(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2025/129677 Al

26 June 2025 (26.06.2025) WIPOIPCT

(51) International Patent Classification:
GO6T 1/20 (2006.01)

(21) International Application Number:
PCT/CN2023/141207

(22) International Filing Date:
22 December 2023 (22.12.2023)

(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: NVIDIA CORPORATION [US/US]; 2788
San Tomas Expressway, Santa Clara, California 95051
Us).

(72) Inventors: HUANG, Sida; No. 5709 Shenjiang Road /No.
26 Qiuyue Road, Floors 1, 2, 3, 5, 6, 7, 8, Pudong New
Area, Shanghai 201210 (CN). LU, Jinyue; No. 5709 Shen-
jlang Road /No. 26 Qiuyue Road, Floors 1, 2, 3, 5, 6, 7,
8, Pudong New Area, Shanghai 201210 (CN). HE, Xi; No.
5709 Shenjiang Road /No. 26 Qiuyue Road, Floors 1, 2,3, 5,
6,7, 8, Pudong New Area, Shanghai 201210 (CN). PARHY,
Manindra; 2788 San Tomas Expressway, Santa Clara, Cal-
ifornia 95051 (US).

(74)

@81)

84

Agent: P. C. & ASSOCIATES et al.; 9th Floor Scitech
Tower, No. 22 Jian Guo Men Wai Avenue, Chaoyang Dis-
trict, Beijing 100022 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR, HU, ID, IL, IN, IQ, IR, IS, IT, M, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

(54) Title: NEURAL NETWORKS TO IDENTIFY VIDEO ENCODING ARTIFACTS

wo 2025/129677 A1 |0 00000 AN 0 0 0

(57) Abstract: Apparatuses, systems, and techniques to perform neural net-
100 works. In at least one embodiment, one or more neural networks are used to
identify one or more video encoding artifacts based, at least in part, on a plurality
of different video encoding settings.

PROCESSOR

LENCODLR
SETTINGS

108

1

IMAGE ENCODER ENCODED
FRAMES » » IMAGE
FRAMLS
104 106 110
Y A
SELRCT FRAMES
12
102
Y
SELECTED SELECTED
IMAGE ENCODED
TFRAMES IMAGE
FRAMES
114 116
] PROCLSSOR
NELRAL NETWORK
120
118

[Continued on next page]



WO 2025/129677 A [N U000 0000000 00O

Published:
—  with international search report (Art. 21(3))



WO 2025/129677 PCT/CN2023/141207

NEURAL NETWORKS TO IDENTIFY VIDEO ENCODING
ARTIFACTS

TECHNICAL FIELD

[0001] At least one embodiment pertains to processing resources used to identify video
encoding artifacts using neural networks. For example, at least one embodiment pertains to
using neural networks to identify video encoding artifacts using a plurality of video encoding

settings, according to techniques described herein.
BACKGROUND

[0002] Different video encoding schemes and settings can cause different video encoding
artifacts. Removing such video artifacts can use significant memory, time, and/or computing

resources. The amount of memory, time, or computing resources used can be improved.
BRIEF DESCRIPTION OF DRAWINGS

[0003] FIG. 1 is a block diagram illustrating an example computer system to identify video

encoding artifacts using a neural network, according to at least one embodiment;

[0004] FIG. 2 is a block diagram illustrating training of a neural network, according to at

least one embodiment;

[0005] FIG. 3 is a block diagram illustrating generating datasets used by a neural network,

according to at least one embodiment;

[0006] FIG. 4 is a block diagram illustrating thresholding values used to generate datasets

used by a neural network, according to at least one embodiment;

[0007] FIG. 5 is a block diagram illustrating a process to generate datasets used by a neural

network, according to at least one embodiment;

[0008] FIG. 6 is a block diagram illustrating a processor and modules, according to at least

one embodiment;

[0009] FIG. 7 is a block diagram illustrating a driver and/or runtime comprising one or
more libraries to provide one or more application programming interfaces (APIs), according

to at least one embodiment;

[0010] FIG. 8A illustrates logic, according to at least one embodiment;
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[0011] FIG. 8B illustrates logic, according to at least one embodiment;

[0012] FIG. 9 illustrates training and deployment of a neural network, according to at least

one embodiment;

[0013] FIG. 10 illustrates an example data center system, according to at least one

embodiment;

[0014] FIG. 11A illustrates an example of an autonomous vehicle, according to at least one

embodiment;

[0015] FIG. 11B illustrates an example of camera locations and fields of view for the

autonomous vehicle of FIG. 11A, according to at least one embodiment;

[0016] FIG. 11C is a block diagram illustrating an example system architecture for the

autonomous vehicle of FIG. 11A, according to at least one embodiment;

[0017] FIG. 11D is a diagram illustrating a system for communication between cloud-based

server(s) and the autonomous vehicle of FIG. 11A, according to at least one embodiment;

[0018] FIG. 12 is a block diagram illustrating a computer system, according to at least one

embodiment;

[0019] FIG. 13 is a block diagram illustrating a computer system, according to at least one

embodiment;

[0020] FIG. 14 illustrates a computer system, according to at least one embodiment;
[0021] FIG. 15 illustrates a computer system, according to at least one embodiment;
[0022] FIG. 16A illustrates a computer system, according to at least one embodiment;
[0023] FIG. 16B illustrates a computer system, according to at least one embodiment;
[0024] FIG. 16C illustrates a computer system, according to at least one embodiment;
[0025] FIG. 16D illustrates a computer system, according to at least one embodiment;

[0026] FIGS. 16E and 16F illustrate a shared programming model, according to at least one

embodiment;

[0027] FIG. 17 illustrates exemplary integrated circuits and associated graphics processors,

according to at least one embodiment;
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[0028] FIGS. 18A and 18B illustrate exemplary integrated circuits and associated graphics

processors, according to at least one embodiment;

