»UK Patent  .,GB

(m2553237

(13)B

(45)Date of B Publication 30.12.2020

(54) Title of the Invention: Pre-fetched enCOding for appIiCation Streaming

(51) INT CL: HO4N 21/6336 (2011.01)

(21) Application No: 1715727 .2
(22) Date of Filing: 04.05.2016
Date Lodged: 28.09.2017
(30) Priority Data:
(31) 14703106 (32) 04.05.2015 (33) US

(60) Parent of Application No(s)
2017938.8 under section 15(9) of the Patents Act 1977

(86) International Application Data:
PCT/US2016/030712 En 04.05.2016

(87) International Publication Data:
W02016/179244 En 10.11.2016

(43) Date of Reproduction by UK Office 28.02.2018

(56) Documents Cited:

US 20090097751 A1
US 20080002894 A1

US 20080181492 A1
US 20050105608 A1

(58) Field of Search:

As for published application 2553237 A viz:
INT CL GO6F, HO4N

Other: EPO-Internal

updated as appropriate

Additional Fields
Other: None

HO4N 21/238 (2011.01)

HO4N 19/50 (2014.01)

(72) Inventor(s):
Chuo-Ling Chang

(73) Proprietor(s):
Google LLC

1600 Amphitheatre Parkway, Mountain View 94043,
California, United States of America

(74) Agent and/or Address for Service:

Kilburn & Strode LLP
Lacon London, 84 Theobalds Road, London,
Greater London, WC1X 8NL, United Kingdom

S VANANITANRS D



1/7

Vi Old

VOST

$C | 41V1dNdL 40
NOILVOIdl LN3d|
4 40ONddd441d 40 —

NOILVINISddddd

ANIONS

NOILOMNHELSNI ONIAOONS

dAVHd 41V IdINGL
ddL0313S

0ST 0¢cT Vil
.y SNOILYLINISTHdI 4O LVYYdNOD . HOLVYYINIO
41V IdINGL

JHNLVYNOIS JHNLVYNOIS
\ SdNVd
¢91 H3H3IANIH O3AIA

41V 1dINdL
47

091 01T
IN3IND SENYES

oo_‘lﬂv
I_I



2/7

SNOILVINIdSddddd
41V 1dINdL

¢9} d44ddAdNdd OddIN

09T
AINI'O

v9.

oo_‘lﬂv
I_I

dl 9Ol

d40S1

JNVdd JOVINI 4O
NOILVLINISddddd

JNVHd JOVINI
ONIdd0ddd

qcel

0ST 0¢cT
4O LVYYdNOD . HOLVYYINIO

JdNLVYNDIS JdNLVYNDIS

OTT
dJANTS

VT
ANIONS

ONIAOONS

Vil

\ SdNV4d4

41V 1dINdL
47




3/7

v.e

¢LC

1II D T S A GE—

SNOILVLINISTHATY
2V dREL

dddd40dNdd
OddIA

0.2
AN3I'TO

¢ Ol

09¢
SNOILVINISdaddd
41V 1dINdL

\ SdINVdd

3LV I1dWNAL
414

(114
dO1LVdVdINOD

JAdNLVYNDIS

0S¢
ddININIE L

41V 1dINdL

SdINVHd JOVINI
GEIROERE S

¢&¢

0¢¢
dO1LVddNdD

JdMNLVNDIS

0T¢C
d3AH3S

or¢
dOLVddNdD

41V IdINdL

4 74



4/7

RECEIVE AN INDICATION THAT A CLIENT DEVICE HAS REPRESENTATIONS
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PRE-FETCHED ENCODING FOR APPLICATION STREAMING

FIELD

[0001] The present specification relates to application streaming.

BACKGROUND

[0002] In application streaming, a server may execute an application and stream
video rendered for the application to a remote client device used by a user. The user
may then interact with the application based on the video streamed to the client
device. The video generated by the server may be captured on the server as video
frames, encoded as video bit-streams, and sent to the client for decoding and

playback.

[0003] To maintain high interactivity, the reduction of latency between content
generation at the server and content playback at the client may be desired. Latency
IN application streaming may lead to unsatisfactory user experiences. For example,
latency may cause an application to seem unresponsive or cause lag. Latency may
be due to In large part to three factors, server processing time, client processing
time, and network transport time. Server processing time and client processing time
may be largely dependent on the computational resources available and may not
vary much across video frames. However, network transport time may increase as
an encoded bit-stream size of a video frame increases for a given network
bandwidth.

[0004] Video frames containing sudden content changes such as a window popping
up In desktop applications or a scene-transition animation between levels in games
may be usually difficult to encode due to the amount of new information present in
the content. To encode these frames using conventional video coding algorithms, the
server may either limit the encoded bit-stream size by degrading the image quality In
encoder settings In order to meet l[atency requirements, or may maintain the quality

but sacrifice latency with an increased bit-stream size.



SUMMARY
[0005] In general, one Innovative aspect of the subject matter described in this
specification can be embodied in methods that may include the actions of receiving,
at a server computer system, an indication that a client device has a plurality of
representations of template frames, and processing, by the server computer system,
multiple image frames to provide to the client device, where the processing of each
Image frame includes determining whether the image frame satisfies a threshold
similarity to one of the template frames. For each image frame that satisfies the
threshold similarity to one of the template frames, additional actions include
generating a representation of a difference between the image frame and the
template frame with which the image frame satisfies the threshold similarity,
generating an instruction for rendering the image frame, the instruction including (i)
an identification of the representation of the template frame with which the image
frame satisfies the threshold similarity and (i) the representation of the difference

pbetween the Image frame and the template frame, and providing the instruction to

the client device.

[0006] Other versions include corresponding systems, apparatus, and computer

programs, configured to perform the actions of the methods encoded on computer

storage devices.

[0007] These and other versions may each optionally include one or more of the
following features. For instance, iIn some implementations, for each image frame
that does not satisfy the threshold similarity to one of the template frames, the
actions may include: providing the client device either a representation of the image
frame or a representation of a difference between the image frame and another

Image frame processed immediately before the image frame.

