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METHOD AND SYSTEM FOR IDENTIFYING OBJECTS

TECHNICAL FIELD
[0001] The present disclosure relates to the technical field of computer vision.
BACKGROUND
[0002] Object identification pertains to the technical field of computer vision, and is mainly

intended to identify objects in images. At present, mainstream methods for identifying objects
are those based on 2D real image training and prediction, or those use three-dimensional digital
model as an auxiliary recognition method. However, the conventional methods for identifying
objects based on the three-dimensional model data fail to satisfy the requirements on workpiece

classification in factories, in terms of accuracy.

SUMMARY

[0003] The present disclosure is intended to provide a method for identifying an object,
which achieves a high identification accuracy.

[0004] The present disclosure is further intended to provide a system for identifying an
object, which achieves high identification accuracy.

[0005] The present disclosure is further intended to provide a computer-readable storage
medium which executes the code stored thereon and can identify the object accurately.

[0006] The method for identifying the object includes:

[0007] generating a plurality of synthesized images according to a three-dimensional digital
model, the plurality of synthesized images having different view angles;

[0008] respectively extracting eigenvectors of the plurality of synthesized images;

[0009] generating a first fused vector by fusing the eigenvectors of the plurality of
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synthesized images;

[0010] inputting the first fused vector into a classifier to train the classifier;

[0011] acquiring a plurality of pictures of the object, the plurality of pictures respectively
having same view angles as at least a portion of the plurality of synthesized images;

[0012] respectively extracting eigenvectors of the plurality of pictures;

[0013] generating a second fused vector by fusing the ecigenvectors of the plurality of
pictures; and

[0014] inputting the second fused vector into the trained classifier to obtain a classification
result of the object.

[0015] In the method for identifying the object, a plurality of synthesized images have
different view angles, and correspondingly, a plurality of pictures also have different view angles.
In this way, more characteristics may be embodied. The plurality of pictures respectively have
the same view angles as at least a portion of the plurality of synthesized images, such that the
interference caused by different angles is reduced. The method achieves a high identification
accuracy.

[0016] In an optional embodiment of the method, camera parameters for acquiring the
plurality of pictures are determined according to the view angles of the plurality of synthesized
images, or software parameters for generating the plurality of synthesized images are determined
according to the plurality of pictures, such that the plurality of pictures respectively have same
view angles as at least a portion of the plurality of synthesized images.

[0017] In another exemplary embodiment of the method, in the case that the plurality of
pictures respectively have the same view angles as all the plurality of synthesized images, the
first fused vector is generated by fusing the extracted eigenvectors of the plurality of synthesized
images having the same view angles as the plurality of pictures, and the second fused vector is
generated by fusing the extracted eigenvectors of the plurality of pictures.

[0018] In still another exemplary embodiment of the method, in the case that the plurality of
pictures respectively have the same view angles as the at least a portion of the plurality of
synthesized images, the second fused vector is generated by fusing the extracted eigenvectors of
the plurality of pictures in combination with auxiliary vectors, wherein a total quantity of the

eigenvectors of the plurality of pictures and the auxiliary vectors is equal to a quantity of the
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synthesized images; and the first fused vector is generated by fusing the extracted eigenvectors
of the plurality of synthesized images having the same view angles as the plurality of pictures in
combination with the auxiliary vectors, wherein a total quantity of the eigenvectors of the
plurality of synthesized images having the same view angles as the plurality of pictures and the
auxiliary vectors is equal to the quantity of the synthesized images; or in the case that the
plurality of pictures respectively have the same view angles as the at least a portion of the
plurality of synthesized images, the first fused vector is generated by fusing the extracted
eigenvectors of the plurality of synthesized images having the same view angles as the plurality
of pictures, and the second fused vector is generated by fusing the extracted eigenvectors of the
plurality of pictures.

[0019] In still another exemplary embodiment of the method, the plurality of synthesized
images are generated by CAD software according to the three-dimensional digital model.

[0020] In still another exemplary embodiment of the method, the eigenvectors of the
plurality of synthesized vectors and the eigenvectors of the plurality of pictures are respectively
extracted by CNN. The classifier includes a classifier based on deep learning.

[0021] In still another exemplary embodiment of the method, a scheme of the fusion is
determined based on an AutoML technology or a neural architecture search technology.

