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(57) Abstract: A system and a method for image searching. The
method may include obtaining a target image and a plurality of im-
ages, wherein at least one similar image to the target image is to
be searched from the plurality of images. The method may include
determining a target feature vector of the target image and a feature
vector of each of the plurality of images, each of the target feature
vector and the feature vectors being an N-dimensional feature vec-
tor in an N-dimensional feature space. The method may include de-
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SYSTEMS AND METHODS FOR IMAGE SEARCHING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present disclosure claims priority of Chinese Application
No. 2018104259278, filed on May 7, 2018, the contents of which are hereby

incorporated by reference.

TECHNICAL FIELD
[0002] The present disclosure generally relates to image searching, and more
particularly, relates to systems and methods for searching a similar image to a target

image.

BACKGROUND
[0003] Image searching has become more difficult with the increase in the number
of digital images. Conventionally, an image search engine (e.g., a Google image
search engine, a Baidu image search engine) often performs image searching based
on textual meta-information of a set of images to be searched, such as a keyword
and an image tag labelled on an image in the set. However, image searching
based on textual meta-information may have limited accuracy because it is difficult to
describe an image clearly using a keyword or tag. Besides, it is likely that different
people may assign different keywords or labels on a same image, which may lead to
an inaccurate search result. Further, a portion of the images in the set may have
little or no textual meta-information, which may also affect the searching accuracy.
Another approach for searching a similar image to a target image from the set is
based on feature vectors of the target image and the images in the set. The degree
of similarity between the target image and an image in the set may be determined by
comparing the feature vector of the target image and the feature vector of the image.
The efficiency of the approach based on the feature vectors may be reduced if the
count of the images in the set is too large (e.g., greater than a threshold).
Therefore, it may be desirable to develop systems and methods for image searching

with improved accuracy and/or efficiency.
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SUMMARY
[0004] According to an aspect of the present disclosure, a system is provided. The
system may include at least one storage medium including a set of instructions, and
at least one processor in communication with the at least one storage medium.
When executing the set of instructions, the at least one processor may be directed to
cause the system to obtain a target image and a plurality of images. At least one
similar image to the target image may be searched from the plurality of images.
The at least one processor may be directed to cause the system to determine a
target feature vector of the target image and a feature vector of each of the plurality
of images. Each of the target feature vector and the feature vectors may be an N-
dimensional feature vector in an N-dimensional feature space. The at least one
processor may be directed to cause the system to determine a search region in the
N-dimensional feature space based on the target feature vector and a preset
similarity range between the at least one similar image and the target image. The
at least one processor may be directed to cause the system to determine one or
more candidate images among the plurality of images. The feature vector of each
candidate image may be within the search region. The at least one processor may
be directed to cause the system to determine the at least one similar image to the
target image among the one or more candidate images based on the preset
similarity range, the target feature vector, and the one or more feature vectors of the
one or more candidate images.
[0005] In some embodiments, to determine the at least one similar image to the
target image among the one or more candidate images, the at least one processor
may be directed to cause the system to determine a similarity degree between the
target image and each of the one or more candidate images. The at least one
processor may be directed to cause the system to select at least one candidate
image among the one or more candidate images. The similarity degree of each
selected candidate image may be within the preset similarity range. The at least
one processor may be directed to cause the system to designate the at least one

selected candidate image as the at least one similar image to the target image.
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[0006] In some embodiments, the at least one processor may be directed to cause
the system to rank the plurality of similar images according to the similarity degree
between each similar image and the target image in a descending order to generate
a first ranking result. The at least one processor may be directed to cause the
system to transmit a display list including at least a portion of the plurality of similar
images to a terminal device. The at least a portion of the plurality of similar images
may be ranked according to the first ranking result in the display list.

[0007] In some embodiments, the target feature vector may include a target feature
value in each dimension in the N-dimensional feature space.

[0008] In some embodiments, to determine the search region in the N-dimensional
feature space, the at least one processor may be directed to cause the system to
determine a geometrical distance range in the N-dimensional feature space
corresponding to the preset similarity range. The at least one processor may be
directed to cause the system to determine a coordinate range of the at least one
similar image in each dimension. A difference between the target feature value in
the dimension and each value in the coordinate range may be within the geometrical
distance range. The at least one processor may be further directed to cause the
system to determine the search region based on the coordinate range in each
dimension.

[0009] In some embodiments, to determine the search region in the N-dimensional
feature space, the at least one processor may be directed to cause the system to
determine a geometrical distance range in the N-dimensional feature space
corresponding to the preset similarity range. The geometrical distance range may
be defined by a shortest geometrical distance and a longest geometrical distance.
In each dimension, the at least one processor may also be directed to cause the
system to determine a first coordinate range based on the shortest geometrical
distance and the target feature value in the dimension. A difference between the
target feature value in the dimension and each value in the first coordinate range
may be smaller than the shortest geometrical distance. In each dimension, the at

least one processor may be directed to cause the system to determine a second
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coordinate range based on the longest geometrical distance and the target feature
value in the dimension. A difference between the target feature value in the
dimension and each value in the second coordinate range may be smaller than the
longest geometrical distance. The at least one processor may be further directed to
cause the system to determine a first region defined by the first coordinate ranges in
the N-dimensional feature space and a second region defined by the second
coordinate ranges in the N-dimensional feature space. The at least one processor
may be directed to cause the system to determine a region in the second region
excluding the first region as the search region.

[0010] In some embodiments, to determine the search region in the N-dimensional
feature space, the at least one processor may be directed to cause the system to
divide the preset similarity range into a plurality of sub-ranges. For each of the
plurality of sub-ranges, the at least one processor may be directed to cause the
system to determine a sub-search region corresponding to the sub-range in the N-
dimensional feature space based on the target feature vector. The search region
may include plurality of sub-search regions corresponding to the plurality of sub-
ranges.

[0011] In some embodiments, to determine the one or more candidate images
among the plurality of images, the at least one processor may be directed to cause
the system to determine one or more first candidate images among the plurality of
images for each of the plurality of sub-search regions, wherein the feature vector of
each first candidate image may be within the corresponding sub-search region.

The one or more candidate images may include the one or more first candidate
images corresponding to each sub-search region.

[0012] In some embodiments, to determine the at least one similar image to the
target image among the one or more candidate images, for each of the plurality of
sub-search regions, the at least one processor may be directed to cause the system
to determine or obtain a similarity degree between the target image and each first
candidate image corresponding to the sub-search region. For each of the plurality

of sub-search regions, the at least one processor may be directed to cause the
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system to select one or more first candidate images among the one or more first
candidate images corresponding to the sub-search region. The similar degree
between each selected first candidate image and the target image may be within the
corresponding sub-range. For each of the plurality of sub-search regions, the at
least one processor may be directed to cause the system to designate the one or
more selected first candidate images as one or more similar images of the at least
one similar image to the target image.

[0013] In some embodiments, to determine the sub-search region in the N-
dimensional feature space for each of the plurality of sub-ranges, the at least one
processor may be directed to cause the system to rank the plurality of sub-ranges to
generate a second ranking result. The at least one processor may be directed to
cause the system to sequentially determine the sub-search region for each of the
plurality of sub-ranges according to the second ranking result.

[0014] In some embodiments, to determine the one or more candidate images
among the plurality of images, the at least one processor may be directed to cause
the system to store the feature vectors of the plurality of images into a table. The
table may include a plurality of rows and N columns, each row representing an
image of the plurality of images, and each column representing a dimension in the N-
dimensional feature space. The at least one processor may be directed to cause
the system to create an index for each of the N columns of the table. The at least
one processor may be directed to cause the system to select the one or more
candidate images among the plurality of images based on the search region and the
indexes of the table. The feature vector of each candidate image may be within the
search region.

[0015] According to another aspect of the present disclosure, a method is provided.
The method may be implemented on a device having at least one storage medium
including a set of instructions, and at least one processor in communication with the
at least one storage medium. The method may include obtaining a target image
and a plurality of images. At least one similar image to the target image may be to

be searched from the plurality of images. The method may include determining a
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target feature vector of the target image and a feature vector of each of the plurality
of images. Each of the target feature vector and the feature vectors may be an N-
dimensional feature vector in an N-dimensional feature space. The method may
also include determining a search region in the N-dimensional feature space based
on the target feature vector and a preset similarity range between the at least one
similar image and the target image. The method may include determining one or
more candidate images among the plurality of images. The feature vector of each
candidate image may be within the search region. The method may further include
determining the at least one similar image to the target image among the one or
more candidate images based on the preset similarity range, the target feature
vector, and the one or more feature vectors of the one or more candidate images.
[0016] According to another aspect of the present disclosure, a non-transitory
computer readable medium is provided. The non-transitory computer readable
medium may comprise at least one set of instructions for image searching, wherein
when executed by at least one processor of a system, the at least one set of
instructions may direct the system to obtain a target image and a plurality of images.
At least one similar image to the target image may be to be searched from the
plurality of images. The at least one set of instructions may direct the system to
determine a target feature vector of the target image and a feature vector of each of
the plurality of images. Each of the target feature vector and the feature vectors
may be an N-dimensional feature vector in an N-dimensional feature space. The at
least one set of instructions may direct the system to determine a search region in
the N-dimensional feature space based on the target feature vector and a preset
similarity range between the at least one similar image and the target image. The
at least one set of instructions may direct the system to determine one or more
candidate images among the plurality of images. The feature vector of each
candidate image may be within the search region. The at least one set of
instructions may direct the system to determine the at least one similar image to the

target image, among the one or more candidate images, based on the preset
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similarity range, the target feature vector, and the one or more feature vectors of the
one or more candidate images.

[0017] According to still another aspect of the present disclosure, a system for
image searching is provided. The system may include an obtaining module, a
feature vector determination module, a search region determination module, a
candidate image determination module, and a similar image determination module.
The obtaining module may be configured to obtain a target image and a plurality of
images, wherein at least one similar image to the target image is to be searched
from the plurality of images. The feature vector determination module may be
configured to determine a target feature vector of the target image and a feature
vector of each of the plurality of images, each of the target feature vector and the
feature vectors being an N-dimensional feature vector in an N-dimensional feature
space. The search region determination module may be configured to determine a
search region in the N-dimensional feature space based on the target feature vector
and a preset similarity range between the at least one similar image and the target
image. The candidate image determination module may be configured to determine
one or more candidate images among the plurality of images, wherein the feature
vector of each candidate image is within the search region. The similar image
determination module may be configured to determine the at least one similar image
to the target image among the one or more candidate images based on the preset
similarity range, the target feature vector, and the one or more feature vectors of the
one or more candidate images.

[0018] Additional features will be set forth in part in the description which follows,
and in part will become apparent to those skilled in the art upon examination of the
following and the accompanying drawings or may be learned by production or
operation of the examples. The features of the present disclosure may be realized
and attained by practice or use of various aspects of the methodologies,
instrumentalities and combinations set forth in the detailed examples discussed

below.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0019] The present disclosure is further described in terms of exemplary
embodiments. These exemplary embodiments are described in detail with
reference to the drawings. The drawings are not to scale. These embodiments
are non-limiting exemplary embodiments, in which like reference numerals represent
similar structures throughout the several views of the drawings, and wherein:
[0020] FIG. 1 is a schematic diagram illustrating an exemplary image searching
system according to some embodiments of the present disclosure;
[0021] FIG. 2 is a schematic diagram illustrating exemplary hardware and/or
software components of a computing device according to some embodiments of the
present disclosure;
[0022] FIG. 3 is a schematic diagram illustrating exemplary components of a user
terminal according to some embodiments of the present disclosure;
[0023] FIG. 4 is a block diagram of an exemplary processing device according to
some embodiments of the present disclosure;
[0024] FIG. 5 is a flowchart illustrating an exemplary process for image searching
according to some embodiments of the present disclosure;
[0025] FIG. 6A is a flowchart illustrating an exemplary process for determining a
search region according to some embodiments of the present disclosure;
[0026] FIG. 6B is a flowchart illustrating an exemplary process for determining a
search region according to some embodiments of the present disclosure; and
[0027] FIG. 7 is a flow chart illustrating an exemplary process for determining at
least one similar image to a target image according to some embodiments of the

present disclosure.

