wo 20187174868 A1 | 0E 0000 O

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

World Intellectual P <
O remiation = 0T 00 0 A
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 8/ 1 74868 Al

27 September 2018 (27.09.2018) WIPO | PCT

(51) International Patent Classification:
G06T 9/00 (2006.01)

(21) International Application Number:
PCT/US2017/023574

(22) International Filing Date:
22 March 2017 (22.03.2017)

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

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 COMPAQ CENTER
DRIVE WEST, HOUSTON, Texas 77070 (US).

(72) Inventors: ARNABAT BENEDICTO, Jordi; HP Inc.,
Cami de can Graells, 1-21, 08174 Sant Cugat del Valles
(ES). VILAR BENITO, Jordi; HP Inc., Cami de Can
Graells, 1-21, 08174 Sant Cugat del Valles (ES).

(74) Agent: GARDINER, Austin et al.; HP Inc., Intellectual
Property Administration, 3390 East Harmony Road, Mail
Stop 35, Fort Collins, Colorado 80528 (US).

(81) 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, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY,MA, MD, ME, MG,
MK, MN, 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, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, 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, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to the identity of the inventor (Rule 4.17(i))

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

(54) Title: COMPRESSED VERSIONS OF IMAGE DATA BASED ON RELATIONSHIPS OF DATA

(57) Abstract: Methods of image compression are described. A stream of color image data is filtered with a prediction routine using
a pixel neighborhood. The filtered stream of color image data is sorted with a block sorting routing. A version of the color image data
is compressed based on the sorted and filtered stream of color image data.



WO 2018/174868 PCT/US2017/023574

Compressed Versions of Image Data based on Relationships of Data

BACKGROUND

[oDo 1] Data compression is the reversible re-encoding of information into a more
compact expression of the data, Le., compression reduces the number of bils of
information that are used to represent information in a data fie or data stream. Data
compression is used in the processes of fransmitting and storing data to increase the

transmission speed and reduce the storage requirements for the data.

BRIEF DESCRIPTION OF THE DRAWINGS

[6002] Figures 1 and 2 are block diagrams depicting example image processing
systems.
[0003] Figure 3 depicts an example environment in which various image

processing systems may be implemented.
[0004] Figure 4 depicts example modules used {o implement example image
processing systems.

[0005] Figures 5A-5D depict example compression operations.
[00086] Figures 6-9 are flow diagrams depicting example methods of image
compression.
DETAILED DESCRIPTION
[o007] in the following description and figures, some exampie implementations of

an image processing systems and/or methods of image compression are described.
Compression provides information encoded in an alternate format for purposes of
transmitting or storing that information. For example, a text encoding scheme encodes
alphanumenc characters and other symbols into binary sequences. Mullimedia files are
typically stored in compressed formats, such as the Joint Photographic Experts Group
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(JPEG) format for images or the Moving Pictures Experts Group (MPEG) format for
videos. Compression techniques may be lossless {i.e., no loss of data integrity occurs
during compression) or lossy (i.e., some allowable amount of data integrity is lost during
compression). Despite the use of compression, multimedia files often occupy a large
amount of digital storage space. In order to improve compression, inter-file compression
may be used. In general, inter-file compression is used for managing large amounts of
texi-based data files and some techniques, such as Burrows-Wheeler Transform (BWT)
routines, do not compreass unfiltered color image data appropriately.

[o008] There are several mathods for implementing inter-file compression of
data. The first example method is chunking which divides a group of files info segments.
identical segments are stored only once, thereby reducing the space required {o store
redundant portions of the group of files. A second example method is deilta compression
which ig based on the resemblance and delta among files. While both chunking and
delta compression are useful for text-based data, these methods are not advantageous
for compressing multimedia files. In particular, neither method provides any furither
compression for multimedia files.

[06009] Various exampies described below relate 1o image compression for color
images, in particular, lossless compression technigues. By filtering color image data
appropriately, a block sorting technique that generally has an ability limited to sorting
text datg, may be used with color image data. In this manner, the benefits of biock
sorting techniques, such as BWT, are attainable with multiplanar color image data.
[o010] The terms “include,” “have,” and variations thereof, as used herein, mean
the same as the term “comprise” or appropriate variation thereof. Furthermore, the term
*hbased on,” as used herein, means “based at least in part on.” Thus, a feature that is
described as based on some stimulus may be based only on the stimulus ora
combination of stimuli including the stimulus. Furthermore, the term "maintain” (and
variations thereof) as used herein means "o creale, delele, add, remove, access,
update, and/or modify.”

[6011] Figures 1 and 2 are block diagrams depicting example image progessing
systems 100 and 200. Referring to Figure 1, the example image processing system 100
of Figure 1 generally includes a comprassion engine 102, 3 prefiller engine 104, and a
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sort engine 106, In general, the compression engine 102 may provide a compressed
varsion of the color image input data that has been filterad by the prefilter engine 104
and sorted by the sort engine 106. The example image processing system may include
a postfilter engine 108 {o provide filtering adaplive o the resuits of the sorling
operations performed by the sort enging 106 before providing the compressed version
of the color image data via the compression engine 102.

[6012] The compression engine 102 represents any circuitry or combination of
circuitry and executable instructions {0 provide a version of the color image data
compressed based on the relationships of data. The compression engine 102 utilizes
the operations of the prefilter engine 104 and the sort engine 106 to transform the color
image data based on the data relationships.