[0029] FIGS. 19A and 19B illustrate additional exemplary graphics processor logic

according to at least one embodiment;

[0030] FIG. 20 illustrates a computer system, according to at least one embodiment;
[0031] FIG. 21A illustrates a parallel processor, according to at least one embodiment;
[0032] FIG. 21B illustrates a partition unit, according to at least one embodiment;
[0033] FIG. 21C illustrates a processing cluster, according to at least one embodiment;

[0034] FIG. 21D illustrates a graphics multiprocessor, according to at least one

embodiment;

[0035] FIG. 22 illustrates a multi-graphics processing unit (GPU) system, according to at

least one embodiment;
[0036] FIG. 23 illustrates a graphics processor, according to at least one embodiment;

[0037] FIG. 24 is a block diagram illustrating a processor micro-architecture for a

processor, according to at least one embodiment;

[0038] FIG. 25 illustrates a deep learning application processor, according to at least one

embodiment;

[0039] FIG. 26 is a block diagram illustrating an example neuromorphic processor,

according to at least one embodiment;

[0040] FIG. 27 illustrates at least portions of a graphics processor, according to at least one

embodiment;

[0041] FIG. 28 illustrates at least portions of a graphics processor, according to at least one

embodiment;

[0042] FIG. 29 illustrates at least portions of a graphics processor, according to at least one

embodiment;

[0043] FIG. 30 is a block diagram of a graphics processing engine of a graphics processor,

according to at least one embodiment;
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[0044] FIG. 31 is a block diagram of at least portions of a graphics processor core,

according to at least one embodiment;

[0045] FIGS. 32A and 32B illustrate thread execution logic including an array of

processing elements of a graphics processor core, according to at least one embodiment;

[0046] FIG. 33 illustrates a parallel processing unit (“PPU”), according to at least one

embodiment;

[0047] FIG. 34 illustrates a general processing cluster (“GPC”), according to at least one

embodiment;

[0048] FIG. 35 illustrates a memory partition unit of a parallel processing unit (“PPU”),

according to at least one embodiment;

[0049] FIG. 36 illustrates a streaming multi-processor, according to at least one

embodiment;

[0050] FIG. 37 is an example data flow diagram for an advanced computing pipeline,

according to at least one embodiment;

[0051] FIG. 38 is a system diagram for an example system for training, adapting,
instantiating and deploying machine learning models in an advanced computing pipeline,

according to at least one embodiment;

[0052] FIG. 39 includes an example illustration of an advanced computing pipeline 38 10A

for processing imaging data, according to at least one embodiment;

[0053] FIG. 40A includes an example data flow diagram of a virtual instrument supporting

an ultrasound device, according to at least one embodiment;

[0054] FIG. 40B includes an example data flow diagram of a virtual instrument supporting

an CT scanner, according to at least one embodiment;

[0055] FIG. 41A illustrates a data flow diagram for a process to train a machine learning

model, according to at least one embodiment;

[0056] FIG. 41B is an example illustration of a client-server architecture to enhance
annotation tools with pre-trained annotation models, according to at least one embodiment;

and
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[0057] FIG. 42 illustrates components of a system to access a large language model,

according to at least one embodiment.
DETAILED DESCRIPTION

[0058] In the following description, numerous specific details are set forth to provide a
more thorough understanding of at least one embodiment. However, it will be apparent to one
skilled in the art that the inventive concepts may be practiced without one or more of these

specific details.

[0059] TIn at least one embodiment, apparatuses, systems, and/or processors comprising one
or more circuits identify video encoding artifacts using a neural network, as described herein.
In at least one embodiment, video encoding artifacts are anomalies introduced by encoding
video frames (e.g., when performing video frame compression). In at least one embodiment,
apparatuses, systems, and/or processors comprising one or more circuits use one or more
neural networks to identify and/or remove video encoding artifacts generated using a plurality
of video encoder settings. In at least one embodiment, based on input data comprising video
frame images, a neural network infers how to identify said video encoding artifacts. In at
least one embodiment, one or more video encoding artifacts are identified and/or removed
during inferencing. In at least one embodiment, inferencing comprises updating, moditying,
or otherwise changing one or more components of said neural networks using input data, as
described herein. In at least one embodiment, training comprises updating, modifying, or
otherwise changing one or more components of said neural networks using input data, as

described herein.

[0060] FIG. 1 is a block diagram 100 illustrating an example computer system to identify
video encoding artifacts using a neural network, according to at least one embodiment. In at
least one embodiment, a processor 102 performs one or more operations to identify video
encoding artifacts using a neural network. In at least one embodiment, processor 102 is an
image generator processor. In at least one embodiment, processor 102 provides images to
another processor (e.g., processor 118) that performs one or more operations to identify video
encoding artifacts using a neural network. In at least one embodiment, processor 102 is a host
processor. In at least one embodiment, host code is code that is performed by a host processor,
where host refers to a CPU and its memory, and device code is code that is performed by a
second processor, where device refers to said GPU and its memory. In at least one

embodiment, said second processor is a not shown in FIG. 1. In at least one embodiment,
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processor 102 is a central processing unit (CPU). In at least one embodiment, a second
processor is a device processor. In at least one embodiment, said second processor is a GPU,
a parallel processing unit, a FPGA, an ASIC, and/or other processor that can accelerate
performance of computations or operations. In at least one embodiment, said second
processor includes a plurality of GPUs such as GPUs 1610(1)-1610(N) and is
communicatively coupled to a plurality of multi-core processors 1605(1)- 1605(M) over
high-speed links 1640(1)- 1640(N) all as described herein at least in connection with FIGS.
16A-16F. In at least one embodiment, processor 102 and one or more additional processors
form a system on chip (SoC) comprising one or more circuits to identify video encoding
artifacts using a neural network by performing software disclosed in connection with a
computing system illustrated in FIG. 1. In at least one embodiment, processor 102 is used
during training (e.g., as described herein). In at least one embodiment, processor 102 is used

during inferencing.