DETAILED DESCRIPTION
[0028] In the following detailed description, numerous specific details are set forth
by way of examples in order to provide a thorough understanding of the relevant
disclosure. However, it should be apparent to those skilled in the art that the

present disclosure may be practiced without such details. In other instances, well-
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known methods, procedures, systems, components, and/or circuitry have been
described at a relatively high-level, without detail, in order to avoid unnecessarily
obscuring aspects of the present disclosure. Various modifications to the disclosed
embodiments will be readily apparent to those skilled in the art, and the general
principles defined herein may be applied to other embodiments and applications
without departing from the spirit and scope of the present disclosure. Thus, the
present disclosure is not limited to the embodiments shown, but to be accorded the
widest scope consistent with the claims.

[0029] The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended to be limiting. As used herein, the

” o

singular forms “a,” “an,” and “the” may be intended to include the plural forms as

well, unless the context clearly indicates otherwise. It will be further understood that

” o ” ot ” ot

the terms “comprise,” “comprises,” and/or “comprising,” “include,” “includes,” and/or
“including,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations,

elements, components, and/or groups thereof.

” o ” o

[0030] It will be understood that the term “system,” “engine,” “unit,” “module,” and/or
“block” used herein are one method to distinguish different components, elements,
parts, section or assembly of different level in ascending order. However, the terms
may be displaced by another expression if they achieve the same purpose.

” o

[0031] Generally, the word “module,” “unit,” or “block,” as used herein, refers to
logic embodied in hardware or firmware, or to a collection of software instructions.

A module, a unit, or a block described herein may be implemented as software
and/or hardware and may be stored in any type of non-transitory computer-readable
medium or another storage device. In some embodiments, a software
module/unit/block may be compiled and linked into an executable program. It will
be appreciated that software modules can be callable from other
modules/units/blocks or from themselves, and/or may be invoked in response to

detected events or interrupts. Software modules/units/blocks configured for
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execution on computing devices (e.g., processor 201 as illustrated in FIG. 2) may be
provided on a computer-readable medium, such as a compact disc, a digital video
disc, a flash drive, a magnetic disc, or any other tangible medium, or as a digital
download (and can be originally stored in a compressed or installable format that
needs installation, decompression, or decryption prior to execution). Such software
code may be stored, partially or fully, on a storage device of the executing computing
device, for execution by the computing device. Software instructions may be
embedded in firmware, such as an EPROM. It will be further appreciated that
hardware modules/units/blocks may be included in connected logic components,
such as gates and flip-flops, and/or can be included of programmable units, such as
programmable gate arrays or processors. The modules/units/blocks or computing
device functionality described herein may be implemented as software
modules/units/blocks, but may be represented in hardware or firmware. In general,
the modules/units/blocks described herein refer to logical modules/units/blocks that
may be combined with other modules/units/blocks or divided into sub-modules/sub-
units/sub-blocks despite their physical organization or storage. The description may
be applicable to a system, an engine, or a portion thereof.

[0032] It will be understood that when a unit, engine, module or block is referred to

” o

as being “on,” “connected to,” or “coupled to,” another unit, engine, module, or block,
it may be directly on, connected or coupled to, or communicate with the other unit,
engine, module, or block, or an intervening unit, engine, module, or block may be
present, unless the context clearly indicates otherwise. As used herein, the term
“and/or” includes any and all combinations of one or more of the associated listed
items.

[0033] These and other features, and characteristics of the present disclosure, as
well as the methods of operation and functions of the related elements of structure
and the combination of parts and economies of manufacture, may become more
apparent upon consideration of the following description with reference to the

accompanying drawings, all of which form a part of this disclosure. Itis to be

expressly understood, however, that the drawings are for the purpose of illustration
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and description only and are not intended to limit the scope of the present disclosure.
It is understood that the drawings are not to scale.

[0034] An aspect of the present disclosure relates to systems and methods for
image searching. The systems and methods may obtain a target image and a
plurality of images, wherein at least one similar image to the target image is to be
searched from the plurality of images. The systems and methods may determine a
target feature vector of the target image and a feature vector of each of the images,
each of the target feature vector and the feature vectors being an N-dimensional
feature vector in an N-dimensional feature space. The systems and methods may
also determine a search region in the N-dimensional feature space based on the
target feature vector and a preset similarity range between the at least one similar
image and the target image. The systems and methods may further determine one
or more candidate images among the plurality of images, wherein the feature vector
of each candidate image is within the search region. The systems and methods
may further select the at least one similar image to the target image from the one or
more candidate images based on the preset similarity range, the target feature
vector, and the one or more feature vectors of the one or more candidate images.
[0035] According to some embodiments of the present disclosure, at least one
similar image to a target image may be search from a set of images based on a
target feature vector of the target image and a feature vector of each image in the
set. A search region in the N-dimensional feature space may be determined based
on the preset similarity range. An image in the set whose feature vector is within
the search region may be determined as a candidate image for further analysis,
while an image in the set whose feature vector is outside the search region may be
omitted from further analysis. This may reduce computational amount and improve
searching efficiency. In addition, in some embodiments, the preset similarity range
may be divided into a plurality of sub-ranges. The systems and methods may
process the sub-ranges in parallel or in sequence to determine one or more similar
images that satisfies each sub-range. This may further improve searching

efficiency.
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[0036] FIG. 1 is a schematic diagram illustrating an exemplary image searching
system 100 according to some embodiments of the present disclosure. As shown
in FIG. 1, the image searching system 100 may include a processing device 120, a
network 130, a terminal device 140, a storage device 150, and an image acquisition
device 170.

[0037] The processing device 120 may be process information and/or data relating
to the image searching system 100 to perform one or more functions described in
the present disclosure. For example, the processing device 120 obtain a target
image 180 and an image set including an image |1, an image Iz, ...... , and an image
In as shown in FIG. 1. The target image 180 and/or the image set may be obtained
from an external source and/or one or more components of the image searching
system 100, such as the terminal device 140, the storage device 150, and/or an
image acquisition device 170. The processing device 120 may further search one
or more similar images 160 that are similar to the target image 180 from the image
set.

[0038] In some embodiments, the processing device 120 may be a single server or
a server group. The server group may be centralized or distributed. In some
embodiments, the processing device 120 may be local to or remote from the image
searching system 100. For example, the processing device 120 may access
information and/or data from the terminal device 140, the storage device 150, and/or
the image acquisition device 170 via the network 130. As another example, the
processing device 120 may be directly connected to the terminal device 140, the
storage device 150, and/or the image acquisition device 170 to access information
and/or data. In some embodiments, the processing device 120 may be
implemented on a cloud platform. For example, the cloud platform may include a
private cloud, a public cloud, a hybrid cloud, a community cloud, a distributed cloud,
an inter-cloud, a multi-cloud, or the like, or a combination thereof. In some
embodiments, the processing device 120 may be implemented by a computing

device 200 having one or more components as described in connection with FIG. 2.
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[0039] In some embodiments, the processing device 120 may include one or more
processors (e.g., single-core processor(s) or multi-core processor(s)) to perform
operations disclosed in this disclosure. The processor(s) may include a
microcontroller, a microprocessor, a reduced instruction set computer (RISC), an
application specific integrated circuits (ASICs), an application-specific instruction-set
processor (ASIP), a central processing unit (CPU), a graphics processing unit
(GPU), a physics processing unit (PPU), a microcontroller unit, a digital signal
processor (DSP), a field programmable gate array (FPGA), an advanced RISC
machine (ARM), a programmable logic device (PLD), any circuit or processor
capable of executing one or more functions, or the like, or any combinations thereof.
For example, the processing device 120 may include a microprocessor to process a
video/image captured by the image acquisition device 170.

[0040] The network 130 may include any suitable network that can facilitate the
exchange of information and/or data for the image searching system 100. In some
embodiments, one or more components of the image searching system 100 (e.g.,
the processing device 120, the storage device 150, the terminal device 140) may
communicate information and/or data with one or more other components of the
image searching system 100 via the network 130. For example, the processing
device 120 may obtain images from the storage device 150 via the network 130. As
another example, the processing device 120 may obtain user instruction(s) from the
terminal device 140 via the network 130.

[0041] The network 130 may be or include a public network (e.g., the Internet), a
private network (e.g., a local area network (LAN)), a wired network, a wireless
network (e.g., an 802.11 network, a Wi-Fi network), a frame relay network, a virtual
private network (VPN), a satellite network, a telephone network, routers, hubs,
switches, server computers, and/or any combination thereof. For example, the
network 130 may include a cable network, a wireline network, a fiber-optic network, a
telecommunications network, an intranet, a wireless local area network (WLAN), a
metropolitan area network (MAN), a public telephone switched network (PSTN), a

Bluetooth™ network, a ZigBee™ network, a near field communication (NFC)
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network, or the like, or any combination thereof. In some embodiments, the
network 130 may include one or more network access points. For example, the
network 130 may include wired and/or wireless network access points such as base
stations and/or internet exchange points through which one or more components of
the image searching system 100 may be connected to the network 130 to exchange
data and/or information.

[0042] The terminal device 140 may enable a user interaction between a user and
one or more components of the image searching system 100, such as the
processing device 120 and/or the storage device 150. For example, the user may
input a search request to search similar images to the target image 180 via the
terminal device 140. Additionally or alternatively, the terminal device 140 may
display the one or more similar images 160 of the target image 180 to the user. In
some embodiments, the terminal device 140 may include a mobile device 141, a
tablet computer 142, a laptop computer 143, or the like, or any combination thereof.
For example, the mobile device 141 may include a mobile phone, a personal digital
assistant (PDA), a gaming device, a navigation device, a point of sale (POS) device,
a laptop, a tablet computer, a desktop, or the like, or any combination thereof. In
some embodiments, the terminal device 140 may include an input device, an output
device, etc. In some embodiments, the terminal device 140 may be part of the
processing device 120.

[0043] The storage device 150 may store data, instructions, and/or any other
information. In some embodiments, the storage device 150 may store data
obtained from the processing device 120, the terminal device 140, and/or image
acquisition device 170. In some embodiments, the storage device 150 may store
data and/or instructions that the processing device 120 may execute or use to
perform exemplary methods described in the present disclosure. In some
embodiments, the storage device 150 may include a mass storage device, a
removable storage device, a volatile read-and-write memory, a read-only memory
(ROM), or the like, or any combination thereof. Exemplary mass storage devices

may include a magnetic disk, an optical disk, a solid-state drive, etc. Exemplary
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removable storage devices may include a flash drive, a floppy disk, an optical disk, a
memory card, a zip disk, a magnetic tape, etc. Exemplary volatile read-and-write
memory may include a random access memory (RAM). Exemplary RAM may
include a dynamic RAM (DRAM), a double date rate synchronous dynamic RAM
(DDR SDRAM), a static RAM (SRAM), a thyristor RAM (T-RAM), and a zero-
capacitor RAM (Z-RAM), etc. Exemplary ROM may include a mask ROM (MROM),
a programmable ROM (PROM), an erasable programmable ROM (EPROM), an
electrically erasable programmable ROM (EEPROM), a compact disk ROM (CD-
ROM), and a digital versatile disk ROM, etc. In some embodiments, the storage
device 150 may be implemented on a cloud platform as described elsewhere in the
disclosure.