[8013] The prefiller engine 104 represents any circuitry or combination of circuitry
and executable instructions to generate a stream of symbol patterns that can be
analyzed sequentially based on color image data. For example, the prefilter engine 104
may be a combination of circuitry and executable instructions that sequentially analyzes
regions of image data by neighborhood to identify relationships among the regions {e.g.,
color correlations) and produces a stream of symbols describing the regional
relationships. Regional divisions of the image may be used based on the filtering and
sorting routines used by the image processing system 100. For example, the color
image data may be chunky encoded in tiles arrangead as a first number rows of a
second number of pixels and the tile size {e.g., the first number of rows of pixels and the
second number of columns of pixels) may be {uned for a memory bounded environment
or a compression demand {e.g., set a tile size above a compression thraeshold).

[0014] The data stream generated by the prefilter engine 104 includes image
area representations that retain image information for a corresponding region. For
gxample, if the target image area is a pixel, an example image area representation may
be a pixel representation that includes an index {0 a neighbor pixel of a target pixel {the
target pixel is the pixel represented by the pixel representation}, a channel mask of the
target pixel with reference to the neighbor pixel, and a sequence of non-null differences
between the selected neighbor and the target pixel. More details regarding pixel
reprasentation and character sequences are described with reference Figure 5B.



WO 2018/174868 PCT/US2017/023574

[0015] The prefiter engine 104 may be a combination of circuitry and executable
instructions that identifies the regional information o place in the stream by analyzing a
neighborhoaod of the pixel. A neighborhood of a pixel includes the pixels adjacent to the
target pixel at any given point in the processing of the data stream. The prefilter engine
104 may classify a plurality of neighbor pixals in a neighborhood of the {arget pixel; rank
the plurality of neighbor pixels; and select a neighbor pixel {0 encode in the stream from
the plurality of neighbor pixels. For example, the prefilter engine 104 may analyze the
neighborhoaod for a neighbor pixel with a number of components different with respect o
the target pixel, such as a minimum number of components different from the target
pixel and that pixel information may be placed in a pixel representation inio a data
stream by encoding the index of a selected neighbor pixel, a channel mask, and the
sequence of non-differences into the pixel representation. The neighborhood of a target
pixel may be limited to a subset of adjacent pixels. For example, the neighborhood may
be limited to include already-scanned pixels {i.e., pixels already analyzed for pixel
representation and/or placed into the data siream).

[8016] The prefilter engine 104 may classify and rank the neighbor pixels by
determining a number of component matches of the neighbor pixel to the target pixel
{e.g., a number of matches of color plane data where a component is a color plane of a
color space of the color image data) and dentifying a number of component differences
of the non-matching components bebween the target pixel and the selected neighbor
pixal. The prefilter engine 104 may generate a mask using the identified number of
component differences. A channel mask may represent the differences between color
planes of the reference, neighbor pixel {o the target pixel. For example, a bit of the
channel mask may represent a color plane of the target pixel being compressed with
respact to the selected neighbor pixel. The prefilter engine 104 generates a sequence of
non-nult differences between the target pixel and the selected neighbor pixel by
removing repeating characters, such as removing zeros. In an example, the seguence
of non-null differences is appended to a header byte containing the selected neighbor
pixel and the channel mask. More details regarding the pixel neighborhood and
selecting a neighbor pixel are discussed with reference fo Figures 4 and S5A.



WO 2018/174868 PCT/US2017/023574

[0017] The prefiter engine 104 may filter the input image data to produce a
stream with relationship properties corresponding to the sorting operations performed
by the sort engine 106. For example the stream generated by the prefilter engine 104
may be a spatially low comrelated sequence of bytes where both the inter-pixel
correlations and intra-pixel correlations have been usead {0 encode neighboring pixel
changes of neighbor image region data and the sort engine 106 may perform a
lexicographic block sorting routine that divides the stream into a series of words
compared to all rotations {(such as a Duval algonithm {o divide the input sequence into a
series of Lyndon words put into a bijective BTW operation}. As used herein, a “Lyndon
word” 8 a nonempty string that is strictly smailler in lexicographic order than all of ifs
rotations and lexicographic ordering generally entails placing the order of words based
on alphabetical order of their component symbaols.

[0018] The sort engine 106 represents any circuitry or combination of circuitry
and executable instructions to perform a block sorting routine on the stream resulting
from the prefilter engine 104, The block sorting routine uses relationships of data within
the stream by factoring the input into a non-increasing sequence of words. For example,
the block sorting algorithm is g lexicographic block sorting algorithm that reorganizes
the data to create a stream based on frequency changes among words, such as a
bijective BWT routine using Lyndon factorization also known as a Burrows-Wheeler
Transform Scottified (BWTS). The sorted stream may be a nonemply string that is
smaller in lexicographic order than all of #ts rotations.

[0019] The postfilter engine 108 represents any circuitry or combination of
circuitry and executable instructions to perform a filter routine based on the relationships
of data associated with the block sorting operation used by the sort engine 106. For
example, the sort engine 106 may produce a lexicographically sorted output with high
local correlation among words and the postiilter engine 108 may generate sequences
using a encoding routine o convert the highly frequent patterns with fewer bits than the
less occurting patterns, such as a run-length encoding routine that converts repeated
consecutive elements in a single data value and count. Example encodings include a
move-to-front fransform, run-length encoding, and Fibonacci entropy encoding.
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[0020] in some examples, functionalities described herein in relation to any of
Figures 1-3 may be provided in combination with functionalities describad herein in
relation to any of Figures 4-8.

