IMAGE RECOGNITION METHOD, APPARATUS, AND STORAGE MEDIUM
TECHNICAL FIELD

Embodiments of the present disclosure relate to an image processing technology, and in

particular, to an image recognition method, apparatus, and a storage medium.
BACKGROUND

As the development of image recognition technologies, the image recognition apparatus
may associate and match the face and operational part in the image picture, for example, a hand
of a person, i.e., recognizing whether the face and operational part belong to the same person.
Currently, two types of methods for associating the face and the operational part are included;
one is to first respectively recognize multiple faces and multiple operational parts from an image
and then use a deep learning model to deduce the relation between the face and the operational
part; the other one is to associate the face and the operational part based on an association
algorithm of body key points.

However, when using the deep learning model to deduce the relation between the face
and the operational part, for each combination of the faces and operational parts, the deep
learning model is required to be invoked; while when the face is distant from the operational
part, it would be difficult for the deep learning model to determine the relation between the face
and the operational part, rendering low accuracy of the association between the face and the
operational part; when using the association algorithm of the body key points, since multiple
bodies exist in the image, the key points would loss some of the body information, rendering low

accuracy of the association between the face and the operational part.
SUMMARY

Embodiments of the present disclosure provide an image recognition method and
apparatus and a storage device, capable of improving accuracy of association between a face and
an operational part.

The technical solution of the present disclosure is realized as below:

The embodiments of the present disclosure provide an image recognition method,
including:

performing image detection on an image to be recognized to obtain at least one face

1



detection result, at least one operational part detection result, and at least one trunk detection
result; each face detection result including one face bounding box, each operational part
detection result including one operational part bounding box, and each trunk detection result
including one trunk bounding box;

respectively combining each of the at least one trunk detection result with each face
detection result, to obtain at least one first result combination;

respectively combining each trunk detection result with each operational part detection
result, to obtain at least one second result combination; and

associating the at least one first result combination with the at least one second result
combination, to obtain an association result.

The embodiments of the present disclosure provide an image recognition apparatus,
including:

a detection module, configured to perform image detection on an image to be recognized
to obtain at least one face detection result, at least one operational part detection result, and at
least one trunk detection result, each face detection result including one face bounding box, each
operational part detection result including one operational part bounding box, and each trunk
detection result including one trunk bounding box;

a combination module, configured to respectively combine each of the at least one trunk
detection result with each face detection result, to obtain at least one first result combination, and
respectively combine each trunk detection result with each operational part detection result, to
obtain at least one second result combination; and

an association module, configured to associate the at least one first result combination
with the at least one second result combination, to obtain an association result.

The embodiments of the present disclosure provide an electronic device, including:

a memory, configured to store executable image recognition instructions; and

a processor, configured to implement the image recognition method provided by the
embodiments of the present disclosure when executing the executable image recognition
instructions stored in the memory.

The embodiments of the present disclosure provide a storage medium, storing executable
image recognition instructions, configured to implement the image recognition method provided

by the embodiments of the present disclosure when the instructions are executed by a processor.
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The embodiments of the present disclosure provide a computer program, including a
computer-readable code, where when the computer-readable code runs in a device, a processor in
the device executes instructions for implementing operations of the image recognition method
provided by the embodiments of the present disclosure.

The embodiments of the present disclosure have the following beneficial effects:

In the embodiments of the present disclosure, image detection is performed on the image
to be recognized ,to obtain at least one face detection result, at least one operational detection
result, and at least one trunk detection result, and then each of the at least one trunk detection
result is separately combined with each face detection result to obtain at least one first result
combination; then each trunk detection result is used for being separately combined with each
operational part detection result, to obtain at least one second result combination; finally, the at
least one first result is integrated and associated with the at least one second result combination,
to obtain the association result. By means of the modes above, the relation between the trunk
detection result and the face detection result and the relation between the trunk detection result
and the operational part detection result are determined, so as to use the trunk detection result to
associate the face detection result with the operational part detection result, which lowers the
difficulty for determining the face and the operational part, would not lose key information of a
body in the image at the same time, and improves the accuracy of the association between the

face and the operational part.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an image recognition scene 100 provided by the
embodiments of the present disclosure.

FIG. 2 is an optional flow chart I of the image recognition method provided by the
embodiments of the present disclosure.

FIG. 3 is an optional flow chart II of the image recognition method provided by the
embodiments of the present disclosure.

FIG. 4 is an optional flow chart III of the image recognition method provided by the
embodiments of the present disclosure.

FIG. 5 is an optional flow chart IV of the image recognition method provided by the

embodiments of the present disclosure.



FIG. 6 is a schematic diagram of width, height, and area of a trunk detection region
provided by the embodiments of the present disclosure.

FIG. 7 is an optional flow chart V of the image recognition method provided by the
embodiments of the present disclosure.

Fig. 8 is a schematic structural diagram I of the image recognition apparatus provided by
the embodiments of the present disclosure.

FIG. 9 is a schematic structural diagram II of an electronic device provided by the

embodiments of the present disclosure.
DETAILED DESCRIPTION

The technical solutions in the embodiments of the present disclosure are clearly and
completely described below with reference to the accompanying drawings in the embodiments of
the present disclosure.

The embodiments of the present disclosure provide an image recognition scene, as shown
in FIG. 1; FIG. 1 is a schematic diagram of an image recognition scene 100 provided by the
embodiments of the present disclosure. In the image recognition scene 100, an image recognition
apparatus 300 for performing image recognition on a region 200 to be recognized is included; in
the region 200 to be recognized, at least one character object is included (exemplarily showing
character object 400-1, character object 400-2, and character object 400-3), where each character
object 400 may be distinguished by means of a face. The image recognition apparatus 300 may
be disposed at a front or side of the region 200 to be recognized, so as to perform image
recognition on the region 200 to be recognized at a parallel angel. Specifically, the image
recognition apparatus 300 may perform image collection on the region 200 to be recognized,
then detect the trunk detection result 500 (exemplarily showing trunk detection result 500-1,
trunk detection result 500-2, and trunk detection result 500-3), the face detection result 600
(exemplarily showing face detection result 600-1, face detection result 600-2, and face detection
result 600-3), and the operational part detection result 700 (exemplarily showing operational part
detection result 700-1, operational part detection result 700-2, and operational part detection
result 700-3) from the collected image, and then perform association analysis on these detection
results, so as to further determine the relation between the face and the operational part in the

image picture, i.e., determining whether the operational part detection result 700 belongs to
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which character object in the character objects 400, so that when any operational part detection
result in the operational part detection results 700 moves, the image recognition apparatus may
determine which character object in the character object detection 400 moves by means of the
operational part.

As can be understood, in some embodiments of the present disclosure, the operational
part may refer to a hand of the character object 400 or may also refer to other parts.

With reference to FIG. 2, FIG. 2 is an optional flow chart I of the image recognition
method provided by the embodiments of the present disclosure. The image recognition method
provided by the embodiments of the present disclosure includes S101-S104.

In S101, image detection is performed on an image to be recognized to obtain at least one
face detection result, at least one operational part detection result and at least one trunk detection
result are obtained; a face detection result includes a face bounding box, an operational part
detection result includes an operational part bounding box, and a trunk detection result includes a
trunk bounding box.

The embodiments of the present disclosure are achieved in a scene requiring to recognize
the image picture and further associate the face and operational part in the image picture, for
example, the scene of associating the face and operational part of each student in the class, so as
to distinguish behaviors of different students; and for another example, the scene of associating
the face and operational part of each passenger on a bus, so as to distinguish behaviors of
different passengers, and the like. During image recognition, first a set image collection device
collects the image picture of the detection region in real time and uses the image picture
collected in real time as the image to be recognized. In the image collected in real time,
photographs of multiple characters exist; however, due to shielding among persons, the
correspondence between the face and the operational part cannot be seen, i.e., it cannot be
distinguished which operational part belongs to which face. After obtaining the image to be
recognized, the pre-stored detection model would be used for detecting all faces, all operational
parts, and all trunks in the image to be recognized; the face bounding box is used for selecting a
face image by means of a box; the operational part bounding box is used for selecting an
operational part image by means of a box; the trunk bounding box is used for selecting the trunk
image by means of a box; in this way, at least one face detection result, at least one operational

part detection result, and at least one trunk detection result, can be obtained.
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It should be noted that the detection region refers to a region in any one of the image
recognition scene that requires image recognition; the detection region can be set manually, and
can also be automatically analyzed by using an image processing technology. In fact, the image
of each detection region can be collected using multiple image collection devices.

It can be understood that the image collection devices may be high-definition cameras,
etc. At this time, the obtained image to be recognized is a single photo of the detection region.
The image collection devices may also be video cameras, and the obtained image to be
recognized is a video sequence of the detection region.

In some embodiments of the present disclosure, the image collection devices may be
color collection devices; the collected image to be recognized may be a color image; the devices
may be gray collection devices and the collected image to be recognized may be a gray image.

As can be understood that the detection model is a trained detection model; the model
may a deep learning model for processing the image, for example, a Convolutional Neural
Network (CNN) model, and may also be other network models; the embodiments of the present
disclosure do not define herein.

It should be explained that the detection model in the embodiments of the present
disclosure may be a model trained together by using a face training image, an operational part
training image, and a trunk training image; at this time, one detection model should be used so as
to detect all of the face detection result, operational part detection result, and trunk detection
result in the image to be recognized; certainly, the detection model in the embodiments of the
present disclosure may also be three different models trained respectively using the face training
image, operational part training image, and trunk training image; at this time, the image to be
recognized may be separately input into the three detection models, to respectively obtain the
face detection result, operational part detection result, and trunk detection result.

In the embodiments of the present disclosure, the operational part refers to the part in the
photograph of the character for performing each action, for example, a hand, a foot, etc. of the
character; the trunk part refers to the parts except for the operational part and the face in the
photograph of the character.

In S102, each of the at least one trunk detection result is respectively combined with each
face detection result, to obtain at least one first result combination.

After receiving the at least one face detection result, the at least one operational part
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detection result, and the at least one trunk detection result, each of the at least one trunk detection
result would be used for combining with each face detection result in the at least one face
detection result, to obtain the combination of the trunk detection result and the face detection
result; the combination is used as the first result combination. Since the at least one trunk
detection result includes one or more trunk detection results, and the at least one face detection
result also includes one or more face detection results, at least one first result combination can be
obtained.

Furthermore, the obtained number of the first result combinations equals to a product of
the number of the trunk detection results and the number of the face detection results. When one
trunk detection result is combined with each face detection result, the first result combinations of
the number of the face detection results can be obtained; there is at least one trunk detection
result, thus the first result combinations whose number is equal to the product of the number of
the trunk detection results and the number of the face detection results will be obtained.

Exemplarily, when two trunk detection results and three face detection results (since the
shielding reason, the trunk part of one character is not detected) are detected in the detection
region, where the two trunk detection results are respectively trunk result-1 and trunk result-2;
the three face detection results are respectively face result-1, face result-2, and face result-3; at
this time, trunk result-1 can be used for being separately combined with face result-1, face
result-2, and face result-3, to obtain three first result combinations, i.e., <trunk result-1, face
result-1>, <trunk result-1, face result-2>, and <trunk result-1, face result-3>; then trunk result-2
is separately used for being combined with face result-1, face result-2, and face result-3, to
further obtain three first result combinations, i.e., <trunk result-2, face result-1>, <trunk result-2,
face result-2>, and <trunk result-2, face result-3>. In this way, six first result combinations are
obtained in total.

In S103, each trunk detection result are respectively combined with each operational part
detection result, to obtain at least one second result combination.

Each trunk detection result and each operational part detection result in the at least one
operational part detection result are combined to obtain the combination of the trunk detection
result and the operational part detection result, and the combination is used as the second result
combination. Moreover, similar to the first combination result, since the at least one trunk

detection result has one or more trunk detection results, and the at least one operational part
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detection result also has one or more operational part detection result, at least one second result
combination can be obtained.

As can be understood that, similar to the first combination result, the number of the
second result combinations obtained by means of the image recognition apparatus is the same as
the product of the number of the trunk detection results and the number of the operational part
detection results.

Exemplarily, when two trunk detection results and four operational part detection results
are detected in the detection region by means of the image recognition apparatus, where the
trunk detection results are respectively trunk result-1 and trunk result-2; the operational part
detection results are respectively operational part result-1, operational part result-2, operational
part result-3, and operational part result-4; at this time, trunk result-1 can be used for being
separately combined with operational part result-1, operational part result-2, operational part
result-3, and operational part result-4, to obtain four second result combinations, i.e., <trunk
result-1, operational part result-1>, <trunk result-1, operational part result-2>, <trunk result-1,
operational part result-3>, and <trunk result-1, operational part result-4>; then trunk result-2 is
further separately used for being combined with operational part result-1, operational part
result-2, operational part result-3, and operational part result-4, to obtain four second result
combinations, i.e., <trunk result-2, operational part result-1>, <trunk result-2, operational part
result-2>, <trunk result-2, operational part result-3>, and <trunk result-2, operational part
result-4>. In this way, eight second result combinations are obtained in total.

