and servers in the video conferencing system
1000. In the video conferencing system 1200, the first decoding client 1230 has decreasing
bandwidth, the second decoding client 1232 has increasing bandwidth, and the third decoding
client 1234 has increasing bandwidth.

[0081] The encoding client 1210 is transmitting the video stream 1110 to the video
conference server 1220. The video conference server 1220 forwards portions of the video
stream 1110 to the decoding clients 1230, 1232, 1234. Prior to a resolution change request,
the video conference server 1220 transmits high-resolution frames to the first decoding client
1230, medium-resolution frames to the second decoding client 1232, and low-resolution
frames to the third decoding client 1234.

[0082] Subsequent to receiving a resolution change request, the encoding client 1210
transmits a set of frames during time period #,. These frames are encoded relative to a
previously transmitted non-displayed anchor frame, such as the most recent non-displayed
anchor frame. For example, this can be the non-displayed anchor frame described as being
transmitted as during time period ¢, in FIG. 11 as previously described. Upon receiving the
frames for time period t,, the video conference server transmits one or more frames from the
time period #, of the video stream 1110 to each of the decoding clients 1230, 1232, 1234
according to the resolution of the frames that the respective decoding client will be receiving
subsequent to the resolution change request.

[0083] The first decoding client 1230 is experiencing decreasing bandwidth, and
therefore will receive medium-resolution frames subsequent to the resolution change request.
Therefore, during time period #,, the video conference server forwards the low-resolution
predicted frame P; and the medium-resolution predicted frame Py, for the time period 7, to the

first decoding client 1230.
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[0084] The second decoding client 1232 is experiencing increasing bandwidth and will be
receiving the high-resolution frames from the video stream 1110 subsequent to the resolution
change request. Thus, during time period #,, the video conference server 1220 transmits the
low-resolution predicted frame P;, the medium-resolution predicted frame Py, and the high-
resolution predicted frame Py for the time period 7, to the second decoding client 1232.
[0085] The third decoding client 1234 is experiencing increasing bandwidth and will
receive medium resolution frames subsequent to the resolution change request. Thus, during
the time period ¢, the video conference server 1220 transmits the low-resolution predicted
frame P; and the medium-resolution predicted frame Py, to the third decoding client 1234.
[0086] Each of the decoding clients 1230, 1232, 1234 will decode the frames received
from the video conference server 1220 during the time period #, using the most recent non-
displayed anchor frame that was received from the video conference server and is stored in
the respective frame buffer for each of the decoding clients.

[0087] FIG. 13 shows an example of a process 1300 for encoding and transmitting a
video stream from an encoding client to a video conference server. In this example, the video
stream includes frames of multiple resolutions such as a low resolution, a medium resolution,
and a high resolution. However, frames in any number of resolutions can be provided in the
video stream. Process 1300 can be implemented by an encoder such as the encoder 470, at the
encoding client 1010. Process 1300 can be implemented, for example, as a software program
that is executed by computing devices such as transmitting station 112 or receiving station
130. The software program can include machine-readable instructions that are stored in a
memory such as memory 226 that, when executed by a processor such as CPU 224, cause the
computing device to perform process 1300. Process 1300 can also be implemented using
hardware. As explained above, some computing devices may have multiple memories and
multiple processors, and the steps of process 1300 may in such cases be distributed using
different processors and memories. Use of the terms “processor” and “memory” in the
singular here and elsewhere herein encompasses computing devices that have only one
processor or one memory as well as devices having multiple processors or memories that may
each be used in the performance of some but not necessarily all of the recited steps.

[0088] For simplicity of explanation, process 1300 is depicted and described as a series of
steps. However, steps in accordance with this disclosure can occur in various orders and/or
concurrently. Additionally, steps in accordance with this disclosure may occur with other
steps not presented and described herein. Furthermore, not all illustrated steps may be

required to implement a method in accordance with the disclosed subject matter.
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[0089] In operation 1310, startup frames are transmitted for an initial time period. This
can be a transmission from an encoding client to a video conference server. The startup
frames include an intra frame and can include one or more additional frames from the same
time period, with the additional frames being encoded at a different resolution than the intra
frame. As an example, the startup frames can be similar to the frames I, Py, and Py of time
period 7y in FIG. 9. Thus, the startup frames for the initial time period can include an intra
frame and one or more frames of resolutions that are different that the resolution of the intra
frame and are encoded with reference to the intra frame using reference frame scaling. In one
implementation, operation 1310 includes transmitting, from an encoding client to a video
conference server, an encoded video stream that includes a reference {rame, a plurality of
first-resolution frames that are encoded relative to the reference frame, and a plurality of
second-resolution frames that are encoded relative to the reference frame.