[6021] Figure 2 depicls the example system 200 may comprise a memory
resource 220 operatively coupled to a processor resource 222. Referring 1o Figure 2,
the memory resource 220 may contain a set of instructions that are executable by the
processor resource 222, The set of instructions are operable {o cause the processor
resource 222 to perform operations of the system 200 when the set of instructions are
exacuted by the processor resource 222, The set of instructions stored on the memory
resource 220 may be represented as a compression module 202, a prefilter module
204, a sort module 206, and a postiilter module 208. The compression module 202, the
prefilter module 204, the sort module 208, and the postfilter module 208 represent
program instructions that when executed function as the compression engine 102, the
prafilter engine 104, the sort engine 108, and the postfilter engine 108 of Figure 1,
respectively. The processor resource 222 may cany out a set of instructions o execute
the modules 202, 204, 206, 208, and/or any other appropriate operations among and/or
associated with the modules of the system 200. For example, the processor resource
222 may carry out a set of instructions to convert input image data to a planar
representation of a target image region based on previously-scanned neighbor image
region data (where each pixel is encoded as a character sequence with a head byte
reprasenting an index of a reference neighbor and a channel mask), generate a stream
with frequency changes that achieve a non-increasing threshold by rearrangement of
each of the character sequences inio a sorted lexicographic order {where the
rearranged character sequence is smallest of the rotations of the pixel character
sequences); filter the stream based on a data refationship among the character
sequences; and provide a compressed version of the input image data using the stream
filtered based on the data relationship among the character sequences. For another
example, the processor resource 222 may carry out a set of instructions fo divide the
input image data into tiles arranges as a first number of rows of pixels and a second
number of columns of pixels; select a neighbor pixel that has already been scanned and
has a minimum number of components different form the other neighbor pixels; encode
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the index of the selected neighbor pixel and the channel mask with non-null delta info
the head byte of the character sequence of the character sequence; rearranging the
character sequences reprasenting the color image data so that the stream is the
smallest of rotations of the character sequences; and performing an encoding routine to
filter the rearranged stream based on repeating patierns among the character
sequences in the stream. For yet another example, the processor resource 222 may
carry out a set of instructions to convert input image data to a planar representation of a
target image region based on previously-scamnsd neighbor image region data, perform
a bijactive BWT by factoring input into a non-increasing sequence of Lyndon words (i.e.,
Lyndon factorization), generate encoded sequences using a variant of a run-length
encoding routine having an arbitrary length limitation {i.e., an unconstrained length
imitation to allow any number of lengths of sequences), perform a move-to-front
transform routine on the generated encoded sequences, and perform an entropy
encoding routine on the generated encoded sequences, such as a Fibonacci entropy
encoding routine that generates variable-length bit sequences.

[8022] Although these particular modules and various other modules are
lustrated and discussed in rejation to Figure 2 and other example implementations,
other combinations or sub-~combinations of modules may be included within other
implementations. Said differently, although the modules illustrated in Figure 2 and
discussed in other example implementations perform specific functionalities in the
sxamples discussed herein, these and other funclionalities may be accomplished,
implemented, or realized at different modules or at combinations of modules. For
example, two or more modules illustrated and/or discussed as separate may be
combined into a module that performs the functionalities discussed in relation {0 the two
madules. As another example, functionalities performed at one module as discussed in
relation 1o these examples may be performed at g different module or different modules.
Figure 4 depicts yet another example of how functionality may be organized into
modules.

[0023] The processor resource 222 is any appropriate circuitry capable of
processing (8.g., computing) instructions, such as one or multiple processing elements
capable of retrieving instructions from the memory resource 220 and executing those
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instructions. For example, the processor resource 222 may be a central processing unt
(CPUj that enables image comprassion by fetching, decoding, and executing modules
202, 204, 206, and 208. Example processor resources include at least one CPU, a
semiconductor-based microprocessor, a programmabie logic device (PLD), and the like.
Example PLDs include an application specific integrated circuit (ASIC), a field-
programmable gate array (FPGA), a programmable array logic (PAL), a complex
programmable logic device (CPLD), and an erasable programmable logic device
{EPLD). The processor resource 222 may include multiple processing elements that are
integrated in a single device or distributed across devices. The processor resource 222
may process the instructions serially, concurrently, or in partial concurrence.

[06024] The memory resource 220 represents a medium to store data utilized
andfor produced by the system 200. The medium is any non-transifory medium or
combination of non-ransitory media able {o electronically store data, such as modules
of the system 200 and/or data used by the system 200. For example, the medium may
be a storage medium, which is distinct from a transitory fransmission medium, such as a
signal. The medium may be machine-readable, such as computer-readable. The
medium may be an slectronic, magnetic, optical, or other physical storage device that is
capable of containing (i.e., storing) executable instructions. The memory resource 220
may be said o store program instructions that when executed by the processor
regource 222 cause the processor resource 222 to implement funcionstlity of the
system 200 of Figure 2. The memory resource 220 may be integrated in the same
device as the processor resource 222 or it may be separate but accessible {o that
device and the processor resource 222, The memory rasource 220 may be distributed
across devices.