[0022] In still another exemplary embodiment of the method, the plurality of synthesized
images are domain-randomized, and the eigenvectors of the plurality of synthesized images are
respectively extracted; and the plurality of synthesized pictures are domain-randomized, and the
eigenvectors of the plurality of pictures are respectively extracted

[0023] The system for identifying the object includes a processor and a photographing
mechanism. The processor includes an image generating module, a characteristic extracting
module, a fusing module, and a classifier module. The image generating module is configured to
generate a plurality of synthesized images according to a three-dimensional digital model. The
plurality of synthesized images have different view angles. The characteristic extracting module
is configured to respectively extract eigenvectors of the plurality of synthesized image. The
fusing module is configured to generate a first fused vector by fusing the eigenvectors of the
plurality of synthesized images. The classifier module is configured to be trained according to

the first fused vector input. The photographing mechanism is configured to acquire a plurality of
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pictures. The processor is configured to control the photographing mechanism or the image
generating module such that the plurality of pictures respectively have same view angles as at
least a portion of the plurality of synthesized images. The characteristic extracting module is
further configured to respectively extract eigenvectors of the plurality of pictures. The fusing
module is further configured to generate a second fused vector by fusing the eigenvectors of the
plurality of pictures. The trained classifier module is configured to obtain a classification result
of the object according to the second fused vector input.

[0024] In the system for identifying the object, a plurality of synthesized images have
different view angles, and correspondingly, a plurality of pictures also have different view angles.
In this way, more characteristics may be embodied. The processor is capable of controlling the
photographing mechanism or the image generating module such that the plurality of pictures
respectively have same view angles as at least a portion of the plurality of synthesized images. In
this way, interference caused due to different angles is reduced. The system achieves a high
identification accuracy.

[0025] In an exemplary embodiment of the system, the photographing mechanism includes a
camera and a stand. The camera is movably connected to the stand. The system further includes a
driving mechanism, configured to drive the camera to move relative to the stand. The processor
is further configured to output a set of control signals according to the view angles of the
plurality of synthesized images. The driving mechanism is further configured to control
movements of the camera according to the control signals to acquire the plurality of pictures
respectively having the same view angles as the at least a portion of the plurality of synthesized
images.

[0026] In another exemplary embodiment of the system, the photographing mechanism
includes a plurality of cameras. The system further includes a position sensing unit. The position
sensing unit is configured to detect spatial positions and photographing angles of the plurality of
cameras and generate a set of view angle signals according to the spatial positions and the
photographing angles of the plurality of cameras. The processor is further configured to
determine parameters for generating the plurality of synthesized images according to the view
angle signals, such that the plurality of pictures respectively have the same view angles as the at

least a portion of the plurality of pictures.
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[0027] In another exemplary embodiment of the system, in the case that the plurality of
pictures respectively have the same view angles as all the plurality of synthesized images, the
fusing module is further configured to generate the first fused vector by fusing the extracted
eigenvectors of the plurality of synthesized images having the same view angles as the plurality
of pictures, and generate the second fused vector by fusing the extracted eigenvectors of the
plurality of pictures.

[0028] In still another exemplary embodiment of the system, in the case that the plurality of
pictures respectively have the same view angles as the at least a portion of the plurality of
synthesized images, the fusing module is further configured to generate the second fused vector
by fusing the extracted eigenvectors of the plurality of pictures in combination with auxiliary
vectors, wherein a total quantity of the eigenvectors of the plurality of pictures and the auxiliary
vectors is equal to a quantity of the synthesized images; and generate the first fused vector by
fusing the extracted eigenvectors of the plurality of synthesized images having the same view
angles as the plurality of pictures in combination with the auxiliary vectors, wherein a total
quantity of the eigenvectors of the plurality of synthesized images having the same view angles
as the plurality of pictures and the auxiliary vectors is equal to the quantity of the synthesized
images; or in the case that the plurality of pictures respectively have the same view angles as the
at least a portion of the plurality of synthesized images, the fusing module is further configured
to generate the first fused vector by fusing the extracted eigenvectors of the plurality of
synthesized images having the same view angles as the plurality of pictures, and the second
fused vector is generated by fusing the extracted eigenvectors of the plurality of pictures.

[0029] In still another exemplary embodiment of the system, the image generating module is
further configured to generate the plurality of synthesized images by CAD software according to
the three-dimensional digital model.

[0030] In still another exemplary embodiment of the method, the characteristic extracting
module is further configured to respectively extract the eigenvectors of the plurality of
synthesized vectors and the eigenvectors of the plurality of pictures by CNN. The classifier
module includes a classifier module based on deep learning.

[0031] In still another exemplary embodiment of the system, the fusing module is further

configured to determine a scheme of the fusion based on an AutoML technology or a neural
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architecture search technology.

[0032] In still another exemplary embodiment of the system, the characteristic extracting
module is further configured to domain-randomize the plurality of synthesized images, and
respectively extract the eigenvectors of the plurality of synthesized images. The characteristic
extracting module is further configured to domain-randomize the plurality of pictures, and
respectively extract the eigenvectors of the plurality of pictures.