[0090] In operation 1320, frames are transmitted for a time period subsequent to the
initial time period. Each transmission of frames can include the same image at multiple
resolutions, with each frame encoded with reference to a frame of the same resolution from a
previous time period.

[0091] At operation 1330, a decision is made as to whether to transmit a non-displayed
anchor frame. This decision can be made based on passage of time, changes in video content,
or any other suitable factor. If a non-displayed anchor frame is to be transmitted, the process
proceeds to operation 1340. Transmission of the non-displayed anchor frame at operation
1340 includes information sufficient for the decoding client to define a complete frame of
video data at the non-displayed anchor frame resolution. The resolution of the non-displayed
anchor frame can be, for example, the resolution of the lowest resolution frames transmitted
by the encoding client. The non-displayed anchor frame will be relayed to all decoding
clients for use when one of the clients changes resolution. Subsequent to transmission of the
non-displayed anchor frame or subsequent to a decision to not transmit a non-displayed
anchor frame, the process proceeds to operation 1350.

[0092] At operation 1350, a determination is made as to whether a change request was
received. The change request is a request to change resolution that is received at the decoding
client. The change request can be received from the video conference server. The request can
originate from the video conference server or from one of the decoding clients. If no change
request is received, the process returns to operation 1320.

[0093] If a change request is received at operation 1350, the process proceeds to

operation 1360, where a coding change is executed by the encoding client. Thus, in response
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to receiving the request to change resolution, the encoding client encodes a set of frames that
are encoded relative to the non-displayed anchor frame, and transmits the set of frames to the
video conference server in the video stream. The set of frames can be as described with
respect to time period #, of FIG. 11, where the low resolution frame is decoded with reference
to the most recently received non-displayed anchor frame, the medium resolution frame is
decoded relative to the low resolution frame using reference frame scaling, and the high
resolution frame is decoded relative to the medium resolution frame using reference frame
scaling. Processing then returns to operation 1320.

[0094] FIG. 14 is an example of a process 1400 for receiving and transmitting a video
stream by a video conference server. In this example, the video stream includes frames of
multiple resolutions such as a low resolution, a medium resolution, and a high resolution.
However, frames in any number of resolutions can be provided in the video stream. Process
1400 can be implemented, for example, by the video conference server 1020 of FIG. 10.
Process 1400 can be implemented, for example, as a software program that is executed by
computing devices such as transmitting station 112 or receiving station 130. The software
olution, the encoding client transmits, to the first remote computing system in the encoded
coded video stream, a set of frames that are encoded relative to the the computing device to
device to perform process 1400. Process 1400 can also be implemented using hardware. As
explained above, some computing devices may have multiple memories and multiple
processors, and the steps of process 1400 may in such cases be distributed using different
processors and memories.

[0095] For simplicity of explanation, process 1400 is depicted and described as a series of
steps. However, steps in accordance with this disclosure can occur in various orders and/or
concurrently. Additionally, steps in accordance with this disclosure may occur with other
steps not presented and described herein. Furthermore, not all illustrated steps may be
required to implement a method in accordance with the disclosed subject matter.

[0096] At operation 1410, startup frames are received and forwarded. The startup frames
are as described previously at operation 1310 of FIG. 13. The startup frames are forwarded to
decoding clients according to the resolution utilized by each of the decoding clients. All of
the encoding clients receive an intra frame. Each the decoding clients may also receive one or
more additional frames to allow the decoding client to define a frame at a desired resolution,
as explained with respect to time period 7, of FIG. 9.

[0097] At operation 1420, frames are received and forward. In contrast to the startup

frames of operation 1410, the frames transmitted at operation 1420 represent nominal
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operation of the system, with the transmission of frames for each time period including one
frame at each resolution, with each frame being encoded with reference to a same-resolution
frame from a previous time period.