In S104, the at least one first result combination is associated with the at least one second
result combination, to obtain an association result.

After obtaining at least one first result combination and at least one second result
combination, each first result combination in the at least one result combination can be
associated with each second result combination in the at least second result combination, i.e.,
determining whether the face detection result and the operational part detection result belong to
the same person, and using the determining result as the association result, so as to complete the
image recognition of the detection region, so as to further determine the relation between each
face and each operational part in the detection region.

It should be explained that, in the embodiments of the present disclosure, when

associating the first result combination with the second result combination, it is determined first
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whether the trunk detection result and the face detection result in each first result combination
belong to the same person, and then it is determined whether the trunk detection result and the
operational part detection result in each second result combination belong to the same person;
when the trunk detection result and the face detection result in one first result combination
belong to the same person and the trunk detection result and the operational part detection result
in the second result combination including the trunk detection result in the first result
combination belong to the same person, the first result combination is associated with the second
result combination, i.e., the face detection result in the first result combination and the
operational part detection result in the second result combination also belong to the same person,
i.e., the trunk detection result can be used for associating the face detection result with the
operational part detection result.

In the embodiments of the present disclosure, image detection is performed on the image
to be recognized, to obtain at least one face detection result, at least one operational detection
result, and at least one trunk detection result, and then each of the at least one trunk detection
result is separately combined with each face detection result to obtain at least one first result
combination; then each trunk detection result is used for being separately combined with each
operational part detection result, to obtain at least one second result combination; finally, the at
least one first result is integrated and associated with the at least one second result combination,
to obtain the association result, so as to complete the image recognition of the detection region.
By means of the modes above, the relation between the trunk detection result and the face
detection result and the relation between the trunk detection result and the operational part
detection result can be determined, so as to use the trunk detection result to associate the face
detection result with the operational part detection result, which lowers the difficulty for
determining the face and the operational part, would not lose key information of a body in the
image at the same time, and improves the accuracy of the association between the face and the
operational part.

With reference to FIG. 3, FIG. 3 is an optional flow chart II of the image recognition
method provided by the embodiments of the present disclosure. In some embodiments of the
present disclosure, the at least one first result combination is associated with the at least one
second result combination, to obtain the association result, i.e., the specific implementing

process of S104 may include: S1041-S1044, as follows.
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In S1041, feature extraction is respectively performed on each trunk detection result,
each face detection result and each operational part detection result, to obtain a trunk feature
sequence corresponding to each trunk detection result, a face feature sequence corresponding to
each face detection result, and an operational part feature sequence corresponding to each
operational part detection result.

When associating the at least one first result combination and the at least one second
result combination, it is required to first know the feature sequence corresponding to the trunk
detection result in the first result combination and the feature sequence corresponding to the face
detection result; similarly, it is also required to know the feature sequence corresponding to the
operational part detection result in the second result combination so as to respectively determine,
according to these feature sequences, whether the trunk detection result is associated with the
face detection result and whether the trunk detection result is associated with the operational part
detection result. Hence, feature extraction is required to be first performed on each trunk
detection result, each face detection result and each operational part detection result, to obtain a
trunk feature sequence corresponding to each trunk detection result, a face feature sequence
corresponding to each face detection result, and an operational part feature sequence
corresponding to each operational part detection result.

It should be explained that in the embodiments of the present disclosure, the feature
sequence consists of the position feature and the appearance feature, that is, the trunk feature
sequence is formed by combining the trunk position feature and the trunk appearance feature,
and the face feature sequence is formed by combining the face position feature and the face
appearance feature; similarly, the operational part feature sequence is formed by combining the
operational part position feature and the operational part appearance feature.

In S1042, the trunk detection result of each first result combination is associated with the
face detection result of said each first result combination according to the trunk feature sequence
and the face feature sequence, to obtain a first sub-association result corresponding to each first
result combination.

The obtained trunk feature sequence and face feature sequence are used for determining
whether the trunk detection result and the face detection result in each first result combination
belong to the same person, and the determining result is used as the first sub-association result;

in this way, the first sub-association result corresponding to each first result combination would
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be obtained, i.e., obtaining at least one first sub-association result.

It should be explained that since for the trunk detection result and the face detection
result for the same person, a certain rule may exist in the position relation, for example, a
distance range would exist between the face of the person and the trunk of the person, they
would not be distant far apart and would not be too close, either; meanwhile, for the trunk
detection result and the face detection result for the same person, similar spots would also exist
in appearance, for example, the skin color of the face and the trunk would be similar; moreover,
the trunk feature sequence consists of the trunk position feature and the trunk appearance feature
by means of combination, and the face feature sequence consists of the face position feature and
the face appearance feature by means of combination, and therefore, the trunk feature sequence
and the face feature sequence can be used for determining whether the trunk detection result and
the face detection result belong to the same person, so as to obtain the first sub-association result.

In S1043, the trunk detection result of each second result combination is associated with
the operational part detection result of said each second result combination according to the
trunk feature sequence and the operational part feature sequence, to obtain a second
sub-association result corresponding to each second result combination.

Moreover, the trunk feature sequence and the operational part feature sequence can be
used for determining whether the trunk detection result and the operational part detection result
belong to the same person, and using the determining result as the second sub-association result;
in this way, at least one second sub-association result having one-to-one correspondence to each
second result combination can be obtained.

Similar to S1042, for the trunk detection result and the operational part detection result
for the same person, a certain rule may exist in the position relation, for example, a distance
range would exist between the operational part of the person, e.g., the hand, and the trunk of the
person; similarly, for the trunk detection result and the operational detection result for the same
person, similar spots would also exist in appearance, for example, the skin color of the
operational part and the a part of the trunk, for example, the wrist, elbow, and etc. would be
similar; similarly, the operational part feature sequence consists of the operational part position
feature and the operational part appearance feature by means of combination, and therefore, the
trunk feature sequence and the operational part feature sequence can be used for determining

whether the trunk detection result and the operational part detection result belong to the same
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person, so as to obtain the second sub-association result.

In S1044, the association result is determined according to each first sub-association
result and each second sub-association result.

After obtaining the first sub-association result and the second sub-association result, the
first sub-association result and the second sub-association result can be analyzed, and the final
analysis result is used as the association result. In this way, it can be determined whether the face
detection result and the operational part detection result belong to the same person, so as to
complete the image recognition process of the detection region.

In the embodiments of the present disclosure, the trunk feature sequence corresponding to
each trunk detection result, the face feature sequence corresponding to each face detection result,
and the operational part feature sequence corresponding to each operational part detection result
can first be extracted, respectively; then according to the trunk feature sequence and the face
feature sequence, the trunk detection result and the face detection result in each first result
combination are associated, to obtain the first sub-association result corresponding to the first
result combination, and according to the trunk feature sequence and the operational part feature
sequence, the trunk detection result and the operational part detection result in each second result
combination are associated, to obtain the second sub-association result corresponding to the
second result combination; and finally, according to each first sub-association result and each
second sub-association result, the final association result is determined. In this way, the
association process for at least one first result combination and at least one second result
combination is completed, the relation among the trunk detection result, the face detection result,
and the operational part detection result in the image to be recognized is determined, and the
image recognition process for a detection region is completed.

In some embodiments of the present disclosure, determining the association result
according to each first sub-association result and each second sub-association result, i.c., the
specific implementing process of S1044, may include: S1044a-S1044c, as follows.

In S1044a, associated first result combinations having the trunk detection result
associated with the face detection result in the at least one first result combination are determined
according to each first sub-association result.

After obtaining each first sub-association result, according to each first sub-association

result, whether the trunk detection result and the face detection result in each first result
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combination are associated can be determined, i.e., determining whether the trunk detection
result and the face detection result in each first result combination belong to the same person;
and then the first result combinations having the trunk detection result associated with the face
detection result in each first result combination can be selected as the associated first result
combinations.

In S1044b, associated second result combinations having the trunk detection result
associated with the operational part detection result in the at least one second result combination
are determined according to each second sub-association result.

Similarly, after obtaining each second sub-association result, according to each second
sub-association result, whether the trunk detection result and the operational part detection result
in each second result combination are associated can be determined, i.e., determining whether
the trunk detection result and the operational part detection result in each second result
combination belong to the same person; and then the second result combinations having the
trunk detection result associated with the operational part detection result in each second result
combination can be selected as the associated second result combinations.

In S1044c, it is determined that the associated first result combination and the associated
second result combination having a same trunk detection result are associated to obtain the
association result, where a face represented by the face detection result in the associated first
result combination is mutually associated with an operational part represented by the operational
part detection result in the associated second result combination that is associated with the
associated first result combination.

The associated first result combination and the associated second result combination are
classified according to the trunk detection result; the associated first result combination and the
associated second result combination having a same trunk detection result are necessarily
associated; at this time, the association results are the face detection result in the associated first
result combination having a same trunk detection result associated with the operational part
detection result in the associated second result combination.

In the embodiments of the present disclosure, according to the first sub-association result
and the second sub-association result, the associated first result combination and the associated
second result combination can be selected, so as to mutually associating the associated first result

combination and the associated second result combination having a same trunk detection result;
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in this way, whether the face detection result and the operational part detection result belong to
the same person can be determined, so as to obtain the association result.

In some embodiments of the present disclosure, the trunk detection result of each first
result combination is associated with the face detection result of said each first result
combination according to the trunk feature sequence and the face feature sequence, to obtain a
first sub-association result corresponding to each first result combination, i.e., the specific
implementing process of S1042 may also include: S1042a-S1042b, as follows.

In S1042a, for each of the at least one first result combination, a first combination feature
corresponding to the first result combination is obtained by splicing the face feature sequence
corresponding to the face detection result in the first result combination and the trunk feature
sequence corresponding to the trunk detection result in the first result combination.

When associating the trunk detection result and the face detection result in a first result
combination, the trunk feature sequence corresponding to the trunk detection result and the face
feature sequence corresponding to the face detection result in the first result combination are
spliced; the obtained slicing result is used as a first combination feature, and therefore, the first
combination features have one-to-one correspondence with the first result combinations.

As can be understood, the trunk feature sequence and the face feature sequence can be
connected end to end for splicing, and the obtained first combination feature is a
one-dimensional feature sequence; and the trunk feature sequence and the face feature sequence
can also be used as matrix elements, so as to be spliced to obtain a feature matrix; at this time,
the first combination feature is the generated feature matrix. Certainly, other mode can also be
used for splicing the trunk feature sequence and the face feature sequence to obtain the first
combination feature; the embodiments of the present disclosure do not limit same herein.

In S1042b, the first combination feature corresponding to each first result combination is
used for classifying each first result combination, to obtain the first sub-association result
corresponding to each first result combination.

That is, a preset classification model for classifying the combination feature can be used
for inputting the first combination feature corresponding to each first result combination into the
preset classification model for classification, and the result output by the preset classification
model is used as the first sub-association result.

It should be explained that the results output by the preset classification model only have
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two types, one is association, representing an association relation existing between the trunk and
face in the first result combination, and the other one is non—association, representing no
association relation existing between the trunk and face in the first result combination.

In some embodiments of the present disclosure, the results output by the preset
classification model can be represented using specific numeral numbers, for example, 1 is used
for representing an association relation existing between the trunk and face in the first result
combination, and 0 is sued for representing no association relation existing between the trunk
and face in the first result combination.

As can be understood, the preset classification model uses a large amount of combination
feature sequences as training data; the association results of the combination feature sequences
are used as a dichotomy model trained by a monitoring item. The preset classification model may
be a multi-layer perceptron, and may also be other models; the embodiments of the present
disclosure do not limit same herein.

In the embodiments of the present disclosure, the trunk feature sequence and the face
feature sequence in each first result combination can be spliced to obtain the first combination
feature corresponding to each first result combination, so as to classify the first result
combination with the preset classification model according to the first combination feature, to
obtain the first sub-association result corresponding to each first result combination. In this way,
whether the trunk detection result is associated with the face detection result can be determined,
to obtain the first sub-association result.

In some embodiments of the present disclosure, the trunk detection result of each second
result combination is associated with the operational part detection result of said each second
result combination according to the trunk feature sequence and the operational part feature
sequence, to obtain a second sub-association result corresponding to each second result
combination, i.e., the specific implementing process of S1043 may include: S1043a-S1043b, as
follows.