[0033] The present disclosure is further intended to provide a computer-readable storage
medium which store the code for use by the system and can identify the object accurately. The

system executes the above method when the code is executed by the processor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings are merely for schematic and illustrative description and
demonstration of the present disclosure, instead of limiting the scope of the present disclosure.
[0035] FIG. 1 is a flowchart of a method for identifying an object according to an exemplary
embodiment of the present disclosure;
[0036] FIG. 2 is a flowchart of step S11 in the method for identifying the object as illustrated
in FIG. 1;
[0037] FIG 3 is a flowchart of a method for identifying an object according to another
exemplary embodiment of the present disclosure;
[0038] FIG. 4 is a schematic structural diagram of a system for identifying an object
according to an exemplary embodiment of the present disclosure;
[0039] FIG. 5 schematically illustrates an operating process of the system for identifying the
object as illustrated in FIG. 4;
[0040] FIG. 6 illustrates an exemplary embodiment of a characteristic extracting module; and
[0041] FIG. 7 is a schematic structural diagram of a system for identifying an object
according to another exemplary embodiment of the present disclosure.
[0042] Reference numerals and denotations thereof:

20-Processor

21-Image generating module
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22-Character extracting module

23-Fusing module

24-Classifier module

40-Photographing mechanism

41-Camera

42-Stand

50-Driving mechanism

60-Position sensing unit

80-Object

M-Three-dimensional digital model

S1, S2, S3-Synthesized images

Sv1, Sv2, Sv3-Eigenvectors of the synthesized images
Fv1-First fused vector

P1, P2, P3-Pictures

Pv1, Pv2, Pv3-Eigenvectors of the pictures
Fv2-Second fused vector

CNNI1, CNN2, CNN3-Convolutional neural networks

R-Classification result

DETAILED DESCRIPTION

[0043] For clearer descriptions of the technical features, objectives, and the technical effects
of the present disclosure, the specific embodiments of the present disclosure are hereinafter
described with reference to the accompanying drawings. In the drawings, like reference numerals
denote elements having the same structure or having the similar structure but the same function.
[0044] In this text, the term "exemplary" is used herein to mean "serving as an example,
instance, or illustration”, and any illustration or embodiment described herein as "exemplary"
shall not be necessarily construed as preferred or advantageous over other illustrations or
embodiment.

[0045] In this text, the terms "first", "second”, and the like do not represent degrees of
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importance or a sequence, but only for differentiation, and for ease of description.

[0046] For brevity, parts relevant to the present invention are merely illustrated in the
drawings, and these parts do not denote the actual structure of the product.

[0047] FIG. 1 is a flowchart of a method for identifying an object according to an exemplary
embodiment of the present disclosure. As illustrated in FIG. 1, the method according to this
exemplary embodiment includes the following steps, wherein the sequence of the steps is not
limited to the following:

[0048] S11: A plurality of synthesized images are generated according to a three-dimensional
digital model. The plurality of synthesized images have different view angles, and preferably
have a plurality of view angles that represent more characteristics. In this text, the term "plurality
of" is interpreted as "at least two".

[0049] In an exemplary embodiment of the method, the plurality of synthesized images are
generated by computer aided design (CAD) software according to the three-dimensional digital
model. The CAD software may be, for example, AutoCAD developed by Autodesk. In other
exemplary embodiments, other software capable of generating the synthesized images according
to the three-dimensional digital model may also be used, for example, Unigraphicx NX (UG)
developed by Siemens PLM Software.

[0050] Specifically, taking the CAD software as an example, as illustrated in FIG. 2, step S11,
for example, includes the following sub-steps that are performed in sequence in the CAD
software:

[0051] S111: The three-dimensional digital model is rendered.

[0052] S112: A plurality of virtual cameras are added and camera parameters of these virtual
cameras are set. The quantity of virtual cameras is consistent with the quantity of synthesized
images to be generated, and the camera parameters of the virtual cameras determine the view
angles of the synthesized images.

[0053] S113: Images are captured by the virtual cameras to obtain the synthesized images.
[0054] S12: Eigenvectors of the plurality of synthesized images are respectively extracted. In
an exemplary embodiment, for example, the eigenvectors of the plurality of synthesized images
are respectively extracted by a convolutional neural network (CNN). However, in other

exemplary embodiments, the eigenvectors of the plurality of synthesized images may also be
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extracted in other fashions.

[0055] The convolutional neural network is a feedforward neural network involving
convolutional computation and having a deep structure, and one of representative algorithms of
deeping learning. The convolutional neural network has capabilities of characterization learning,
and is capable of performing translation invariant classification for input information according
to a hierarchical structure thereof, which is thus referred to as a "translation invariant artificial
neural network". The CNN facilitates extraction of eigenvectors of key characteristics, to further
improve the accuracy of the method for identifying the object.

[0056] S13: A first fused vector is generated by fusing the eigenvectors of the plurality of
synthesized images. In an exemplary embodiment, for example, a scheme of the fusion is
determined by the automated machine learning (AutoML) technology or the neural architecture
search technology, which facilitates determination of an optional scheme of the fusion. However,
the determination of the scheme of the fusion is not limited herein.

[0057] The AutoML incorporates data pre-processing, characteristic selection, algorithm
selection and the like steps in machine learning with model architecture design, model training
and the likes steps in deep learning, and deploys the same in a "black box". By the "black box", a
desired prediction result may be obtained as long as the data is input.