[0044] In some embodiments, the storage device 150 may be connected to the
network 130 to communicate with one or more other components of the image
searching system 100 (e.g., the processing device 120, the terminal device 140).
One or more components of the image searching system 100 may access the data
or instructions stored in the storage device 150 via the network 130. In some
embodiments, the storage device 150 may be part of the processing device 120.
[0045] The image acquisition device 170 may be and/or include any suitable device
that is capable of acquiring image data. Exemplary image acquisition device 170
may include a camera (e.g., a digital camera, an analog camera, an IP camera
(IPC), etc.), a video recorder, a scanner, a mobile phone, a tablet computing device,
a wearable computing device, an infrared imaging device (e.g., a thermal imaging
device), or the like. In some embodiments, the image acquisition device 170 may
include a gun camera, a dome camera, an integrated camera, a binocular camera, a
monocular camera, etc. The image data acquired by the image acquisition device
170 may include an image, or any data about an image, such as values of one or
more pixels (or referred to as pixel values) of an image (e.g., luma, gray values,
intensities, chrominance, contrast of one or more pixels of an image), RGB data,
audio information, timing information, location data, etc. In some embodiments, the

image acquisition device 170 may include a charge-coupled device (CCD), a
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complementary metal-oxide-semiconductor (CMOS) sensor, an N-type metal-oxide-
semiconductor (NMOS), a contact image sensor (CIS), and/or any other suitable
image sensor.

[0046] It should be noted that the above description of the image searching system
100 is intended to be illustrative, and not to limit the scope of the present disclosure.
Many alternatives, modifications, and variations will be apparent to those skilled in
the art. The features, structures, methods, and other characteristics of the
exemplary embodiments described herein may be combined in various ways to
obtain additional and/or alternative exemplary embodiments. For example, the
image searching system 100 may include one or more additional components.
Additionally or alternatively, one or more components of the image searching system
100 described above, such as the terminal device 140 and/or the image acquisition
device 170 may be omitted. As another example, two or more components of the
image searching system 100 may be integrated into a single component.

[0047] FIG. 2 is a schematic diagram illustrating exemplary hardware and/or
software components of an exemplary computing device 200 according to some
embodiments of the present disclosure. The computing device 200 may be used to
implement any component of the image searching system 100 as described herein.
For example, the processing device 120 and/or the terminal device 140 may be
implemented on the computing device 200, via its hardware, software program,
firmware, or a combination thereof. Although only one such computing device is
shown, for convenience, the computer functions relating to the image searching
system 100 as described herein may be implemented in a distributed fashion on a
number of similar platforms, to distribute the processing load.

[0048] As illustrated in FIG. 2, the computing device 200 may include a processor
201, a storage 203, an input/output (I/O) 205, and a communication port 207. The
processor 201 may execute computer instructions (e.g., program code) and perform
functions of the image searching system 100 in accordance with techniques as
described elsewhere in the present disclosure. The computer instructions may

include, for example, routines, programs, objects, components, data structures,
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procedures, modules, and functions, which perform particular functions as described
elsewhere in the present disclosure. For example, the processor 201 may
determine one or more similar images to a target image. In some embodiments,
the processor 201 may include interface circuits and processing circuits therein.

The interface circuits may be configured to receive electronic signals from the
communication port 207, wherein the electronic signals encode structured data
and/or instructions for the processing circuits to process. The processing circuits
may conduct logic calculations, and then determine a conclusion, a result, and/or an
instruction encoded as electronic signals. Then the interface circuits may send out
the electronic signals from the processing circuits via the communication port 207.
[0049] In some embodiments, the processor 201 may include one or more
hardware processors, such as a microcontroller, a microprocessor, a reduced
instruction set computer (RISC), an application specific integrated circuits (ASICs),
an application-specific instruction-set processor (ASIP), a central processing unit
(CPU), a graphics processing unit (GPU), a physics processing unit (PPU), a
microcontroller unit, a digital signal processor (DSP), a field-programmable gate
array (FPGA), an advanced RISC machine (ARM), a programmable logic device
(PLD), any circuit or processor capable of executing one or more functions, or the
like, or any combinations thereof.

[0050] Merely for illustration, only one processor may be described in the computing
device 200. However, it should be noted that the computing device 200 of the
present disclosure may also include multiple processors, and thus operations and/or
method steps that are performed by one processor as described in the present
disclosure may also be jointly or separately performed by the multiple processors.
For example, if in the present disclosure the processor of the computing device 200
executes both operations A and operation B, it should be understood that operation
A and operation B may also be performed by two or more different processors jointly
or separately in the computing device 200 (e.g., a first processor executes operation
A and a second processor executes operation B, or vice versa, or the first and

second processors jointly execute operations A and B).
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[0051] The storage 203 may store data/information obtained from one or more
components of the image searching system 100. In some embodiments, the
storage 203 may include a mass storage device, a removable storage device, a
volatile read-and-write memory, a read-only memory (ROM), or the like, or any
combination thereof. For example, the mass storage device may include a
magnetic disk, an optical disk, solid-state drives, etc. The removable storage
device may include a flash drive, a floppy disk, an optical disk, a memory card, a zip
disk, a magnetic tape, etc. The volatile read-and-write memory may include a
random access memory (RAM). The RAM may include a dynamic RAM (DRAM), a
double date rate synchronous dynamic RAM (DDR SDRAM), a static RAM (SRAM),
a thyristor RAM (T-RAM), and a zero-capacitor RAM (Z-RAM), etc. The ROM may
include a mask ROM (MROM), a programmable ROM (PROM), an erasable
programmable ROM (EPROM), an electrically-erasable programmable ROM
(EEPROM), a compact disk ROM (CD-ROM), and a digital versatile disk ROM, etc.
In some embodiments, the storage 203 may store one or more programs and/or
instructions to perform exemplary methods described in the present disclosure. For
example, the storage 203 may store a program for determining one or more similar
images to a target image.

[0052] The I/0O 205 may input and/or output signals, data, information, etc. In
some embodiments, the 1/0 205 may enable a user interaction with the computing
device 200. In some embodiments, the I/O 205 may include or communicate with
an input device and an output device to facilitate communication between the
computing device 200 and an input device or an output device. Examples of the
input device may include a keyboard, a mouse, a touch screen, a microphone, or the
like, or any combination thereof. Examples of the output device may include a
display device, a loudspeaker, a printer, a projector, or the like, or any combination
thereof. Examples of the display device may include a liquid crystal display (LCD),
a light-emitting diode (LED)-based display, a flat panel display, a curved screen, a
television device, a cathode ray tube (CRT), a touch screen, or the like, or any

combination thereof.
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[0053] The communication port 207 may be connected to a network (e.g., the
network 130) to facilitate data communications. The communication port 207 may
establish connections between the computing device 200 and one or more other
components of the image searching system 100 or an external source. The
connection may be a wired connection, a wireless connection, any other
communication connection that can enable data transmission and/or reception,
and/or any combination of these connections. The wired connection may include,
for example, an electrical cable, an optical cable, a telephone wire, or the like, or any
combination thereof. The wireless connection may include, for example, a
Bluetooth™ [ink, a Wi-Fi™ link, a WiMax™ link, a WLAN link, a ZigBee link, a mobile
network link (e.g., 3G, 4G, 5G, etc.), or the like, or any combination thereof. In
some embodiments, the communication port 207 may be and/or include a
standardized communication port, such as RS232, RS485, etc. In some
embodiments, the communication port 207 may be a specially designed
communication port.

[0054] FIG. 3 is a schematic diagram illustrating exemplary components of an
exemplary user terminal 300 according to some embodiments of the present
disclosure. In some embodiments, one or more components (e.g., a terminal
device 140) of the image searching system 100 may be implemented on the user
terminal 300.

[0055] As illustrated in FIG. 3, the user terminal 300 may include a communication
platform 320, a display 310, a graphics processing unit (GPU) 330, a central
processing unit (CPU) 340, an I/O port 350, a memory 360, and a storage 390. In
some embodiments, any other suitable component, including but not limited to a
system bus or a controller (not shown), may also be included in the user terminal
300. In some embodiments, a mobile operating system 370 (e.g., IOS™,
Android™ Windows Phone ™) and one or more applications 380 may be loaded into
the memory 360 from the storage 390 in order to be executed by the CPU 340.
[0056] To implement various modules, units, and their functionalities described in

the present disclosure, computer hardware platforms may be used as the hardware
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platform(s) for one or more of the elements described herein. A computer with user
interface elements may be used to implement a personal computer (PC) or any other
type of work station or terminal device. A computer may also act as a server if
appropriately programmed.

[0057] FIG. 4 is a block diagram of an exemplary processing device 120 according
to some embodiments of the present disclosure. The processing device 120 may
include an obtaining module 410, a feature vector determination module 420, a
search region determination module 430, a candidate image determination module
440, a similar image determination module 450, and a transmission module 460.
[0058] Here and also throughout the present disclosure, a module may be
implemented in many different ways and as hardware, software or in different
combinations of hardware and software. For example, all or parts of a module
implementations may be a processing circuitry that may include part or all of an
instruction processor, such as a central processing unit (CPU), a microcontroller, a
microprocessor; or an application specific integrated circuit (ASIC), a digital signal
processor (DSP), a digital signal processing device (DSPD), a programmable logic
device (PLD), a field programmable gate array (FPGA), a controller, other electronic
components; or as circuitry that includes discrete logic or other circuit components,
including an analog circuit component, a digital circuit component or both; or any
combination thereof. The circuitry may include discrete interconnected hardware
components or may be combined on a single integrated circuit die, distributed
among multiple integrated circuit dies, or implemented in a Multiple Chip Module
(MCM) of multiple integrated circuit dies in a common package, as examples.

[0059] The obtaining module 410 may obtain information and/or data related to the
image searching system 100. For example, the obtaining module 410 may obtain a
target image. The target image may be an image of any biological object (e.g., a
human being, an animal, a plant) and/or a non-biological object (e.g., a vehicle, a
building). Additionally or alternatively, the obtaining module 410 may obtain a
plurality of images, wherein at least one similar image to the target image is to be

searched from the plurality of images. In some embodiments, the obtaining module
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410 may transmit the target image and/or the plurality of images to other modules of
the processing device 120 for further processing. For example, the obtaining
module 410 may transmit the target image and the plurality of images to the feature
vector determination module 420 for determining a target feature vector of the target
image and a feature vector of each of the plurality of images. As another example,
the obtaining module 410 may transmit the target image to the search region
determination module 430 for determining a search region in a N-dimensional
feature space based on the target feature vector and a preset similarity range
between at least one similar image and the target image. As still another example,
the obtaining module 410 may transmit the plurality of images to the candidate
image determination module 440 for determining one or more candidate images.
[0060] The feature vector determination module 420 may be configured to
determine the target feature vector of the target image and the feature vector of each
of the plurality of images. Each of the target feature vector and the feature vectors
may be an N-dimensional feature vector in an N-dimensional feature space. N may
have be any suitable positive integer. Details regarding the determination of the
target feature vector and the feature vectors may be found elsewhere in the present
disclosure (e.g., operation 504 and the relevant descriptions thereof).