In S1043a, for each of the at least one second result combination, a second combination
feature corresponding to the second result combination is obtained by splicing the trunk feature
sequence corresponding to the trunk detection result in the second result combination and the
operational part feature sequence corresponding to the operational part detection result in the

second result combination.
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In actual applications, a mode of end to end splicing or a splicing matrix can be used for
splicing the trunk feature sequence and the operational part feature sequence in a second result
combination and using the obtained splicing result as the second combination feature
corresponding to the second result combination. The aforementioned operations are performed
on the trunk feature sequence and the operational part feature sequence in each second result
combination to obtain the second combination feature corresponding to each second result
combination.

It should be explained that the same mode for splicing the trunk feature sequence and the
face feature sequence can be used for splicing the trunk feature sequence and the operational part
feature sequence, and a different mode for splicing the trunk feature sequence and the face
feature sequence can be used for splicing the trunk feature sequence and the operational part
feature sequence.

In S1043b, Each second result combination is classified with the second combination
feature corresponding to each second result combination, to obtain the second sub-association
result corresponding to each second result combination.

Then the second combination feature is input into the preset classification model for
classification and calculation, and the calculation result output by the preset classification model
is used as the second sub-association result corresponding to the second result combination; in
this way, the association process of the trunk detection result and the operational part detection
result in the second result combination is completed.

In the embodiments of the present disclosure, the trunk feature sequence and the
operational part feature sequence in each second result combination can be spliced to obtain a
second combination feature, and the preset classification model is used for classifying the second
combination feature to obtain the second sub-association result corresponding to each second
result combination; in this way, whether the trunk detection result is associated with the
operational part detection result in the second result combination can be determined.

With reference to FIG. 4, FIG. 4 is an optional flow chart III of the image recognition
method provided by the embodiments of the present disclosure. In same embodiments of the
present disclosure, feature extraction is performed on each trunk detection result, each face
detection result, and each operational part detection result, respectively, to obtain the trunk

feature sequence corresponding to each trunk detection result, the face feature sequence
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corresponding to each face detection result, the operational part feature sequence corresponding
to each operational part detection result, i.e., the specific implementing process of S1041 may
include S1041a-S1041c, as follow:

In S1041a, feature extraction is respectively performed on a trunk image in each trunk
detection result, a face image in each face detection result and an operational part image in each
operational part detection result, to obtain a trunk appearance feature of each trunk detection
result, a face appearance feature of each face detection result, and an operational part appearance
feature of each operational part detection result.

When feature extraction is performed on each trunk detection result, each face detection
result, and each operational part detection result, first, trunk images in each trunk detection result
are captured, face images in each face detection result are captured, and operational part images
in each operational part detection result are captured; then feature extraction is performed on
these trunk images, face images, and operational part images, to respectively obtain a trunk
appearance feature corresponding to the trunk images, a face appearance feature corresponding
to the face images, an operational part appearance feature corresponding to the operational part
images.

As can be understood, in the embodiments of the present disclosure, the trunk appearance
feature, face appearance feature, and operational part appearance feature can be respectively
obtained directly from the feature map of the image to be recognized; other appearance feature
extraction algorithms can further be used for respectively obtain the trunk appearance feature,
face appearance feature, and operational part appearance feature from the trunk images, face
images, and operational part images. The specific method for obtaining the appearance feature
can be set according to actual conditions, and the embodiments of the present disclosure do not
limit same.

It should be explained that in the embodiments of the present application, feature
extraction is performed on the trunk image in each trunk detection result, the face image in each
face detection result, and the operational part image in each operational part detection result, and
therefore, the number of the obtained trunk appearance features is the same as that of the trunk
detection results; similarly, the number of the face appearance features is the same as that of the
face detection results and the number of the operational part appearance features is the same as

that of the operational part detection results.
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In the embodiments of the present disclosure, the obtained trunk appearance feature, face
appearance feature, and operational part appearance feature can be one-dimensional feature
vectors and may also be features in other forms; the embodiments of the present disclosure do
not limit same herein.

In S1041b, a trunk position feature of each trunk detection result is determined according
to coordinate information of a trunk bounding box in each trunk detection result; a face position
feature of each face detection result is determined according to coordinate information of a face
bounding box in each face detection result; and an operational part position feature of each
operational part detection result is determined according to coordinate information of an
operational part bounding box in each operational part detection result.

In the image to be recognized, coordinate information of the trunk bounding box in each
trunk detection result is obtained, and then, according to the coordinate information of the trunk
bounding box, the trunk position feature corresponding to each trunk detection result is
constituted; similarly, coordinate information of the face bounding box in each face detection
result and coordinate information of the operational part bounding box in each operational part
detection result are obtained, and then, according to the coordinate information, the face position
feature corresponding to each face detection result and the operational part position feature
corresponding to each operational part detection result are constituted.

As can be understood, in the embodiments of the present disclosure, the number of the
obtained trunk position features is the same as that of the trunk detection results, the number of
the obtained face position features is the same as that of the face detection results, and the
number of the obtained operational part position features is the same as that of the operational
part detection results.

In some embodiments of the present disclosure, the position feature can be directly
constituted using the coordinate information and the position feature can further be constituted
by first using the coordinate information to calculate parameters such as the height, width, and
area of the detection region, and using these parameters; the embodiments of the present
disclosure do not limit same herein.

In S1041c, the trunk feature sequence of each trunk detection result is obtained by
splicing the trunk appearance feature and the trunk position feature of each trunk detection result;

the face feature sequence of each face detection result is obtained by splicing the face appearance
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feature and the face position feature of each face detection result; and the operational part feature
sequence of each operational part detection result is obtained by splicing the operational part
appearance feature and the operational part position feature of each operational part detection
result.

Since the number of the trunk appearance features and the number of the trunk position
features are both the same of the number of the trunk detection results, the number of the
obtained trunk feature sequences is also necessarily the same as that of the trunk detection result;
similarly, the number of the face feature sequences is the same as that of the face detection result
and the number of the operational part feature sequences is also the same as that of the
operational part detection result.

In the embodiments of the present disclosure, the trunk appearance feature of each trunk
detection result, the face appearance feature of each face detection result, and the operational part
appearance feature of each operational part detection result, can be respectively extracted;
according to the coordinate information of the trunk bounding box of each trunk detection result,
the coordinate information of the face bounding box of each face detection result, and the
coordinate information of the operational part bounding box of each operational part detection
result, the trunk position feature, face position feature, and operational part position feature are
generated; the appearance features and position features are correspondingly spliced, to obtain
the trunk feature sequence of each trunk detection result, the face feature sequence of each face
detection result, and the operational part feature sequence of each operational part detection
result; in this way, the feature extracting process for each trunk detection result, each face
detection result, and each operational part result can be completed.

With reference to FIG. 5, FIG. 5 is an optional flow chart IV of the image recognition
method provided by the embodiments of the present disclosure. In some embodiments of the
present disclosure, a trunk position feature of each trunk detection result is determined according
to coordinate information of a trunk bounding box in each trunk detection result; a face position
feature is determined according to coordinate information of a face bounding box in each face
detection result; and an operational part position feature of each operational part detection result
is determined according to an coordinate of an operational part bounding box in each operational
part detection result, i.e., the specific implementing process of S1041b may include S201-S204,

as follows.
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In S201, a trunk region position parameter of each trunk detection result is generated
according to the coordinate information of each trunk bounding box; a face region position
parameter of each face detection result is generated according to the coordinate information of
each face bounding box; and an operational part region position parameter of each operational
part detection result is generated according to the coordinate information of each operational part
bounding box.

In some embodiments of the present disclosure, the trunk region position parameter of a
trunk detection result include: at least one of the coordinate information of the trunk bounding
box in the trunk detection result and the width, height, and area of the trunk bounding box in the
trunk detection result; the face region position parameter of a face detection result include: at
least one of the coordinate information of the face bounding box in the face detection result and
the width, height, and area of the face bounding box in the face detection result; and similarly,
the operational part region position parameter of an operational part detection result include: at
least one of the coordinate information of the operational part bounding box in the operational
part detection result and the width, height, and area of the operational part bounding box in the
operational part detection result.

Obtained four pieces of coordinate information of the trunk bounding box are then used
for calculating the length, width, and area of the trunk bounding box; and from the length of the
trunk bounding box, the width of the trunk bounding box, and the area of the trunk bounding box
in the four pieces of coordinate information of the trunk bounding box, one or more parameters
are selected as the position parameters for the trunk bounding box. Similarly, the face region
position parameters and the operational part detection region position parameters can be obtained
using the same mode as that for the trunk detection region position parameters.

In S202, based on a preset trunk sequence bit number, a preset trunk feature construction
module, and a trunk feature construction parameter, a trunk position sequence of each trunk
detection result is constructed according to the trunk region position parameter of each trunk
detection result, and a trunk position feature of each trunk detection result is generated according
to the trunk position sequence of each trunk detection result, where the trunk feature construction
parameter is generated according to the preset trunk sequence bit number.

That is, the length of the trunk position sequence to be constructed can be determined

according to the preset trunk sequence bit number, so as to further determine a trunk
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sub-construction parameter according to the length of the trunk position sequence, and then some
bit number subscripts in the preset trunk sequence bit number are selected, for example, all even
number bits, all odd number bits, etc., and then according to the bit number subscripts of these
bit numbers and the sub-construction parameter, a trunk feature construction parameter is
generated. Then the trunk feature construction parameter and the trunk feature construction
model are used for constructing the trunk position feature of each trunk detection result, so as to
splice the trunk position features to obtain the trunk position feature of each trunk detection
result. The preset trunk sequence bit number refers to the bit number of the set trunk sequence
subscripts.

It should be explained that in the embodiments of the present disclosure, the selected bit
number subscripts can be used for comparing with the trunk sub-construction parameter to obtain
the bit number subscript ratio; then the bit number subscript ratio is used as an index, and the
multiple of the trunk construction parameter is used as a cardinal number, for an exponent
operation; and then the result of the exponent operation is used as the trunk feature construction
parameter.

Exemplarily, embodiments of the present disclosure provide a formula for constructing

the trunk feature construction parameter, as shown in formula (1):
GZHGZi/a (1)
where n is the multiple, and can be set according to actual conditions, @ is the trunk

sub-construction parameter, 27 is the even number bits in the preset trunk sequence bit number,

and O is the trunk feature construction parameter. After the image recognition apparatus
obtains the preset trunk sequence bit number, and determines the length of the trunk position

sequence, according to the length of the trunk position sequence, the trunk sub-construction
parameter { can be determined, all even number bit subscripts in the preset trunk sequence bit

numbers are obtained, and then these parameters are introduced into formula (1) so as to obtain
the trunk feature construction parameter.

As can be understood, in the embodiments of the present disclosure, the preset trunk
sequence bit number may be determined according to actual conditions, and the embodiments of

the present disclosure do not limit same herein. Exemplarily, the preset trunk sequence bit
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number may be 0, 1, 2, ..., 255, and at this time, 256 subscripts are included in total; the preset
trunk sequence bit number may also be 1, 2, ..., 128, and at this time, 128 subscripts are included
in total;

It should be explained that when the image recognition apparatus obtains the preset trunk
sequence bit number, the length of the trunk position sequence to be constructed is also actually
determined. The constructed position sequence length is associated with the last subscript of the
preset trunk sequence bit number. In the embodiments of the present disclosure, when the bit
number of the sequence subscripts may be started from 0, the length of the trunk position
sequence is the last subscript -1 of the preset sequence bit number, and when the bit number of
the sequence subscripts may also be started from 1, the length of the trunk position sequence is
the same as the last subscript of the preset sequence bit number. Moreover, after the length of the
trunk position sequence is determined, the trunk sub-construction parameter in the trunk feature
construction parameter is also determined.

In some embodiments of the present disclosure, the trunk sub-construction parameter in
the trunk feature construction parameter is the same as the trunk position sequence in length, for
example, when the length of the trunk position sequence is 256, the trunk sub-construction
parameter is also 256; the trunk sub-construction parameter in the trunk feature construction
parameter may also be a half of the trunk position sequence length, for example, when the trunk
position sequence length is 256, the trunk sub-construction parameter is 128; the embodiments of
the present disclosure do not limit same herein.

It should be explained that since the trunk region position parameter includes at least one
of the coordinate, length, width, and area of the trunk bounding box, and since the position
sequence is constructed for each trunk region position parameter, the number of the position
sequences is also the same as that of the region position parameters.

Exemplarily, when only using four coordinates (which may be coordinates of four
corners of the trunk bounding box) of the trunk detection region as the trunk region position
parameters, four position sequences for one trunk detection region can be obtained; moreover,
the four position sequences have one-to-one correspondence to the four coordinates; when using
four coordinates and the height, width, and area together as the trunk region position parameters,
seven trunk position sequences for one trunk detection region can be obtained; moreover, the

seven position sequences respectively correspond to the four coordinates and the height, width,
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and area.