[0098] At operation 1430, a determination is made as to whether a non-displayed anchor
frame has been received. If a non-displayed anchor frame has been received, it is transmitted
to all of the decoding clients at operation 1440, along with the frame for the same time
period. Subsequent to transmission of the non-displayed anchor frame or subsequent to
determining that no non-displayed anchor frame was received, the process proceeds to
operation 1450.

[0099] At operation 1450, a determination is made as to whether a change request should
be transmitted to the encoding client. A change request can be received at the video
conference server from a decoding client or can be generated at the video conference server.
The change request can be made, for example, in response to determining that bandwidth
conditions have changed for one or more of the decoding clients. If no change request has
been made the process returns to operation 1420. Otherwise the process proceeds to operation
1460, where the resolution change request is transmitted to the encoding client.

[0100] Subsequent to sending the resolution change request, the encoding client will
encode and transmit a set of frames in response to the resolution change request. These
frames are encoded with reference to the most recently transmitted non-displayed anchor
frame, and can be decoded by the decoding clients using the non-displayed anchor frame and
by applying reference frame scaling. In operation 1470, the set of frames encoded in response
to the resolution change request is received by the video encoding server, and portions of the
set of frames are forwarded to the decoding clients according to the video resolution to be
decoded by each of the decoding clients subsequent to the coding change. This can be
performed in the manner described with reference to FIG. 11. Processing then returns to
operation 1420.

[0101] FIG. 15 is an example of a process 1500 for receiving and decoding a video
stream at an encoding client. In this example, the video stream includes frames of multiple
resolutions such as a low resolution, a medium resolution, and a high resolution. However,
frames in any number of resolutions can be provided in the video stream. Process 1500 can
be implemented, for example, by the decoder 500 at the decoding endpoints 1030, 1032, 1034
of FIG. 10. Process 1500 can be implemented, for example, as a software program that is
executed by computing devices such as transmitting station 112 or receiving station 130. The

software program can include machine-readable instructions that are stored in a memory such
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as memory 226 that, when executed by a processor such as CPU 224, cause the computing
device to perform process 1500. Process 1500 can also be implemented using hardware. As
explained above, some computing devices may have multiple memories and multiple
processors, and the steps of process 1500 may in such cases be distributed using different
processors and memories.

[0102] For simplicity of explanation, process 1500 is depicted and described as a series of
steps. However, steps in accordance with this disclosure can occur in various orders and/or
concurrently. Additionally, steps in accordance with this disclosure may occur with other
steps not presented and described herein. Furthermore, not all illustrated steps may be
required to implement a method in accordance with the disclosed subject matter.

[0103] Operation 1510 includes receiving and decoding startup frames. The startup
frames received during an initial time period include an intra frame as a reference {frame and
may include one or more additional frames, as previously described. Decoding may be
performed by using reference frame scaling. For example, if the decoding endpoint is using
high resolution video, it may receive a low resolution reference frame that is decoded, scaled,
and then used for decoding a medium resolution frame from the same time period, which is
likewise decoded, scaled, and used to decode a high resolution reference frame from the same
time period. Thus, operation 1510 can include receiving, at a first decoding client from a
video conference server, an encoded video stream that includes a reference frame and a
plurality of first-resolution frames that are encoded relative to the reference frame. Operation
1510 can also include decoding, at the first decoding client, at least some frames from the
plurality of first-resolution frames using the reference frame.

[0104] Operation 1520 represents receiving and decoding frames in time periods
subsequent to the initial time period. In operation 1520, received frames can be decoded with
reference to a same-resolution frame from a previous time period.

[0105] In operation 1530, if a non-displayed anchor frame is received, the process
proceeds to operation 1540 where the non-displayed anchor frame is decoded and stored in a
buffer. Subsequent to decoding and storing the non-displayed anchor frame or if a non-
displayed anchor frame was not received, the process advances to operation 1550.

[0106] In operation 1550, a determination is made as to whether received frames indicate
a coding change made in order to allow a change in the resolution being decoded at one of the
decoding clients. If there is no coding change, the process 1500 returns to operation 1520.