[0025] In the discussion herein, the engines 102, 104, 106, and 108 of Figure 1
and the modules 202, 204, 206, and 208 of Figure 2 have been described as circuilry or
a combination of circuilry and executable instructions. Such components may be
implemented in a number of fashions. Looking at Figure 2, the executable instructions
may be processor-exgcutable instructions, such as program instructions, stored on the
memory resource 220, which is a tangible, non-transitory computer-readable storage
medium, and the circuitry may be electronic circuitry, such as processor resource 222,
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for executing those instructions. The instructions residing on the memory resource 220
may comprise any set of instructions to be executed directly {(such as machine code) or
indirectly {such as a script} by the processor resource 222,

[0026] In some examples, the system 200 may include the executable
instructions may be part of an installation package that when installed may be executed
by the processor resource 222 o perform operations of the system 200, such as
methods described with regards to Figures 4-8. In that example, the memory resaurce
220 may be a portable medium such as a compact disc, a digital video disg, a flash
drive, or memory maintained by a computer device, such as a service device 334 of
Figure 3, from which the instaliation package may be downloaded and installed. In
another example, the executable instructions may be part of an application or
appilications already installed. The memory resource 220 may be a non-volatile memory
resource such as read only memory (ROM), a volatile memory resource such as
random access memory (RAM), a storage device, or a combination thereof. Example
forms of & memory resource 220 include static RAM (SRAM), dynamic RAM (DRAM),
electrically erasable programmable ROM (EEPROM), flash memory, or the like. The
memory resource 220 may include integrated memory such as a hard drive (HD), a
solid state drive (85D}, or an optical drive.

[0027] Figure 3 depicts example environments in which various example image
processing systems may be implemented. The example environment 380 is shown to
include an example system 300 for compressing images. The system 300 {described
herein with respect to Figures 1 and 2} may represent generally any circuitry or
combination of circuitry and executable instructions fo compress images by prefiitering
the color image data to perform lexicographic block sorting. The system 300 may
include a compression engine 302, a prefilter engine 304, a sort engine 306, and a
postfilter engine 308 that are the same as the compression engine 102, the prefilter
engine 104, the sort engine 106, and the postfilter engine 108 of Figure 1, respeciively,
and the associated descriptions are not repeated for brevity. As shown in Figure 3, the
angines 302, 304, 306, and 308 may be integrated info a compule device, such as a
print server. The engines 302, 304, 306, and 308 may be integrated via circuitry or as
instalied instructions into a memory resource of the compute device.
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[0028] The example environment 380 may include compute devices, such as
service devices 334 and user devices 336. The sarvice devices 334 represent generally
any compute devices to respond {o a data request received from a user device 3306,
whether virtual or real. For example, the service device 334 may operate a combination
of circuitry and executable instructions to provide a network packet in response to a
request for a page or functionality of an application. The user devices 336 represent
generaily any compute devices o communicate a data requeast and receive and/or
process the corresponding responses, For example, a browser application may be
instalied on the user device 338 to receive the network packet from the service device
334 and utilize the payioad of the packet to display an element of a page via the
browser application. For another example, a user device 336 may send image inputto a
rendering tool 342 to render the image into a printable format, such as a bitmap of color
image data, and placed in g data store 310 for accessibility by user devices 336 and/or
by a preview application 344 to view the rendered imaged. The data store 310 may
contain information utilized by the engines 102, 104, 106, and 108. For example, the
data store 310 may store data sets, such as input image data and a compressed
version of image data.

[0029] The compute devices may be located on separate networks 330 or part of
the same network 330. The example environment 380 may include any appropriate
number of networks 330 and any number of the networks 330 may include a cloud
compute environment. A cloud compute snvironment may include a virtual shared poal
of compute resources. For exampie, networks 330 may be distributed networks
comprising virtual compuling resaurces. Any appropriate combination of the system 300
and compute devices may be a virtual instance of a resource of a virtual shared pool of
resources. The engines and/or modules of the system 300 herein may reside and/or
gxecute “on the cloud” {e.9., reside and/or execute on g virtual shared pool of
resources).

[0030] A link 338 generally represents one or a combination of a cable, wireless
connection, fiber oplic connection, or remote connections via g telecommunications Iink,
an infrared link, a radio frequency link, or any other connectors of systems that provide
glectronic communication. The link 338 may include, at least in part, intranet, the
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internet, or a combination of both. The link 338 may also include intermediate proxies,
routers, switches, load balancers, and the like.

[0031] Referring to Figures 1-3, the engines 102, 104, 106, and 108 of Figure 1
andfor the modules 202, 204, 206, and 208 of Figure 2 may be disiributed across
devices 334, 336, or a combination thereof. The engine and/or modules may complete
or assist completion of operations performed in describing another engine and/or
madule. For example, the compression engine 302 of Figure 3 may request, complete,
or perform the methods or operations described with the compression engine 102 of
Figure 1 as well as the prefilter engine 104, the sort engine 108, and the postfilter
engine 108 of Figure 1. Thus, although the various engines and modules are shown as
separate engines in Figures 1 and 2, in other implementations, the functionality of
muttiple engines and/or modules may be implemented as a single engine and/or module
or divided in a variety of engines and/or modules. In some example, the engines of the
system 300 may perform example methods described in connection with Figures 4-9.
[0032] Figure 4 depicis example modules used o implement example image
processing systems. Referring to Figure 4, the example modules of Figure 4 generally
include a comprassion engine 402, a prefiller engine 404, a sort engine 406, and a
postfitter engine 408 that are similar to the compression engine 102, the prefilter engine
104, the sort engine 106, and the postiilter engine 108. For brevity, the appropriate
descriptions have not been repeated in their entirety. The example modules of Figure 4
may be implementad on a compute device, such as a print apparatus or a data server.
As used herein, a “print apparatus”™ may be a device 1o print content on a physical
medium {e.g., paper or a layer of powder-based build material, etc.) with a print material
{e.g., ink or toner). For example, the print apparatus may be a wide-format print
apparatus that prints latex-based print fluid on a print medium, such as a print medium
that is size A2 or larger. In the case of printing on a layer of powder-based build
material, the print apparatus may utilize the deposition of print materials in a layer-wise
additive manufacturing process. A print apparatus may ulilize suitable print
consumables, such as ink, toner, fluids or powders, or other raw materials for printing.
in some examples, a print apparatus may be a three-dimensional (3D) print apparatus.
An example of fluid print material is 8 water-based lalex ink gjectable from a print head,
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such as a piszoelectric print head or a thermal inkjet print head. Other examples of print
fluid may include dye-based color inks, pigment-based inks, solvents, gloss enhancers,
fixer agents, and the {ike.