[0008] In some Implementations, the threshold similarity includes determining that
the Image frame 1s most similar to a particular template frame from the one or more

template frames and/or an immediately preceding image frame of the image frame.

[0009] In some implementations, determining whether the image frame satisfies a
threshold similarity to one of the template frames may include, for each image frame,
the actions of determining a distance score between a signature of the image frame
and a signature of one of the template frames, determining that the distance score

pbetween the signature of the image frame and the signature of one of the template
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frames satisfies a distance threshold, and in response to determining that the
distance score between the signature of the image frame and the signature of the
template frame satisfies the distance threshold, determining that the image frame

satisfies the threshold similarity to one of the template frames.

[0010] In some implementations, determining a distance score between a signature
of the image frame and a signature of one of the template frames may include
generating the signature of the image frame based on a luminance histogram of

pixels of the image frame.

[0011] In some implementations, processing multiple image frames to provide to the
client device may Iinclude the actions of identifying a particular application for which
the multiple image frames are to be rendered, determining, by the server computer
system, that template frames are associated with the particular application, and
providing, by the server computer system, a request to the client device to provide
an Indication whether the client device has a plurality of representations of the
template frames associated with the particular application, where receiving, at the
server computer system, the indication that the client device has the plurality of

representations of template frames, Is In response to providing the request.

[0012] In some implementations, generating a representation of a difference
pbetween the image frame and the template frame with which the image frame
satisfies the threshold similarity may be based on encoding the image frame
Immediately after encoding the template frame as a non-predictive frame at a pre-

defined quality.

[0013] In some implementations, the actions may include: obtaining, at the server
computer system, a set of multiple image frames from which to generate the
template frames; processing, by the server computer system, the set of multiple
Image frames from which to generate the template frames, where the processing of
each image frame of the set of multiple image frames from which to generate the
template frames Includes, for each image frame of the set of multiple image frames
from which to generate the template frames, determining whether the image frame
satisfies a threshold difference to a previous image frame; for each image frame that
satisfies the threshold difference to a previous image frame: generating a
representation of the image frame as a template frame; for each image frame that

satisfies the threshold difference to a previous image frame, providing the generated
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template frame to the client device; determining whether a total size of the generated
template frames satisfies a size threshold; and in response to determining that a total
size of the generated template frames satisfies a size threshold, providing a subset

of the generated template frames to the client device.

[0014] In some implementations, providing a subset of the generated template
frames to the client device may include the actions of providing the generated
template frames that correspond to image frames that are more dissimilar than other

generated template frames to preceding image frames.

[0015] Encoding a video frame may be independent of other video frames, €.q.,
encoding for a non-predictive frame, or dependent on other video frames, e.g.,
encoding for a predictive frame. For example, where a video frame Is very different
from a previous frame, an encoded bit-stream of the video frame may be
iIndependent of any other video frames, and where a video frame is similar to a
previous video frame, the encoded bit-stream of a video frame may represent a
difference between the video frame and the previous video frame. Accordingly, an
encoded bit-stream size of a video frame may increase as the difference between

the video frame and an immediately prior video frame increases.

[0016] The system may reduce the encoded bit-stream size of video frames by
prefetching encoded bit-streams of video frames from a server to a client device.
When the server streams video for application to a client device, the server may
determine that a particular video frame Is more similar to a video frame with an
encoded bit-stream that is already pre-fetched on the client device than the
iImmediately prior encoded video frame. In response to the determination, the server
may determine to encode the particular video frame as a predictive frame that
depends on prediction from the video frame corresponding to the pre-fetched
encoded bit-stream, provide the encoding to the client device, and instruct the client
device to decode the encoding based on the pre-fetched encoded bit-stream instead
of the encoded bit-stream for the previous video frame. Accordingly, a system may
reduce latency In application streaming by reducing the encoded bit-stream size of

video frames by using prefetched encoded bit-streams.

[0017] The detalls of one or more implementations of the subject matter described In

this specification are set forth in the accompanying drawings and the description



below. Other potential features, aspects, and advantages of the subject matter will

become apparent from the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1A-1B are block diagrams of an example system for an interactive

streaming session.

[0019] FIG. 2 is a block diagram of an example system for a pre-fetch preparation

session.

[0020] FIGS. 3A-3C are flowcharts of example processes for using pre-fetched

encoded representations of template frames.
[0021] FIG. 4 is a diagram of exemplary computing devices.

[0022] Like reference symbols In the various drawings indicate like elements.

DETAILED DESCRIPTION

[0023] FIG. 1A Is a block diagram of an example system 100 for an interactive
streaming session. Briefly, and as described further below, the system 100 may
INclude a server 110 and a client device 160. The server 110 may include template
frames 112, an image frame 114, a signature generator 120, a signature comparator
130, a selected template frame 132A, an encoding engine 140, and an instruction
150A. The client device 160 may include a video renderer 162 and template

representations 164.

[0024] The template frames 112 may be frames of video content previously
generated for applications on the server 110 for which corresponding template
representations 164, 1.e., encoded bit-streams, are pre-fetched on the client device
160. For example, the template frames 112 may be particular frames rendered for a
game being run on the server 110, where the particular frames include substantial
differences from their immmediately prior frame. Frames that include substantial
differences from their immediately prior frame may include scene-change
animations, dialog boxes, scoreboards, or other video frames, that are routinely

displayed and are different from previous frames.



[0025] The image frame 114 may be a frame of video rendered for an application on
the server 110 being streamed to the client device 160. For example, the image
frame 114 may be a frame rendered for a cloud video game application being played

by a user of the client device 160.

[0026] The signature generator 120 may compute signatures of the template frames
112 and the image frame 114. The signature for a frame may generally describe the
content of the frame. For example, the signature of a frame may be based on
luminance-values of pixels in an image. The signature may additionally or
alternatively be calculated using other image processing parameters. For example,

contrast ratios, natural color ratios, pixel color values, and other parameters.