Otherwise the process 1500 proceeds to operation 1560.
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[0107] If a coding change is identified, operation 1560 includes utilizing the non-
displayed anchor frame to decode frames for the current time period, with reference frame
scaling being applied if the resolution used at the decoding client is different (e.g., higher)
than the resolution of the non-displayed anchor frame. If the decoding client is changing
resolutions, it will use the non-displayed anchor frame to decode a frame that is of a different
resolution that the frames decoded at operation 1520. Thus, operation 1560 can include,
subsequent to decoding the non-displayed anchor frame, receiving at least one second
resolution frame that is encoded relative to the decoded non-displayed anchor frame, and
decoding the at least one second resolution frame using the decoded non-displayed anchor
frame.

[0108] FIG. 16 shows a video stream 1600 with a coding pattern that allows for frame
dropping to provide temporal scalability. The coding pattern of the video stream 1600 can be
used in combination with the previously-described coding patterns to allow for resolution
changes and temporal scalability from a single stream of video frames that is transmitted
from an encoding client.

[0109] In the illustrated example, the video stream 1600 includes four time periods. The
frames in each time period are low-resolution, medium-resolution, and high-resolution
predicted frames. In successive time periods, the coding pattern alternates between encoding
frames with reference to frames of the same resolution in the immediately preceding time
period, and encoding frames with reference to frames of the same resolution in a time period
that occurred before the immediately preceding time period, such as a time period that
occurred two time periods ago.

[0110] In this example, the frames in time period ¢;; are encoded with reference to same
resolution frames from time period #;;. Frames from time period #;3 are encoded with
reference to same resolution frames from time period #;;. Frames from time period #;4 are
encoded with reference to same resolution from time period #;3. This coding pattern can
continue repeatedly in the same manner.

[0111] The frames from time periods 7;; and ¢;4 are never referenced by a subsequent
frame and therefore are not needed to decode any subsequent frame. Because of this, the
frames from time periods #;, and #;4 can be dropped. Thus, the video conference server can
receive all of the frames from the video stream 1600 and then transmit those frames to the
decoding clients at either a high frame rate by transmitting frames for all time periods to the

respective decoding client, or at a low frame rate by transmitting frames only from time
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periods #;; and ¢;; to the decoding client and dropping some or all of the frames that are not
utilized by subsequent frames as reference frames, such as those in time periods 7;, and #4.
[0112] FIG. 17 shows a video conferencing system 1700 in which an encoding client
1710 transmits the video stream 1600 to a video conference server 1720. The video
conference server 1720 transmits portions of the video stream 1600 to each of a first
decoding client 1730, a second decoding client 1732, and a third decoding client 1734. The
first decoding client 1730 has high bandwidth and is receiving the video at high-resolution
and high frame rate. The second decoding client 1732 has medium bandwidth and is
receiving the video at medium-resolution and a low frame rate. The third decoding client
1734 has low bandwidth and is receiving the video at low-resolution and high frame rate.
[0113] As previously explained, the video stream 1600 includes frames that can be
dropped because they are not utilized by any subsequent frame for decoding. This allows the
video conference server to drop some of the frames from the video stream 1600 when
relaying the video stream to some or all of the decoding clients. This is shown with respect to
second decoding client 1732, which receives only non-droppable frames at a frame rate that
is half the frame rate at which video is sent to the first decoding client 1730 and the third
decoding client 1734, each of which receive the droppable frames in addition to the non-
droppable frames.

[0114] The foregoing examples employ a client-server architecture, with information
being relayed by servers such as the video conference server 1020 of FIG. 10, the video
conference server 1220 of FIG. 12, and the video conference server 1720 of FIG. 17. It
should be understood, however, that the methods discussed herein can be implemented using
a peer-to-peer architecture in which the video conference servers are omitted. For example, in
the system 1000, the video conference server 1020 would be omitted, making transmission of
the single stream 900 unnecessary. Instead, the transmission described as being made by the
video conference server 1020 would be made by the encoding client 1010.

[0115] The aspects of encoding and decoding described above illustrate some examples
of encoding and decoding techniques. However, it is to be understood that encoding and
decoding, as those terms are used in the claims, could mean compression, decompression,
transformation, or any other processing or change of data.

[0116] The words “example” or “aspect” are used herein to mean serving as an example,
instance, or illustration. Any aspect or design described herein as “example” or “aspect” is
not necessarily to be construed as preferred or advantageous over other aspects or designs.