[0058] The method of "designing one neural network by using another neural network” is
referred to as the neural architecture search (NAS) technology, and generally, this method
designs a new neural network by using reinforcement learning or evolutionary algorithm. The
NAS may automatize architecture engineering, and the NAS is capable of automatically

obtaining an optimal architecture as long as a data set is provided.

S14: The first fused vector is input into a classifier to train the classifier. In an exemplary
embodiment, the classifier includes a classifier based on deep learning.
[0059] S21: A plurality of pictures of the object (for example, a workpiece) are acquired by
the cameras. The plurality of pictures respectively have same view angles as at least a portion of
the plurality of synthesized images. That is, the quantity of pictures is less than the quantity of
synthesized images. If the quantity of synthesized images is 5, the quantity of pictures may be,
for example, 5 or 3. The plurality of synthesized images includes synthesized images having the

same view angles as the pictures.
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[0060] S522: Eigenvectors of the plurality of pictures are respectively extracted. In an
exemplary embodiment, for example, the eigenvectors of the plurality of pictures are
respectively extracted by a CNN.

[0061] S523: A second fused vector is generated by fusing the eigenvectors of the plurality of
pictures. In an exemplary embodiment, for example, the scheme of the fusion is determined
based on the AutoML technology or the neural architecture search technology. The scheme of the
fusion used in this step is the same as the scheme of the fusion used in step S13.

[0062] S30: The second fused vector is input into the classifier trained in step S14, to obtain
a classification result of the object.

[0063] In an exemplary embodiment, for example, the plurality of synthesized images may
be generally first, and then the camera parameters (for example, the positions and the angles) for
acquiring the plurality of pictures may be determined according to the view angles of the
plurality of synthesized images, such that the plurality of pictures respectively have the same
view angles as the at least a portion of the plurality of synthesized images. Nevertheless, the
plurality of pictures of the object may be acquired first, and then the camera parameters for
generating the plurality of synthesized images may be determined according to the view angles
of the plurality of pictures.

[0064] In an exemplary embodiment, in the case that the plurality of pictures respectively
have the same view angles as all the plurality of synthesized images (that is, the quantity of
pictures is the same as the quantity of synthesized images, and the view angles thereof are in an
one-to-one correspondence), in step S13, the first fused vector is generated by fusing the
extracted eigenvectors of the plurality of synthesized images having the same view angles as the
plurality of pictures, and in step S23, the second fused vector is generated by fusing the extracted
eigenvectors of the plurality of pictures.

[0065] Nevertheless, it is likely that the plurality of pictures have the same view angles as a
portion of the plurality of synthesized images. That is, the quantity of pictures is less than the
quantity of synthesized images. This case occurs, for example, in the scenario where the
classifier has been trained by using 5 synthesized images (for example, a front view, a rear view,
a plan view, a bottom view, and a three-dimensional view), but during photographing for the

object, the same quantity of pictures having the same view angles fail to be acquired due to, for
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example, restriction of space, and instead only a portion of pictures having the same view angles
are acquired, for example, 3 pictures (for example, a front view, a rear view, and a
three-dimensional view). Then, in step S23, the second fused vector is generated by fusing the
extracted eigenvectors of the plurality of pictures in combination with the auxiliary vectors
(vectors having a modulus of 1), wherein a total quantity of the eigenvectors of the plurality of
pictures and the auxiliary vectors is equal to the quantity of the synthesized images. In step S13,
the first fused vector may be generated by fusing the extracted eigenvectors of the plurality of
synthesized images having the same view angles as the plurality of pictures in combination with
the auxiliary vectors, wherein a total quantity of the eigenvectors of the plurality of synthesized
images having the same view angles as the plurality of pictures and the auxiliary vectors is equal
to the quantity of the synthesized images. For example, if the quantity of synthesized images is 5
and the quantity of pictures is 3, the quantity of auxiliary vectors desired in the above two steps
1s 2. In this method, the scheme of the fusion does not need to be re-determined, but the first
fused vector only needs to be generated by re-fusion according to the original fusion scheme, and
the classifier needs to be re-trained according to the re-generated first fused vector. In this
exemplary embodiment, the auxiliary vector is, for example, a unit vector (that is, a vector with a
modulus equal to 1) or a zero vector.

[0066] However, in other exemplary embodiments, in step S13, the first fused vector may be
generated by fusing the extracted eigenvectors of the plurality of synthesized images having the
same view angles as the plurality of pictures, and in step S23, the second fused vector is
generated by fusing the extracted eigenvectors of the plurality of pictures. Since the quantity of
vectors input during the fusion is changed, the scheme of the fusion needs to be re-determined,
the first fused vector only needs to be generated by re-fusion according to the new fusion scheme,
and the classifier needs to be re-trained according to the re-generated first fused vector.