[0061] The search region determination module 430 may be configured to
determine the search region in the N-dimensional feature space. The search region
may refer to a region in the N-dimensional feature space to be searched. In some
embodiments, the search region may be a space defined by a coordinate range in
each dimension of the N-dimensional feature space. For example, the search
region determination module 430 may determine a coordinate range in each
dimension based on the target feature vector and a preset similarity range between
the at least one similar image and the target image. The preset similarity range
may define a required range of a similarity degree between each similar image to be
searched and the target image. Details regarding the determination of the search
region may be found elsewhere in the present disclosure (e.g., operation 506 and

the relevant descriptions thereof).
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[0062] The candidate image determination module 440 may be configured to
determine one or more candidate images among the plurality of images. The
feature vector of each candidate image may be within the search region. In some
embodiments, in order to facilitate the determination of the candidate image(s), the
candidate image determination module 440 may generate an index of the plurality of
images, and determine the candidate image(s) according to the index of the images.
Details regarding the determination of the candidate image(s) may be found
elsewhere in the present disclosure (e.g., operation 508 and the relevant
descriptions thereof).

[0063] The similar image determination module 450 may be configured to determine
the at least one similar image to the target image among the one or more candidate
images based on the preset similarity range, the target feature vector, and the one or
more feature vectors of the one or more candidate images. In some embodiments,
the similar image determination module 450 may determine a candidate image as a
similar image to the target image if the similarity degree between the candidate
image and the target image is within the preset similarity range. Details regarding
the determination of the at least one similar image may be found elsewhere in the
present disclosure (e.g., operation 510 and the relevant descriptions thereof).

[0064] The transmission module 460 may be configured to transmit a display list
including at least a portion of the at least one similar image to a terminal device (e.g.,
a terminal device 140) for display. In some embodiments, the at least one similar
image may include a plurality of similar images to the target image. The display list
may include at least a portion of the plurality of similar images. In some
embodiments, the transmission module 460 may rank the plurality of similar images
according to a similarity degrees between each similar image and the target image in
a descending order to generate a first ranking result. The transmission module 460
may further generate a display list including at least a portion of the similar images,
wherein the at least a portion of the similar images in the display list are ranked

according to the first ranking result.
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[0065] It should be noted that the above description of processing device 120 is
merely provided for the purposes of illustration, and not intended to be understood
as the only embodiment. For persons having ordinary skills in the art, various
variations and modifications may be conduct under the teaching of some
embodiments of the present disclosure. However, those variations and
modifications may not depart from the protecting of some embodiments of the
present disclosure. In some embodiments, one or more of the modules mentioned
above may be omitted. For example, the transmission module 460 may be omitted.
In some embodiments, two or more of the modules may be combined into a single
module, and any one of the modules may be divided into two or more units. For
example, the candidate image determination module 440 and the similar image
determination module 450 may be integrated into a single module. In some
embodiments, the processing device 120 may further include one or more additional
modules, such as a division module configured to divide the search region into a
plurality of sub-search regions.

[0066] FIG. 5 is a flow chart illustrating an exemplary process 500 for image
searching according to some embodiments of the present disclosure. In some
embodiments, the process 500 may be implemented on the image searching system
100 as illustrated in FIG. 1. For example, the process 500 may be stored in a
storage medium (e.g., the storage device 150, or the storage 203 of the computing
device 200) as a form of instructions, and invoked and/or executed by the processing
device 120 (e.g., the processor 201 of the computing device 200, the CPU 340 of the
mobile device 300, and/or one or more modules illustrated in FIG. 4).

[0067] In 502, the processing device 120 (e.g., the obtaining module 410) (e.g., the
interface circuits of the processor 201) may obtain a target image and a plurality of
images, wherein at least one similar image to the target image is to be searched
from the plurality of images.

[0068] The target image may be a two-dimensional (2D) image, a three-dimensional
(3D) image, a four-dimensional (4D), or any other type of image. The targetimage

may be stored in any image format, such as a RAW format (e.g., unprocessed
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processed image data), a tagged input file format (TIFF), a joint photographic
experts group format (JPEG), a graphics interchange format (GIF), or a bitmap
format (BMP), or the like, or the combination thereof. The target image may be an
image of any biological object (e.g., a human being, an animal, a plant) and/or a non-
biological object (e.g., a vehicle, a building).

[0069] The plurality of images may include images from which the at least one
similar image is to be searched. Similar to the target image, the images may be of
any type and stored in any image format. The images may be images of any
biological object and/or a non-biological object. Different images may have the
same image type (or format) or different image types (or formats). In some
embodiments, the images and the target image may be images of a same type of
object, for example, both of the images and the target image are images of human
beings. Alternatively, the images and the target image may be images of different
types of objects.

[0070] In some embodiments, the target image and/or the images may be obtained
from one or more components of the image searching system 100, such as the
image acquisition device 170, a storage device (e.g., the storage device 150, the
storage 203 of the computing device 200, the storage 390), the terminal device 140,
or the like, or any combination thereof. For example, the target image may be
obtained from the terminal device 140, and the images may be obtained from the
storage device 150. Additionally or alternatively, the target image and/or the
images may be obtained from an external source via a network (e.g., the network
130). For example, the processing device 120 may acquire the images from an
external image database designated by a user.

[0071] In some embodiments, the processing device 120 may receive a search
request to search the at least one similar image to the target image. In response to
the search request, the processing device 120 may obtain the target image and the
plurality of images. In some embodiments, the search request may be inputted by a
user via a terminal device (e.g., the terminal device 140). The search request,

including the target image, may be transmitted from the terminal device to the
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processing device 120 via a network (e.g., the network 130). Alternatively, the
search request may be initiated by a computing device (e.g., the processing device
120) in certain conditions. For example, the computing device may designate an
image to be processed as a target image and initiate a search request to search for
similar images to the target image. As another example, the computing device may
designate an image browsed by a user as a target image, and initiate a search
request to search for similar images to the target image, wherein the similar images
may be recommended to the user. In some embodiments, the search request may
further include a searching range specitying the plurality of images to be searched,
for example, a source, a type, a capture time, a captured location, or one or more
other features of the plurality of images. The processing device 120 may obtain the
images according to the searching range.

[0072] In 504, the processing device 120 (e.g., the feature vector determination
module 420) (e.qg., the processing circuits of the processor 201) may determine a
target feature vector of the target image and a feature vector of each of the plurality
of images.

[0073] Each of the target feature vector and the feature vectors may be an N-
dimensional feature vector in an N-dimensional feature space. N may have be any
suitable positive integer. Each dimension of the target feature vector may represent
a feature of the target image and have a target feature value the target image in the
dimension. For illustration purposes, the target feature vector is denoted as (A1,
A2, ... .. , An) herein, wherein Ai represents a target feature value of the target
feature vector in an it" dimension. Each dimension of a feature vector of an image
may represent a feature of the image and have a feature value of the image in the
dimension. Exemplary features of an image or the target image may include a low-
level feature, a high-level feature (e.g., a semantic feature), or a complicated feature
(e.g., a deep hierarchical feature that is determined by a machine learning model), or
the like, or any combination thereof. Exemplary low-level features may include a
color-based feature (e.g., an RGB feature, a greyscale feature, etc.), a texture-based

feature (e.g., a Local Binary Pattern (LBP) feature, etc.), a normalization-based
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feature (e.g., an illumination normalized feature, a color normalized feature, etc.), a
gradient-based feature (e.g., a histogram of oriented gradients (HOG) feature, a
gradient location and orientation histogram (GLOH) feature, etc.), or the like, or any
combination thereof. In some embodiments, the high-level feature may be
determined by analyzing the low-level feature using a machine learning model. The
complicated features may be determined by analyzing the high-level features using a
machine learning model.

[0074] In some embodiments, the N-dimensional feature space may be regarded
as an N-dimensional coordinate system, and each dimension in the N-dimensional
feature space may be regarded as a coordinate axis in the N-dimension coordinate
system. An N-dimensional feature vector of an image may represent a point in the
N-dimensional feature space (i.e., the N-dimensional coordinate system), wherein a
feature value in each dimension may represent a coordinate value of the point along
the corresponding coordinate axis. For example, an N-dimensional feature vector
of an image A may represent a point A’ in the N-dimensional feature space, wherein
a feature value in the it" dimension may represent a coordinate value of the point A’
in a corresponding i dimensional coordinate axis.

[0075] In some embodiments, the processing device 120 may extract the target
feature values of the target image by analyzing the target image, and construct the
target feature vector using the target feature values. For each of the images, the
processing device 120 may extract the feature values of the image by analyzing the
image, and construct the corresponding feature vector using the corresponding
feature values. In some embodiments, the processing device 120 may determine
the target feature vector and the feature vectors based on a machine learning model.
The machine learning model may be configured to receive an image and output a
feature vector of the image by analyzing the inputted image. For example, the
target image and the images may be inputted into the machine learning model,
respectively, to generate a corresponding feature vector.

[0076] In some embodiments, the machine learning model may trained be in

advance by a computing device (e.g., the processing device 120 or another
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processing device), and stored in a storage device (e.g., the storage device 150, the
storage 203 of the computing device 200, the storage 390) of the image searching
system 100 or an external source. The processing device 120 may obtain the
machine learning model from the storage device or the external source via a
network. In some embodiments, the machine learning model may be a
convolutional neural network model (CNN), a fully convolutional neural network
(FCN) model, a generative adversarial network (GAN), a back propagation (BP)
neural network model, a radial basis function (RBF) neural network model, a deep
belief nets (DBN) neural network model, an Elman neural network model, or any
other type of model.

[0077] In 506, the processing device 120 (e.g., the search region determination
module 430) (e.g., the processing circuits of the processor 201) may determine a
search region in the N-dimensional feature space based on the target feature vector
and a preset similarity range between the at least one similar image and the target
image.

[0078] As used herein, the preset similarity range may define a required range of a
similarity degree between each similar image to be searched and the target image.
For example, the preset similarity range may define a minimum similarity degree
(denoted as S1) and a maximum similarity degree (denoted as S2). For example,
the preset similarity range may define that the similar degree between each similar
image and the target image needs to be in a range of [60%, 100%)] or (90%, 100%).
[0079] In some embodiments, the similarity degree between the target image and a
certain image may be measured by a similarity degree between the target feature
vector of the target image and a feature vector of the certain image. The similarity
degree between the target feature vector and the feature vector of the certain image
may be determined based on a similarity algorithm, include but be not limited to a
Euclidean distance algorithm, a Manhattan distance algorithm, a Minkowski distance
algorithm, a cosine similarity algorithm, a Jaccard similarity algorithm, a Pearson
correlation algorithm, or the like, or any combination thereof. In some

embodiments, the target feature vector and the feature vector may represent a target
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point and a point in the N-dimensional feature space, respectively. The similarity
degree between the target feature vector and the feature vector may have a negative
correlation with a geometrical distance between the target point and the point in the
N-dimensional feature space. The geometrical distance between the target point
and the point may refer to, for example, an Euclidean distance, a Manhattan
distance, a Chebyshev distance, a Minkowski distance, a standardized Euclidean
distance, a Mahalanobis distance, a cosine distance, or the like.