[0033] The prefilter engine 404 receives input image dala 458. The prefiller
engine 404 includes a neighborhood maodule 440, a neighbor pixel module 442, a mask
module 444, and a sequence module 446 {0 assist preparing color image data for being
sorted. The neighborhood module 440 represents program instructions that, upon
execution, cause a processor o dentify a pixel information of each of the pixels in the
neighborhood of a target pixel. For example, the neighborhood module 440 may, when
exacuted, cause a processor o identify the color components of each of the already
scanned pixels adjacent lo the target pixel. The neighbor pixel module 442 represents
program instructions that, upon execution, cause a processor o select a neighbor pixel
in the neighborhood of the target pixel. For example, the neighbor pixel module 442
may, when executed, cause a processor to classify each of the pixels in the
neighborhood by color components, rank the pixels of the neighborhood based on the
number of matching color components, and select a pixel from the neighborhood that
achieves the threshold number of matching color components {e.g., a maximum number
of matching color components). The mask module 444 represents program instructions
that, upon execution, cause a processor (o generate a mask representative of the color
components {2.g., color planes) that are different between the target pixel and the
neighbor pixal identified by processor execution of the neighbor pixel module 442, The
sequence module 446 represents program instructions that, upon execution, cause a
processor o generate a sequence of non-null deltas such as a sequence of non-null
residuals converted to a monotonically vanishing distribution. The prefilter engine 404
places the index of the neighbor pixel, the mask, and the sequence of non-null residuals
info a symbol stream 460 provided to the sort engine 406,

[06034] The sort engine 406 of Figure 4 includes a find module 448 and a shuffle
module 450 {0 assist sorting of the symbol stream 480. The find module 448 represents
program instructions that, upon execution, cause a processor o convert the symbol
stream 460 into a sequence of words. For example, the find module 448, when
gxecuted, may cause a processor to factor the stream 460 into a non-increasing

12
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sequence of Lyndon words using a Duval algorithm. The shuffle engine 450 represents
program instructions that, upon execution, cause a processor {o sort the rotations of the
words identified by the processor executing the find module 448. The sort engine 406
may then identify a string using the sorted list, such as by executing instructs to cause a
Processor resource 1o pick a character {e.g., the last character} from each siring in the
sorted list.

[0035] The postfilter engine 408 of Figure 4 may include an encoding module 452
to assist filtering data after the data has been sorted. The encoding module 452
represents program instructions that, upon execution, cause a processor {o perform an
gncoding operation on the character sequences provided by the sort engine 406 {e.g., a
stream resulting from the sorting meodifications 1o the stream 460). The encoding
module 452, when executed may cause a processor to, for example, perform a variant
of Packbits run-ength encoding routine with unconstrained lengths, perform a move-to-
front transform routine applied {o the symbol runs {e.g., to rename symbols in order to
use frequency labels for recently used symbols), and a Fibonnaci entropy encoding
routine {e.g., enfropy encoding that generates a vanable-length bit sequence such that
frequent symbols or labels get shorter sequences) to further compress the sorted color
image data. The postfilter engine 408 may use the data relationships 462 derived from
sorting the symbol stream 460 {o select an encoding routine fo exploit the data patterns
for compression.

[0036] The compression engine 402 of Figure 4 includes a storage module 454 to
assist providing the compressed data 466 to a location 464. The storage module 454
represents program instructions that, upon execution, cause a processor o identify a
jocation 464 to store the compressed version 466 of the color image data.

[0037] Figures 5A-5D depict example compression operations. Referring fo
Figure bA, a series of pixels are shown in 8 tile of a first number of rows (M) and a
second number of columns (N). Px is the target pixel and pixels Py, P2, Ps, and Ps are
adigcent neighbor pixels n the neghborhood of Px that have already been scanned in
an implementation that seguentially reviews pixels to place pixel data info a stream. In
other words, the wdentified neighbor pixels are used because the pixels meet the criteria
of being adjacent to the target pixel Pxand already processed.
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[0038] Figure 5B depicts an example pixel representation 509 within a data
stream of color image data. Block 505 represents the header information of the pixel
repraesentation including the neighbor pixel index (PN} and the mask (RGB). Block 507
represents the sequence of non-null deltas of color components between the target
pixel and the selected neighbor pixel. The mask may have reference to color
components of a color model. A color model may define a color space, i.e., a mulli-
dimensional space with dimensions of the space representing vartables within the color
model and a point in the multi-dimensional space representing a color value, For
example, in a red, green, blue (RGB) color space, an additive color modet defines three
variables representing different quantities of red, green and blue light. Another color
space includes a cyan, magenta, yellow and black {CMYK) color space, in which four
variables are used in a subfractive color model to represent different quantities of
colorant or ink, &.g., for & print system and an image with a range of different colors can
be printed by ovarprinting images for each of the colorants or inks. Yet other examples
include: the International Commission on Humination (GIE) 1931 XYZ color space, in
which three vanables (X, Y and 'Z’ or tristimulus values) are used to model a color;
the ClE 1976 (L%, a%, b* - CIELAB or ‘LAB’) color space, in which three variables
represent lightness (‘L") and opposing color dimensions {8 and '), and the Yu'v color
space, in which three variables represent the luminance Y’} and two chrominance
dimensions (u' and v'}.