It should be understood that the preset trunk feature construction model is used for
constructing a position element for each subscript bit number in the preset trunk sequence bit
number; the preset trunk feature construction model may be a cosine construction model, may
also be a sine construction model, and may further be other construction models. The
embodiments of the present disclosure do not limit same herein.

Since the number of the trunk position sequences is the same as that of the trunk region
position parameters, when only one parameter exists in the trunk region position parameters,
only one trunk position sequence also exists; at this time, the trunk position sequence can be
directly used as the trunk position feature; and when the trunk region position parameters have
multiple parameters, multiple trunk position sequences would exist, and at this time, the multiple
trunk position sequences can be connected end to end so as to be spliced to obtain the trunk
position feature.

It should be understood that since one or more trunk position sequences are obtained, the
length of the trunk position feature is the product of the length of the trunk position sequence and
the number of the position sequences.

In S203, based on a preset face sequence bit number, a preset face feature construction
model, and a face feature construction parameter, a face position sequence of each face detection
result is constructed according to the face region position parameter of each face detection result,
and a face position feature of each face detection result is generated according to the face
position sequence of each face detection result, where the face feature construction parameter is
generated according to the preset face sequence bit number.

In S204, based on a preset operational part sequence bit number, a preset operational part
feature construction model, and an operational part feature construction parameter, an
operational part position sequence of each operational part detection result is constructed
according to the operational part region position parameter of each operational part detection
result, and an operational part position feature of each operational part detection result is
generated according to the operational part position sequence of each operational part detection
result, where the operational part feature construction parameter is generated according to the
preset operational part sequence bit number.

A mode similar to S201 can be used for obtaining the face position feature of each face
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detection result and the operational part position feature of each operational part detection result.
It should be explained that the preset trunk sequence bit number, the preset face sequence bit
number, and the preset operational part sequence bit number may be the same or may also be
different; the embodiments of the present disclosure do not limit same herein.

In the embodiments of the present disclosure, respectively according to the coordinate
information of the trunk bounding box, the coordinate information of the face bounding box, and
the coordinate information of the operational part bounding box, the trunk region position
parameter, the face region position parameter, and the operational part region position parameter,
can be respectively generated; and based on the position parameters, the preset sequence bit
number, the preset feature construction models, and the generated feature construction
parameters, the trunk position sequence, the face position sequence, and the operational part
position sequence are obtained, so as to obtain the trunk position feature, the face position
feature, and the operational part position feature. In this way, the generation of the trunk position
feature, the face position feature, and the operational part position feature can be completed.

In some embodiments of the present disclosure, when a preset sequence bit number is an
even number bit and the preset feature construction model is a sine construction model, the
position sequence is determined by S205-S208, as follows.

In S205, the region position parameter of each detection result is divided by the feature
construction parameter, to obtain a first parameter ratio of each detection result.

Exemplarily, the embodiments of the present disclosure provide a process for generating

the first parameter ratio, as shown in formula (2):

=2 @)

(o)

where P is the region position parameter, O is the calculated feature construction

parameter, and / is the first parameter ratio. After obtaining the region position parameter of

each detection result and calculating the feature construction parameter, these parameters can be
introduced into formula (2), to respectively obtain the first parameter ratio of each detection
result.

It should be explained that since the region position parameter of the detection result
includes at least one of the coordinate, length, width, and area of the detection region, one or

24



more or the first parameter ratios of the detection result can be respectively determined.
Moreover, the first parameter ratios all correspond to the region position parameters.

In S206, sine value calculation is performed on the first parameter ratio of each detection
result using the sine construction model, to obtain a first position element.

After the first parameter ratio is obtained, construction of the position element can be
performed on each bit number subscript in the preset sequence bit number. In the embodiments
of the present disclosure, when the number of the position subscripts is an even number, i.e., the
preset sequence bit number is the even number bit, the first parameter ratio can be introduced
into the sine construction model for calculation of a sine value, and the obtained sine value is
marked as the first position element. In this way, the calculation of the first position elements of
all even number bits in the preset sequence bit number is completed.

Exemplarily, the embodiments of the present disclosure provide a process for calculating

the first position elements of the even number bits, as shown in formula (3):

PE,. = sinh (3)
where /; is the first parameter ratio, 27 is the even number bit in the preset sequence

bit number, and PE,; is the calculated first position element. After the first parameter ratio is

obtained, the first parameter ratio can be introduced into formula (3) for calculating the first
position element.

It should be explained that the first position element refers to the position element on the
even number bit; multiple even number bits may exist in the present sequence bit number, and
therefore, the first position element does not specify a certain element, rather than making a
general reference to the first position elements on all even number bits.

In S207, the position sequence of each detection result is determined according to the
first position element of each detection result.

For one detection result, after obtaining the first position elements of the detection result,
all of the first elements of the detection result are arranged and integrated according to the order
of the bit number subscripts; and the integration result is used as the position sequence of the
detection result.

In S208, when the preset sequence bit number is the preset trunk sequence bit number,

then the preset feature construction model is the preset trunk feature construction model, the
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feature construction parameter is the trunk feature construction parameter, the detection result is
the trunk detection result, the region position parameter is the trunk region position parameter,
and the position sequence is the trunk position sequence; when the preset sequence bit number is
the preset face sequence bit number, then the preset feature construction model is the preset face
feature construction model, the feature construction parameter is the face feature construction
parameter, the detection result is the face detection result, the region position parameter is the
face region position parameter, and the position sequence is the face position sequence; and
when the preset sequence bit number is the preset operational part sequence bit number, then the
preset feature construction model is the preset operational part feature construction model, the
feature construction parameter is the operational part feature construction parameter, the
detection result is the operational part detection result, the region position parameter is the
operational part region position parameter, and the position sequence is the operational part
position sequence.

In the embodiments of the present disclosure, the sine construction model can be used for
generating the first position elements for the even number bit in the sequence bit number, and the
first position elements are used for obtaining the position sequence, so as to obtain the position
feature. In this way, the mode for obtaining the position sequence can be used for constructing
the trunk position feature, the face position feature, and the operational part position feature.

In some embodiments of the present disclosure, when a preset sequence bit number is an
odd number bit and a preset feature construction model is a cosine construction model, the
position sequence is determined by S209-S212, as follows.

In S209, the region position parameter of each detection result is divided by the feature
construction parameter, to obtain a second parameter ratio of each detection result.

In S210, cosine value calculation is performed on the second parameter ratio of each
detection result using the cosine construction model, to obtain a second position element.

When the number of the bit number subscripts is an odd number, i.e., the preset sequence
bit number is the odd number bit, the first parameter ratio can be introduced into the cosine
construction model for calculation, and the obtained cosine value is separately marked as the
second position element.

Exemplarily, the embodiments of the present disclosure provide a process for calculating

the second position elements of the odd bits, as shown in formula (4):
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PE,,, = cosh “)
where /; is the first parameter ratio, 2741 is the odd number bit in the preset

sequence bit number, and PE,,,, is the calculated second position element. The second

parameter ratio can be introduced into formula (4) for calculating the second position element.

As can be understood, similar to the first position element, the second position element
does not specify a certain trunk position element rather than making a general reference to the
position elements on all odd number bits.

In S211, the position sequence of each detection result is determined according to the
second position element of each detection result.

In S212, when the preset sequence bit number is the preset trunk sequence bit number,
then the preset feature construction model is the preset trunk feature construction model, the
feature construction parameter is the preset trunk feature construction parameter, the detection
result is the trunk detection result, the region position parameter is the trunk region position
parameter, and the position sequence is the trunk position sequence; when the preset sequence bit
number is the preset face sequence bit number, then the preset feature construction model is the
preset face feature construction model, the feature construction parameter is the preset face
feature construction parameter, the detection result is the face detection result, the region position
parameter is the face region position parameter, and the position sequence is the face position
sequence; and when the preset sequence bit number is the preset operational part sequence bit
number, then the preset feature construction model is the preset operational part feature
construction model, the feature construction parameter is the preset operational part feature
construction parameter, the detection result is the operational part detection result, the region
position parameter is the operational part region position parameter, and the position sequence is
the operational part position sequence.

In the embodiments of the present disclosure, the cosine construction model can be used
for generating the second position elements for the odd number bit in the sequence bit number,
and the second position elements are used for obtaining the position sequence. In this way, the
mode for obtaining the position sequence can be used by the image recognition apparatus for
constructing the trunk position feature, the face position feature, and the operational part position

feature.
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In some embodiments of the present disclosure, a trunk region position parameter of each
trunk detection result is generated according to the coordinate information of each trunk
bounding box; a face region position parameter of each face detection result is generated
according to the coordinate information of each face bounding box; and an operational part
region position parameter of each operational part detection result is generated according to the
coordinate information of each operational part bounding box, i.e., the specific implementing
process of S201 may include S2011-S2014, as follows.

In S2011, according to the coordinate information of the trunk bounding box in each
trunk detection result, the width, height, and area of the trunk bounding box in each trunk
detection result are calculated; and according to the coordinate information of the face bounding
box in each face detection result, the width, height, and area of the face bounding box in each
face detection result are calculated; according to the coordinate information of the operational
part bounding box in each operational part detection result, the width, height, and area of the
operational part bounding box in each operational part detection result are calculated.

The horizontal axis coordinate at the left upper corner of the trunk bounding box is used
for making a difference with the horizontal axis at the right upper corner of the trunk bounding
box, and the obtained difference is used as the width of the trunk bounding box; the longitudinal
axis coordinate at the left lower corner of the trunk bounding box is used for making a difference
with the longitudinal axis at the left upper corner of the trunk bounding box, and the obtained
difference is used as the height of the trunk bounding box; finally, the product of the width and
the height is calculated to obtain the area of the trunk bounding box. Meanwhile, the same
method for calculating the width of the trunk bounding box can also be used for respectively
calculating the width of the face bounding box and the width of the operational part bounding
box; the same method for calculating the height of the trunk bounding box can also be used for
respectively calculating the height of the face bounding box and the height of the operational part
bounding box, and the same method for calculating the area of the trunk bounding box can also
be used for respectively calculating the area of the face bounding box and the area of the
operational part bounding box.

Exemplarily, the present disclosure provides the schematic diagram of the width, height,

and area of the trunk bounding box, as shown in FIG. 6, (xl,yl) is the coordinate at the left
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upper corner of the trunk bounding box, (xz, yl) is the coordinate at the right upper corner of
the trunk bounding box, (xl, yz) is the coordinate at the left lower corner of the trunk bounding
box, and (x,,,) is the coordinate at the right lower corner of the trunk bounding box. At this
time, the width of the trunk bounding box is X, — X, the height of the trunk bounding box is

Y, — Y, and accordingly, the area of the trunk bounding box is (x2 - X, ) X ( Y, - yl) .

In S2012, at least one of the coordinate information, width, height, and area of the trunk
bounding box in each trunk detection result is used for constructing the trunk region position
parameter of each trunk detection result.

After obtaining the four coordinates of the trunk bounding box, the width of the trunk
bounding box, the height of the trunk bounding box, and the area of the trunk bounding box, one
or more parameters can be selected from these parameters as the trunk region position
parameters; in this way, the image recognition apparatus obtains the trunk region position
parameters of each trunk detection result.

In S2013, at least one of the coordinate information, width, height, and area of the face
bounding box in each face detection result is used for constructing the face region position
parameter of each face detection result.

Similarly, after obtaining the four coordinates of the face bounding box, the width of the
face bounding box, the height of the face bounding box, and the area of the face bounding box,
one or more parameters can be selected from these parameters as the face region position
parameters of each face detection result.

In S2014, at least one of the coordinate information, width, height, and area of the
operational part bounding box in each operational part detection result is used for constructing
the operational part region position parameter of each operational part detection result.

Similarly, one or more parameters of the four coordinates of the operational part
bounding box, the width of the operational part bounding box, the height of the operational part
bounding box, and the area of the operational part bounding box are used as the operational part
region position parameters of each operational part detection result.

In embodiments of the present disclosure, the coordinate information of the trunk
bounding box, the coordinate information of the face bounding box, and the coordinate
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information of the operational part bounding box are respectively used for obtaining the trunk
detection region position parameter, the face detection region position parameter, and the
operational part detection region position parameter; in this way, these position parameters can
be subsequently used for obtaining the position sequence.

With reference FIG. 7, FIG. 7 is an optional flow chart V of the image recognition
method provided by the embodiments of the present disclosure. In some embodiments of the
present disclosure, the appearance feature extraction is respectively performed on the trunk
image in each trunk detection result, the face image in each face detection result, and the
operational part image in each operational part detection result, to obtain the trunk appearance
feature of each trunk detection result, the face appearance feature of each face detection result,
and the operational part appearance feature of each operational part detection result, i.e., the
specific implementing process of S1041a may include: S301-S304, as follows.