[0061] In at lecast one embodiment, processor 102 receives or is otherwise provided with
one or more image frames 104. In at least one embodiment, processor 102 receives image
frames 104 from a processor not illustrated in block diagram 100. In at least one embodiment,
processor 102 generates image frames 104. In at least one embodiment, image frames 104 are
received from an image frame data store such as image frame datastore 302, described herein
at least in connection with FIG. 3. In at least one embodiment, image frames 104 comprise
one or more high-resolution video frames. In at least one embodiment, image frames 104
comprise one or more images. In at least one embodiment, image frames 104 comprise one or
more unencoded video frames. In at least one embodiment, image frames 104 comprise
individual images (e.g., in a bitmap or some other such image format). In at least one
embodiment, image frames 104 comprise images of a video stream. In at least one
embodiment, image frames 104 comprise one or more encoded video frames. In at least one
embodiment, image frames 104 comprise one or more video frames that are encoded and/or
decoded one or more times (e.g., comprise one or more video frames that have been encoded
and then decoded, using systems, methods, operations, and/or techniques such as those
described herein). In at least one embodiment, not shown in FIG. 1, image frames 104 are
encoded a plurality of times to generate a plurality of sets of encoded image frames (e.g.,

using a plurality of encoder settings 108).

[0062] In at least one embodiment, processor 102 performs an encoder 106. In at least one

embodiment, encoder 106 is a video encoder. In at least one embodiment, encoder 106
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encodes one or more image frames 104. In at least one embodiment, encoder 106 is an
encoder using a codec such as H.264, H.265, FLAC, etc. In at least one embodiment, encoder
106 encodes one or more image frames 104 to reduce an image size of image frames 104
(e.g., from 1080p to 720p). In at least one embodiment, encoder 106 encodes one or more
image frames 104 to reduce a file size of a file comprising image frames 104. In at least one
embodiment, encoder 106 encodes one or more image frames 104 to reduce a bit-depth of
image frames 104 (e.g., from 24-bit to 8-bit). In at least one embodiment, encoder 106

encodes one or more image frames 104 using one or more encoder settings 108.

[0063] In at least one embodiment, processor 102 receives or is otherwise provided with
one or more encoder settings 108. In at least one embodiment, encoder settings 108 are
setting used by encoder 106 to encode one or more image frames 104. In at least one
embodiment, processor 102 receives encoder settings 108 from a processor not illustrated in
block diagram 100. In at least one embodiment, processor 102 generates encoder settings 108.
In at least one embodiment, encoder settings 108 are received from a select encoder setting
such as select encoder setting 308, described herein at least in connection with FIG. 3. In at
least one embodiment, encoder settings 108 are received from a generate encoder setting
value such as generate encoder setting value 310, described herein at least in connection with
FIG. 3. In at least one embodiment, encoder settings 108 are received from an encoder
settings module 606, described herein at least in connection with FIG. 6. In at least one
embodiment, encoder settings 108 are received from an encoder settings value module 608,
described herein at least in connection with FIG. 6. In at least one embodiment, encoder
settings 108 comprise one or more parameter-value pairs, which comprise a parameter and
one or more values of said parameter. In at least one embodiment, for example, encoder
settings 108 comprise a setting of QP (Quantization Parameter) of constant QP encoding and
a setting value of, for example, 12 (e.g., a value from 0 to 51). In at least one embodiment,
encoder settings 108 comprise a setting of bitrate of constant bitrate encoding and a setting
value of, for example, 0.5 Mbps (e.g., a positive floating-point value). In at least one
embodiment, encoder settings 108 comprise a parameter and no value, causing one or more

default values to be used to set a value of said parameter.

[0064] TIn at least one embodiment, encoder 106 uses encoder settings 108 to encode image
frames 104 to generate encoded image frames 110. In at least one embodiment, encoded
image frames 110 comprises a same number of image frames as image frames 104. In at least

one embodiment, encoded image frames 110 comprises fewer image frames than image
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frames 104. In at least one embodiment, encoded image frames 110 comprises more image
frames than image frames 104. In at least one embodiment, each image frame of encoded
image frames 110 corresponds to one more image frames of image frames 104. In at least one
embodiment, each image frame of image frames 104 corresponds to one more image frames

of encoded image frames 110.

[0065] In at least one embodiment, processor 102 performs one or more operations to select
frames 112. In at least one embodiment, for example, if image frames has N frames and
encoded image frames has N frames, processor 102 performs one or more operations to select
frames 112 by at least selecting M frames from image frames 104 and O frames from
encoded image frames 110, where M, O are separate positive values less than or equal to N
(e.g., 1s from 1 to N). In at least one embodiment, multiple frames are used as input to predict
a new frame (e.g., O is greater than M). In at least one embodiment, a single frame is used as
input to predict multiple new frames (e.g., M is greater than O). In at least one embodiment,
select frames 112 selects a number of frames from image frames 104 (e.g., M) that is
different than a number of image frames from encoded image frames 110 (e.g., O, where O is
also a positive value less than or equal to N). In at least one embodiment, select frames 112 is
performed using a frame selection module 610, described herein at least in connection with

FIG. 6.