[0080] In some embodiments, the preset similarity range may be set by a user
manually. For example, as described in connection with operation 502, a user may
input a search request to search one or more similar images to the target image.
The user may input an expected similarity range between the one or more similar
images and the target image, wherein the expected similarity range may be included
in the search request and transmitted to the processing device 120. The expected
similarity range may be designated as the preset similarity range. Alternatively, the
preset similarity range may be a default setting of the image searching system 100
or be determined by a computing device according to different situations. For
example, the minimum similarity degree S1 of the preset similarity range may be
increased if the count of the images to be searched is greater than a threshold.
Alternatively, a portion of the preset similarity range (e.g., the minimum similarity
degree S1) may be set by a user manual, and the other portion of the preset
similarity range (e.g., the maximum similarity degree S2) may be a default setting of
the image searching system 100 or be determined by the computing device
according to different situations.

[0081] The search region may refer to a region in the N-dimensional feature space
to be searched. In some embodiments, the search region may be a space defined
by a coordinate range in each dimension of the N-dimensional feature space. For
example, the processing device 120 may determine a coordinate range in each
dimension based on the target feature vector and the preset similarity range. The
processing device 120 may further determine the search region based on the

coordinate ranges in the N dimensions. In some embodiments, the processing
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device 120 may perform one or more operations of process 600A as described in
connection with FIG. 6A to determine the coordinate ranges and the search region.
As another example, the preset similarity range may define a minimum similarity
degree S1 and a maximum similarity degree S2 as described above. The
processing device 120 may determine a first region corresponding to the maximum
similarity degree S2 and a second region corresponding to the minimum similarity
degree S1. The processing device 120 may further determine the search region
based on the first region and the second region. In some embodiments, the
processing device 120 may perform one or more operations of process 600B as
described in connection with FIG. 6B to determine the first region, the second region,
and the search region.

[0082] In some embodiments, the search region may include a plurality of sub-
search regions in the N-dimensional feature space. For example, the processing
device 120 may divide the preset similarity range into a plurality of sub-ranges. The
processing device 120 may further determine a plurality of sub-search regions
corresponding to the sub-ranges, wherein the sub-search regions may form the
search region. In some embodiments, different sub-search regions may at least
partially overlap with each other or not overlap at all in the N-dimensional feature
space. Details regarding the determination of the sub-search regions may be found
elsewhere in the present disclosure (e.g., operations 702 and 704 in FIG. 7 and the
relevant descriptions thereof).

[0083] In 508, the processing device 120 (e.g., the candidate image determination
module 440) (e.g., the processing circuits of the processor 201) may determine one
or more candidate images among the plurality of images. The feature vector of
each candidate image may be within the search region. As used herein, the feature
vector of an image may be regarded as being within the search region if a feature
value of the feature vector in each dimension is within the coordinate range of the
search region in the dimension.

[0084] In some embodiments, in order to facilitate the determination of the

candidate image(s), the processing device 120 may generate an index of the
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plurality of images, and determine the candidate image(s) according to the index of
the images. For example, the processing device 120 may store the feature vectors
of the images into a table. The table may include a plurality of rows and N columns,
wherein each row represents an image of the images and each column represents a
dimension in the N-dimensional feature space (i.e., a feature of an image). In some
embodiments, the table may include one or more additional columns configured to
store one or more other characteristics of the images (e.g., a storage path, an image
format, etc.). In some embodiments, the table may be stored in a database, such
as an Oracle database, a MySQL database, or the like, or the combination thereof.
[0085] The processing device 120 may further create an index for each of the N
columns of the table. An index created for a column may be used in searching
feature values in the corresponding dimension and improve search speed. Further,
the processing device 120 may select the candidate image(s) among the images
based on the search region and the indexes of the table. For example, the search
region may define a coordinate range in each dimension as described above. The
processing device 120 may retrieve the candidate image(s) from the table using an
inquire statement (e.g., a “select” statement). The inquire statement may specify a
value range in each column, which is equal to the coordinate range of the
corresponding dimension.

[0086] For illustration purposes, the determination of the candidate image(s) based
on an MySQL database is provided hereinafter as an example. It is assumed that
the target feature vector of the target image and the feature vector of each image are
in a 16-dimensional feature space. The target feature vector may be denoted as
(al, a2, a8, a4, a5, a6, a7, a8, a9, a10, al1, al12, al13, al4, a15, a16). The search
region may be defined by a coordinate range in each of the 16 dimensions, i.e., [a1-
d’, al-d) and (a1+d, a1+d’] on a first dimension, [a2-d’, a2-d) and (a2+d, a2+d’] on a
second dimension, ...... , and [a16-d’, a16-d) and (a16+d, a16+d’] on a 161
dimension. The processing device 120 may create a table to store the feature
vectors of the images using a first SQL statement “CREATE TABLE Feature (x1

integer, x2 integer, x3 integer, x4 integer, x5 integer, x6 integer, x7 integer, x8
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integer, x9 integer, x10 integer, x11 integer, x12 integer, x13 integer, x14 integer,
x15 integer, x16 integer)”. The processing device 120 may create an index for each
column of the table using a second SQL statement “* CREATE INDEX Featurelndex
on Feature(x1, x2, x3, x4, x5, x6, x7, x8, x9, x10, x11, x12, x13, x14, x15, x16)”.

The processing device 120 may retrieve one or more candidate images whose
feature vectors are in the search region using a third SQL statement as below :

“select * from Feature (where x1>=a1-d’ and x1<a1-d or x1>a1+d and x1<=a1+d’)
and (x2>=a2-d’ and x2<a2-d or x2>a2+d and x2<=a2+d’)

and (x3>=a3-d’ and x1<a3-d or x3>a3+d and x3<=a3+d)

and (x16>=a16-d’ and x16<a16-d or x16>a16+d and x16<=a16+d’)"

[0087] In some embodiments, as described in connection with operation 506, the
search region may include a plurality of sub-search regions. The processing device
120 may determine one or more first candidate images for each sub-search region.
The one or more first candidate images corresponding to each sub-search region
may form the candidate images corresponding to the search region. Details
regarding the determination of the one or more first candidate images corresponding
to a sub-search region may be found elsewhere in the present disclosure (e.g.,
operation 706 in FIG. 7 and the relevant descriptions thereof).

[0088] In 510, the processing device 120 (e.g., the similar image determination
module 450) (e.g., the processing circuits of the processor 201) may determine the
at least one similar image to the target image among the one or more candidate
images based on the preset similarity range, the target feature vector, and the one or
more feature vectors of the one or more candidate images.

[0089] In some embodiments, the processing device 120 may determine a
candidate image as a similar image to the target image if the similarity degree
between the candidate image and the target image is within the preset similarity
range. For example, the processing device 120 may determine a similarity degree
between the target image and each candidate image. The similarity degree

between the target image and a candidate image may be measured by a similarity
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degree between the target feature vector and a feature vector of the candidate
image. Details regarding the similarity degree between the target image and a
candidate image may be found elsewhere in the present disclosure (e.g., operation
506 and the relevant descriptions thereof). The processing device 120 may then
select at least one candidate image among the one or more candidate images,
wherein the similarity degree between each selected candidate image and the target
image is within the preset similarity range. The processing device 120 may further
designate the at least one selected candidate image as the at least one similar
image to the target image.

[0090] In 512, the processing device 120 (e.g., the transmission module 460) (e.g.,
the interface circuits of the processor 201) may transmit a display list including at
least a portion of the at least one similar image to a terminal device (e.g., a terminal
device 140) for display.

[0091] In some embodiments, the terminal device may be associated with a user of
the image searching system 100. For example, the terminal device may be
associated with a user who initiates a search request to search the at least one
similar image. In some embodiments, the at least one similar image may include a
plurality of similar images to the target image. The display list may include at least
a portion of the plurality of similar images. For example, the display list may include
all or a portion of the similar images. The similar images in the display list may be
ranked randomly or according to one or more ranking criterion (e.g., a capture time,
a similarity degree to the target image, an image definition, an image size). For
example, the processing device 120 may rank the similar images according to a
similarity degrees between each similar image and the target image in a descending
order to generate a first ranking result. The processing device 120 may further
generate a display list including at least a portion of the similar images, wherein the
at least a portion of the similar images in the display list are ranked according to the
first ranking result. The at least a portion of the similar images may include all or a
portion (e.g., top 3, top 10, top 20, etc.) of the similar images. The processing

device 120 may further transmit the display list to the terminal device for display.
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[0092] In some embodiments, after receiving the display list, the terminal device
may display the display list according to a preference of a user associated with the
terminal device. For example, the terminal device may display a certain number of
similar images on an interface according to a user setting of the terminal device.
Additionally or alternatively, the terminal device may receive a response regarding
the display list from the user. For example, the user may click a similar image in the
display list to enlarge the clicked similar image. As another example, the user may
input a request to search one or more other similar images to the target image if
he/she is not satisfied with the display list or needs to search more similar images.
[0093] It should be noted that the above description of process 500 is merely
provided for the purposes of illustration, and not intended to be understood as the
only embodiment. For persons having ordinary skills in the art, various variations
and modifications may be conduct under the teaching of some embodiments of the
present disclosure. However, those variations and modifications may not depart
from the protecting of some embodiments of the present disclosure. In some
embodiments, the process 500 may be accomplished with one or more additional
operations not described, and/or without one or more of the operations discussed.
For example, the process 500 may further include a storing operation, in which the
processing device 120 may store the at least one similar image and/or an
intermediate result in a storage device (e.g., the storage device 150, or the storage
203) disclosed elsewhere in the present disclosure. As another example, operation
512 may be omitted. Additionally, the order of the operations of the process 500 as
illustrated in FIG. 5 and described above may not be intended to be limiting.

[0094] FIG. 6A is a flow chart illustrating an exemplary process for determining a
search region according to some embodiments of the present disclosure. In some
embodiments, process 600A may be implemented on the image searching system
100 as illustrated in FIG. 1. For example, the process 600A may be stored in a
storage medium (e.g., the storage device 150, or the storage 203) as a form of
instructions, and invoked and/or executed by the processing device 120 (e.g., the

processor 201 of the computing device 200, the CPU 340 of the mobile device 300,
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and/or one or more modules illustrated in FIG. 4). In some embodiments, one or
more operations of the process 600A may be performed to achieve at least part of
operation 506 as described in connection with FIG. 5.

[0095] In 602, the processing device 120 (e.g., the search region determination
module 430) (e.g., the processing circuits of the processor 201) may determine a
geometrical distance range in the N-dimensional feature space corresponding to the
preset similarity range.

[0096] As described elsewhere in this disclosure (e.g., FIG. 5 and the relevant
descriptions), the preset similarity range may define a minimum similarity degree S1
and a maximum similarity degree S2 between each similar image to be searched
and the target image. The target feature vector of the target image may represent
to a target point, and a feature vector of an image may represent a point in the N-
dimensional feature space. The similarity degree between the target image and an
image may have a negative correlation with a distance between the target point and
the point corresponding to the image. The geometrical distance range may refer to
a required range of a geometrical distance between the target point and a point
corresponding to each similar image. In some embodiments, the geometrical
distance range may include a shortest geometrical distance (denoted as D1) and a
longest geometrical distance (denoted as D2). A point located at the longest
geometrical distance D2 to the target point may represent an image that has the
minimum similarity degree S1 with the target image. A point located at the shortest
geometrical distance D1 to the target point may represent an image that has the
maximum similarity degree S2 with the target image.