In S301, at least one feature map corresponding to the image to be recognized is
obtained.

During feature extraction, it requires to extract the feature map generated during
performing the region detection on the image to be recognized, so as to facilitate direct
appearance feature extraction from the feature map. It should be explained that since during
performing image detection by means of the image recognition apparatus, the image to be
recognized would be input into multiple different channels for a convolution operation, where
one channel corresponding to one convolution kernel, and one feature map may be obtained from
one convolution kernel. Therefore, the image recognition apparatus may obtain at least one
feature map in total; the number of the feature maps is the same as that of the channels.

Exemplarily, when the image recognition apparatus separately transmits the image to be
recognized into 64 channels for the convolution operation, the image recognition apparatus may
obtain 64 feature maps at this time.

In S302, a trunk feature map of each trunk detection result is obtained from each of the at
least one feature map; region division is performed on the trunk feature map of each trunk
detection result, to obtain at least one trunk feature sub-region, and performing maximum value
feature extraction on each trunk feature sub-region, to obtain at least one trunk appearance
sub-feature corresponding to each trunk detection result; and the at least one trunk appearance

sub-feature corresponding to each trunk detection result is used for constructing a trunk
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appearance feature of each trunk detection result.

That is, in each feature map, the image content corresponding to the trunk image of each
trunk detection result is respectively obtained to obtain the trunk feature map of each trunk
detection result. The trunk feature map is separately divided into multiple trunk feature
sub-regions according to a preset sub-region division rule. Since one or more feature pixels may
exist in the trunk feature sub-region, the maximum feature pixel can be extracted from these
feature pixels as a trunk appearance sub-feature corresponding to the trunk sub-region, so as to
obtain at least one trunk appearance sub-feature corresponding to each trunk detection result.
When obtaining one trunk appearance sub-feature, the trunk appearance sub-feature can be
directly used as the trunk appearance feature. When respectively obtaining multiple trunk
appearance sub-features, each of the multiple trunk appearance sub-features can be spliced into
the trunk appearance feature by means of end-to-end connection.

As can be understood that since the feature map is obtained after convolution of the
image to be recognized, the size of the feature map is different from that of the image to be
recognized. Therefore, size variation can be performed on the coordinate information of the
trunk bounding box, to obtain the coordinate information of the trunk mapping box, so as to
obtain the image content selected by means of a box from the trunk mapping box according to
the coordinate information of the trunk mapping box, and to use the partial content as the trunk
feature map.

It should be explained that, after size variation is performed on the coordinate
information of the trunk bounding box, the obtained coordinate information of the trunk mapping
box may be the number of floating points; at this time, the coordinate information of the number
of the floating points can be directly used for obtaining the trunk feature map, and the coordinate
information of the number of the floating points can also be converted as the coordinate
information of an integer, so as to further obtain the trunk feature map.

It should be explained that, in some embodiments of the present disclosure, the trunk
sub-region can also be continuously divided, to obtain the division result of the trunk sub-region,
and obtain the feature pixel at the middle position of the division result; then the feature pixels of
the middle positions are compared and the feature pixel of the maximum middle position is used
as the trunk appearance sub-feature corresponding to the trunk sub-region. Herein, since the

coordinate information of the trunk sub-region may be the number of the floating points, so that
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the middle position of the division result may also be a floating point number, that is, the feature
pixel corresponding to the middle position of the division result cannot be directly found in the
feature map; at this time, the image recognition apparatus may use a bilinear difference method,
to calculate the feature pixel of the middle position of the division result according to the feature
pixel having a closer distance to the middle position of the division result, so as to obtain the
trunk appearance sub-feature.

In S303, a face feature map of each face detection result is obtained from each of the at
least one feature map; region division is performed on the face feature map of each face
detection result, to obtain at least one face feature sub-region, and performing maximum value
feature extraction on each face feature sub-region, to obtain at least one face appearance
sub-feature corresponding to each face detection result; and the at least one face appearance
sub-feature corresponding to each face detection result is used for constructing a face appearance
feature of each face detection result.

In S304, an operational part feature map of each operational part detection result is
obtained from each of the at least one feature map; region division is performed on the
operational part feature map of each operational part detection result, to obtain at least one
operational part feature sub-region, and maximum value feature extraction is performed on each
operational part feature sub-region, to obtain at least one operational part appearance sub-feature
corresponding to each operational part detection result; and the at least one operational part
appearance sub-feature corresponding to each operational part detection result is used for
constructing an operational part appearance feature of each operational part detection result.

It should be explained that the implementing processes of S303 and S304 are quite
similar to the implementing process of S302; details are omitted in the embodiments of the
present disclosure.

In the embodiments of the present disclosure, the trunk appearance feature corresponding
to the trunk image of each trunk detection result, the face appearance feature corresponding to
the face image of each face detection result, and the operational part appearance feature
corresponding to the operational part image of each operational part detection result can be
obtained from the feature map, so as to respectively obtain the trunk feature sequence, the face
feature sequence, and the operational part feature sequence.

In some embodiments of the present disclosure, image detection is performed on the
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image to be recognized to obtain at least one trunk detection result, at least one face detection
result, and at least one operational part detection result, i.e., the specific implementing process of
S101 may include: S1011-S1014, as follows.

In S1011, at least one candidate bounding box is generated for the image to be recognized
according to the present detection region generation rule.

When image detection is performed on the image to be recognized, first, according to the
preset detection region generation rule stored in advance, multiple candidate bounding boxes are
generated for the image to be recognized; in this way, it can be seen as that the image recognition
apparatus divides the image to be recognized into multiple image blocks with different sizes.

As can be understood, the preset detection region generation rule may refer to performing
dimension variation on an initial bounding box, to obtain multiple bounding box rules, and may
also refer to other bounding box generation rules, for example, slide window generation, etc.; the
embodiments of the present disclosure do not make any specific definition herein.

In S1012, for the image selected by means of a box from each candidate bounding box in
the at least one candidate bounding box, the trunk probability is calculated; according to the
trunk probability and the preset overlapping degree threshold, at least one trunk bounding box is
selected from the at least one candidate bounding box, so as to obtain at least one trunk detection
result.

The image content in each candidate bounding box is extracted, and the detection model
stored in advance is used for respectively recognizing each image content to obtain the
probability of each image content being the trunk image, respectively, i.e., the trunk probability.
According to the trunk probability of each image content and by combining the preset
overlapping degree threshold, the trunk bounding box is found in all candidate bounding boxes
and constitutes the trunk detection result together with the trunk image in the trunk bounding box,
to obtain the at least one trunk detection result.

In S1013, for the image selected by means of a box from each candidate bounding box in
the at least one candidate bounding box, the face probability is calculated; according to the face
probability and the preset overlapping degree threshold, at least one face bounding box is
selected from the at least one candidate bounding box, so as to obtain at least one face detection
result.

In S1014, for the image selected by means of a box from each candidate bounding box in
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the at least one candidate bounding box, the operational part probability is calculated; according
to the operational part probability and the preset overlapping degree threshold, at least one
operational part bounding box is selected from the at least one candidate bounding box, so as to
obtain at least one operational part detection result.

As can be understood that since the preset overlapping degree threshold is used for
selecting a bounding box from multiple bounding boxes with a closer distance, i.e., the obtained
at least one trunk bounding box is subjected to the bounding box removal operation, the number
of the candidate bounding boxes is greater than or equal to the sum of the number of the trunk
detection results, the number of the face detection results, and the number of the operational part
detection results.

In the embodiments of the present disclosure, the image contents selected by means of a
box from all candidate bounding boxes in the image to be recognized are recognized, to obtain
the trunk probability, the face probability, and the operational part probability, thereby obtaining
at least one trunk detection result, at least one face detection result, and at least one operational
part detection result according to the probabilities; in this way, the at least one trunk detection
result, the at least one face detection result, and the at least one operational part detection result
can be subsequently combined.

In some embodiments of the present disclosure, the preset detection region generation
rule in S1011 may include: S1011a-S1011b, as follows

In S1011a, according to a preset initial size, an initial bounding box is generated.

In S1011b, dimension conversion and stretching conversion are performed on the initial
bounding box, to obtain at least one candidate bounding box.

That is, first the bounding box with the preset initial size is generated, and the bounding
box is used as the initial bounding box; then the dimension of the initial bounding box is
converted, to obtain multiple candidate bounding boxes; meanwhile, under the condition that the
area of the initial bounding box is maintained unchanged, the width and height of the initial
bounding box is stretched, to continuously obtain the candidate bounding boxes; in this way, the
at least one candidate bounding box can be further obtained according to the preset bounding box
generation rule.

In the embodiments of the present disclosure, the initial bounding box can be generated

according to the preset initial size; then the initial bounding box is converted to obtain the at least
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one candidate bounding box; in this way, the image recognition apparatus can select the image
content by means of a box from the at least one candidate bounding box and calculate the trunk
probability, the face probability, and the operational part probability of the image content, so as
to obtain the at least one trunk detection result, the at least one face detection result, and the at
least one operational part detection result.

In some embodiments of the present disclosure, according to the trunk probability, the
face probability, the operational part probability, and the preset overlapping degree threshold, the
at least one trunk bounding box, the at least one face bounding box, and the at least one
operational part bounding box, are selected from the at least one candidate bounding box, so as
to obtain at least one trunk detection result, at least one face detection result, and at least one
operational part detection result, i.e., the specific implementing process of S1013 may include:
S1013a-S1013g, as follows.

In S1013a, according to the trunk probability, the face probability, and the operational
part probability, the at least one temporary trunk detection region, the at least one temporary face
detection region, and the at least one temporary operational part detection region, are
respectively selected from the at least one candidate bounding box.

Since each candidate bounding box corresponds to three probabilities, i.e., the trunk
probability, the face probability, and the operational part probability, at this time, the trunk
probability, the face probability, and the operational part probability of each candidate bounding
box may be compared; if the trunk probability is the greatest, the candidate bounding box is the
temporary trunk bounding box; if the face probability is the greatest, the candidate bounding box
is the temporary face bounding box; and if the operational part probability is the greatest, the
candidate bounding box is the temporary operational part bounding box. In this way, after the
comparison among the trunk probability, the face probability, and the operational part probability
of each candidate bounding box is completed, the at least one temporary trunk bounding box, the
at least one temporary face bounding box, and the at least one temporary operational part
bounding box can be obtained.

In S1013Db, the temporary trunk bounding box with the trunk probability as the greatest is
used as a first trunk bounding box; the first trunk bounding box and the trunk image selected
from the first trunk bounding box by means of a box are used for constituting a first trunk

detection result; from the at least one temporary trunk bounding box, the temporary trunk
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bounding box having an overlapping degree with the first trunk bounding box exceeding the
preset overlapping degree threshold is removed, to obtain the at least one intermediate trunk
bounding box; the at least one intermediate trunk bounding box is used as the at least one
temporary trunk bounding box, for continuously executing the process above, until the at least
one trunk detection result is obtained.

That is, the trunk probabilities of all temporary trunk bounding boxes can be compared to
select the temporary trunk bounding box with the trunk probability being the greatest, as the first
trunk bounding box; meanwhile, the first trunk bounding box and the trunk image selected from
the first trunk bounding box by means of a box are used for constituting the first trunk detection
result; at this time, the image recognition apparatus mat obtain a trunk detection result. The
image recognition apparatus calculate the overlapping degree of the first trunk bounding box and
the other temporary bounding boxes in the at least one temporary trunk bounding box; when the
overlapping degree exceeds the present overlapping degree threshold, the image recognition
apparatus considers the temporary bounding box is similar to the first trunk bounding box; the
trunk image selected by means of a box may have a higher overlapping degree as the trunk
image selected by means of a box by the first trunk bounding box; at this time, the temporary
bounding box may be removed. After the removing work of all temporary trunk bounding boxes
with the overlapping degree exceeding the preset overlapping degree threshold, the at least one
intermediate trunk bounding box can be obtained.

After executing the process above, one trunk detection result is obtained and the
bounding box closer to the trunk bounding box in distance is removed; at this time, the at least
one intermediate bounding box is used as the temporary bounding box, for continuing the
process above; by means of repeated circulations, at least one trunk detection result can be
obtained.

In S1013c, the temporary face bounding box with the face probability as the greatest is
used as a first face bounding box; the first face bounding box and the face image selected from
the first face bounding box by means of a box are used for constituting a first face detection
result; from the at least one temporary face bounding box, the temporary face bounding box
having an overlapping degree with the first face bounding box exceeding the preset overlapping
degree threshold is removed, to obtain the at least one intermediate face bounding box; the at

least one intermediate face bounding box is used as the at least one temporary face bounding box,
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for continuously executing the process above, until the at least one face detection result is
obtained.