[0027] In some Implementations, the signature generator 120 computes the
signatures for each of the template frames 112 and the image frame 114 by initially
dividing a frame luminance of the frame, a 2D array of 1-byte integers having values
from 0-255, evenly into N smaller 2D blocks. For example, a 960 x 640 pixel frame
may be divided into N/ = 100 blocks, where each block include 96 x 64 pixels. The
signature generator 120 may then compute the luminance value histogram for each
of the N blocks, which represents the number of occurrences of luminance values
within each block. The signature generator 120 may then concatenate the N

histograms to calculate the signature of the frame.

[0028] The signature comparator 130 may compare the signature of the image frame
114 to the signature of one or more of the template frames 112 and a signature of an
Immediately preceding image frame. The immediately preceding image frame may
INclude an image frame that is encoded immediately before the image frame 114 is
to be encoded, I1.e., the frame that is displayed before the image frame 114. Using
the comparison, the signature comparator 130 may determine whether the image
frame 114 satisfies a threshold similarity to one of the template frames. The
threshold similarity may be that the image frame i1s most similar to a particular
template frame out of both the templates frames 212 and the immediately preceding
frame. In some cases, the image frame 114 may not have an immediately preceding
Image frame If the image frame 114 is the first frame to be encoded. Accordingly, In
these cases, the threshold similarity may be that the image frame i1s most similar to a

particular template frame and the similarity iIs above a predetermined minimum

similarity threshold.



[0029] The signhature comparator 130 may compare the signatures of the image
frame 114 and the preceding image frame using a distance score for the two
signatures. For example, the distance score of two signatures may be computed by
summing the difference in corresponding luminance-values for each of the N blocks
of the two respective frames, and normalizing the summed difference by the sum of
the luminance-values of the N blocks of the image frame 114. Lower distance scores
may correspond to frames that are similar. For example, a distance score of “0” may

correspond to frames that are very similar.

[0030] Out of an immediately preceding frame and the template frames 112, the
signature comparator may select the frame with the signature that is most similar to
the signature of the image frame 114 and output a selected template frame 132A.
For example, the image frame 114 may be a start screen that follows opening
cinematics, where the start screen includes text that changes based on a users
name, a template frame may also correspond to the start screen with a different
users name, and the immediately preceding frame may be for the end of the
opening cinematic. In the example, the signature comparator 130 may determine
that the signature of image frame 114 is most similar to the signature of the template
frame that corresponds to the start screen with a different users name. The
signature comparator 130 may determine the most similar frame based on
determining the frame for which the distance score corresponds to the most

similarity, e.g., 1s closest to “0.”

[0031] The selected template frame 132A may be the template frame of the template
frames 112 that is identified by the signature comparator 130 to be the most similar
to the Image frame 114. For example, the signature comparator 130 may compare
the distance scores between each of the template frames 112 and the image frame

114, and identify the template frame with the lowest distance score as the selected

template frame 132A.

[0032] The encoding engine 140 may be a video encoder on the server 110 that
encodes the image frame 114. The encoding engine 140 may be configured to
encode an image frame using a video codec, e.g., MPEG-4, DivX Pro, Xvid, or x264.
The encoding engine 140 may receive the selected template frame 132A, or an
iIndication of the selected template frame, and may use the selected template frame

to encode the image frame 114. For example, the encoding engine 140 may



receive an indication that “TEMPLATE FRAME X" is most similar to the image frame

114, and In response, encode the image frame 114 based on the difference of the
Image frame 114 and "TEMPLATE FRAME X.”

[0033] The encoding engine 140 may generate an instruction 150A. The instruction
150A may Include a representation 152 and an identification 154. The
representation 152 may be a representation of the difference between the image
frame 114 and the selected template frame 132A. For example, where the image
frame 114 Is of a start screen with a users name and the template frame 112 is of a
start screen with a different name, the representation of the difference 152 may an
encoded bit-stream that represents the differences in the pixels corresponding to the
different names. The identification 154 may identify a particular template
representation of the template representations 164 stored on the client device 160 to
use for rendering the image frame 114. For example, the identification 154 may be,
‘TEMPLATE REPRESENTATION X,” which corresponds to a representation of
“TEMPLATE FRAME X.”

[0034] The encoding engine 140 may generate the representation of the difference
between the image frame 114 and the selected template frame 132A by encoding
the selected template frame 132A using a video codec, and then encoding the image
frame 114 using the video codec along with an indication that the image frame 114 is
to be encoded based on the frame just encoded. For example, the encoding engine
140 may first encode a template frame of a start screen with a different name,
discard the representation of the template frame, and then encode an image frame
of a start screen with a user's name with predictive encoding and use the output as
the representation of the difference between the template frame and the image

frame.

[0035] The selected template frame 132A may be encoded as a non-predictive
frame, for e.g., Independent of any other video frames, and at the same quality level
as the corresponding template representations pre-fetched by the client device 160.
This may ensure that the prediction from the selected template frame 132A
generated by the encoding engine 140 is the same frame as the template

representations 164 on the client device 160.



[0036] The client device 160 may include a video renderer 162 and template
representations 164. The template representations 164 may be a pre-fetched set of
representations of the template frames 112 on the server 110. The template
representations 164 may be encoded bit-streams of the template frames 112, where
the encoding Is done by a video codec along with an indication that the template

frames 112 are to be encoded independently of any other frames.

[0037] The video renderer 162 may perform video decoding operations on the client
device 160. For example, the video renderer 162 may perform decoding operations
using the H.264 video standard, or some other video codec. The video renderer 162
may render the image frame 114 on the client device 160 based on the identification
of the template 154 and the representation of the difference 152 between the image
frame 114 and the selected template frame 132A. For example, the video renderer
162 may determine that the instruction 150A identifies "TEMPLATE
REPRESENTATION X” which corresponds to a representation of a start screen with
a default user name and includes a representation of the difference between a start

screen with a default user name and a start screen with the current users name.