[0039] Figure 5C depicts an sxample sorting routine. Starding with an input W of
length L at state 511, The sorting routine generates a number of variations (e g.,
rotations) of the input W at state 513 and then soris the rotations lexicographically at
state 515. Then, a transformed string is obtained by picking the final character of each
string in the sorted list. For example as shown at state 517 of Figure 5C, an oulput is
taken from the sorted variations by choosing a character set from each of the first
subset of variations until all the character sets have been identified which results in
output of length L but with the characters of W in a different order (depicted as C1, G2,
... GL of Figure 5C.

[6040] Figure 50 depicts encoding a first character set 521 by removing
repeating patterns of characlers to generate a compressed, second character set 523.
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[0041] Figures 6-9 are flow diagrams depicling example methods of image
compression, such as lossless compression. Referring to Figure 8, example methods of
image comprassiaon may generally comprise filtering a stream of color image data with a
pradiction routine that uses a neighborhood of a pixel {o encode a color difference,
sorting the filtered stream of color image data with a block sorting routing, and providing
a version of the color image data compressed based on a data relationship associated
with data patterns from the block sarting routine. The methods described with reference
to Figures 6-9 are performable by engines of image processing systems discussed with
reference fo Figures 1-4, such as the compression engine 102, the prefilter engine 104,
the sorting engine 1086, and the postiilter engine 108 of Figure 1.

[6042] Al block 602, a stream of color image data is filtered with a prediction
routine that uses a neighborhood of a pixel to encode a color difference. The color
difference may be encoded as a character sequence including the index of the
reference neighbor pixel and a mask of color channels with non-null delta. The
pradiction routine may use a neighborhood of already-scanned pixels 1o identify the
neighbor pixel to use as a reference. The stream of color image data may increass in
size by adding the index of the reference neighbor and the channel mask to the
encoding along with a complementary sequence of zero or more non-null residuals
converted to a monotonically vanishing distribution, for example. Synthetic
neighborhoods may be used for particular pixels, such as adge or comer pixels that do
not include at least four already scanned neighbor pixels. The filtering operations at
block 602 are performable by a prefilter engine, such as the prefilter engine 104 of
Figure 1.

[0043] At block 604, the filtered stream of color image data is sorted with a block
sorting routine that shuffles data in order o decrease a frequency of changes in an
output stream than in the filtered stream by factoring input into a non-increasing
sequence of Lyndon words. The sorting operations at block 804 are performable by a
sorling enging, such as the sorting engine 106 of Figure 1.

[0044] Al block 6086, a compressed version of the color image data is provided to
a destination. The version of the color image data is compressed based on the data

relationship associated with the frequency of changes exploited by the sorting routine
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performed at block 604 (and prepared into the stream by the filtering at block 602). The
operations at block 608 are performable by a compression engine, such as
compression engine 102 of Figure 1.

[06045] The methods of Figures 7-9 may be used in any combination thereof and
in conjunction with the method described with reference to Figure 6. Referring o Figure
7, the sorted stream of color image data may be filtered with a filter routine based on the
correlation level associated with the block sorting routine. For example, the correlations
developed by the prefiltering at block 602 and the sorting at block 604 of Figure 6 may
be generated for use with the postfitering routines at block 702. For example, a
Packbits variant of a run-length encoding technigua may be used {o identify and utihize
series of repeated bytes, the literal values are transformed by a move-to-front transform
technigue {e.g., each symbal in the data s replaced by its index in the stack of recently
used symbols), and both run lengths and literals are entropy-encoded using Fibonaocl
encoding {(where each symbol code is uniquely decompaosed as a sum of Fibonacct
numbers and a Fibonacci bl sequence is emitted with the mask of Fibonacci numbers
used in little-endian bit order, for example). In the previous example, the move-fo-front
transform routine may not change the amount of data encoded by the run-length
encoding variant, but may filter the run-length encoded character sets for preparation o
be encaded by the eniropy encoding routine. In other examples, the encoding routines
may be performed in a different order or combination of operations. The filtering
operations of block 702, such as encoding routings, are performable by a postiilter
engine, such as the postfilter engine 108 of Figure 1.

[0048]} Referring to Figure 8, the input color image data may be prepared for
compression by separating the color image data inlo portions. At block 802, a tile size is
identifiad by determining a first number of pixels (e.g., rows) and a second number of
pixels {e.g., columns) based on a compression level and/or a memory bound level. For
example, a system or use may require a particular level of compression or may be
restricted to a particular amount of memaory and the tile size may he determined by
identifying & number of rows and a number of columns to use with each {ile based on
the restrictions. The input color image data is divided into tiles at block 804 of the size
determined at block 802 and, at block 806, the stream of color image data o use with
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block 602 is generated from the tiles. The tile size determination operations are
performable by a comprassion engine or a prefilter engine, such as compression engine
102 or the prefilter engine 104 of Figure 1.