[0066] In at least one embodiment, select frames 112 generates a set of selected image
frames 114 that are selected from image frames 104. In at least one embodiment, select
frames 112 generates a set of selected encoded image frames 116 that are selected from
encoded image frames 110. In at least one embodiment, selected image frames 114 are sent
or otherwise provided to processor 118. In at least one embodiment, selected encoded image
frames 116 are sent or otherwise provided to processor 118. In at least one embodiment,
processor 118 is a host processor. In at least one embodiment, host code 1s code that is
performed by a host processor, where host refers to a CPU and its memory, and device code
is code that is performed by a second processor, where device refers to said GPU and its
memory. In at least one embodiment, said second processor is processor 102, described
below. at least one embodiment, processor 118 is a central processing unit (CPU). In at least
one embodiment, said second processor is a device processor. In at least one embodiment,
said second processor is a GPU, a parallel processing unit, a FPGA, an ASIC, and/or other
processor that can accelerate performance of computations or operations. In at least one

embodiment, said second processor includes a plurality of GPUs such as GPUs 1610(1)-
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1610(N) and is communicatively coupled to a plurality of multi-core processors 1605(1)-
1605(M) over high-speed links 1640(1)- 1640(N) all as described herein at least in
connection with FIGS. 16A-16F. In at least one embodiment, processor 118 and one or more
additional processors form a system on chip (SoC) comprising one or more circuits to
identify video encoding artifacts using a neural network by performing software disclosed in
connection with a computing system illustrated in FIG. 1. In at least one embodiment,
processor 118 is identical to processor 102 (e.g., processor 118 and processor 102 one

processor).

[0067] In at least one embodiment, not shown in FIG. 1, processor 118 comprises one or
more processors configured to implement a neural network 120, using systems, methods,
operations, and/or techniques such as those described herein. In at least one embodiment,
selected image frames 114 are used by processor 118 to perform training of neural network
120, as described herein. In at least one embodiment, selected encoded image frames 116 are
used by processor 118 to perform training of neural network 120, as described herein. In at
least one embodiment, selected image frames 114 and/or selected encoded image frames 116
are used by processor 118 to perform training of neural network 120 using a neural network
training module 614, described herein at least in connection with FIG. 6. In at least one
embodiment, sclected image frames 114 are used by processor 118 to perform inferencing
using a neural network 120, as described herein. In at least one embodiment, selected image
frames 114 are used by processor 118 to perform training of a neural network, as described
herein. In at least one embodiment, selected encoded image frames 116 are used by processor
118 to perform inferencing using a neural network 120, as described herein. In at least one
embodiment, selected image frames 114 and/or selected encoded image frames 116 are used
by processor 118 to perform inferencing using a neural network 120 using a neural network
inferencing module 612, described herein at least in connection with FIG. 6. In at least one

embodiment, image frames 116 are received or otherwise obtained from a video decoder.

[0068] In at least one embodiment, one or more processors (e.g., processor 102, processor
118, and/or other processors such as those described herein) comprise one or more circuits to
perform operations or instructions described herein, such as one or more circuits to use one or
more neural networks to identify one or more video encoding artifacts based, at least in part,
on a plurality of different video encoding settings. In at least one embodiment, one or more
processors comprise one or more circuits to perform operations or instructions described

herein, such as one or more circuits to vary one or more image encoder settings to generate a



WO 2025/129677 PCT/CN2023/141207

set of neural network training images to be used to train one or more neural networks to
remove image encoding artifacts from one or more images. In at least one embodiment, not
illustrated in FIG. 1, a non-transitory machine-readable medium has stored thereon a set of
instructions which, if performed by one or more processors, are to perform operations
described herein at least in connection with FIGS. 1-7, such as operations to use one or more
neural networks to identify one or more video encoding artifacts based, at least in part, on a

plurality of different video encoding settings.

[0069] In at least one embodiment, an example computer system illustrated in block
diagram 100 includes a processor comprising one or more circuits to use one or more neural
networks to identify one or more video encoding artifacts based, at least in part, on a plurality
of different video encoding settings and/or otherwise perform operations or instructions
described herein. In at least one embodiment, an example computer system illustrated in
block diagram 100 is included in and/or otherwise includes systems illustrated in FIGS. 1-7
to use one or more neural networks to identify one or more video encoding artifacts based, at
least in part, on a plurality of different video encoding settings and/or otherwise perform
operations or instructions described herein. In at least one embodiment, an example computer
system illustrated in block diagram 100 includes one or more hardware illustrated in FIGS.
8A-42 to use one or more neural networks to identify one or more video encoding artifacts
based, at least in part, on a plurality of different video encoding settings and/or otherwise
perform operations or instructions described herein. In at least one embodiment, an example
computer system illustrated in block diagram 100 is included in one or more systems
illustrated in FIGS. 8A-42 to use onc or more neural networks to identify one or more video
encoding artifacts based, at least in part, on a plurality of different video encoding settings

and/or otherwise perform operations or instructions described herein.

[0070] FIG. 2 is a block diagram 200 illustrating training of a neural network, according to
at least one embodiment. In at least one embodiment, one or more processors (e.g., processor
102, processor 118, and/or other processors such as those described herein) performs training
of a neural network illustrated in block diagram 200. In at least one embodiment, said
processor performs one or more operations to generate input data 202. In at least one
embodiment, generate input data 202 uses encoder settings 204 and image frames 206 to
encode image frames 208, generating encoded image frames 210. In at least one embodiment,
encoder settings 204 are encoder settings such as encoder settings 108, described herein at

least in connection with FIG. 1. In at least one embodiment, image frames 206 are image

10
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frames such as image frames 104, described herein at least in connection with FIG. 1. In at
least one embodiment, encode image frames 208 is performed using an encoder such as
encoder 106, described herein at least in connection with FIG. 1. In at least one embodiment,
encoded image frames 210 are encoded image frames such as encoded image frames 110,

described herein at least in connection with FIG. 1.