[0038] In response, the video renderer 162 may access the template representation
pre-fetched on the client device 160, and modify the template representation based
on the representation of the difference between the image frame 114 and the
selected template frame 132A. For example, the video renderer 162 may access
‘TEMPLATE REPRESENTATION X,” decode “TEMPLATE REPRESENTATION X”
into “TEMPLATE FRAME X,” not display “TEMPLATE FRAME X,” and then decode
the representation of the difference between a start screen with a default user name
and a start screen with the current users name based on the frame just decoded,
“TEMPLATE FRAME X.”

[0039] Accordingly, instead of providing an encoded representation of immage frame

114 encoded based on an iImmediately preceding image frame in a video or based
on no previous frame, the server 110 may reduce a size of an encoding for the
Image frame 114 by encoding a template frame similar to the image frame 114 and

then encoding the image frame 114 based on the encoding of the template frame.

[0040] FIG. 1B represents a streaming session where the server 110 determines

that the image frame 114 does not satisfy a threshold similarity to any of the



template frames 112. For example, the signature comparator 130 may determine
that the image frame 114 i1s more similar to a preceding image frame than similar to
any template frame 112. The signature comparator 130 may determine that a
preceding Image Is more similar to the image frame 114 than any of the template
frames 112 based on determining that the distance scores for the signatures of the
Image frame 114 and the preceding image are lower than the distance scores
between the signatures of the image frame 114 and the template frames 112. For
example, the signature comparator 130 may determine that for an image frame 114
that only shows a slight change from the preceding image frame 132b, e.g., only a
few pixels are different, the signature of the image frame 114 is most similar to the
signature of the preceding image frame 132b over the signatures of the template
frames 112. In such cases, the encoding engine 140 may encode the image frame
114 by generating a representation of the image frame 114 based on the
Immediately preceding image frame. In some implementations, when the image
frame 114 and the preceding image 132b do not satisfy a threshold similarity, e.g.,
below 20%, 30%, or some other amount similar, the encoding engine 140 may
encode the image frame 114 as a representation of the image frame 114 that is not

pbased on any other frame.

[0041] FIG. 2 illustrates an example system 200 for a pre-fetch preparation session.
The pre-fetch preparation session may occur before an application is streamed to a
client using template frames, and may be a session during which the template
frames and the template representations used for application streaming are
generated. Briefly, and as described further below, the system 200 may include a
server 210 and a client device 270. The server 210 may include images frames 212,
a signal generator 220, a signature comparator 230, a template generator 240, a
template trimmer 250, template frames 252, and template representations 260. The

client device 270 may Iinclude a video renderer 272 and template representations
274.

[0042] The image frames 212 may be frames of content generated from a streaming
application on the server 210 for display on the client device 270. For example, the

Image frames 212 may include a stream of image frames that correspond to playing
of a game that will be streamed, where some of the image frames are similar to a

preceding frame, e.qg., player has moved a cursor in a start menu, and some of the
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Image frames are dissimilar to a preceding frame, €.g., player has selected an option

IN a start menu that has triggered a cinematic.

[0043] The signhature generator 220 may calculate the signatures of the image
frames 212. In some implementations, the signature generator 220 may calculate
the signatures according to the calculation described previous in FIG. 1A. The
signature comparator 230 may compare the signatures of the each of the image
frames 212 to the signatures of iImmediately preceding image frames of the image
frames 212 to determine whether each of the image frames 212 satisfy a threshold
difference with the immediately preceding image frames of the image frames 212. In
some Implementations, the signature comparator 230 determines whether the image
frames 212 satisfy a threshold difference using a similar comparison technique used
by the signature comparator 130. In one example, the signature comparator 230
may determine that one of the image frames 212 is below the threshold difference to
its Immediately preceding image frame, e.g., where the image frame represents a
start menu in which a cursor has moved. |n another example, the signature
comparator 230 may determine that one of the image frames 212 satisfies the
threshold difference to its immediately preceding image frame, e.g., where the image

frame represents a transition between displaying a start menu to a cinematic.

[0044] The signature comparator 230 may select the image frames that satisfy the
threshold difference from their previous frames and provide the selected image
frames, or identifications of the selected image frames, to the template generator
240. For example, the signature comparator 230 may select an image frame where
a full screen menu option Is opened, and an image frame where a cinematic Is
started after a start menu, and provide those image frames or identifications of those

Image frames to the template generator 240.

[0045] The template generator 240 may generate template frames 252 based on the
selected iImage frames 232 transmitted from the signature comparator. For example,
the template generator 240 may designate the selected image frames 232 as
template frames, and generate corresponding template representations of the

selected image frames 232 by encoding the selected image frames 232 as frames

that are independent of any other frames.
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[0046] In generating the template frames 252 and template representations 260, the
template generator may generate a frame array, signature array, and a
representation array that are all initially empty. These arrays may be container
objects that store certain values of a single type. For example, the frame array may
store the template frames 252, the signature array may store the calculated
signatures of the Image frames 232 selected to be template frames 252, and the
representation array may store the encoded bit-streams of the template frames 252.
The signature array may be later used during live sessions so that the signatures of

template frames do not need to be calculated again.

[0047] The template generator 240 may add the template frames 252 into frame
array and also add the corresponding signatures of the template frames 252 into the
signature array. The template generator 240 may then encode the template frames
252 into template frame representations using a predefined quality level. Once the
template generator 240 completes encoding all of template frames 252 into the
template frame representations, the template generator 240 may add the template
frame representations into the representation array. The template frames 252 may
be encoded as non-predictive frames, for e.qg., independent of any other video

frames, and at the same quality and at a predefined quality level.