[0097] In some embodiments, the processing device 120 may determine the
geometrical distance range by determining the longest geometrical distance D2
and/or the shortest geometrical distance D1. For example, the processing device
120 may determine the longest geometrical distance D2 based on the minimum
similarity degree S1 and a relationship between geometrical distances in the N-
dimensional feature space and similarity degrees. The relationship may be

described in the form of a correlation function, or a table or a curve recording
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different similarity degrees and their corresponding geometrical distances. The
processing device 120 may determine the longest geometrical distance D2 based on
the minimum similarity degree S1 by solving the correlation function, looking up the
table, or consulting the curve. Similarly, the processing device 120 may determine
the shortest geometrical distance D1 based on the maximum similarity degree S2
and the relationship between geometrical distances in the N-dimensional feature
space and similarity degrees. In some embodiments, a boundary value, such as
the shortest geometrical distance D1 and/or the longest geometrical distance D2,
may be included or excluded in the geometrical distance range.

[0098] In 604, in each dimension, the processing device 120 (e.g., the search
region determination module 430) may determine a coordinate range of the at least
one similar image in the dimension, wherein a difference between the target feature
value of the target feature vector in the dimension and each value in the coordinate
range is within the geometrical distance range.

[0099] As used herein, a coordinate range of the at least one similar image in a
dimension may refer to a required range of a coordinate value of a feature vector of
each similar image in the dimension. For example, the geometrical distance range
corresponding to the preset similarity range may be denoted as [D1, D2], and the
target feature vector in the N-dimensional feature space may be denoted as (A1,
A2, ... ., An). The coordinate range of the at least one similar image in an i"
dimension may be [Ai-D2, Ai-D1] or [Ai+D1, Ai+D2], wherein a difference between Ai
(i.e., the target value in the i" dimension) and each value in the [Ai-D2, Ai-D1] or
[Ai+D1, Ai+D2] is within [D1, D2].

[0100] In 606, the processing device 120 (e.g., the search region determination
module 430) (e.qg., the processing circuits of the processor 201) may determine a
search region based on the coordinate range in each dimension. For example, the
processing device 120 may determine a region formed by the coordinate range in
each dimension as the search region. For example, the search region may be
region including a plurality of points in the N-dimensional feature space. A

coordinate of each point in the first dimension may be within the coordinate range in
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the first dimension (e.g., [A1-D2, A1-D1] or [A1+D1, A1+D2]), a coordinate of each
point in the second dimension may be in the coordinate range in the second
dimension (e.g., [A2-D2, A2-D1] or [A2+D1, A2+D2)), ...... , and a coordinate of each
point in the N dimension may be in the coordinate range in the N dimension (e.g.,
[An-D2, An-D1] or [An+D1, An+D2]).

[0101] FIG. 6B is a flow chart illustrating an exemplary process for determining a
search region according to some embodiments of the present disclosure. In some
embodiments, process 600B may be implemented on the image searching system
100 as illustrated in FIG. 1. For example, the process 600B may be stored in a
storage medium (e.g., the storage device 150, or the storage 203) as a form of
instructions, and invoked and/or executed by the processing device 120 (e.g., the
processor 201 of the computing device 200, the CPU 340 of the mobile device 300,
and/or one or more modules illustrated in FIG. 4). The operations in the process
600B presented below are intended to be illustrative. In some embodiments, one or
more operations of the process 600B may be performed to achieve at least part of
operation 506 as described in connection with FIG. 5.

[0102] In 612, the processing device 120 (e.g., the search region determination
module 430) may determine a geometrical distance range in the N-dimensional
feature space corresponding to the preset similarity range. The geometrical
distance range may be defined by a shortest geometrical distance D1 and a longest
geometrical distance D2. More descriptions regarding the determination of the
geometrical distance range may be found elsewhere in the present disclosure.

See, e.g., operation 602 in FIG. 6 and relevant descriptions thereof.

[0103] In 614, in each dimension, the processing device 120 (e.g., the search
region determination module 430) (e.g., the processing circuits of the processor 201)
may determine a first coordinate range based on the shortest geometrical distance
D1 and a target feature value in the dimension, wherein a difference between the
target feature value in the dimension and each value in the first coordinate range
may be equal to or smaller than the shortest geometrical distance D1. For

example, the target feature value in an it" dimension may be Ai, and the first
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coordinate range in the it" dimension may be [Ai-D1, Ai+D1], wherein a difference
between Ai and each value in [Ai-D1, Ai+D1] is equal to or smaller than D1. In
some embodiments, the boundary values of the first coordinate range, such as Ai-D1
and/or Ai+D1, may be or may not be within the first coordinate range. For example,
if D1 is within the geometrical distance range, the boundary values of the first
coordinate range may be within the first coordinate range, and a difference between
the target feature value in a dimension and each value in the first coordinate range in
the dimension may be equal to or smaller than the shortest geometrical distance D1.
As another example, if D1 is not within the geometrical distance range, the boundary
values of the first coordinate range may not be within the first coordinate range, and
a difference between the target feature value in a dimension and each value in the
first coordinate range in the dimension may be smaller than the shortest geometrical
distance D1.

[0104] In 616, in each dimension, the processing device 120 (e.g., the search
region determination module 430) (e.g., the processing circuits of the processor 201)
may determine a second coordinate range based on the longest geometrical
distance D2 and the target feature value in the dimension, wherein a difference
between the target feature value in the dimension and each value in the second
coordinate range is equal to or smaller than the longest geometrical distance D2.
For example, the target feature value in an it" dimension may be Ai, and the second
coordinate range in the it" dimension may be [Ai-D2, Ai+D2], wherein a difference
between Ai and each value in [Ai-D2, Ai+D2] is equal to or smaller than D2. Similar
to the first coordinate range, the boundary values of the second coordinate range,
such as Ai-D2 and Ai+D2, may be or may not be within the second coordinate range.
[0105] In 618, the processing device 120 (e.g., the search region determination
module 430) (e.g., the processing circuits of the processor 201) may determine a
first region defined by the first coordinate ranges in the N-dimensional feature space
and a second region defined by the second coordinate ranges in the N-dimensional

feature space.
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[0106] In some embodiments, the processing device 120 may determine a region
formed by the first coordinate range in each dimension as the first region. For
example, the first region may be a region including a plurality of first points in the N-
dimensional feature space. A coordinate of each first point in the first dimension
may within the first coordinate range in the first dimension (e.g., [A1-D1, A1+D1]), a
coordinate of each first point in the second dimension may be within the first
coordinate range in the second dimension (e.g., [A2-D1, A2+D1], ---,and a
coordinate of each first point in the N dimension may be within the first coordinate
range in the N dimension (e.g., [An-D1, An+D1]). In some embodiments, in each
dimension, a difference between a coordinate value of a first point in the dimension
and the target feature value in the dimension may be smaller than the minimum
geometrical distance D1. It may suggest that a similarity degree between the target
image and an image corresponding to the first point is greater than the maximum
similarity degree S2, which is out of the preset similarity range.

[0107] Similarly, the processing device 120 may determine a region formed by the
second coordinate range in each dimension in the N-dimensional feature space as
the second region. For example, the second region may be a region in a plurality of
second points in the N-dimensional feature space. A coordinate of each second
point in the first dimension may within the second coordinate range in the first
dimension (e.g., [A1-D2, A1+D2]), a coordinate of each second point in the second
dimension may be within the second coordinate range in the second dimension (e.g.,
[A2-D2, A2+D2], ---, and a coordinate of each second point in the N dimension may
be within the second coordinate range in the N dimension (e.g., [An-D2, An+D2]).
[0108] For illustration purposes, it is assumed that the N-dimensional feature space
is a 2-dimensional feature space formed by an X-axis and a Y-axis, first coordinate
ranges in the X-axis and Y-axis are both [-1, 1], second coordinate ranges in the X-
axis and Y-axis are both [-2, 2]. In such as case, a first region in the 2-dimensional
feature space may be a square with four vertexes whose coordinates are (-1, -1), (-1,
1), (1,-1),and (1, 1). A second region in the 2-dimensional feature space may be a

square with four vertexes whose coordinates are (-2, -2), (-2, 2), (2, -2), (2, 2).
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[0109] In 620, the processing device 120 (e.g., the search region determination
module 430) may determine a region in the second region excluding the first region
as the search region. As described in connection with 618, a similarity degree
between the target image and an image corresponding to a first point in the first
region is out of the preset similarity range. Thus, the processing device 120 may
exclude the first region from the search region.

[0110] In some embodiments, in each dimension, the processing device 120 may
determine a coordinate range of the at least one similar image to be searched by
subtracting the first coordinate range in the dimension from the second coordinate
range in the dimension. For example, the coordinate range of the at least one
similar image in the i" dimension may be determined by subtracting a first coordinate
range [Ai-D1, Ai+D1] from a second coordinate range [Ai-D2, Ai+D2], which is equal
to a coordinate range [Ai-D2, Ai-D1) and (Ai+D1, Ai+D2]. In some embodiments,
the search region may include or exclude a boundary of the first region.

[0111] It should be noted that the above descriptions of the processes 600A and
600B are merely provided for the purposes of illustration, and not intended to be
understood as the only embodiment. For persons having ordinary skills in the art,
various variations and modifications may be conduct under the teaching of some
embodiments of the present disclosure. In some embodiments, some operations
may be reduced or added. However, those variations and modifications may not
depart from the protecting of some embodiments of the present disclosure. In some
embodiments, the process 600A and/or the process 600B may be accomplished with
one or more additional operations not described, and/or without one or more of the
operations discussed. Additionally, the order of the operations of the process 600A
and/or the process 600B described above may not be intended to be limiting. For
example, operations 614 and 616 may be performed simultaneously, or operation
616 may be performed before 614.

[0112] FIG. 7 is a flow chart illustrating an exemplary process for determining at
least one similar image to a target image according to some embodiments of the

present disclosure. In some embodiments, process 700 may be implemented on
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the image searching system 100 as illustrated in FIG. 1. For example, the process
700 may be stored in a storage medium (e.g., the storage device 150, or the storage
203) as a form of instructions, and invoked and/or executed by the processing device
120 (e.g., the processor 201 of the computing device 200, the CPU 340 of the mobile
device 300, and/or one or more modules illustrated in FIG. 4). In some
embodiments, one or more operations of the process 700 may be performed to
achieve at least part of operations 506 to 510 as described in connection with FIG. 5.
[0113] In 702, the processing device 120 (e.g., the search region determination
module 430) (e.g., the processing circuits of the processor 201) may divide a preset
similarity range into a plurality of sub-ranges.