In S1013d, the temporary operational part bounding box with the operational part
probability as the greatest is used as a first operational part bounding box; the first operational
part bounding box and the operational part image selected from the first operational part
bounding box by means of a box are used for constituting a first operational part detection result;
from the at least one temporary operational part bounding box, the temporary operational part
bounding box having an overlapping degree with the first operational part bounding box
exceeding the preset overlapping degree threshold is removed, to obtain the at least one
intermediate operational part bounding box; the at least one intermediate operational part
bounding box is used as the at least one temporary operational part bounding box, for
continuously executing the process above, until the at least one operational part detection result
is obtained.

It should be explained that the implementing processes of S1013c and S1013d are quite
similar to the implementing process of S1013b; details are omitted in the embodiments of the
present disclosure.

In the embodiments of the present disclosure, first the first trunk bounding box can be
selected from the at least one temporary trunk bounding box, so as to obtain the first trunk
detection result; the first face bounding box can be selected from the at least one temporary face
bounding box, so as to obtain the first face detection result; and the first operational part
bounding box can be selected from the at least one temporary operational part bounding box, so
as to obtain the first operational part detection result; the bounding boxes closer to the first trunk
bounding box, the first face bounding box, and the first operational part bounding box are
respectively deleted; by means of repeated circulations, at least one trunk detection result, at
least one face detection result, and at least one operational part detection result can be obtained.

Then, taking the image recognition process of the actual application scene as an example,
the image recognition method provided in the embodiments of the preset disclosure is explained.
The embodiments of the present disclosure take the actual application scene provided in FIG. 1
as an example to explain the processes included by the image recognition method.

In S401, a convolutional neural network model is used for detecting the trunk detection

result, the face detection result, and the operational part detection result in the image of the
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actual application scene.

It should be explained that at this time, the relation among the trunk, face and operational
part is unknown.

In S402, the 64 feature maps of the image of the actual application scene are obtained.

In S403, the trunk image, face image, and operational part image obtained in S401 are
mapped into the 64 feature maps, to obtain 64 trunk feature maps corresponding to the trunk
image, 64 face feature maps corresponding to the face image, and 64 operational part feature
maps corresponding to the operational part image.

In S404, each trunk feature map is divided into 49 trunk feature sub-regions; each face
feature map is divided into 49 face feature sub-regions; and each operational part feature map is
divided into 49 operational part feature sub-regions.

The image recognition apparatus may obtain in total 64x49=3136 trunk feature
sub-regions, 64x49=3136 face feature sub-regions, and 64x49=3136 operational part feature
sub-regions.

In S405, the trunk appearance sub-feature of ecach trunk feature sub-region, the face
appearance sub-feature of each face feature sub-region, and the operational part appearance
sub-feature of each operational part feature sub-region, are respectively extracted.

The image recognition apparatus extracts one appearance sub-feature for one feature
sub-region; in this way, 3136 trunk appearance sub-features, 3136 face appearance sub-features,
and 3136 operational part appearance sub-features can be obtained.

In S405, the trunk appearance feature, the face appearance feature, and the operational
appearance feature are respectively obtained according to the trunk appearance sub-feature, the
face appearance sub-feature, and the operational part appearance sub-feature.

In actual applications, each appearance sub-feature is quantized as within 0-9; in this way,
the obtained trunk appearance feature, the face appearance feature, and the operational part
appearance feature are all one dimensional feature vector with the length of 3136.

In S406, the coordinates of the trunk detection region, the face detection region, and the
operational part detection region are used for respectively calculating the width, height, and area
of the trunk detection region, the width, height, and area of the face detection region, and the
width, height, and area of the operational part detection region, respectively.

If the coordinate of one detection region is (x1, yl, x2, y2), where x1 is the horizontal
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axis coordinate at the left upper corner of the detection region n, yl is the longitudinal axis
coordinate at the left upper corner of the detection region, x2 is the horizontal axis coordinate at
the right lower corner of the detection region, and y2 is the longitudinal axis coordinate at the
right lower corner of the detection region. Then according to the four coordinates, the width of
the detection region x2-x1 is calculated, the height of the detection region y2-yl is calculated,
and the area of the detection region (x2-x2)x(y2-yl) is calculated. It should be explained that
after obtaining the width and height, the image recognition apparatus may use the width for
normalizing x1 and x2 and use the height for normalizing y1 and y2, so as to obtain the
normalized coordinate; then the normalized coordinate is used for obtaining the normalized
width, normalized height, and normalized area corresponding to the detection region by means of
calculation.

In S407, the coordinate, width, height, and area of the trunk detection region are used as
the trunk region position parameters, the coordinate, width, height, and area of the face detection
region are used as the face region position parameters, and the coordinate, width, height, and
area of the operational part detection region are used as the operational part region position
parameters.

In S408, for each parameter in the trunk region position parameters, each parameter in
the face region position parameters, and each parameter in the operational part region position
parameters, the position sequence with the length of 256 is constructed.

0, 1,2, ..., 255 are selected as the preset sequence bit number, and the sequence with the
length of 256 is constructed. where the preset feature construction models are respectively as

shown in formula (5) and formula (6):

PE,, =sin(p/768"*) (5)
PE,, = cos(p / 7682’/256) (6)
where P is the position parameter, 2j is the even number bit, PE,; is the position

element at the even number bit, and PE,,,, is the position element at the odd number bit.

In S409, 256 position sequences for each parameter in the trunk region position
parameters are spliced to obtain 1792 trunk position features, 256 position sequences for each

parameter in the face region position parameters are spliced to obtain 1792 face position features,
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and 256 position sequences for each parameter in the operational part region position parameters
are spliced to obtain 1792 operational part position features.

In S410, 1792 trunk position features and 3136 trunk appearance features are spliced, to
obtain 4928 trunk feature sequences, 1792 face position features and 3136 face appearance
features are spliced, to obtain 4928 face feature sequences, and 1792 operational part position
features and 3136 operational part appearance features are spliced, to obtain 4928 operational
part feature sequences.

In S411, at least one trunk detection result and at least one face detection result are
combined in pairs, to obtain at least one first result combination; and at least one trunk detection
result and at least one operational part detection result are combined in pairs, to obtain at least
one second result combination.

In S412, 4928 trunk feature sequences and 4928 face feature sequences in each first result
combination are spliced into a first combination feature with the length of 9856, and a
multi-layer perceptron is used for performing dichotomy on the first combination feature, to
obtain the first sub-association result corresponding to each first result combination.

That is, whether the trunk detection result and the face detection result in each first result
combination belong to the same person is determined.

In S412, 4928 trunk feature sequences and 4928 operational part feature sequences in
each second result combination are spliced into a second combination feature with the length of
9856, and a multi-layer perceptron is used for performing dichotomy on the second combination
feature, to obtain the second sub-association result corresponding to each second result
combination.

That is, whether the trunk detection result and the operational part detection result in each
second result combination belong to the same person is determined.

In S414, the first sub-association result and the second sub-association result are used for
determining whether the face detection result and the operational part detection result belong to
the same person, to implement the image recognition process.

When the first sub-association result is that the trunk detection result and the face
detection result belong to the same person, and the second sub-association result is that the trunk
detection result and the operational part detection result belong to the same person, the face

detection result is associated with the operational part detection result. In the remaining
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conditions, the face detection result is not associated with the operational part detection result.

By means of the modes above, the relation between the trunk detection result and the face
detection result and the relation between the trunk detection result and the operational part
detection result can be determined, so as to use the trunk detection result to associate the face
detection result with the operational part detection result, which lowers the difficulty for
determining the face and the operational part, would not lose key information of a body in the
image at the same time, and improves the accuracy of the association between the face and the
operational part.

The embodiments of the present disclosure provide an image recognition apparatus
corresponding to an image recognition method. With reference to FIG. 8, Fig. 8 is a schematic
structural diagram I of the image recognition apparatus provided by the embodiments of the
present disclosure. The image recognition apparatus 300 provided by the embodiments of the
present disclosure includes:

a detection module 310, configured to perform image detection on an image to be
recognized to obtain at least one face detection result, at least one operational part detection
result, and at least one trunk detection result, each face detection result including one face
bounding box, each operational part detection result including one operational part bounding box,
and each trunk detection result including one trunk bounding box;

a combination module 320, configured to respectively combine each of the at least one
trunk detection result with each face detection result, to obtain at least one first result
combination, and respectively combine each trunk detection result with each operational part
detection result, to obtain at least one second result combination; and

an association module 330, configured to associate the at least one first result
combination with the at least one second result combination, to obtain an association result.

In some embodiments of the present disclosure, the association module 330 is
specifically used for respectively performing feature extraction on each trunk detection result,
each face detection result and each operational part detection result, to obtain the trunk feature
sequence corresponding to each trunk detection result, the face feature sequence corresponding
to each face detection result, and the operational part feature sequence corresponding to each
operational part detection result; according to the trunk feature sequence and the face feature

sequence, the trunk detection result and the face detection result of each first result combination
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are associated to obtain the first sub-association result corresponding each first result
combination; according to the trunk feature sequence and the operational part feature sequence,
the trunk detection result and the operational part detection result of each second result
combination are associated to obtain the at least one second sub-association result corresponding
each second result combination; according to each first sub-association result and each second
sub-association result, the association result is determined.

In some embodiments of the present disclosure, the association module 330 is
specifically used for determining, according to each first sub-association result, the associated
first result combination with the trunk detection result associated with the face detection result in
at least one first result combination; determining, according to each second sub-association result,
the associated second result combination with the trunk detection result associated with the
operational part detection result in at least one second result combination; where the face
represented by the face detection result in one association first result combination is mutually
associated with the operational part represented by the operational part detection result in the
associated second result combination that is associated with the associated first result
combination.

In some embodiments of the present disclosure, the association module 330 is
specifically used for: for each of the at least one first result combination, obtaining the first
combination feature corresponding to the first result combination by splicing the face feature
sequence corresponding to the face detection result in the first result combination and the trunk
feature sequence corresponding to the trunk detection result in the first result combination; and
classifying each first result combination using the first combination feature corresponding to
each first result combination, to obtain the first sub-association result corresponding to each first
result combination.

In some embodiments of the present disclosure, the association module 330 is
specifically used for: for each of the at least one second result combination, obtaining the second
combination feature corresponding to the second result combination by splicing the trunk feature
sequence corresponding to the trunk detection result in the second result combination and the
operational part feature sequence corresponding to the operational part detection result in the
second result combination; and classifying each second result combination using the second

combination feature corresponding to each second result combination, to obtain the second
42



sub-association result.

In some embodiments of the present disclosure, the association module 330 is
specifically used for respectively preforming feature extraction on a trunk image in each trunk
detection result, a face image in each face detection result and an operational part image in each
operational part detection result, to obtain a trunk appearance feature of each trunk detection
result, a face appearance feature of each face detection result, and an operational part appearance
feature of each operational part detection result; determining a trunk position feature of each
trunk detection result according to coordinate information of a trunk bounding box in each trunk
detection result; determining a face position feature of each face detection result according to
coordinate information of a face bounding box in each face detection result; and determining an
operational part position feature of each operational part detection result according to coordinate
information of an operational part bounding box in each operational part detection result; and
obtaining the trunk feature sequence of each trunk detection result by splicing the trunk
appearance feature and the trunk position feature of each trunk detection result; obtaining the
face feature sequence of each face detection result by splicing the face appearance feature and
the face position feature of each face detection result; and obtaining the operational part feature
sequence of each operational part detection result by splicing the operational part appearance
feature and the operational part position feature of each operational part detection result.

In some embodiments of the present disclosure, the association module 330 is
specifically used for generating a trunk region position parameter of each trunk detection result
according to the coordinate information of each trunk bounding box; generating a face region
position parameter of each face detection result according to the coordinate information of each
face bounding box; and generating an operational part region position parameter of each
operational part detection result according to the coordinate information of each operational part
bounding box; based on a preset trunk sequence bit number, a preset trunk feature construction
model and a trunk feature construction parameter, constructing a trunk position sequence of each
trunk detection result according to the trunk region position parameter of each trunk detection
result, and generating a trunk position feature of each trunk detection result according to the
trunk position sequence of each trunk detection result, where the trunk feature construction
parameter is generated according to the preset trunk sequence bit number; based on a preset face

sequence bit number, a preset face feature construction model, and a face feature construction
43



parameter, constructing a face position sequence of each face detection result according to the
face region position parameter of each face detection result, and generating a face position
feature of each face detection result according to the face position sequence of each face
detection result, where the face feature construction parameter is generated according to the
preset face sequence bit number; and based on a preset operational part sequence bit number, a
preset operational part feature construction model, and an operational part feature construction
parameter, constructing an operational part position sequence of each operational part detection
result according to the operational part region position parameter of each operational part
detection result, and generating an operational part position feature of each operational part
detection result according to the operational part position sequence of each operational part
detection result, where the operational part feature construction parameter is generated according
to the preset operational part sequence bit number.