[0048] In some iImplementations, the template generator 240 may initially receive
Image frames from one or more practice live sessions run on the server 210 to
identify image frames that are frequently streamed to the client devices. The
template generator 240 may compare the image frames that are likely to be
streamed during a live session to the selected image frames transmitted from the
signature comparator 230 to select a set of template frames that correspond to
selected image frames that are likely to be streamed during a live session. |n other
Implementations, the template generator 240 may prepare template frames that
Include all of the selected image frames transmitted by the signature comparator
230.

[0049] The size of the representation array may reflect the startup delay in the live
session for the client device 270 to pre-fetch the representation array over the
network. For example, when the client device 270 initially requests an application for
streaming from a server, the server may provide the representations of template

frames to the client device 270 to pre-fetch, and then begin streaming live video for
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the application. In some instances, the size of the representation array may be
sufficiently large to suggest significant latency in the pre-fetch stage of the live
session. For example, pre-fetching a large representation array may take a few
seconds and may make the application seem unresponsive. Accordingly, In some
Implementations, the template generator 240 may compare the size of the generated
representation array to a threshold size and based on determining that the size of
the generated representation array Is greater than the threshold size, transmit the
generated representation array to a template trimmer 250. The threshold size may
be, for example, 200 KB, 1 MB, 5 MB, 10 MB, or some other size.

[0050] In some implementations, the threshold size may be dependent on the
network bandwidth available for transmitting to the client device 270. For example,
as network bandwidth available for transmitting to the client device 270 increases,

the threshold size may increase.

[0051] The template trimmer 250 may reduce the size of the generated
representation array by removing template frame representations from the
representation array and frame array. For example, the template trimmer 250 may
iInitially prioritize the template frame representations by comparing the distance
scores between the signatures of the selected image frames 252 and its immediately
preceding Image frame. In another example, the template trimmer 250 may also
compare the signatures of the template frames 252 and consolidate the template
frames 252 that are similar to each other. The template trimmer 250 may determine
that the lower distance scores represent image frames that are less valuable for
prediction because the transition between the these image frames may have a
smaller performance impact in the live session than image frames with greater
distance scores with their preceding image frames. The template trimmer 250 may

then remove the template representations in the representation array by lowest

distance score first until the representation array is below the threshold size.

[0052] The client device 270 may pre-fetch the template representations 260 from
the server 210 and store them on the client device 270 as template representations
2/72. The video renderer 272 of the client device 270 may then perform decoding

using the template representations 274, for example, similarly as the video renderer
162.
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[0063] FIGS. 3A-3C illustrate example processes for streaming pre-fetched encoded
representations of template frames. The following describes the processes 300A,
300B, and 300C as being performed by components of the system 100 and the
system 200 that is described with reference to FIGS. 1A-1B and FIG. 2, respectively.
However, the processes 300A, 300B, and 300C may be performed by other systems

or system configurations.

[0054] FIG. 3A Is a flowchart of an example process 300A for streaming an
application to a client using template frames. The process 300A may include
recelving an indication that a client device has representations of template frames
(302). For example, the server 110 may receive an indication that the client device
160 has finished pre-fetching a set of template representations the server 110
provided to the client device 160 In response to a request from the client device 160
to begin streaming an application. In another example, the server 110 may receive a
transmission from the client device 160 including a request to use an application and
iIndicating that there are a set of pre-fetched template representations 164 on the

client device 160.

[00538] The process 300A may include processing multiple image frames to provide
the client device (304). For example, the server 110 may generate multiple image
frames corresponding to a video game that a user Is playing using the application. In
the example, the multiple image frames may include images frames corresponding
to a player running around and opening a full screen options menu. The signature
generator 120 may then determine signatures for the image frames 114, and obtain

pre-stored signatures of the template frames 112.

[0056] The process 300A may Include determining whether each image frame
satisfies a threshold of similarity (306). For example, the signature comparator 130
may determine, for each image frame, whether a distance score between the
signatures of the image frame and of a particular template frame is lower than (i) the
distance score between the signatures of the image frame and of their mmediately
prior image frame, and (i) the distance scores between the signatures of the image
frame and of any other template frames, and whether the distance score between
the signatures of the image frame and of the particular template frame is also lower

than a predetermined minimum distance threshold.
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[0057] The process 300A may include generating a representation of a difference
between the Image frame and the template frame (308). For example, in cases
where the threshold of similarity is satisfied based on a particular template frame, the
encoding engine 140 may generate a representation of a difference between the
Image frame and the particular template frame by first encoding the particular
template frame as a non-predictive frame at a pre-defined quality level, discarding
the encoding of the particular template frame, and then encoding the image frame as

an Image based on the frame just encoded.

[0058] The process 300A may Include generating an instruction for rendering the
Image frame (310). For example, the encoding engine 140 may generate the
Instruction 150A, which Includes the representation of difference 152 between a
particular image frame to be rendered on the client 160 and a particular template
frame, and the identification of the particular template 154, which identifies to the

client device 160 the particular pre-fetched template representation to use for

decoding the image frame.

[0059] The process 300A may include providing the instruction to the client device
(312). For example, the server 110 may transmit the instruction 150A to the client

device 160 as a data transmission over a network.

[0060] FIG. 3B is a flowchart of a process 300B for a server to begin streaming an
application using template frames. The process 300B may include identifying an
application for which the multiple image frames are to be rendered (314). For

example, the server 110 may identify that a client device 160 has requested to

stream a particular application.

[0061] The process 300B may include determining that template frames are
assoclated with the application (316). For example, the server 110 may determine
that the particular application that the client device 160 has requested to stream Is

associated with a particular set of template frames.

[0062] The process 300B may include providing a request to the client device to
provide an indication that the client device has representations of the template
frames (318). For example, In response to determining that template frames are
associlated with the particular application, the server 110 may provide the

representations of template frames to the client device 160 and request that the
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client device 160 provide an indication that the client device 160 has received the
representations of the template frames. In another example, the server 110 may
determine that the client device 160 may already store representations of the

template frames and request that the client device 160 provide an indication what

representations of template frames the client device 160 already has stored. The

server may provide the request over a network.