[0114] As described in connection with operation 506, the preset similarity range
may define a required range of a similarity degree between each similar image to be
searched and the target image. The preset similarity range may include a minimum
similarity degree S1 and a maximum similarity degree S2. In some embodiments,
the processing device 120 may divide the preset similarity range evenly into the sub-
ranges having the same span. A span of a sub-range may refer to a similarity
degree difference between the largest similarity degree in the sub-range and the
smallest similarity degree in the sub-range. The span of each sub-range may be
1%, 3%, 5%, 7%, 10%, 20%, or any other suitable value. For example, a preset
similarity range (60%, 100] may be evenly divided into 4 sub-ranges (i.e., (60%,
70%], (70%, 80%)], (80%, 90%], and (99%, 100%]), each of which has a span of 10%
similarity degrees. As another example, a preset similarity range (60%, 100] may
be evenly divided into 8 sub-ranges (i.e., (60%, 65%], (65%, 70%)], (70%, 75%],
(75%, 80%)], (80%, 85%)], (85%, 90%], (90%, 95%), (95%, 100%]), each of which has
a span of 5% similarity degree. Alternatively, the processing device 120 may divide
the preset similarity range unevenly into the sub-ranges having different spans. For
example, a preset similarity range of (60%, 100%] may be unevenly divided into 4
sub-ranges having different spans, such as (60%, 80%], (80%, 90%], (90%, 95%)],
(95%, 100%)].
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[0115] In some embodiments, the division rule of the preset similarity range, such
as the span of each sub-range and/or the number of the sub-ranges, may be a
default setting of the image searching system 100 or be inputted by a user of the
image searching system 100. Additionally or alternatively, the division rule may be
determined by a computing device (e.g., the processing device 120) according to
different situations. For example, the span of each sub-range may be determined
by taking a required searching speed and/or a required searching time into
consideration. In order to accelerate searching speed, the computing device may
divide the preset similarity range evenly into more sub-ranges with a smaller span,
wherein the sub-ranges may be processed in parallel or in sequence in image
searching.

[0116] In 704, for each sub-range, the processing device 120 (e.g., the search
region determination module 430) (e.g., the processing circuits of the processor 201)
may determine a sub-search region in the N-dimensional feature space
corresponding to the sub-range based on the target feature vector of the target
image.

[0117] A sub-search region corresponding to a sub-range may be similar to a
search region corresponding to the preset similarity range as described in
connection with 506. The determination of a sub-search region corresponding to a
sub-range may be performed in a similar manner with the determination of the
search region corresponding to the preset similarity range as described in
connection with operation 506, and the descriptions thereof are not repeated here.
[0118] In 706, for each sub-search region, the processing device 120 (e.g., the
candidate image determination module 440) (e.g., the processing circuits of the
processor 201) may determine one or more first candidate images among the
plurality of images, wherein the feature vector of each first candidate image
corresponding to the sub-search region is within the sub-search region.

[0119] In some embodiments, the determination of one or more first candidate
images whose feature vectors are within a sub-search region may be performed in a

similar manner with the determination of one or more candidate images whose
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feature vectors are within the search region described in connection with operation
508, and the descriptions thereof are not repeated here.

[0120] In 708, for each sub-search region, the processing device 120 (e.g., the
similar image determination module 450) may determine one or more similar images
to the target image among the one or more first candidate images corresponding to
the sub-search region.

[0121] In some embodiments, for a sub-search region, the processing device 120
may determine or obtain a similarity degree between the target image and each first
candidate image corresponding to the sub-search region. The processing device
120 may then select one or more first candidate images among the one or more first
candidate images corresponding to the sub-search region, wherein a similar degree
between each selected first candidate image and the target image is within the sub-
range corresponding to the sub-search region. The processing device 120 may
further designate the one or more selected first candidate images as one or more
similar images of the at least one similar image to the target image.

[0122] In some embodiments, operations 704 to 708 may be performed for each
sub-range in parallel, for example, by different processing units of the processing
device 120. Alternatively, operations 704 to 708 may be performed for each sub-
range in sequence. For example, before 704, the processing device 120 may rank
the plurality of sub-ranges to generate a second ranking result. The sub-ranges
may ranked according to, for example, the largest similarity degree, the smallest
similarity degree, a mid-similarity degree of each sub-range in a descending order or
an ascending order. Further, the processing device 120 may sequentially perform
operations 704 to 708 for each sub-range according to the second ranking result.
Taking a preset similarity range of (60%, 100%)] as an instance, the preset similarity
range may be evenly divided into forty sub-ranges, i.e., (60%, 61%)], (61%,

62%], ...... , and (99%, 100%]. The forty sub-ranges may be ranked in a
descending order according to the largest similarity degree in each sub-range, and
be processed sequentially. For example, the processing device 120 may perform

operations 704 and 706 for the sub-range (99%, 100%)] to determine a first sub-
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search region corresponding to (99%, 100%], and identify one or more candidate
images (denoted as Set.) whose feature vectors are within the first sub-search
region. The processing device 120 may also perform operation 708 to determine a
similarity degree between the target image and each candidate image in Set., and
select one or more candidate images in Set, whose similarity degrees to the target
image are within (99%, 100%)] as one or more similar images corresponding to the
sub-range (99%, 100%]. In processing the sub-range (99%, 100%], the similarity
degree between the target image and each candidate image in Set, may be
determined. If a similarity degree between the target image and a certain candidate
image in Set. is out of the range (99%, 100%)], the certain image may be likely to be
further processed, for example, when the processing device 120 processes one or
more other sub-ranges (e.g., (98%, 99%], (97%, 98%)]). In the further processing of
the certain candidate image, the processing device 120 may not need to determine
the similarity degree between the certain candidate image and the target image
again, thus increasing the searching rate and efficiency. After the sub-range (99%,
100%)] is processed, the processing device 120 may process the other sub-ranges
(98%, 99%], (97%, 98%], ... ... , and (60%, 61%] in sequence in a similarly manner as
the sub-range (99%, 100%)]. In processing another sub-range, such as the sub-
range (98%, 99%)], the processing device 120 may directly obtain the similar image
between the certain candidate image and the target image.

[0123] It should be noted that the above description of process 700 is merely
provided for the purposes of illustration, and not intended to be understood as the
only embodiment. For persons having ordinary skills in the art, various variations
and modifications may be conduct under the teaching of some embodiments of the
present disclosure. However, those variations and modifications may not depart
from the protecting of some embodiments of the present disclosure. In some
embodiments, the process 700 may be accomplished with one or more additional
operations not described, and/or without one or more of the operations discussed.
Additionally, the order of the operations of the process 700 as illustrated in FIG. 7

and described below may not be intended to be limiting.
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[0124] Having thus described the basic concepts, it may be rather apparent to those
skilled in the art after reading this detailed disclosure that the foregoing detailed
disclosure is intended to be presented by way of example only and is not limiting.
Various alterations, improvements, and modifications may occur and are intended to
those skilled in the art, though not expressly stated herein. These alterations,
improvements, and modifications are intended to be suggested by this disclosure,
and are within the spirit and scope of the exemplary embodiments of this disclosure.
[0125] Moreover, certain terminology has been used to describe embodiments of
the present disclosure. For example, the terms “one embodiment,” “an
embodiment,” and “some embodiments” mean that a particular feature, structure or
characteristic described in connection with the embodiment is included in at least
one embodiment of the present disclosure. Therefore, it is emphasized and should
be appreciated that two or more references to “an embodiment” or “one
embodiment” or “an alternative embodiment” in various portions of this specification
are not necessarily all referring to the same embodiment. Furthermore, the
particular features, structures or characteristics may be combined as suitable in one
or more embodiments of the present disclosure.

[0126] Further, it will be appreciated by one skilled in the art, aspects of the present
disclosure may be illustrated and described herein in any of a number of patentable
classes or context including any new and useful process, machine, manufacture, or
composition of matter, or any new and useful improvement thereof. Accordingly,
aspects of the present disclosure may be implemented entirely hardware, entirely
software (including firmware, resident software, micro-code, etc.) or combining
software and hardware implementation that may all generally be referred to herein

” o

as a “module,” “unit,” “component,” “device,” or “system.” Furthermore, aspects of
the present disclosure may take the form of a computer program product embodied
in one or more computer readable media having computer readable program code
embodied thereon.

[0127] A computer readable signal medium may include a propagated data signal

with computer readable program code embodied therein, for example, in baseband
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or as part of a carrier wave. Such a propagated signal may take any of a variety of
forms, including electro-magnetic, optical, or the like, or any suitable combination
thereof. A computer readable signal medium may be any computer readable
medium that is not a computer readable storage medium and that may
communicate, propagate, or transport a program for use by or in connection with an
instruction execution system, apparatus, or device. Program code embodied on a
computer readable signal medium may be transmitted using any appropriate
medium, including wireless, wireline, optical fiber cable, RF, or the like, or any
suitable combination of the foregoing.

[0128] Computer program code for carrying out operations for aspects of the
present disclosure may be written in any combination of one or more programming
languages, including an object oriented programming language such as Java, Scala,
Smalltalk, Eiffel, JADE, Emerald, C++, C#, VB. NET, Python or the like, conventional
procedural programming languages, such as the "C" programming language, Visual
Basic, Fortran 2003, Perl, COBOL 2002, PHP, ABAP, dynamic programming
languages such as Python, Ruby and Groovy, or other programming languages.
The program code may execute entirely on the user's computer, partly on the user's
computer, as a stand-alone software package, partly on the user's computer and
partly on a remote computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the user's computer
through any type of network, including a local area network (LAN) or a wide area
network (WAN), or the connection may be made to an external computer (for
example, through the Internet using an Internet Service Provider) or in a cloud
computing environment or offered as a service such as a Software as a Service
(SaaS).

[0129] Furthermore, the recited order of processing elements or sequences, or the
use of numbers, letters, or other designations therefore, is not intended to limit the
claimed processes and methods to any order except as may be specified in the
claims. Although the above disclosure discusses through various examples what is

currently considered to be a variety of useful embodiments of the disclosure, it is to
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be understood that such detail is solely for that purpose, and that the appended
claims are not limited to the disclosed embodiments, but, on the contrary, are
intended to cover modifications and equivalent arrangements that are within the spirit
and scope of the disclosed embodiments. For example, although the
implementation of various components described above may be embodied in a
hardware device, it may also be implemented as a software only solution, e.g., an
installation on an existing server or mobile device.

[0130] Similarly, it should be appreciated that in the foregoing description of
embodiments of the present disclosure, various features are sometimes grouped
together in a single embodiment, figure, or description thereof for the purpose of
streamlining the disclosure aiding in the understanding of one or more of the various
embodiments. This method of disclosure, however, is not to be interpreted as
reflecting an intention that the claimed subject matter requires more features than
are expressly recited in each claim. Rather, claim subject matter lie in smaller than
all features of a single foregoing disclosed embodiment.

[0131] In some embodiments, the numbers expressing quantities or properties used
to describe and claim certain embodiments of the application are to be understood
as being modified in some instances by the term “about,” “approximate,” or
“substantially.” For example, “about,” “approximate,” or “substantially” may indicate
a certain variation (e.g., £1%, 5%, +10%, or £20%) of the value it describes, unless
otherwise stated. Accordingly, in some embodiments, the numerical parameters set
forth in the written description and attached claims are approximations that may vary
depending upon the desired properties sought to be obtained by a particular
embodiment. In some embodiments, the numerical parameters should be
construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of some embodiments of the application
are approximations, the numerical values set forth in the specific examples are
reported as precisely as practicable. In some embodiments, a numerical range

(e.g., a similarity range, a geometrical distance range, and/or a coordinate range)
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described in the present disclosure is provided for illustration purposes and modified
according to different situations. For example, a boundary value of the numerical

range may be included or excluded in the numerical range.
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WE CLAIM:

1. - A system for image searching, comprising:
at least one storage medium including a set of instructions; and
at least one processor in communication with the at least one storage medium,
wherein when executing the instructions, the at least one processor is configured to
direct the system to perform operations including:
obtaining a target image and a plurality of images, wherein at least one similar
image to the target image is to be searched from the plurality of images;
determining a target feature vector of the target image and a feature vector of
each of the plurality of images, each of the target feature vector and the feature
vectors being an N-dimensional feature vector in an N-dimensional feature space;
determining, based on the target feature vector and a preset similarity range
between the at least one similar image and the target image, a search region in the
N-dimensional feature space;
determining, among the plurality of images, one or more candidate images,
the feature vector of each candidate image being within the search region; and
determining, among the one or more candidate images, the at least one
similar image to the target image based on the preset similarity range, the target
feature vector, and the one or more feature vectors of the one or more candidate

images.