[06047] Referring to Figure 9, the neighborhood of pixels used {o encode a
particular target pixel may be restricted to only pixels that have already been processed
{i.e., already-scanned pixels.) At block 802, pixels are scanned from left-to-right and
top-to-botiom. At block 804, a neighbor pixel in the neighborhood is selected as a
reference neighbor when the neighbor pixel has a minimum absolute difference of the
neighborhood in comparison to the color components of the target pixel. The
naighborhood operations are performable by a prefilter engine, such as the prefilter
engine 104 of Figure 1. By adding a mask based on the selected neighbor pixel thatis
closest in color to the target pixel to generate a stream of color image data, a
lexicographic block sorting routine may sort the stream of color image data to perform at
a beneficial compression rate in comparison o color image data that has not been
prefiltered with neighbor pixel and channel mask information.

[8048] Although the flow diagrams of Figures 4-9 fllustrate specific orders of
aexecution, the order of execution may differ from that which is flustrated. For example,
the order of execution of the blocks may be scrambled relative {o the order shown. For
another example, the order of execution may be in reverse, such as for decompression
of data compressed by the methods described herein. Also, the blocks shown in
succession may be sxecuted concurrently or with partial concurrence. All such
variations are within the scope of the present description.

[00489] All of the features disclosed in this specification {including any
accompanying claims, abstract and drawings), and/or all of the elements of any method
or process so disclosed, may be combined in any combination, except combinations
where at least some of such features and/or elements are mutually exclusive.

[0050] The present description has been shown and described with reference to
the foregoing examples. i is understood, however, that other farms, details, and
axamples may be made without departing from the spint and scope of the following
claims. The use of the words “first,” “second,” or related terms in the claims are not used
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to limif the claim elements 1o an order or location, but are merely used to distinguish

separate claim slements.
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CLAIMS
What is claimed is;

1. An image processing system comprising:

a prefilter engine {o generate, based on color image data, a stream of symbol
patterns that can be analyzed sequentially, wherein a pixel representation in the
stream includes:

an index to a neighbor pixel of a target pixel, the target pixel represented
by the pixel representation;

a channel mask of the target pixel with reference {o the neighbor pixel;
and

a sequence of nore-null differences between the selected neighbor and the
target pixel;

a sort engine to perform, on the stream, a block sorting routine that uses
relationships of data within the stream by factoring the input info a non-increasing
sequence of words; and

& compression engine to provide a version of the color image data comprassed

based on the relationships of data.

2. The system of claim 1, whereu:
the targel image area is a pixel;
the prefilter engine is to:
classify a plurality of neighbor pixels in a neighborhood of the target pixel;
rank the plurality of naighbor pixels;
select, from the plurality of neighbor pixels, the neighbor pixel thathas a
minimum number of components different with respect to the target pixel; and
encode the index of the selected neighbor pixel, the channel mask and the
sequence of non-null differences into the pixel representation; and
the sorted stream is a nonampty string that is smaller in lexticographic order than

all of ifs rotations.
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3. The system of claim 2, wherein a bit of the mask represents a color plane of the

target pixal baing compressed with respect {0 the selacted neighbor and the prefilter
engine:

determines a number of component matches of the neighbor pixel to the targst
pixel;

identifies a number of component differences of the non-matching components
betwesn the target pixel and the selected neighbor pixel;

generates a mask using the identified number of component differences; and

generates a sequence of non-null differences between the target pixel and the

selected neighbor pixels by removing zeros.

. The system of claim 1, wherein:

the stream generated by the prefiller engine is a spatially low correlated
sequence of bytes where both the inter-pixel correlations and intra-pixel correlations
have been used 1o encode neighboring pixel changes of neighbor image region
data.

». Tha system of claim 1, wherein:

the block sorling routine is bijective and divides the siream into a series of words
compared o all rofations;

tha color image data is chunky sncoded in tiles arranged as a first number rows
of a second number of pixels; and

a tile size is tuned for a memory bounded environment or a compression demand
above a threshold.

. The system of claim 1, further comprising:

a postfilter engine to perform a filter routine based on the relationships of data

associated with the block sarting operation.

7. The system of claim 6, wherein:

the sorting routine includes a Burrow-Wheeler Transform operation; and

20



L)

W ~ @ o

10
11
12
13
14

o] bt S « 1 L5 I <N 7 B %

P>

L O T

WO 2018/174868 PCT/US2017/023574

the filter routine includes a move-to-front fransform operation with run-length

encoding.

8. A non-ransitory computer-readable storage medium comprising a set of instructions

gxecutable by a processor resource {o:

convert input image data o a planar representation of a {arget image region
based on previously-scanned neighbaor image region data, each pixel encaded as a
characler sequence with a head byte representing an index of a reference neighbor
and a channel mask;

generate a stream with frequency changes that achieve a non-increasing
threshold by rearrangement of each of the character sequences into a sorted
fexicographic order where the rearranged character sequence is smallest of the
rotations of the character sequences;

filter the stream based on a data relationship among the character sequences;
and

provide a compressed version of the input image data using the stream filtered
based on the daia relationship among the character sequences.

. The medium of claim 8, wherein the set of instructions is exscutable by the

pProcessor resourcs to!

divide the input image data into tiles arranged as a first number of rows of pixels
and a second number of columns of pixels;

select a neighbor pixel that has already been scanned and has a minimum
number of components different from the other neighbor pixels; and

encode the index of the selected neighbor pixel and the channel mask with non-

null delta into the head byte of the particular character sequence,

10. The medium of claim 9, wherein the set of instructions is exscutable by the

Processor resource {o:
parform a bijective Burrows-Wheeler transform by factaring input info a non-
increasing sequence of Lyndon words;
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generate encoded sequences using a run-length-encoding routine having an
unconstrained length imitation;

parform a move-to-front transform on the generated encoded sequences; and

perform an entropy encoding routine on the generated encoded sequences,

11. A method of image compression comprising:

filtering a stream of color image data with a prediction routine that uses a
neighborhood of a pixel to encode a color difference as a sequence including the
index of the reference neighbor and a mask of channels with non-null delta, the
neighborhood including pixels already scanned;

sorting the filtered stream of color image data with a block sorting routine that
shuffies data in order to decrease a frequency of changes in an output stream than
in the filtered stream by factoring input into a non-increasing sequence of Lyndon
words; and

providing a version of the color image data compressed based on a data
refationship associated with the frequency of changes.