In some embodiments of the present disclosure, the association module 330 is
specifically used for dividing the region position parameter of each detection result by the
feature construction parameter, to obtain a first parameter ratio of each detection result under the
condition that the preset sequence bit number is the even number bit and the preset feature
construction model is the sine construction model; performing sine value calculation on the first
parameter ratio of each detection result using the sine construction model, to obtain a first
position element of each detection result; and determining the position sequence of each
detection result according to the first position element of each detection result; where when the
preset sequence bit number is the preset trunk sequence bit number, then the preset feature
construction model is the preset trunk feature construction model, the feature construction
parameter is the trunk feature construction parameter, the detection result is the trunk detection
result, the region position parameter is the trunk region position parameter, and the position
sequence is the trunk position sequence; when the preset sequence bit number is the preset face
sequence bit number, then the preset feature construction model is the preset face feature
construction model, the feature construction parameter is the face feature construction parameter,
the detection result is the face detection result, the region position parameter is the face region
position parameter, and the position sequence is the face position sequence; and when the preset
sequence bit number is the preset operational part sequence bit number, then the preset feature

construction model is the preset operational part feature construction model, the feature
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construction parameter is the operational part feature construction parameter, the detection result
is the operational part detection result, the region position parameter is the operational part
region position parameter, and the position sequence is the operational part position sequence.

In some embodiments of the present disclosure, the association module 330 is
specifically used for, under the condition that the preset sequence bit number is the odd number
bit and the preset feature construction model is the cosine construction model,

dividing the region position parameter of each detection result by the feature construction
parameter, to obtain a second parameter ratio of each detection result;

performing cosine value calculation on the second parameter ratio of each detection
result using the cosine construction model, to obtain a second position element of each detection
result; and

determining a position sequence of each detection result according to the second position
element of each detection result,

where when the preset sequence bit number is the preset trunk sequence bit number, then
the preset feature construction model is the preset trunk feature construction model, the feature
construction parameter is the trunk feature construction parameter, the detection result is the
trunk detection result, the region position parameter is the trunk region position parameter, and
the position sequence is the trunk position sequence;

when the preset sequence bit number is the preset face sequence bit number, then the
preset feature construction model is the preset face feature construction model, the feature
construction parameter is the face feature construction parameter, the detection result is the face
detection result, the region position parameter is the face region position parameter, and the
position sequence being the face position sequence; and

when the preset sequence bit number is the preset operational part sequence bit number,
then the preset feature construction model is the preset operational part feature construction
model, the feature construction parameter is the operational part feature construction parameter,
the detection result is the operational part detection result, the region position parameter is the
operational part region position parameter, and the position sequence is the operational part
position sequence.

In some embodiments of the present disclosure, the association module 330 is

specifically used for, according to the coordinate information of the trunk bounding box in each
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trunk detection result, calculating the width, height, and area of the trunk bounding box in each
trunk detection result; and according to the coordinate information of the face bounding box in
each face detection result, calculating the width, height, and area of the face bounding box in
each face detection result; according to the coordinate information of the operational part
bounding box in each operational part detection result, calculating the width, height, and area of
the operational part bounding box in each operational part detection result; using at least one of
the coordinate information, width, height, and area of the trunk bounding box in each trunk
detection result for constructing the trunk region position parameter of each trunk detection
result; using at least one of the coordinate information, width, height, and area of the face
bounding box in each face detection result for constructing the face region position parameter of
each face detection result; and using at least one of the coordinate information, width, height,
and area of the operational part bounding box in each operational part detection result for
constructing the operational part region position parameter of each operational part detection
result.

In some embodiments of the present disclosure, the association module 330 is
specifically used for obtaining at least one feature map corresponding to the image to be
recognized; obtaining a trunk feature map of each trunk detection result from each of the at least
one feature map; performing region division on the trunk feature map of each trunk detection
result, to obtain at least one trunk feature sub-region, and performing maximum value feature
extraction on each trunk feature sub-region, to obtain at least one trunk appearance sub-feature
corresponding to each trunk detection result; and constructing a trunk appearance feature of each
trunk detection result with the at least one trunk appearance sub-feature corresponding to each
trunk detection result; obtaining a face feature map of each face detection result from each of the
at least one feature map; performing region division on the face feature map of each face
detection result, to obtain at least one face feature sub-region, and performing maximum value
feature extraction on each face feature sub-region, to obtain at least one face appearance
sub-feature corresponding to each face detection result; and constructing a face appearance
feature of each face detection result with the at least one face appearance sub-feature
corresponding to each face detection result; and obtaining an operational part feature map of
each operational part detection result from each of the at least one feature map; performing

region division on the operational part feature map of each operational part detection result, to
46



obtain at least one operational part feature sub-region, and performing maximum value feature
extraction on each operational part feature sub-region, to obtain at least one operational part
appearance sub-feature corresponding to each operational part detection result; and constructing
an operational part appearance feature of each operational part detection result with the at least
one operational part appearance sub-feature corresponding to each operational part detection
result.

In some embodiments of the present disclosure, the detection module 310 is specifically
used for generating at least one candidate bounding box for the image to be recognized according
to the present detection region generation rule; for the image selected by means of a box from
each candidate bounding box in the at least one candidate bounding box, calculating the trunk
probability; according to the trunk probability and the preset overlapping degree threshold,
selecting at least one trunk bounding box from the at least one candidate bounding box, so as to
obtain at least one trunk detection result; for the image selected by means of a box from each
candidate bounding box in the at least one candidate bounding box, calculating the face
probability; according to the face probability and the preset overlapping degree threshold,
selecting at least one face bounding box from the at least one candidate bounding box, so as to
obtain at least one face detection result; for the image selected by means of a box from each
candidate bounding box in the at least one candidate bounding box, calculating the operational
part probability; and according to the operational part probability and the preset overlapping
degree threshold, selecting at least one operational part bounding box is selected from the at least
one candidate bounding box, so as to obtain at least one operational part detection result.

In some embodiments of the present disclosure, the detection module 310 is specifically
used for according to a preset initial size, generating an initial bounding box; and performing
dimension conversion and stretching conversion on the initial bounding box, to obtain at least
one candidate bounding box.

In some embodiments of the present disclosure, the detection module 310 is specifically
used for according to the trunk probability, the face probability, and the operational part
probability, respectively selecting the at least one temporary trunk bounding box, the at least one
temporary face bounding box, and the at least one temporary operational part bounding box from
the at least one candidate bounding box; using the temporary trunk bounding box with the trunk

probability as the greatest as a first trunk bounding box; using the first trunk bounding box and
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the trunk image selected from the first trunk bounding box by means of a box for constituting a
first trunk detection result; from the at least one temporary trunk bounding box, removing the
temporary trunk bounding box having an overlapping degree with the first trunk bounding box
exceeding the preset overlapping degree threshold, to obtain the at least one intermediate trunk
bounding box; using the at least one intermediate trunk bounding box as the at least one
temporary trunk bounding box, for continuously executing the process above, until the at least
one trunk detection result is obtained; using the temporary face bounding box with the face
probability as the greatest as a first face bounding box; using the first face bounding box and the
face image selected from the first face bounding box by means of a box for constituting a first
face detection result; from the at least one temporary face bounding box, removing the temporary
face bounding box having an overlapping degree with the first face bounding box exceeding the
preset overlapping degree threshold, to obtain the at least one intermediate face bounding box;
using the at least one intermediate face bounding box as the at least one temporary face bounding
box, for continuously executing the process above, until the at least one face detection result is
obtained; using the temporary operational part bounding box with the operational part
probability as the greatest as a first operational part bounding box; using the first operational part
bounding box and the operational part image selected from the first operational part bounding
box by means of a box for constituting a first operational part detection result; from the at least
one temporary operational part bounding box, removing the temporary operational part bounding
box having an overlapping degree with the first operational part bounding box exceeding the
preset overlapping degree threshold, to obtain the at least one intermediate operational part
bounding box; and using the at least one intermediate operational part bounding box as the at
least one temporary operational part bounding box, for continuously executing the process above,
until the at least one operational part detection result is obtained.

It should be explained that in actual applications, the above detection module 310,
combination module 320, and association module 330 may be implemented by means of a
processor 810 located on an electronic device 800, which may specifically be implemented by
means of a Central Processing Unit (CPU), a Microprocessor Unit (MPU), a Digital Signal
Processing (DSP), or a Field Programmable Gate Array (FPGA).

The embodiments of the present disclosure provide an electronic device for executing the

image recognition method provided by the embodiments of the present disclosure; Fig. 9 is a
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schematic structural diagram II of the electronic device provided by the embodiments of the
present disclosure; as shown in Fig. 9, the image recognition apparatus 800 includes the
processor 810, the memory 820, and the communication bus 830; the memory 820
communicates with the processor 810 by means of the communication bus 830; the memory 820
stores one or more programs that may be executed by the processor 8§10; and if one or more
programs are executed, the processor 8§10 executes any one image recognition method according
to the preceding embodiments.

The embodiments of the present disclosure provide a computer-readable storage medium,
where the computer-readable storage medium stores one or more programs; one Or more
programs may be executed by one or more processors 810; and the image recognition method, as
shown in the embodiments of the present disclosure, is realized when the program is executed by
the processor §10.

A person skilled in the art should understand that the embodiments of the present
disclosure may provide a method, a system or a computer program product. Therefore, the
present disclosure may use the forms of hardware embodiments, software embodiments, or the
embodiments of combining software and hardware aspects. Moreover, the present disclosure
may use the form of the computer program product implemented over one or more computer
usable storage mediums (including but not limited to a disk memory and an optical memory, etc.)
that include a computer usable program code.

The present disclosure is described with reference to flowcharts and/or block diagrams of
methods, devices (systems), and computer program products of the embodiments of the present
disclosure. It should be understood that a computer program instruction is configured to
implement each flow and/or block in the flowcharts and/or block diagrams, and the combination
of flows/blocks in the flowcharts and/or block diagrams. These computer program instructions
may be provided to a universal computer, a special computer, an embedded processor or
processors of other programmable data processing devices to generate a machine such that an
apparatus for implementing the functions specified in one or more flow in the flowcharts and/or
one or more blocks in the block diagrams is generated through the instructions executed by the
computer or the processor of other programmable data processing devices.

These computer program instructions may also be stored in a computer readable memory

that can direct the computer or other programmable data processing devices to work in a
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particular manner such that the instruction stored in the computer readable memory generates a
product including an instruction apparatus, which implements the functions specified in one or
more flows in the flowchart and/or one or more blocks in the block diagram.

These computer program instructions may also be loaded in a computer or other
programmable data processing devices such that a series of operation steps are executed on the
computer or other programmable data processing devices to generate computer implemented
processing, and thus the instruction executed on the computer or other programmable data
processing devices provides the steps for implementing the functions specified in one or more
flows in the flowchart and/or one or more blocks in the block diagram.

The foregoing descriptions are merely preferred embodiments of the present disclosure,

but are not intended to limit the scope of protection of the present disclosure.
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CLAIMS

1. An image recognition method, comprising:

performing image detection on an image to be recognized to obtain at least one face
detection result, at least one operational part detection result and at least one trunk detection
result, each face detection result comprising one face bounding box, each operational part
detection result comprising one operational part bounding box, and each trunk detection result
comprising one trunk bounding box;

respectively combining each of the at least one trunk detection result with each face
detection result, to obtain at least one first result combination;

respectively combining each trunk detection result with each operational part detection
result, to obtain at least one second result combination; and

associating the at least one first result combination with the at least one second result
combination, to obtain an association result, wherein the association result is a determination
as to whether the face detection result and the operational part detection result belong to a

Same person.

2. The method according to claim 1, wherein associating the at least one first result combination
with the at least one second result combination, to obtain the association result comprises:

respectively preforming feature extraction on each trunk detection result, each face
detection result and each operational part detection result, to obtain a trunk feature sequence
corresponding to each trunk detection result, a face feature sequence corresponding to each face
detection result, and an operational part feature sequence corresponding to each operational part
detection result;

associating the trunk detection result of each first result combination with the face
detection result of said each first result combination according to the trunk feature sequence and
the face feature sequence, to obtain a first sub-association result corresponding to each first result
combination;

associating the trunk detection result of each second result combination with the
operational part detection result of said each second result combination according to the trunk

feature sequence and the operational part feature sequence, to obtain a second sub-association
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result corresponding to each second result combination; and

determining the association result according to each first sub-association result and each

second sub-association result.