[0071] In at least one embodiment, image frames 206 and/or encoded image frames 210 are
sent or otherwise provided to a neural network training framework 212. In at least one
embodiment, image frames 206 sent or otherwise provided to neural network training
framework 212 are selected image frames such as sclected image frames 114, described
herein at least in connection with FIG. 1. In at least one embodiment, encoded image frames
210 sent or otherwise provided to neural network training framework 212 are selected
encoded image frames such as selected encoded image frames 116, described herein at least
in connection with FIG. 1. In at least one embodiment, neural network training framework
212 uses image frames 206 and/or encoded image frames 210 to train an untrained neural
network 214. In at least one embodiment, neural network training framework 212 is a neural
network training framework such as training framework 904, described herein at least in
connection with FIG. 9. In at least one embodiment, untrained neural network 214 is an
untrained neural network such as untrained neural network 906, described herein at least in
connection with FIG. 9. In at least one embodiment, neural network training framework 212
is a training framework implemented using a neural network training module 614, described

herein at least in connection with FIG. 6.

[0072] TIn at least one embodiment, neural network training framework 212 uses image
frames 206 and/or encoded image frames 210 to generate a trained neural network 218. In at
least one embodiment, trained neural network 218 is a trained neural network such as trained
neural network 908, described herein at least in connection with FIG. 9. In at least one
embodiment, trained neural network 218 is a partially trained neural network (e.g., a neural
network that is partially trained) wherein trained neural network 218 and untrained neural
network 214 have different neural network parameters. In at least one embodiment, after a
number of iterations (e.g., iterate 216), trained neural network 218 is fully trained and is used
for inferencing, using systems, methods, and operations such as those described herein. In at
least one embodiment, trained neural network 218 is used to identify video encoding artifacts,
as described herein. In at least one embodiment, untrained neural network 214 and trained

neural network 218 are a single neural network. In at least one embodiment, trained neural

11
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network 218 is used to identify one or more video encoding artifacts based, at least in part, on
a plurality of different video encoding settings and/or otherwise perform operations or
instructions described herein. In at least one embodiment, if it is determined to iterate 216
(e.g., as described herein at least in connection with FIG. 5), one or more processors (e.g.,
processor 102, processor 118, and/or other processors such as those described herein)

performs one or more operations to generate input data 202 again.

[0073] TIn at least one embodiment, training of a neural network illustrated in block diagram
200 is performed by a processor comprising one or more circuits to use one or more neural
networks to identify one or more video encoding artifacts based, at least in part, on a plurality
of different video encoding settings and/or otherwise perform operations or instructions
described herein. In at least one embodiment, training of a neural network illustrated in block
diagram 200 is included in and/or otherwise includes systems illustrated in FIGS. 1-7 to use
one or more neural networks to identify one or more video encoding artifacts based, at least
in part, on a plurality of different video encoding settings and/or otherwise perform
operations or instructions described herein. In at least one embodiment, training of a neural
network illustrated in block diagram 200 is performed by one or more hardware illustrated in
FIGS. 8A-42 to use one or more neural networks to identify one or more video encoding
artifacts based, at least in part, on a plurality of different video encoding settings and/or
otherwise perform operations or instructions described herein. In at least one embodiment,
training of a neural network illustrated in block diagram 200 is included in one or more
systems illustrated in FIGS. 8A-42 to use one or more neural networks to identify one or
more video encoding artifacts based, at least in part, on a plurality of different video encoding

settings and/or otherwise perform operations or instructions described herein.

[0074] FIG. 3 is a block diagram 300 illustrating generating datasets used by a neural
network, according to at least one embodiment. In at least one embodiment, one or more
processors (e.g., processor 102, processor 118, and/or other processors such as those
described herein) performs generating datasets used by a neural network illustrated in block
diagram 300. In at least one embodiment, said processor performs one or more operations to
select N high-quality image frames 304. In at least one embodiment, image frames selected
by select N high-quality image frames 304 are retrieved from or otherwise provided by an
image frame datastore 302. In at least one embodiment, image frame datastore 302 is a
datastore of previously generated high-quality image frames. In at least one embodiment,

image frames selected by select N high-quality image frames 304 are image frames such as
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image frames 104, described herein at least in connection with FIG. 1. In at least one
embodiment, select N high-quality image frames 304 selects a set of N high-quality image
frames 306, using systems, methods, operations, and/or techniques such as those described

herein.

[0075] In at least one embodiment, one or more processors performs one or more
operations to select encoder codec 322. In at least one embodiment, an encoder codec
selected by select encoder codec 322 is a non-compression codec, or a lossless compression
codec, or a lossy compression codec, or some other such codec. In at least one embodiment,
for example, an encoder codec selected by select encoder codec 322 is H.264, which is a
lossy compression codec also called MPEG04 Part 10. In at least one embodiment, for
example, an encoder codec selected by select encoder codec 322 is H.265, which is a lossy
compression codec also called MPEG-H part 2. In at least one embodiment, a plurality of

codecs are selected by select encoder codec 322 (e.g., H.264/H.265).

[0076] TIn at least one embodiment, one or more processors performs one or more
operations to select encoder setting 308. In at least one embodiment, an encoder setting
selected by select encoder setting 308 is based, at least in part, on an encoder selected by
select encoder codec 322. In at least one embodiment, select encoder setting 308 selects one
or more encoder settings of an encoder selected by select encoder codec 322. In at least one
embodiment, for example, if an encoder selected by select encoder codec 322 is H.264/H.265,
an encoder setting selected by select encoder setting 308 can be QP (Quantization Parameter)
of constant QP encoding, or a bitrate of constant bitrate encoding (CBR), or crf (constant rate

factor) of variable bitrate encoding (VBR), or some other such encoder setting.