[0063] The process may Include recelving the indication that the client device has
representations of the template frames (320). For example, the server 110 may
recelve a data transmission over a network from the client device 160 identifying the
representations of template frames the client device 160 has stored on the client
device 160, or acknowledging that the client device 160 has received
representations of template frames provided to the client device 160 by the server
110. In response, the server 110 may determine the representations of template
frames that the client device 160 has pre-fetched for the application, and stream the
application using those template frames corresponding to the pre-fetched

representations on the client device 160.

[0064] FIG. 3C is a flowchart of a process 300C for a client device to render an
Image frame using pre-fetched template representations. The process may include
recelving a request to provide an indication (322). For example, the client device
160 may receive a request from the server 110 to provide a list of the template
representations on the client device 160 or an acknowledgment that the client device
160 has finished receiving a set of template representations from the server 110. In
some Implementations, the request may be specific to a particular application. For

example, the request may 1dentify a particular application for which the client device

160 should list available template representations.

[0065] The process may Include determining that template frame representations

exist (324). For example, the client device 160 may determine which template

representations are stored on the client device 160.

[0066] The process may include providing an indication of template frame
representations (326). For example, the client device 160 may transmit a signal to

the server 160 Iindicating which template representations are on the client device
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160, or that the client device 160 has finished receiving a set of template

representations from the server 160..

[0067] The process may Include receiving an instruction to render an image frame
(328). For example, the client device 160 may receive an instruction to render an
Image frame where the instruction identifies a particular template representation and
INcludes a representation of a difference between the template frame corresponding

to the template representation and the image frame.

[0068] The process may include obtaining from the instruction, a representation of a
difference between the image frame and a template frame (330). For example, the
client device 160 may extract the representation of difference 152 from the received

iInstruction 150A from the server 110.

[0069] The process may include rendering the image frame (332). For example, the
client device 160 may decode the representation of the template frame, discard the
result of the decoding, and then use predictive decoding using the representation of
the difference between the image frame and the template frame corresponding to the

template representation.

[0070] FIG. 4 is a block diagram of computing devices 400, 450 that may be used to
Implement the systems and methods described In this document, as either a client or
as a server or plurality of servers. Computing device 400 is intended to represent
various forms of digital computers, such as laptops, desktops, workstations, personal
digital assistants, servers, blade servers, mainframes, and other appropriate
computers. Computing device 450 is intended to represent various forms of mobile
devices, such as personal digital assistants, cellular telephones, smartphones, and
other similar computing devices. Additionally computing device 400 or 450 can
include Universal Serial Bus (USB) flash drives. The USB flash drives may store
operating systems and other applications. The USB flash drives can include
iInput/output components, such as a wireless transmitter or USB connector that may
be inserted into a USB port of another computing device. The components shown
here, their connections and relationships, and their functions, are meant to be
exemplary only, and are not meant to limit implementations of the inventions

described and/or claimed in this document.
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[0071] Computing device 400 includes a processor 402, memory 404, a storage
device 4006, a high-speed interface 408 connecting to memory 404 and high-speed
expansion ports 410, and a low speed interface 412 connecting to low speed bus
414 and storage device 406. Each of the components 402, 404, 406, 408, 410, and
412, are interconnected using various busses, and may be mounted on a common
motherboard or in other manners as appropriate. The processor 402 can process
Instructions for execution within the computing device 400, including instructions
stored in the memory 404 or on the storage device 406 to display graphical
information for a GUI on an external input/output device, such as display 416
coupled to high speed interface 408. In other implementations, multiple processors
and/or multiple buses may be used, as appropriate, along with multiple memories
and types of memory. Also, multiple computing devices 400 may be connected, with
each device providing portions of the necessary operations (€.9., as a server bank, a

group of blade servers, or a multi-processor system).

[0072] The memory 404 stores information within the computing device 400. In one
Implementation, the memory 404 |s a volatile memory unit or units. In another
Implementation, the memory 404 is a non-volatile memory unit or units. The memory
404 may also be another form of computer-readable medium, such as a magnetic or

optical disk.

[0073] The storage device 406 is capable of providing mass storage for the
computing device 400. In one implementation, the storage device 406 may be or
contain a computer-readable medium, such as a floppy disk device, a hard disk
device, an optical disk device, or a tape device, a flash memory or other similar solid
state memory device, or an array of devices, Including devices In a storage area
network or other configurations. A computer program product can be tangibly
embodied Iin an information carrier. The computer program product may also contain
Instructions that, when executed, perform one or more methods, such as those
described above. The information carrier Is a computer- or machine-readable

medium, such as the memory 404, the storage device 406, or memory on processor
402.

[0074] The high speed controller 408 manages bandwidth-intensive operations for
the computing device 400, while the low speed controller 412 manages lower

bandwidth intensive operations. Such allocation of functions is exemplary only. In
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one implementation, the high-speed controller 408 is coupled to memory 404,
display 416 (e.qg., through a graphics processor or accelerator), and to high-speed
expansion ports 410, which may accept various expansion cards (not shown). In the
Implementation, low-speed controller 412 is coupled to storage device 406 and low-
speed expansion port 414. The low-speed expansion port, which may include
various communication ports (e.g., USB, Bluetooth, Ethernet, wireless Ethernet) may
be coupled to one or more input/output devices, such as a keyboard, a pointing
device, microphone/speaker pair, a scanner, or a networking device such as a switch
or router, e.qg., through a network adapter. The computing device 400 may be
Implemented in a number of different forms, as shown in the figure. For example, it
may be implemented as a standard server 420, or multiple times in a group of such
servers. |t may also be implemented as part of a rack server system 424. In
addition, it may be implemented in a personal computer such as a laptop computer
422. Alternatively, components from computing device 400 may be combined with
other components in a mobile device (not shown), such as device 450. Each of such
devices may contain one or more of computing device 400, 450, and an entire
system may be made up of multiple computing devices 400, 450 communicating with

each other.