[0067] In the method for identifying the object, a plurality of synthesized images have
different view angles, and correspondingly, a plurality of pictures also have different view angles.
In this way, more characteristics may be embodied. The plurality of pictures respectively have
same view angles as at least a portion of the plurality of synthesized images. In this way,
interference caused due to different angles is reduced. The method achieves a high identification

accuracy.
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[0068] FIG. 3 is a flowchart of a method for identifying an object according to another
exemplary embodiment of the present disclosure. The common points between the method for
identifying the object according to this exemplary embodiment and the method for identifying
the object as illustrated in FIG. 1 are not described herein any further, and the differences
between these two methods are described hereinafter. In an exemplary embodiment, upon
completion of step S11, step S15 is first performed to domain-randomize the plurality of
synthesized images, and then step S12 is performed. Upon completion of step S21, step S24 is
first performed to domain-randomize the plurality of pictures, and then step S22 is performed.
By domain-randomization, known characteristics (for example, environment of the object, color
of the object, and the like) that may not be used to differentiate objects may be excluded in
practice. In this way, the accuracy and efficiency of the method for identifying the object are
improved.

[0069] The present disclosure further provides a system for identifying an object. FIG. 4 is a
schematic structural diagram of a system for identifying an object according to an exemplary
embodiment of the present disclosure. As illustrated in FIG. 4, the system for identifying the
object includes a processor 20 and a photographing mechanism 40. The processor 20 includes an
image generating module 21, a characteristic extracting module 22, a fusing module 23, and a
classifier module 24.

[0070] The image generating module 21 is capable of generating a plurality of synthesized
images according to a three-dimensional digital model. The plurality of synthesized images have
different view angles. In an exemplary embodiment, the image generating module 21 generates
the plurality of synthesized images, for example, by computer aided design (CAD) software
according to the three-dimensional digital model.

[0071] The characteristic extracting module 22 is configured to respectively extract
eigenvectors of the plurality of synthesized image. In an exemplary embodiment, the
characteristic extracting module 22, for example, respectively extracts the eigenvectors of the
plurality of synthesized images by a CNN. However, in other exemplary embodiments, the
characteristic extracting module 22 may also extract the eigenvectors of the plurality of
synthesized images by using other algorithms.

[0072] The fusing module 23 is capable of generating a first fused vector by fusing the

12
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eigenvectors of the plurality of synthesized images. In an exemplary embodiment, the fusing
module 23, for example, determines a scheme of the fusion based on the AutoML technology or
the neural architecture search technology, which facilitates determination of an optional scheme
of the fusion. However, the determination of the scheme of the fusion is not limited herein.
[0073] The classifier module 24 is capable of being trained according to the first fused vector
input. In an exemplary embodiment, the classifier module 24, for example, includes a classifier
module 24 based on deep learning, which is not limited herein.

[0074] The photographing mechanism 40 is capable of acquiring a plurality of pictures of an
object 80. In an exemplary embodiment, the photographing mechanism 40 includes a camera 41
and a stand 42. The camera 41 is movably connected to the stand 42. The system further includes
a driving mechanism 50, capable of driving the camera 41 to move relative to the stand 42. The
processor 20 is capable of outputting a set of control signals according to the view angles of the
plurality of synthesized images. The driving mechanism 50 is capable of controlling movements
of the camera 41 according to the control signals to acquire the plurality of pictures respectively
having the same view angles as the at least a portion of the plurality of synthesized images.
Accordingly, photographing positions and angles of the camera 41 may be controlled according
to the view angles of the synthesized images, which saves manpower. In this case, one camera 41
needs to capture the plurality of pictures by changing positions and angles. However, in other
exemplary embodiments, a plurality of cameras 41 may be deployed. In this way, the time for
acquiring the pictures may be saved.

[0075] The characteristic extracting module 22 is capable of respectively extracting
eigenvectors of the plurality of pictures. The fusing module 23 is capable of generating a second
fused vector by fusing the eigenvectors of the plurality of pictures. The trained classifier module
24 is capable of obtaining a classification result of the object according to the second fused
vector input.

[0076] In an exemplary embodiment, in the case that the plurality of pictures respectively
have the same view angles as all the plurality of synthesized images (that is, the quantity of
pictures is the same as the quantity of synthesized images, and the view angles thereof are in an
one-to-one correspondence), the fusing module 23 is capable of generating the first fused vector

by fusing the extracted eigenvectors of the plurality of synthesized images having the same view
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angles as the plurality of pictures, and generating the second fused vector by fusing the extracted
eigenvectors of the plurality of pictures.