[0077] In at least one embodiment, one or more processors performs one or more
operations to select encoder setting value 308. In at least one embodiment, an encoder setting
value selected by select encoder setting value 308 is based, at least in part, on an encoder
selected by select encoder codec 322. In at least one embodiment, an encoder setting value
selected by select encoder setting value 308 is based, at least in part, on an encoder setting
selected by sclect encoder setting 308. In at least one embodiment, as described hercin at
least in connection with FIGS. 4 and 5, an encoder setting value selected by select encoder
setting value 308 is selected from possible values of an encoder setting. In at least one
embodiment, for example, if an encoder setting selected by select encoder setting 308 is QP

(Quantization Parameter) of constant QP encoding, with possible values from 0 to 51 (e.g., in

13



WO 2025/129677 PCT/CN2023/141207

H.264), an encoder setting value selected by select encoder setting value 308 is selected
within that range. In at least one embodiment, as described herein at least in connection with
FIGS. 4 and 5, a plurality of encoder settings are selected over several iterations of generating
datasets used by a neural network illustrated in FIG. 3 so as to produce a statistically normal
(e.g., a Gaussian distribution) of said possible encoder setting values of an encoder setting

selected by select encoder setting 308.

[0078] In at least one embodiment, one or more processors performs one or more
operations to encode image frames 312. In at least one embodiment, encode image frames
312 uses an encoder such as encoder 106, described herein at least in connection with FIG. 1.
In at least one embodiment, encode image frames 312 encodes N high-quality image frames
306. In at least one embodiment, encode image frames 312 uses an encoder setting obtained
or otherwise received from select encoder setting 308 to encode N high-quality image frames
306. In at least one embodiment, an encoder setting from select encoder setting 308 is an
encoder setting such as one or more of encoder settings 108, described herein at least in
connection with FIG. 1. In at least one embodiment, encode image frames 312 uses an
encoder setting value obtained or otherwise received from select encoder setting value 308 to
encode N high-quality image frames 306. In at least one embodiment, an encoder setting
value from sclect encoder setting value 308 is an encoder setting value such as one or more of
encoder settings 108, described herein at least in connection with FIG. 1. In at least one
embodiment, encode image frames 312 generates N encoded image frames 314, using
systems, methods, operations, and techniques such as those described herein. In at least one
embodiment, N encoded image frames 314 are encoded image frames such as encoded image

frames 110, described herein at least in connection with FIG. 1.

[0079] In at least one embodiment, one or more processors performs one or more
operations to select a subset of O encoded image frames 316 (e.g., where O is a positive value
less than or equal to N, as described herein). In at least one embodiment, one or more
operations to select a subset of O encoded image frames 316 selects a set of selected encoded
image frames such as seclected encoded image frames 116, described herein at least in
connection with FIG. 1. In at least one embodiment, one or more operations to select a subset
of O encoded image frames 316 selects a set of selected encoded image frames from N

encoded image frames 314.
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[0080] In at least one embodiment, one or more processors performs one or more
operations to select a subset of M high-quality image frames 318 (e.g., where M is a positive
value less than or equal to N, as described herein). In at least one embodiment, one or more
operations to select a subset of M high-quality image frames 318 selects a set of selected
image frames such as selected image frames 114, described herein at least in connection with
FIG. 1. In at least one embodiment, one or more operations to select a subset of M high-
quality image frames 318 selects a set of selected encoded image frames from N high-quality

image frames 306.

[0081] In at least one embodiment, one or more processors performs one or more
operations to provide frames to a neural network 320. In at least one embodiment, one or
more operations to provide frames to a neural network 320 are to provide a selected subset of
O encoded image frames generated by select a subset of O encoded image frames 316 to
provide frames to a neural network 320. In at least one embodiment, one or more operations
to provide frames to a neural network 320 are to provide a selected subset of M high-quality
image frames generated by select a subset of M high-quality image frames 318 to provide
frames to a neural network 320. In at least one embodiment, one or more operations to
provide frames to a neural network 320 are to provide frames to a neural network to be used
in training said neural network, as described herein. In at least one embodiment, one or more
operations to provide frames to a neural network 320 are to provide frames to a neural
network to be used in inferencing using said neural network, as described herein. In at least
one embodiment, frames are received or otherwise obtained from another source (e.g., an

image frame datastore, generated on-the-fly, obtained from the internet, etc.).

[0082] In at least one embodiment, generating datasets used by a neural network illustrated
in block diagram 300 is performed by a processor comprising one or more circuits to use one
or more neural networks to identify one or more video encoding artifacts based, at least in
part, on a plurality of different video encoding settings and/or otherwise perform operations
or instructions described herein. In at least one embodiment, generating datasets used by a
neural network illustrated in block diagram 300 is included in and/or otherwise includes
systems illustrated in FIGS. 1-7 to use one or more neural networks to identify one or more
video encoding artifacts based, at least in part, on a plurality of different video encoding
settings and/or otherwise perform operations or instructions described herein. In at least one
embodiment, generating datasets used by a neural network illustrated in block diagram 300 is

performed by one or more hardware illustrated in FIGS. 8A-42 to use one or more neural
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networks to identify one or more video encoding artifacts based, at least in part, on a plurality
of different video encoding settings and/or otherwise perform operations or instructions
described herein. In at least one embodiment, generating datasets used by a neural network
illustrated in block diagram 300 is included in one or more systems illustrated in FIGS. 8A-
42 to use one or more neural networks to identify one or more video encoding artifacts based,
at least in part, on a plurality of different video encoding settings and/or otherwise perform

operations or instructions described herein.

[0083] FIG. 4 is a block diagram 400 illustrating thresholding values used to generate
datasets used by a neural network, according to at least one embodiment. In at least one
embodiment, one or more processors receives or otherwise obtains an encoder setting 402. In
at least one embodiment, encoder setting 402 is an encoder setting such as one or more of
encoder settings 108, described herein at least in connection with FIG. 1. In at least one
embodiment, encoder setting 402 includes a range of values of encoder setting 404. In at least
one embodiment, for example, if encoder setting 402 is QP (Quantization Parameter) of
constant QP encoding, range of values for encoder setting 404 can specify allowable values

from 0 to 51 (e.g., for an H.264 codec).