[0075] The computing device 400 may be implemented in a number of different
forms, as shown In the figure. For example, it may be implemented as a standard
server 420, or multiple times In a group of such servers. It may also be implemented
as part of a rack server system 424. |n addition, it may be implemented Iin a
personal computer such as a laptop computer 422. Alternatively, components from
computing device 400 may be combined with other components in a mobile device
(not shown), such as device 450. Each of such devices may contain one or more of
computing device 400, 450, and an entire system may be made up of multiple

computing devices 400, 450 communicating with each other.

[0076] Computing device 450 includes a processor 452, memory 464, and an
iInput/output device such as a display 454, a communication interface 466, and a
transceiver 468, among other components. The device 450 may also be provided
with a storage device, such as a microdrive or other device, to provide additional
storage. Each of the components 450, 452, 464, 454, 466, and 468, are
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Interconnected using various buses, and several of the components may be

mounted on a common motherboard or in other manners as appropriate.

[0077] The processor 452 can execute instructions within the computing device 450,
Including instructions stored in the memory 464. The processor may be
Implemented as a chipset of chips that include separate and multiple analog and
digital processors. Additionally, the processor may be implemented using any of a
number of architectures. For example, the processor 410 may be a CISC (Complex
Instruction Set Computers) processor, a RISC (Reduced Instruction Set Computer)
processor, or a MISC (Minimal Instruction Set Computer) processor. The processor
may provide, for example, for coordination of the other components of the device
450, such as control of user interfaces, applications run by device 450, and wireless

communication by device 450.

[0078] Processor 452 may communicate with a user through control interface 458
and display interface 456 coupled to a display 454. The display 454 may be, for
example, a TFT (Thin-Film-Transistor Liquid Crystal Display) display or an OLED
(Organic Light Emitting Diode) display, or other appropriate display technology. The
display interface 456 may include appropriate circuitry for driving the display 454 to
present graphical and other information to a user. The control interface 458 may
receive commands from a user and convert them for submission to the processor
452. |In addition, an external interface 462 may be provide in communication with
processor 452, so as to enable near area communication of device 450 with other
devices. External interface 462 may provide, for example, for wired communication
IN some Implementations, or for wireless communication in other implementations,

and multiple interfaces may also be used.

[0079] The memory 464 stores information within the computing device 450. The
memory 464 can be implemented as one or more of a computer-readable medium or
media, a volatile memory unit or units, or a non-volatile memory unit or units.
Expansion memory 4/4 may also be provided and connected to device 450 through
expansion interface 472, which may include, for example, a SIMM (Single In Line
Memory Module) card interface. Such expansion memory 474 may provide extra
storage space for device 450, or may also store applications or other information for
device 450. Specifically, expansion memory 474 may include instructions to carry

out or supplement the processes described above, and may include secure
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iInformation also. Thus, for example, expansion memory 474 may be provide as a
security module for device 450, and may be programmed with instructions that
permit secure use of device 450. In addition, secure applications may be provided
via the SIMM cards, along with additional information, such as placing identifying

information on the SIMM card in a non-hackable manner.

[0080] The memory may include, for example, flash memory and/or NVRAM
memory, as discussed below. In one implementation, a computer program product
IS tangibly embodied in an information carrier. The computer program product
contains instructions that, when executed, perform one or more methods, such as
those described above. The information carrier IS a computer- or machine-readable
medium, such as the memory 464, expansion memory 474, or memory on processor

452 that may be recelved, for example, over transceiver 468 or external interface
462.

[0081] Device 450 may communicate wirelessly through communication interface
466, which may Include digital signal processing circuitry where necessary.
Communication interface 466 may provide for communications under various modes
or protocols, such as GSM voice calls, SMS, EMS, or MMS messaging, CDMA,
TDMA, PDC, WCDMA, CDMAZ2000, or GPRS, among others. Such communication
may occur, for example, through radio-frequency transceiver 468. |n addition, short-
range communication may occur, such as using a Bluetooth, WiFI, or other such
transceiver (not shown). In addition, GPS (Global Positioning System) receiver
module 470 may provide additional navigation- and location-related wireless data to
device 450, which may be used as appropriate by applications running on device
450.

[0082] Device 450 may also communicate audibly using audio codec 460, which
may receive spoken information from a user and convert it to usable digital
iInformation. Audio codec 460 may likewise generate audible sound for a user, such
as through a speaker, €.9., in a handset of device 450. Such sound may include
sound from voice telephone calls, may include recorded sound (e.g., voice
messages, music files, etc.) and may also include sound generated by applications

operating on device 450.
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[0083] The computing device 450 may be implemented in a number of different
forms, as shown In the figure. For example, it may be implemented as a cellular
telephone 480. |t may also be implemented as part of a smartphone 482, personal

digital assistant, or other similar mobile device.

[0084] VVarious Implementations of the systems and methods described here can be
realized in digital electronic circuitry, integrated circuitry, specially designed ASICs
(application specific integrated circuits), computer hardware, firmware, software,
and/or combinations of such implementations. These various implementations can
INnclude implementation in one or more computer programs that are executable
and/or interpretable on a programmable system including at least one programmable
processor, which may be special or general purpose, coupled to receive data and
Instructions from, and to transmit data and instructions to, a storage system, at least

one Input device, and at least one output device.

[0085] These computer programs (also known as programs, software, software
applications or code) include machine instructions for a programmable processor,
and can be implemented in a high-level procedural and/or object-oriented
programming language, and/or in assembly/machine language. As used herein, the
terms "machine-readable medium" "computer-readable medium" refers to any
computer program product, apparatus and/or device (e.g., magnetic discs, optical
disks, memory, Programmable Logic Devices (PLDs)) used to provide machine
Instructions and/or data to a programmable processor, Including a machine-readable
medium that receives machine instructions as a machine-readable signal. The term
"machine-readable signal’ refers to any signal used to provide machine instructions

and/or data to a programmable processor.