2. The system of claim 1, wherein to determine the at least one similar image to the
target image among the one or more candidate images, the at least one processor is
further configured to direct the system to perform additional operations including:

for each of the one or more candidate images, determining a similarity degree
between the target image and the candidate image;

selecting, among the one or more candidate images, at least one candidate
image, the similarity degree of each selected candidate image being within the

preset similarity range; and
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designating the at least one selected candidate image as the at least one similar

image to the target image.

3. The system of claim 2, wherein the at least one similar image includes a plurality
of similar images, the at least one processor is further configured to direct the
system to perform additional operations including:

ranking the plurality of similar images according to the similarity degree between
each similar image and the target image in a descending order to generate a first
ranking result; and

transmitting, to a terminal device, a display list including at least a portion of the
plurality of similar images, wherein at least a portion of the plurality of similar images

are ranked according to the first ranking result in the display list.

4. The system of any one of claims 1 to 3, wherein the target feature vector
includes a target feature value in each dimension in the N-dimensional feature

space.

5. The system of claim 4, wherein to determine the search region in the N-
dimensional feature space, the at least one processor is further configured to direct
the system to perform additional operations including:

determining a geometrical distance range in the N-dimensional feature space
corresponding to the preset similarity range;

in each dimension, determining a coordinate range of the at least one similar
image, a difference between the target feature value in the dimension and each
value in the coordinate range being within the geometrical distance range, and

determining, based on the coordinate range in each dimension, the search

region.

6. The system of claim 4, wherein to determine the search region in the N-

dimensional feature space, the at least one processor is further configured to direct
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the system to perform additional operations including:

determining a geometrical distance range in the N-dimensional feature space
corresponding to the preset similarity range, the geometrical distance range being
defined by a shortest geometrical distance and a longest geometrical distance;

in each dimension, determining, based on the shortest geometrical distance and
the target feature value in the dimension, a first coordinate range, a difference
between the target feature value in the dimension and each value in the first
coordinate range being smaller than the shortest geometrical distance;

in each dimension, determining, based on the longest geometrical distance and
the target feature value in the dimension, a second coordinate range, a difference
between the target feature value in the dimension and each value in the second
coordinate range being smaller than the longest geometrical distance;

determining a first region defined by the first coordinate ranges in the N-
dimensional feature space and a second region defined by the second coordinate
ranges in the N-dimensional feature space; and

determining a region in the second region excluding the first region as the

search region.

7. The system of any one of claims 1 to 6, wherein to determine the search region
in the N-dimensional feature space, the at least one processor is further configured
to direct the system to perform additional operations including:

dividing the preset similarity range into a plurality of sub-ranges; and

for each of the plurality of sub-ranges, determining, based on the target feature
vector, a sub-search region corresponding to the sub-range in the N-dimensional
feature space, and wherein the search region includes plurality of sub-search

regions corresponding to the plurality of sub-ranges.

8 The system of claim 7, wherein to determine the one or more candidate images
among the plurality of images, the at least one processor is further configured to

direct the system to perform additional operations including:
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for each of the plurality of sub-search regions, determining, among the plurality
of images, one or more first candidate images, the feature vector of each first
candidate image being within the sub-search region, and

wherein the one or more candidate images include the one or more first

candidate images corresponding to each sub-search region.

9. The system of claim 7 or 8, wherein to determine the at least one similar image
to the target image among the one or more candidate images, the at least one
processor is further configured to direct the system to perform additional operations
including:
for each of the plurality of sub-search regions,
determining or obtaining a similarity degree between the target image and
each first candidate image corresponding to the sub-search region;
selecting, among the one or more first candidate images corresponding to
the sub-search region, one or more first candidate images, the similar degree
between each selected first candidate image and the target image being within
the corresponding sub-range; and
designating the one or more selected first candidate images as one or more

similar images of the at least one similar image to the target image.

10. The system of any one of claims 7 to 9, wherein to determine the sub-search
region in the N-dimensional feature space for each of the plurality of sub-ranges, the
at least one processor is further configured to direct the system to perform additional
operations including:
ranking the plurality of sub-ranges to generate a second ranking result; and
sequentially determining the sub-search region for each of the plurality of sub-

ranges according to the second ranking result.

11. The system of any one of claims 1 to 10, wherein to determine the one or more

candidate images among the plurality of images, the at least one processor is further
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configured to direct the system to perform additional operations including:

storing the feature vectors of the plurality of images into a table, the table
including a plurality of rows and N columns, each row representing an image of the
plurality of images, and each column representing a dimension in the N-dimensional
feature space;

creating an index for each of the N columns of the table; and

selecting, among the plurality of images, the one or more candidate images
based on the search region and the indexes of the table, the feature vector of each

candidate image being within the search region.

12. A method for image searching, comprising:

obtaining a target image and a plurality of images, wherein at least one similar
image to the target image is to be searched from the plurality of images;

determining a target feature vector of the target image and a feature vector of
each of the plurality of images, each of the target feature vector and the feature
vectors being an N-dimensional feature vector in an N-dimensional feature space;

determining, based on the target feature vector and a preset similarity range
between the at least one similar image and the target image, a search region in the
N-dimensional feature space;

determining, among the plurality of images, one or more candidate images,
the feature vector of each candidate image being within the search region; and

determining, among the one or more candidate images, the at least one
similar image to the target image based on the preset similarity range, the target
feature vector, and the one or more feature vectors of the one or more candidate

images.

13. The method of claim 12, wherein the determining the at least one similar image
to the target image among the one or more candidate images includes:
for each of the one or more candidate images, determining a similarity degree

between the target image and the candidate image;
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selecting, among the one or more candidate images, at least one candidate
image, the similarity degree of each selected candidate image being within the
preset similarity range; and

designating the at least one selected candidate image as the at least one similar

image to the target image.

14. The method of claim 13, wherein the at least one similar image includes a
plurality of similar images, the method further comprising:

ranking the plurality of similar images according to the similarity degree between
each similar image and the target image in a descending order to generate a first
ranking result; and

transmitting, to a terminal device, a display list including at least a portion of the
plurality of similar images, wherein at least a portion of the plurality of similar images

are ranked according to the first ranking result in the display list.

15. The method of any one of claims 12 to 14, wherein the target feature vector
includes a target feature value in each dimension in the N-dimensional feature

space.

16. The method of claim 15, wherein the determining the search region in the N-
dimensional feature space includes:

determining a geometrical distance range in the N-dimensional feature space
corresponding to the preset similarity range;

in each dimension, determining a coordinate range of the at least one similar
image, a difference between the target feature value in the dimension and each
value in the coordinate range being within the geometrical distance range, and

determining, based on the coordinate range in each dimension, the search

region.

17. The method of claim 15, wherein the determining the search region in the N-
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dimensional feature space includes:

determining a geometrical distance range in the N-dimensional feature space
corresponding to the preset similarity range, the geometrical distance range being
defined by a shortest geometrical distance and a longest geometrical distance;

in each dimension, determining, based on the shortest geometrical distance and
the target feature value in the dimension, a first coordinate range, a difference
between the target feature value in the dimension and each value in the first
coordinate range being equal to or smaller than the shortest geometrical distance;

in each dimension, determining, based on the longest geometrical distance and
the target feature value in the dimension, a second coordinate range, a difference
between the target feature value in the dimension and each value in the second
coordinate range being equal to or smaller than the longest geometrical distance;

determining a first region defined by the first coordinate ranges in the N-
dimensional feature space and a second region defined by the second coordinate
ranges in the N-dimensional feature space; and

determining a region in the second region excluding the first region as the

search region.

18. The method of any one of claims 12 to 17, wherein the determining the search
region in the N-dimensional feature space includes:

dividing the preset similarity range into a plurality of sub-ranges; and

for each of the plurality of sub-ranges, determining, based on the target feature
vector, a sub-search region corresponding to the sub-range in the N-dimensional
feature space, and wherein the search region includes plurality of sub-search

regions corresponding to the plurality of sub-ranges.

19. The method of claim 18, wherein the determining the one or more candidate
images among the plurality of images includes:
for each of the plurality of sub-search regions, determining, among the plurality

of images, one or more first candidate images, the feature vector of each first
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candidate image being within the sub-search region, and
wherein the one or more candidate images include the one or more first

candidate images corresponding to each sub-search region.

20. The method of claim 18 or 19, wherein determining the at least one similar image
to the target image among the one or more candidate images includes:
for each of the plurality of sub-search regions,
determining or obtaining a similarity degree between the target image and
each first candidate image corresponding to the sub-search region;
selecting, among the one or more first candidate images corresponding to
the sub-search region, one or more first candidate images, the similar degree
between each selected first candidate image and the target image being within
the corresponding sub-range; and
designating the one or more selected first candidate images as one or more

similar images of the at least one similar image to the target image.

21. The method of any one of claims 18 to 20, wherein the determining the sub-
search region in the N-dimensional feature space for each of the plurality of sub-
ranges includes:
ranking the plurality of sub-ranges to generate a second ranking result; and
sequentially determining the sub-search region for each of the plurality of sub-

ranges according to the second ranking result.

22. The method of any one of claims 12 to 21, wherein the determining the one or
more candidate images among the plurality of images includes:

storing the feature vectors of the plurality of images into a table, the table
including a plurality of rows and N columns, each row representing an image of the
plurality of images, and each column representing a dimension in the N-dimensional
feature space;

creating an index for each of the N columns of the table; and
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selecting, among the plurality of images, the one or more candidate images
based on the search region and the indexes of the table, the feature vector of each

candidate image being within the search region.

23. A non-transitory computer readable medium, comprising at least one set of
instructions for image searching, wherein when executed by at least one processor
of a system, the at least one set of instructions directs the system to:

obtain a target image and a plurality of images, wherein at least one similar
image to the target image is to be searched from the plurality of images;

determine a target feature vector of the target image and a feature vector of
each of the plurality of images, each of the target feature vector and the feature
vectors being an N-dimensional feature vector in an N-dimensional feature space;

determine, based on the target feature vector and a preset similarity range
between the at least one similar image and the target image, a search region in the
N-dimensional feature space;

determine, among the plurality of images, one or more candidate images, the
feature vector of each candidate image being within the search region; and

determine, among the one or more candidate images, the at least one similar
image to the target image based on the preset similarity range, the target feature

vector, and the one or more feature vectors of the one or more candidate images.

24. A system for image searching, comprising:

an obtaining module configured to obtain a target image and a plurality of
images, wherein at least one similar image to the target image is to be searched
from the plurality of images;

a feature vector determination module configured to determine a target feature
vector of the target image and a feature vector of each of the plurality of images,
each of the target feature vector and the feature vectors being an N-dimensional
feature vector in an N-dimensional feature space;

a search region determination module configured to determine, based on the
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target feature vector and a preset similarity range between the at least one similar
image and the target image, a search region in the N-dimensional feature space;

a candidate image determination module configured to determine, among the
plurality of images, one or more candidate images, the feature vector of each
candidate image being within the search region; and

a similar image determination module configured to determine, among the one
or more candidate images, the at least one similar image to the target image based
on the preset similarity range, the target feature vector, and the one or more feature

vectors of the one or more candidate images.
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