[0084] In at least one embodiment, one or more processors performs one or more
operations to determine a thresholded range of values of encoder setting 408 by removing one
or more low values 406 and/or one or more high values 410. In at least one embodiment, for
example, if encoder setting 402 is QP (Quantization Parameter) of constant QP encoding and
range of values of encoder setting 404 is 0 to 51, values from 0 to 5 may not produce useful
encoding results (e.g., because such low values produce essentially lossless encoded video
frames with no encoding artifacts). In at least one embodiment, low values 406 includes
values from 0 to 5 and thresholded range of values of encoder setting 408 includes values
greater than 5. In at least one embodiment, for example, if encoder setting 402 is QP
(Quantization Parameter) of constant QP encoding and range of values of encoder setting 404
is 0 to 51, values from 46 to 51 may not produce useful encoding results (e.g., because such
high values produce unrecognizable encoded video frames with extensive encoding artifacts).
In at least one embodiment, high values 410 includes values from 45 to 51 and thresholded

range of values of encoder setting 408 includes values less than 45.

[0085] In at least one embodiment, one or more processors performs one or more

operations to generate a random encoder setting value within thresholded range of values 412.
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In at least one embodiment, one or more operations to generate a random encoder setting
value within thresholded range of values 412 select a random value from thresholded range of
values of encoder setting 408. In at least one embodiment, for example, if range of values of
encoder setting 404 is 0 to 51, low values 406 are from 0 to 5, high values 410 are from 45 to
51, thresholded range of values of encoder settings 408 is from 6 to 44, generate random
encoder setting value within thresholded range of values 412 generates a random value from
6 to 44, inclusive. In at least one embodiment, one or more processors performs one or more
operations to encode frames using random encoder setting value for encoder setting 414 by,
for example, encoding high-quality video frames using an H.264 codec with a QP

(Quantization Parameter) of constant QP encoding value from 6 to 44, inclusive.

[0086] TIn at least one embodiment, thresholding values used to generate datasets used by a
neural network illustrated in block diagram 400 is performed by a processor comprising one
or more circuits to use one or more neural networks to identify one or more video encoding
artifacts based, at least in part, on a plurality of different video encoding settings and/or
otherwise perform operations or instructions described herein. In at least one embodiment,
thresholding values used to generate datasets used by a neural network illustrated in block
diagram 400 is included in and/or otherwise includes systems illustrated in FIGS. 1-7 to use
one or more neural networks to identify one or more video encoding artifacts based, at least
in part, on a plurality of different video encoding settings and/or otherwise perform
operations or instructions described herein. In at least one embodiment, thresholding values
used to generate datasets used by a neural network illustrated in block diagram 400 is
performed by one or more hardware illustrated in FIGS. 8A-42 to use one or more neural
networks to identify one or more video encoding artifacts based, at least in part, on a plurality
of different video encoding settings and/or otherwise perform operations or instructions
described herein. In at least one embodiment, thresholding values used to generate datasets
used by a neural network illustrated in block diagram 400 is included in one or more systems
illustrated in FIGS. 8A-42 to use one or more neural networks to identify one or more video
encoding artifacts based, at least in part, on a plurality of different video encoding settings

and/or otherwise perform operations or instructions described herein.

[0087] FIG. 5 is a block diagram 500 illustrating a process to generate datasets used by a
neural network, according to at least one embodiment. In at least one embodiment, some or
all of process to generate datasets used by a neural network illustrated in block diagram 500

(or any other processes described herein, or variations and/or combinations thereof) is
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performed under control of one or more computer systems, such as those described in FIGS.
8A-42, configured with computer-executable instructions and is implemented as code (e.g.,
computer-executable instructions, one or more computer programs, or one oOr more
applications) executing collectively on one or more processors, by hardware, software, or
combinations thereof. In at least one embodiment, said code is stored on a computer-readable
storage medium in form of a computer program comprising a plurality of computer-readable
instructions executable by one or more processors such as those described herein. In at least
one embodiment, a computer-readable storage medium is a non-transitory computer-readable
medium. In at least one embodiment, a processor such as processor 102, described herein at
least in connection with FIG. 1, performs one or more steps of process to generate datasets
used by a neural network illustrated in block diagram 500. In at least one embodiment, a
processor such as processor 118, described herein at least in connection with FIG. 1,
performs one or more steps of process to generate datasets used by a neural network
illustrated in block diagram 500. In at least one embodiment, one or more other processors
such as those described herein perform one or more steps of process to generate datasets used

by a neural network illustrated in block diagram 500.

[0088] In at least one embodiment, at step 502 of process a process to generate datasets
used by a neural network illustrated in block diagram 500, a processor performs one or more
operations to select one or more high-quality image frames. In at least one embodiment, at
step 502, one or more operations to select one or more high-quality image frames select one
or more image frames from an image frame datastore such as image frame datastore 302,
described herein at least in connection with FIG. 3. In at least one embodiment, at step 502,
one or more operations to select one or more high-quality image frames select one or more
image frames such as image frames 104, described herein at least in connection with FIG. 1.
In at least one embodiment, after step 502, process to generate datasets used by a neural
network illustrated in block diagram 500 continues at step 504. In at least one embodiment,
not shown in FIG 5, before step 502, a processor performs one or more operations to select a

codec (e.g., to select encoder codec 322, described herein at least in connection with FIG. 3.