[0077] Nevertheless, it is likely that the plurality of pictures have the same view angles as a
portion of the plurality of synthesized images. That is, the quantity of pictures is less than the
quantity of synthesized images. This case occurs, for example, in the scenario where the
classifier has been trained by using 5 synthesized images (for example, a front view, a rear view,
a plan view, a bottom view, and a three-dimensional view), but during photographing for the
object, the same quantity of pictures having the same view angles fail to be acquired since the
cameras fail to be deployed due to, for example, restriction of space, and instead only a portion
of pictures having the same view angles are acquired, for example, 3 pictures (for example, a
front view, a rear view, and a three-dimensional view). In this case, the fusing module 23 is
capable of generating the second fused vector by fusing the extracted eigenvectors of the
plurality of pictures in combination with auxiliary vectors (that is, vectors having a modulus of
1), wherein a total quantity of the eigenvectors of the plurality of pictures and the auxiliary
vectors is equal to a quantity of the synthesized images; and generating the first fused vector by
fusing the extracted eigenvectors of the plurality of synthesized images having the same view
angles as the plurality of pictures in combination with the auxiliary vectors, wherein a total
quantity of the eigenvectors of the plurality of synthesized images having the same view angles
as the plurality of pictures and the auxiliary vectors is equal to the quantity of the synthesized
images. For example, if the quantity of synthesized images is 5 and the quantity of pictures is 3,
the quantity of auxiliary vectors desired in the above two steps is 2. Accordingly, the scheme of
the fusion does not need to be re-determined, but the first fused vector only needs to be
generated by re-fusion according to the original fusion scheme, and the classifier needs to be
re-trained according to the re-generated first fused vector.

[0078] However, in other exemplary embodiments, the fusion module 23, for example, is
capable of generating the first fused vector by fusing the extracted eigenvectors of the plurality
of synthesized images having the same view angles as the plurality of pictures, and generating
the second fused vector by fusing the extracted eigenvectors of the plurality of pictures. Since
the quantity of vectors input during the fusion is changed, the fusing module 23 needs to

re-determine the scheme of the fusion, and generate the first fused vector only by re-fusion
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according to the new fusion scheme, and the classifier module 24 needs to be re-trained
according to the re-generated first fused vector.

[0079] In an exemplary embodiment, the characteristic extracting module 22 is capable of
domain-randomizing the plurality of synthesized images, and respectively extracting the
eigenvectors of the plurality of synthesized images. The characteristic extracting module 22 is
capable of domain-randomizing the plurality of pictures, and respectively extracting the
eigenvectors of the plurality of pictures. By domain-randomization, known characteristics (for
example, environment of the object, color of the object, and the like) that may not be used to
differentiate objects may be excluded in practice. In this way, the accuracy and efficiency of the
method for identifying the object are improved.

[0080] FIG. 5 schematically illustrates an operating process of the system for identifying the
object as illustrated in FIG. 4, which is not intended to limit the present disclosure. As illustrated
in FIG. 5, a three-dimensional digital model M is input into the image generating module 21, the
image generating module 21 is capable of generating a synthesized image S1, a synthesized
image S2, and a synthesized image S3 according to the three-dimensional digital model M. The
synthesized image S1, the synthesized image S2, and the synthesized image S3 are input into the
characteristic extracting module 22, and the characteristic extracting module 22 extracts an
eigenvector Svl, an eigenvector Sv2, and an eigenvector Sv3. The eigenvector Svl, the
eigenvector Sv2, and the eigenvector Sv3 are input into the fusing module 23, and the fusing
module 23 generates a first fused vector Fv1 by fusing the eigenvector Sv1, the eigenvector Sv2,
and the eigenvector Sv3. The first fused vector Fv1 is input into the classifier module 24 for
training.

[0081] As illustrated in FIG. 5, the photographing mechanism 40 acquires a picture P1, a
picture P2, and a picture P3 by photographing the object 80. The picture P1 has the same view
angle as the synthesized image S1, the picture P2 has the same view angle as the synthesized
image S2, and the picture P3 has the same view angle as the synthesized image S3. The picture
P1, the picture P2, and the picture P3 are input into the characteristic extracting module 22, and
the characteristic extracting module 22 extracts an eigenvector Pv1, an eigenvector Pv2, and an
eigenvector Pv3. The eigenvector Pvl, the eigenvector Pv2, and the eigenvector Pv3 are input

into the fusing module 23, and the fusing module 23 generates a second fused vector Fv2 by
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fusing the eigenvector Pvl, the eigenvector Pv2, and the eigenvector Pv3. The second fused
vector Fv2 is input into the classifier module 24 to obtain a classification result R.

[0082] As illustrated in FIG. 6, in an exemplary embodiment, the characteristic extracting
module 22, for example, includes a plurality of convolutional neural networks, that is, a CNN 1,
a CNN 2, and a CNN 3, which are configured to respectively process different synthesized
images to obtain corresponding eigenvectors. The plurality of CNNs may have the same
parameter or different parameters. The fusing module 23, for example, implements the fusion by
fusing the networks.