12. The method of claim 11, comprising:
filtering the sorted stream of color image data with a filter routine based on the

correlation level associated with the block sorting routine.

13. The method of claim 12, comprising:
dividing input color image data into tiles arranged as a first number rows of a
second number of pixels;

generating the stream of color image data from the tiles.

14. The method of claim 13, comprising:
determiining the first number of rows and the second number of pixels based on a
compression level and a memory bound level.

15. The method of claim 13, comprising:
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scanning pixels from lefi-to-right and {op-to-bottom; and

selecting a neighbor pixel in the neighborhood as a reference neighbor when the
neighbor pixel has a minimum absolute difference of the neighborhood,

wherein the neighborhood of a pixel only includes pixels already scanned.

23



WO 2018/174868 PCT/US2017/023574

1/6
N
PREFILTER
eNgiNE 104
10| COMPRESSION
ENGINE
SORT
; ENGINE 106
BN
1 EneNe 108
L __ M|
200
N\ 2%0
MEMORY RESOURCE
222 COMPRESSION MODULE  |—202
PROCESSOR | PREFILTERMODULE ~ |—204
RESOURCE
SORTMODULE  |—206




WO 2018/174868 PCT/US2017/023574

2/6

330 390

300

308

POSTFILTER
ENGINE

~306

302 SORT

COMPRESSION ENGINE
ENGINE

—~—304

PREFILTER
ENGINE

—~—342

RENDERING
TOOL

DATA SET (
=\

—~—344

PREVIEW
APPLICATION




WO 2018/174868 PCT/US2017/023574

3/6

—~—404

PREFILTER ENGINE
—~—440
NEIGHBORHOOD MODULE

l ~—442
NEIGHBOR PIXEL MODULE

MASK MODULE

l —~—446
SEQUENCE MODULE

INPUT IMAGE
L

l f\«406
SORT ENGINE

(=448 SYMBOL
FIND MODULE STREAM

l 450 ‘—?

SHUFFLE MODULE 460

l f\-'408
POST-FILTER ENGINE

—~—452 B
ENCODING MODULE

RELATIONSHIPS

462

I ~—402

COMPRESSION ENGINE
. COMPRESSED DATA —~—454 LOCATION

STORAGE MODULE
466 464

FIG. 4




WO 2018/174868 PCT/US2017/023574

4/6
503

Py | Py | Py 501

M P1 PX
FIG. 5A

509
5(3)5 5(3)7 /
PX | PN | RGB| S1,82, 83, .. SW
FIG. 5B
511 517

\1 W2 W1

WINPUTL || Wz || w2 || ctc2.CL

513" | N7 WY ™55
W 1 W Z
FIG. 5C
521 523
C1,C2,C2,C2,..CL,CL | C1,C2,..CL

FIG. 5D



WO 2018/174868 PCT/US2017/023574

5/6

Filter a stream of color image data with a prediction routine that

uses a neighborhood of a pixel to encode a color difference as

a sequence including the index of the reference neighbor and a
mask of channels with non-null delta

'

Sort the filtered stream of color image data with a block sorting

604~ routine that shuffles data in order to decrease a frequency of

changes in the output than in the filtered stream by factoring input
into a non-increasing sequence of Lyndon words

'

Provide a version of the color image data compressed based on
a data relationship associated with the frequency of changes

FIG. 6

602 ~

606 ~—

Filter the sorted stream of color image data with
702—~ afilter routine based on the correlation level
associated with the block sorting routine

FIG. 7




WO 2018/174868 PCT/US2017/023574

6/6

Determine the first number of rows and the second number of
pixels based on a compression level and a memory bound level

!

Divide input color image data into tiles arranged as a

802 ~

804~ first number rows of a second number of pixels
806 ~ Generate the stream of color image data from the tiles

FIG. 8

902~  Scan pixels from left-to-right and top-to-bottom

'

Select a neighbor pixel in the neighborhood as a

reference neighbor when the neighbor pixel has a

904~ minimum absolute difference of the neighborhood,

wherein the neighborhood of a pixel only includes
pixels already scanned

FIG. 9




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2017/023574

A CLASSIFICATION OF SUBJECT MATTER

GO6T 9/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6T 9/00-9/40, HO4N 19/00-19/645

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), USPTO, PAJ, Esp@cenet, DWPI, EAPATIS, PATENTSCOPE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP 3035683 Al (TONGJI UNIVERSITY et al) 22.06.2016, [0026]-[0044], 1-15
fig. 1-5, abstract.
A US 7894531 B1 (GRANDEYE LTD) 22.02.2011 1-15
A US 2004/0105590 A1 (HIROSHI AKIMOTO et al) 03.06.2004 1-15
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

23 November 2017 (23.11.2017)

Date of mailing of the international search report

07 December 2017 (07.12.2017)

Name and mailing address of the [SA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
K. Afanasiev

Telephone No. 8§ 499 240 25 91

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	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 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report