[0089] In at least one embodiment, at step 504 of process to generate datasets used by a
neural network illustrated in block diagram 500, a processor performs one or more operations
to select an encoder setting. In at least one embodiment, at step 504, a selected encoder
setting is an encoder setting selected using select encoder setting 308, described herein at

least in connection with FIG. 3. In at least one embodiment, at step 504, an encoder setting
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selected is, for example, QP (Quantization Parameter) of constant QP encoding (e.g., of
encoder codec H.264), as described herein. In at least one embodiment, after step 504,
process to generate datasets used by a neural network illustrated in block diagram 500

continues at step 506.

[0090] In at least one embodiment, at step 506 of process to generate datasets used by a
neural network illustrated in block diagram 500, a processor performs one or more operations
to threshold an encoder setting value. In at least one embodiment, an encoder setting value
thresholded at step 506 is based, at least in part, on an encoder setting selected at step 504. In
at least one embodiment, at step 506, one or more operations to threshold an encoder setting
value are operations such as those described herein at least in connection with FIG. 4. In at
least one embodiment, after step 506, process to generate datasets used by a neural network

illustrated in block diagram 500 continues at step 508.

[0091] In at least one embodiment, at step 508 of process to generate datasets used by a
neural network illustrated in block diagram 500, a processor performs one or more operations
to select an encoder setting value. In at least one embodiment, at step 508, an encoder setting
value is selected based, at least in part, on an encoder setting value thresholded at step 506. In
at least onec embodiment, at step 508, one or more operations select an encoder setting value
are operations such as those described herein at least in connection with FIG. 4.. In at least
one embodiment, after step 508, process to generate datasets used by a neural network

illustrated in block diagram 500 continues at step 510.

[0092] TIn at least one embodiment, at step 510 of process to generate datasets used by a
neural network illustrated in block diagram 500, a processor performs one or more operations
to encode high quality image frames (¢.g., to encode high-quality image frames selected at
step 502 using an encoder setting selected at step 504 and an encoder setting value selected at
step 508), as described herein at least in connection with FIG. . In at least one embodiment,
after step 510, process to generate datasets used by a neural network illustrated in block

diagram 500 continues at step 512.

[0093] In at least one embodiment, at step 512 of process to generate datasets used by a
neural network illustrated in block diagram 500, a processor performs one or more operations
to select subsets of high-quality and encoded image frames (e.g., to select a subset of high-
quality image frames selected at step 502 and a corresponding subset of encoded image

frames encoded at step 510), as described herein at least in connection with FIG. 1. In at least
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one embodiment, after step 512, process to generate datasets used by a neural network

illustrated in block diagram 500 continues at step 514.

[0094] TIn at least one embodiment, at step 514 of process to generate datasets used by a
neural network illustrated in block diagram 500, a processor performs one or more operations
to provide or otherwise send subsets of image frames to a neural network (e.g., image frames
selected at step 512). In at least one embodiment, at step 514, image frames provided to a
neural network are used to train said neural network. In at least one embodiment, at step 514,
image frames provided to a neural network are used by said neural network to identity one or
more video encoding artifacts, as described herein. In at least one embodiment, after step 514,
process to generate datasets used by a neural network illustrated in block diagram 500

continues at step 516.

[0095] In at least one embodiment, at step 516 of process to generate datasets used by a
neural network illustrated in block diagram 500, a processor performs one or more operations
to determine whether a next subset of frames is to be used in a next iteration of process to
generate datasets used by a neural network illustrated in block diagram 500 (e.g., a next
subset of frames selected at step 512). In at least one embodiment, a next subset of frames
includes all, some, or no frames previously selected at step 512. In at least one embodiment,
at step 516, if it is determined that a next subset of frames is to be used in a next iteration of
process to generate datasets used by a neural network illustrated in block diagram 500 (“YES”
branch), process to generate datasets used by a neural network illustrated in block diagram
500 continues at step 512 to perform a next iteration of process to generate datasets used by a
neural network illustrated in block diagram 500 using a next subset of frames from high-
quality and encoded image frames. In at least one embodiment, at step 516, if it is determined
that a next subset of frames is not to be used in a next iteration of process to generate datasets
used by a neural network illustrated in block diagram 500 (“NO” branch), process to generate

datasets used by a neural network illustrated in block diagram 500 continues at step 518.

[0096] In at least one embodiment, at step 518 of process to generate datasets used by a
neural network illustrated in block diagram 500, a processor performs one or more operations
to determine whether a next encoder setting value is to be used in a next iteration of process
to generate datasets used by a neural network illustrated in block diagram 500 (e.g., a next
encoder setting value selected at step 508). In at least one embodiment, a next encoder setting

value is a random value selected from encoder settings values thresholded at step 506. In at
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least one embodiment, at step 518, if it is determined that a next encoder setting value is to be
used in a next iteration of process to generate datasets used by a neural network illustrated in
block diagram 500 (“YES” branch), process to generate datasets used by a ncural network
illustrated in block diagram 500 continues at step 508 to perform a next iteration of process to
generate datasets used by a neural network illustrated in block diagram 500 using a next
encoder setting value. In at least one embodiment, at step 518, if it is determined that a next
encoder setting value is not to be used in a next iteration of process to generate datascts used
by a neural network illustrated in block diagram 500 (*NO” branch), process to generate

datasets used by a neural network illustrated in block diagram 500 continues at step 520.

[0097] In at least one embodiment, at step 520 of process to generate datasets used by a
neural network illustrated in block diagram 500, a processor performs one or more operations
to determine whether a next encoder setting is to be used in a next iteration of process to
generate datasets used by a neural network illustrated in block diagram 500 (e.g., a next
setting of a current codec and/or a next setting of a different codec). In at least one
embodiment, at step 520, if it is determined that a next encoder setting is to be used in a next
iteration of process to generate datasets used by a neural network illustrated in block diagram
500 (“YES” branch), process to generate datasets used by a neural network illustrated in
block diagram 500 continues at step 504 to perform a next iteration of process 500 using a
next encoder setting. In at least one embodiment, at step 520, if it is determined 