[0083] In the system for identifying the object, a plurality of synthesized images have
different view angles, and correspondingly, a plurality of pictures also have different view angles.
In this way, more characteristics may be embodied. The processor is capable of controlling the
photographing mechanism or the image generating module such that the plurality of pictures
respectively have same view angles as at least a portion of the plurality of synthesized images. In
this way, interference caused due to different angles is reduced. The system achieves a high
identification accuracy.

[0084] FIG. 7 is a schematic structural diagram of a system for identifying an object
according to another exemplary embodiment of the present disclosure. The common points
between the system for identifying the object as illustrated in FIG. 7 and the system for
identifying the object as illustrated in FIG. 4 are not described herein any further, and the
differences between these two systems are described hereinafter. In an exemplary embodiment,
the photographing mechanism 40 includes a plurality of cameras 41. The quantity of cameras is
consistent with the quantity of pictures to be acquired. The system further includes a position
sensing unit 60. The position sensing unit 60 is capable of detecting spatial positions and
photographing angles of the plurality of cameras 41 and generating a set of view angle signals
according to the spatial positions and the photographing angles of the plurality of cameras 41.
The processor 20 is capable of determining determine parameters for generating the plurality of
synthesized images according to the view angle signals, such that the plurality of pictures
respectively have the same view angles as the at least a portion of the plurality of pictures. In this
way, the parameters for generating the plurality of synthesized images may be automatically

determined according to the spatial positions and the photographing angles of the cameras,
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which saves manpower.

[0085] It should be understood that, although this specification is described based on the
embodiments, not cach of the embodiments discloses an independent technical solution. Such
description manner of the specification is only for clarity. A person skilled in the art should
consider the specification as an entirety. The technical solutions according to the embodiments
may also be suitably combined to derive other embodiments that may be understood by a person
skilled in the art.

[0086] A series of detailed descriptions given in this specifically are merely intended to
illustrate feasible embodiments of the present disclosure, instead of limiting the protection scope
of the present disclosure. Any equivalent embodiments or modifications, for example,
combinations, segmentations, or repetition of features, derived without departing from the spirit

of the present disclosure shall fall within the protection scope of the present disclosure.
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CLAIMS

What is claimed is

1. A method for identifying an object, comprising:

generating a plurality of synthesized images according to a three-dimensional digital model,
the plurality of synthesized images having different view angles;

respectively extracting eigenvectors of the plurality of synthesized images;

generating a first fused vector by fusing the eigenvectors of the plurality of synthesized
images;

inputting the first fused vector into a classifier to train the classifier;

acquiring a plurality of pictures of the object, the plurality of pictures respectively having
same view angles as at least a portion of the plurality of synthesized images;

respectively extracting eigenvectors of the plurality of pictures;

generating a second fused vector by fusing the eigenvectors of the plurality of pictures; and

inputting the second fused vector into the trained classifier to obtain a classification result
of the object.

2. The method according to claim 1, wherein camera parameters for acquiring the plurality
of pictures are determined according to the view angles of the plurality of synthesized images, or
software parameters for generating the plurality of synthesized images are determined according
to the plurality of pictures, such that the plurality of pictures respectively have same view angles
as at least a portion of the plurality of synthesized images.

3. The method according to claim 1, wherein in the case that the plurality of pictures
respectively have the same view angles as the at least a portion of the plurality of synthesized
images, the first fused vector is generated by fusing the extracted eigenvectors of the plurality of
synthesized images, and the second fused vector is generated by fusing the extracted
eigenvectors of the plurality of pictures.

4. The method according to claim 1, wherein in the case that the plurality of pictures
respectively have the same view angles as the at least a portion of the plurality of synthesized

images, the second fused vector is generated by fusing the extracted eigenvectors of the plurality
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of pictures in combination with auxiliary vectors, wherein a total quantity of the eigenvectors of
the plurality of pictures and the auxiliary vectors is equal to a quantity of the synthesized images;
and the first fused vector is generated by fusing the extracted eigenvectors of the plurality of
synthesized images having the same view angles as the plurality of pictures in combination with
the auxiliary vectors, wherein a total quantity of the eigenvectors of the plurality of synthesized
images having the same view angles as the plurality of pictures and the auxiliary vectors is equal
to the quantity of the synthesized images; or

in the case that the plurality of pictures respectively have the same view angles as the at
least a portion of the plurality of synthesized images, the first fused vector is generated by fusing
the extracted eigenvectors of the plurality of synthesized images having the same view angles as
the plurality of pictures, and the second fused vector is generated by fusing the extracted
eigenvectors of the plurality of pictures.

5. The method according to claim 1, wherein the plurality of synthesized images are
generated by CAD software according to the three-dimensional digital model.

6. The method according to claim 1, wherein the eigenvectors of the plurality of synthesized
vectors and the eigenvectors of the plurality of pictures are respectively extracted by CNN, and
the classifier comprises a classifier based on deep learning.

7. The method according to claim 1, wherein a scheme of the fusion is determined based on
an AutoML technology or a neural architecture search technology.