Rather, use of the words “example” or “aspect” is intended to present concepts in a concrete
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fashion. As used in this application, the term “or” is intended to mean an inclusive “or” rather
than an exclusive “or”. That is, unless specified otherwise, or clear from context, “X includes
A or B” is intended to mean any of the natural inclusive permutations. That is, if X includes
A; X includes B; or X includes both A and B, then “X includes A or B” is satisfied under any
of the foregoing instances. In addition, the articles “a” and “an” as used in this application
and the appended claims should generally be construed to mean “one or more” unless
specified otherwise or clear from context to be directed to a singular form. Moreover, use of
the term “an implementation” or “one implementation” throughout is not intended to mean
the same embodiment or implementation unless described as such.

[0117] Implementations of transmitting station 112 and/or receiving station 130 (and the
algorithms, methods, instructions, etc., stored thereon and/or executed thereby, including by
encoder 470 and decoder 500) can be realized in hardware, software, or any combination
thereof. The hardware can include, for example, computers, intellectual property (IP) cores,
application-specific integrated circuits (ASICs), programmable logic arrays, optical
processors, programmable logic controllers, microcode, microcontrollers, servers,
microprocessors, digital signal processors or any other suitable circuit. In the claims, the term
“processor” should be understood as encompassing any of the foregoing hardware, either
singly or in combination. The terms “signal” and “data” are used interchangeably. Further,
portions of transmitting station 112 and receiving station 130 do not necessarily have to be
implemented in the same manner.

[0118] Further, in one aspect, for example, transmitting station 112 or receiving station
130 can be implemented using a general purpose computer or general purpose processor with
a computer program that, when executed, carries out any of the respective methods,
algorithms and/or instructions described herein. In addition or alternatively, for example, a
special purpose computer/processor can be utilized which can contain other hardware for
carrying out any of the methods, algorithms, or instructions described herein.

[0119] Transmitting station 112 and receiving station 130 can, for example, be
implemented on computers in a video conferencing system. Alternatively, transmitting station
112 can be implemented on a server and receiving station 130 can be implemented on a
device separate from the server, such as a hand-held communications device. In this instance,
transmitting station 112 can encode content using an encoder 470 into an encoded video
signal and transmit the encoded video signal to the communications device. In turn, the
communications device can then decode the encoded video signal using a decoder 500.

Alternatively, the communications device can decode content stored locally on the
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communications device, for example, content that was not transmitted by transmitting station
112. Other suitable transmitting station 112 and receiving station 130 implementation
schemes are available. For example, receiving station 130 can be a generally stationary
personal computer rather than a portable communications device and/or a device including an
encoder 470 may also include a decoder 500.

[0120] Further, all or a portion of implementations of the present invention can take the
form of a computer program product accessible from, for example, a tangible computer-
usable or computer-readable medium. A computer-usable or computer-readable medium can
be any device that can, for example, tangibly contain, store, communicate, or transport the
program for use by or in connection with any processor. The medium can be, for example, an
electronic, magnetic, optical, electromagnetic, or a semiconductor device. Other suitable
mediums are also available.

[0121] The above-described embodiments, implementations and aspects have been
described in order to allow easy understanding of the present invention and do not limit the
present invention. On the contrary, the invention is intended to cover various modifications
and equivalent arrangements included within the scope of the appended claims, which scope
is to be accorded the broadest interpretation so as to encompass all such modifications and

equivalent structure as is permitted under the law.
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What is claimed is:

1. A method, comprising:

transmitting, from an encoding client to a first remote computing system, an encoded
video stream that includes a plurality of first-resolution frames and a plurality of second-
resolution frames;

transmitting, from the encoding client to the first remote computing system in the
encoded video stream, a first-resolution non-displayed anchor frame;

receiving, at the encoding client from the first remote computing system, a request to
change resolution; and

in response to receiving the request to change resolution, transmitting, from the
encoding client to the first remote computing system in the encoded video stream, a set of

frames that are encoded relative to the first-resolution non-displayed anchor frame.