[0086] To provide for interaction with a user, the systems and techniques described
here can be implemented on a computer having a display device (e.g., a CRT
(cathode ray tube) or LCD (liquid crystal display) monitor) for displaying information
to the user and a keyboard and a pointing device (e.g., a mouse or a trackball) by
which the user can provide input to the computer. Other kinds of devices can be
used to provide for interaction with a user as well; for example, feedback provided to
the user can be any form of sensory feedback (e.g., visual feedback, auditory
feedback, or tactile feedback); and input from the user can be received in any form,

INcluding acoustic, speech, or tactile input.
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[0087] The systems and techniques described here can be implemented in a
computing system that includes a back end component (e.g., as a data server), or
that includes a middleware component (e.g., an application server), or that includes
a front end component (e.g., a client computer having a graphical user interface or a
Web browser through which a user can interact with an implementation of the
systems and techniques described here), or any combination of such back end,
middleware, or front end components. The components of the system can be
Interconnected by any form or medium of digital data communication (e.g., a
communication network). Examples of communication networks include a local area

network ("LAN"), a wide area network ("WAN"), and the Internet.

[0088] The computing system can include clients and servers. A client and server
are generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each

other.

[0089] A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the
scope of the invention. In addition, the logic flows depicted in the figures do not
require the particular order shown, or sequential order, to achieve desirable results.
In addition, other steps may be provided, or steps may be eliminated, from the
described flows, and other components may be added to, or removed from, the
described systems. Accordingly, other embodiments are within the scope of the

following claims.
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CLAIMS

1. A computer-implemented method, comprising:
recelving, at a server computer system, an indication that a client device has
a plurality of representations of template frames, the template frames comprising
frames of video content previously generated for applications on the server for which
corresponding template representations are pre-fetched on the client device;
processing, by the server computer system, multiple image frames to provide
to the client device, wherein the processing of each image frame comprises
determining whether the image frame satisfies a threshold similarity to one of the
template frames;
for each image frame that satisfies the threshold similarity to one of the
template frames:
generating a representation of a difference between the image frame
and the template frame with which the image frame satisfies the threshold
similarity;
generating an instruction for rendering the image frame, the instruction

INcluding (1) an identification of the representation of the template frame with

which the image frame satisfies the threshold similarity and (i) the
representation of the difference between the image frame and the template
frame; and

providing the Instruction to the client device.

2. The method of claim 1, wherein for each image frame that does not satisfy the
threshold similarity to one of the template frames:

providing the client device either a representation of the image frame or a
representation of a difference between the image frame and another image frame

processed Immediately before the image frame.

3. The method of claim 1 or 2, wherein the threshold similarity comprises
determining that the image frame 1s most similar to a particular template frame from
the one or more template frames and an immediately preceding image frame of the

Image frame.
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4 The method of any preceding claim, wherein determining whether the image
frame satisfies a threshold similarity to one of the template frames comprises, for
each image frame:

determining a distance score between a signature of the image frame and a
signature of one of the template frames;

determining that the distance score between the signature of the image frame
and the signature of one of the template frames satisfies a distance threshold; and

IN response to determining that the distance score between the signature of
the image frame and the signature of the template frame satisfies the distance
threshold, determining that the image frame satisfies the threshold similarity to one

of the template frames.

. The method of claim 4, wherein determining a distance score between a
signature of the Image frame and a signature of one of the template frames
COMPrises:

generating the signature of the image frame based on a luminance histogram

of pixels of the iImage frame.

o. The method of any preceding claim, wherein processing multiple image
frames to provide to the client device comprises:

identifying a particular application for which the multiple image frames are to
be rendered:;

determining, by the server computer system, that template frames are
assoclated with the particular application; and

providing, by the server computer system, a request to the client device to
provide an indication whether the client device has a plurality of representations of

the template frames associated with the particular application, wherein receiving, at
the server computer system, the indication that the client device has the plurality of

representations of template frames, 1s In response to providing the request.
/. The method of any preceding claim, wherein generating a representation of a

difference between the image frame and the template frame with which the image

frame satisfies the threshold similarity Is based on encoding the image frame
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Immediately after encoding the template frame as a non-predictive frame at a pre-

defined quality.

8. The method of any preceding claim, comprising:

obtaining, at the server computer system, a set of multiple image frames from
which to generate the template frames;

processing, by the server computer system, the set of multiple image frames
from which to generate the template frames, wherein the processing of each image
frame of the set of multiple image frames from which to generate the template
frames comprises, for each image frame of the set of multiple iImage frames from
which to generate the template frames, determining whether the image frame
satisfies a threshold difference to a previous image frame;

for each image frame that satisfies the threshold difference to a previous
Image frame:

generating a representation of the image frame as a template frame.

9. The method of claim 8, comprising:
for each image frame that satisfies the threshold difference to a previous

Image frame, providing the generated template frame to the client device.

10.  The method of claim 8 or 9, comprising

determining whether a total size of the generated template frames satisfies a
size threshold: and

IN response to determining that a total size of the generated template frames
satisfies a size threshold, providing a subset of the generated template frames to the

client device.

11.  The method of claim 10, wherein providing a subset of the generated template
frames to the client device comprises:

providing the generated template frames that correspond to image frames that
are more dissimilar than other generated template frames to preceding image

frames.
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12. A system, comprising:

one or more computers; and

a non-transitory computer-readable medium coupled to the one or more
computers having instructions stored thereon, which, when executed by the one or
more computers, cause the one or more computers to perform a method according

to any preceding claim.

13. A non-transitory computer storage device encoded with a computer program,
the program comprising instructions that when executed by one or more computers
cause the one or more computers to perform operations comprising a method

according to any one of claims 1 to 11.

27



	Page 1 - BIBLIOGRAPHY
	Page 2 - DRAWINGS
	Page 3 - DRAWINGS
	Page 4 - DRAWINGS
	Page 5 - DRAWINGS
	Page 6 - DRAWINGS
	Page 7 - DRAWINGS
	Page 8 - DRAWINGS
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - CLAIMS
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - CLAIMS