8. The method according to claim 1, wherein the plurality of synthesized images are
domain-randomized, and the eigenvectors of the plurality of synthesized images are respectively
extracted; and the plurality of synthesized pictures are domain-randomized, and the eigenvectors
of the plurality of pictures are respectively extracted.

9. A system for identifying an object, comprising:

a processor (20), comprising:

an image generating module (21), configured to generate a plurality of synthesized
images according to a three-dimensional digital model, the plurality of synthesized images
having different view angles;

a characteristic extracting module (22), configured to respectively extract eigenvectors

of the plurality of synthesized images;
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a fusing module (23), configured to generate a first fused vector by fusing the
eigenvectors of the plurality of synthesized images; and
a classifier module (24), configured to be trained according to the first fused vector

input; and

a photographing mechanism (40), configured to acquire a plurality of images of the object;
wherein the processor (20) is configured to control the photographing mechanism (40) or the
image generating module (21) such that the plurality of pictures respectively have same view
angles as at least a portion of the plurality of synthesized images, the characteristic extracting
module (22) is further configured to respectively extract eigenvectors of the plurality of pictures,
the fusing module (23) is further configured to generate a second fused vector by fusing the
eigenvectors of the plurality of pictures, and the trained classifier module (24) is configured to
obtain a classification result of the object according to the second fused vector input.

10. The system according to claim 9, wherein the photographing mechanism (40) comprises
a camera (41) and a stand (42), the camera (41) being movably connected to the stand (42); and
the system further comprises a driving mechanism (50), configured to drive the camera (41) to
move relative to the stand (42), wherein the processor (20) is further configured to output a set of
control signals according to the view angles of the plurality of synthesized images, and the
driving mechanism (50) is further configured to control movements of the camera (41) according
to the control signals to acquire the plurality of pictures respectively having the same view
angles as the at least a portion of the plurality of synthesized images.

11. The system according to claim 9, wherein the photographing mechanism (40) comprises
a plurality of cameras (41); and the system further comprises a position sensing unit (60), the
position sensing unit (60) being configured to detect spatial positions and photographing angles
of the plurality of cameras (41) and generate a set of view angle signals according to the spatial
positions and the photographing angles of the plurality of cameras (41), wherein the processor
(20) is further configured to determine parameters for generating the plurality of synthesized
images according to the view angle signals, such that the plurality of pictures respectively have
the same view angles as the at least a portion of the plurality of pictures.

12. The system according to claim 9, wherein in the case that the plurality of pictures

respectively have the same view angles as the at least a portion of the plurality of synthesized
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images, the fusing module (23) is further configured to generate the first fused vector by fusing
the extracted eigenvectors of the plurality of synthesized images, and generate the second fused
vector by fusing the extracted eigenvectors of the plurality of pictures.

13. The system according to claim 9, wherein in the case that the plurality of pictures
respectively have the same view angles as the at least a portion of the plurality of synthesized
images, the fusing module (23) is further configured to generate the second fused vector by
fusing the extracted eigenvectors of the plurality of pictures in combination with auxiliary
vectors, wherein a total quantity of the eigenvectors of the plurality of pictures and the auxiliary
vectors is equal to a quantity of the synthesized images; and generate the first fused vector by
fusing the extracted eigenvectors of the plurality of synthesized images having the same view
angles as the plurality of pictures in combination with the auxiliary vectors, wherein a total
quantity of the eigenvectors of the plurality of synthesized images having the same view angles
as the plurality of pictures and the auxiliary vectors is equal to the quantity of the synthesized
images; or

in the case that the plurality of pictures respectively have the same view angles as the at
least a portion of the plurality of synthesized images, the fusing module (23) is further
configured to generate the first fused vector by fusing the extracted eigenvectors of the plurality
of synthesized images having the same view angles as the plurality of pictures, and generate the
second fused vector by fusing the extracted eigenvectors of the plurality of pictures.

14. The system according to claim 9, wherein the image generating module (21) is further
configured to generate the plurality of synthesized images by CAD software according to the
three-dimensional digital model.

15. The system according to claim 9, wherein the characteristic extracting module (22) is
further configured to respectively extract the eigenvectors of the plurality of synthesized vectors
and the eigenvectors of the plurality of pictures by CNN, and the classifier module (24)
comprises a classifier (24) based on deep learning.

16. The system according to claim 9, wherein the fusing module (23) is further configured
to determine a scheme of the fusion based on an AutoML technology or a neural architecture
search technology.

17. The system according to claim 9, wherein the characteristic extracting module (22) is
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further configured to domain-randomize the plurality of synthesized images, and respectively
extract the eigenvectors of the plurality of synthesized images; and domain-randomize the
plurality of synthesized images, and respectively extract the eigenvectors of the plurality of
pictures.

18.a computer-readable storage medium, wherein the computer-readable storage medium
store code thereon for use by a system; the system performs the method according to any one of

the claims 1-8 when the code is executed by a processor.
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