2. The method of claim 1, further comprising:

transmitting, from the encoding client to the first remote computing system, a first-
resolution intra frame during an initial time period, wherein at least one frame from the
plurality of second-resolution frames that is transmitted during the initial time period is

encoded relative to the first-resolution intra frame.

3. The method of claim 1, wherein the plurality of first-resolution frames

correspond temporally to the plurality of second resolution frames.

4. The method of claim 1, wherein one or more additional iterations of

transmitting the first-resolution non-displayed anchor frame are performed periodically.

5. The method of claim 1, wherein the first remote computing system includes a
video conference server operable to forward portions of the encoded video stream to each of

a plurality of decoding clients.
6. The method of claim 5, wherein the request to change resolution originates at

a first decoding client from the plurality of decoding clients and is relayed to the encoding

client by the video conference server.
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7. The method of claim 5, wherein prior to the request to change resolution, the
video conference server forwards at least some of the plurality of first-resolution frames to a
first decoding client of the plurality of decoding clients, and the video conference server
forwards at least some of the plurality of second resolution frames to a second decoding

client of the plurality of decoding clients.

8. The method of claim 5, wherein the first-resolution non-displayed anchor
frame is not output for display by any of the decoding clients from the plurality of decoding

clients.

9. A method, comprising:

receiving, at a first decoding client from a first remote computing system, an encoded
video stream that includes a plurality of first-resolution frames;

decoding, at the first decoding client, at least some frames from the plurality of first-
resolution frames;

receiving, at the first decoding client from the first remote computing system, a first-
resolution non-displayed anchor frame;

decoding, at the first decoding client, the first-resolution non-displayed anchor frame;

subsequent to decoding the first-resolution non-displayed anchor frame, receiving, at
the first decoding client, at least one second resolution frame that is encoded relative to the
decoded first-resolution non-displayed anchor frame; and

decoding, at the first decoding client, the at least one second resolution frame using

the decoded first-resolution non-displayed anchor frame.

10. The method of claim 9, further comprising:

outputting, for display by the decoding client, at least some of the at least some
frames from the plurality of first-resolution frames and the at least one second resolution
frame, wherein the first-resolution non-displayed anchor frame is not output for display by

the decoding client.

11. The method of claim 9, further comprising:
prior to receiving the at least one second-resolution frame that is encoded relative to
the first-resolution non-displayed anchor frame, transmitting a request to change resolution to

the first remote computing system.
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12. The method of claim 9, wherein decoding the at least one second resolution
frame using the decoded first-resolution non-displayed anchor frame includes scaling the
decoded first-resolution non-displayed anchor frame to increase the resolution of the decoded

first-resolution non-displayed anchor frame.

13. The method of claim 9, wherein the at least one second resolution frame that is
encoded relative to the first-resolution non-displayed anchor frame is received at the first
decoding client in response to a request to change resolution that is received at the first

remote computing system from a second decoding client.

14. The method of claim 9, further comprising:
storing the decoded first-resolution non-displayed anchor frame in a frame buffer at

the first decoding client.

15. A method, comprising:

receiving, from an encoding client at a video conference server, an encoded video
stream that includes a plurality of first-resolution frames and a plurality of second-resolution
frames;

transmitting the plurality of first resolution frames to at least some decoding clients
from the plurality of decoding clients;

transmitting the plurality of second resolution frames to at least some decoding clients
from the plurality of decoding clients;

receiving, from the encoding client at the video conference server in the encoded
video stream, a first-resolution non-displayed anchor frame;

transmitting the first-resolution non-displayed anchor frame to all of the plurality of
decoding clients;

transmitting, to the encoding client from the video conference server, a request to
change resolution;

in response to receiving the request to change resolution, receiving, from the encoding
client at the video conference server in the encoded video stream, a set of frames that are
encoded relative to the first-resolution non-displayed anchor frame; and

transmitting one or more frames from the set of frames to each of the plurality of

decoding clients.
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16. The method of claim 15, further comprising:

receiving, at the video conference server from the encoding client, a first-resolution
intra frame during an initial time period, wherein at least one frame from the plurality of
second-resolution frames that is transmitted during the initial time period is encoded relative

to the first-resolution intra frame.

17. The method of claim 15, wherein the request to change resolution originates at
a first decoding client from the plurality of decoding clients and is relayed to the encoding

client by the video conference server.
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