3. The method according to claim 2, wherein determining the association result according to each
first sub-association result and each second sub-association result comprises:

determining associated first result combinations having the trunk detection result
associated with the face detection result in the at least one first result combination according to
each first sub-association result;

determining associated second result combinations having the trunk detection result
associated with the operational part detection result in the at least one second result combination
according to each second sub-association result; and

determining that the associated first result combination and the associated second result
combination having a same trunk detection result are associated, wherein a face represented by
the face detection result in the associated first result combination is mutually associated with an
operational part represented by the operational part detection result in the associated second

result combination that is associated with the associated first result combination.

4. The method according to claim 2 or 3, wherein associating the trunk detection result of each
first result combination with the face detection result of said each first result combination
according to the trunk feature sequence and the face feature sequence, to obtain the first sub-
association result corresponding to each first result combination, comprises:

for each of the at least one first result combination, obtaining a first combination feature
corresponding to the first result combination by splicing the face feature sequence corresponding
to the face detection result in the first result combination and the trunk feature sequence
corresponding to the trunk detection result in the first result combination; and

classifying each first result combination using the first combination feature
corresponding to each first result combination, to obtain the first sub-association result

corresponding to each first result combination.

5. The method according to claim 2 or 3, wherein associating the trunk detection result of each

52



second result combination with the operational part detection result of said each second result

combination according to the trunk feature sequence and the operational part feature sequence, to

obtain the second sub-association result corresponding to each second result combination,
comprises:

for each of the at least one second result combination, obtaining a second combination
feature corresponding to the second result combination by splicing the trunk feature sequence
corresponding to the trunk detection result in the second result combination and the operational
part feature sequence corresponding to the operational part detection result in the second result
combination; and

classifying each second result combination using the second combination feature
corresponding to each second result combination, to obtain the second sub-association result

corresponding to each second result combination.

6. The method according to claim 2, wherein respectively preforming feature extraction on each
trunk detection result, each face detection result and each operational part detection result, to
obtain the trunk feature sequence corresponding to each trunk detection result, the face feature
sequence corresponding to each face detection result, and the operational part feature sequence
corresponding to each operational part detection result, comprises:

respectively preforming feature extraction on a trunk image in each trunk detection result,
a face image in each face detection result and an operational part image in each operational part
detection result, to obtain a trunk appearance feature of each trunk detection result, a face
appearance feature of each face detection result, and an operational part appearance feature of
each operational part detection result;

determining a trunk position feature of each trunk detection result according to
coordinate information of the trunk bounding box in each trunk detection result; determining a
face position feature of each face detection result according to coordinate information of the face
bounding box in each face detection result; and determining an operational part position feature
of each operational part detection result according to coordinate information of the operational
part bounding box in each operational part detection result; and

obtaining the trunk feature sequence of each trunk detection result by splicing the trunk

appearance feature and the trunk position feature of each trunk detection result; obtaining the
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face feature sequence of each face detection result by splicing the face appearance feature and

the face position feature of each face detection result; and obtaining the operational part feature

sequence of each operational part detection result by splicing the operational part appearance

feature and the operational part position feature of each operational part detection result.

7. The method according to claim 6, wherein determining the trunk position feature of each trunk
detection result according to the coordinate information of the trunk bounding box in each trunk
detection result, determining the face position feature of each face detection result according to
coordinate information of the face bounding box in each face detection result, and determining
the operational part position feature of each operational part detection result according to
coordinate information of the operational part bounding box in each operational part detection
result, comprises:

generating a trunk region position parameter of each trunk detection result according to
the coordinate information of each trunk bounding box; generating a face region position
parameter of each face detection result according to the coordinate information of each face
bounding box; and generating an operational part region position parameter of each operational
part detection result according to the coordinate information of each operational part bounding
box;

based on a preset trunk sequence bit number, a preset trunk feature construction model
and a trunk feature construction parameter, constructing a trunk position sequence of each trunk
detection result according to the trunk region position parameter of each trunk detection result,
and generating the trunk position feature of each trunk detection result according to the trunk
position sequence of each trunk detection result, wherein the trunk feature construction
parameter is generated according to the preset trunk sequence bit number;

based on a preset face sequence bit number, a preset face feature construction model, and
a face feature construction parameter, constructing a face position sequence of each face
detection result according to the face region position parameter of each face detection result, and
generating the face position feature of each face detection result according to the face position
sequence of each face detection result, wherein the face feature construction parameter is
generated according to the preset face sequence bit number; and

based on a preset operational part sequence bit number, a preset operational part feature
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construction model, and an operational part feature construction parameter, constructing an

operational part position sequence of each operational part detection result according to the

operational part region position parameter of each operational part detection result, and
generating the operational part position feature of each operational part detection result
according to the operational part position sequence of each operational part detection result,
wherein the operational part feature construction parameter is generated according to the preset

operational part sequence bit number.

8. The method according to claim 7, wherein when a preset sequence bit number is an even
number bit and a preset feature construction model is a sine construction model, the position
sequence is determined by:

dividing the region position parameter of each detection result by the feature construction
parameter, to obtain a first parameter ratio of each detection result;

performing sine value calculation on the first parameter ratio of each detection result
using the sine construction model, to obtain a first position element of each detection result; and

determining the position sequence of each detection result according to the first position
element of each detection result,

wherein when the preset sequence bit number is the preset trunk sequence bit number,
then the preset feature construction model is the preset trunk feature construction model, the
feature construction parameter is the trunk feature construction parameter, the detection result is
the trunk detection result, the region position parameter is the trunk region position parameter,
and the position sequence is the trunk position sequence;

when the preset sequence bit number is the preset face sequence bit number, then the
preset feature construction model is the preset face feature construction model, the feature
construction parameter is the face feature construction parameter, the detection result is the face
detection result, the region position parameter is the face region position parameter, and the
position sequence is the face position sequence; and

when the preset sequence bit number is the preset operational part sequence bit number,
then the preset feature construction model is the preset operational part feature construction
model, the feature construction parameter is the operational part feature construction parameter,

the detection result is the operational part detection result, the region position parameter is the
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operational part region position parameter, and the position sequence is the operational part

position sequence.

9. The method according to claim 7, wherein when a preset sequence bit number is an odd
number bit and a preset feature construction model is a cosine construction model, the position
sequence is determined by:

dividing the region position parameter of each detection result by the feature construction
parameter, to obtain a second parameter ratio of each detection result;

performing cosine value calculation on the second parameter ratio of each detection
result using the cosine construction model, to obtain a second position element of each detection
result; and

determining the position sequence of each detection result according to the second
position element of each detection result,

wherein when the preset sequence bit number is the preset trunk sequence bit number,
then the preset feature construction model is the preset trunk feature construction model, the
feature construction parameter is the trunk feature construction parameter, the detection result is
the trunk detection result, the region position parameter is the trunk region position parameter,
and the position sequence is the trunk position sequence;

when the preset sequence bit number is the preset face sequence bit number, then the
preset feature construction model is the preset face feature construction model, the feature
construction parameter is the face feature construction parameter, the detection result is the face
detection result, the region position parameter is the face region position parameter, and the
position sequence is the face position sequence; and

when the preset sequence bit number is the preset operational part sequence bit number,
then the preset feature construction model is the preset operational part feature construction
model, the feature construction parameter is the operational part feature construction parameter,
the detection result is the operational part detection result, the region position parameter is the
operational part region position parameter, and the position sequence is the operational part

position sequence.

10. The method according to claim 6, wherein respectively preforming feature extraction onthe
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trunk image in each trunk detection result, the face image in each face detection result, and the
operational part image in each operational part detection result, to obtain the trunk appearance
feature of each trunk detection result, the face appearance feature of each face detection result,

and the operational part appearance feature of each operational part detection result, comprises:

obtaining at least one feature map corresponding to the image to be recognized;

obtaining a trunk feature map of each trunk detection result from each of the at least one
feature map; performing region division on the trunk feature map of each trunk detection result,
to obtain at least one trunk feature sub-region, and performing maximum value feature extraction
on each trunk feature sub-region, to obtain at least one trunk appearance sub-feature
corresponding to each trunk detection result; and constructing a trunk appearance feature of each
trunk detection result with the at least one trunk appearance sub-feature corresponding to each
trunk detection result;

obtaining a face feature map of each face detection result from each of the at least one
feature map; performing region division on the face feature map of each face detection result, to
obtain at least one face feature sub-region, and performing maximum value feature extraction on
each face feature sub-region, to obtain at least one face appearance sub-feature corresponding to
each face detection result; and constructing the face appearance feature of each face detection
result using the at least one face appearance sub-feature corresponding to each face detection
result; and

obtaining an operational part feature map of each operational part detection result from
each of the at least one feature map; performing region division on the operational part feature
map of each operational part detection result, to obtain at least one operational part feature
sub-region, and performing maximum value feature extraction on each operational part feature
sub-region, to obtain at least one operational part appearance sub-feature corresponding to each
operational part detection result; and constructing the operational part appearance feature of each
operational part detection result using the at least one operational part appearance sub-feature

corresponding to each operational part detection result.

11. An image recognition apparatus, comprising:

a detection module, configured to perform image detection on an image to be recognized,
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to obtain at least one face detection result, at least one operational part detection result and at
least one trunk detection result, each face detection result comprising one face bounding box,

each operational part detection result comprising one operational part bounding box, and each

trunk detection result comprising one trunk bounding box;

a combination module, configured to respectively combine each of the at least one trunk
detection result with each face detection result, to obtain at least one first result combination, and
respectively combine each trunk detection result with each operational part detection result, to
obtain at least one second result combination; and

an association module, configured to associate the at least one first result combination
with the at least one second result combination, to obtain an association result, wherein the
association result is a determination as to whether the face detection result and the operational

part detection result belong to a same person.

12. The image recognition apparatus according to claim 11, wherein the association module is
specifically configured to:

respectively preform feature extraction on each trunk detection result, each face detection
result and each operational part detection result, to obtain a trunk feature sequence corresponding
to each trunk detection result, a face feature sequence corresponding to each face detection result,
and an operational part feature sequence corresponding to each operational part detection result;

associate the trunk detection result of each first result combination with the face detection
result of said each first result combination according to the trunk feature sequence and the face
feature sequence, to obtain a first sub-association result corresponding to each first result
combination;

associate the trunk detection result of each second result combination with the
operational part detection result of said each second result combination according to the trunk
feature sequence and the operational part feature sequence, to obtain a second sub-association
result corresponding to each second result combination; and

determine the association result according to each first sub-association result and each

second sub-association result.

13. The image recognition apparatus according to claim 12, wherein the association module is
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specifically configured to:

determine associated first result combinations having the trunk detection result associated
with the face detection result in the at least one first result combination according to each first
sub-association result;

determine associated second result combinations having the trunk detection result
associated with the operational part detection result in the at least one second result
combination according to each second sub-association result; and

determine that the associated first result combination and the associated second result
combination having a same trunk detection result are associated, wherein a face represented by
the face detection result in the associated first result combination is mutually associated with
an operational part represented by the operational part detection result in the associated second

result combination that is associated with the associated first result combination.

14. The image recognition apparatus according to claim 12 or 13, wherein the association
module is specifically configured to:

for each of the at least one first result combination, obtain a first combination feature
corresponding to the first result combination by splicing the face feature sequence corresponding
to the face detection result in the first result combination and the trunk feature sequence
corresponding to the trunk detection result in the first result combination; and

classify each first result combination using the first combination feature corresponding to
each first result combination, to obtain the first sub-association result corresponding to each first

result combination.

15. The image recognition apparatus according to claim 12 or 13, wherein the association
module is specifically configured to:

for each of the at least one second result combination, obtain a second combination
feature corresponding to the second result combination by splicing the trunk feature sequence
corresponding to the trunk detection result in the second result combination and the operational
part feature sequence corresponding to the operational part detection result in the second result
combination; and

classify each second result combination using the second combination feature
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corresponding to each second result combination, to obtain the second sub-association result

corresponding to each second result combination.

16. The image recognition apparatus according to claim 12, wherein the association module is

specifically configured to:

respectively preform feature extraction on a trunk image in each trunk detection result, a
face image in each face detection result and an operational part image in each operational part
detection result, to obtain a trunk appearance feature of each trunk detection result, a face
appearance feature of each face detection result, and an operational part appearance feature of
each operational part detection result;

determine a trunk position feature of each trunk detection result according to coordinate
information of the trunk bounding box in each trunk detection result; determine a face position
feature of each face detection result according to coordinate information of the face bounding
box in each face detection result; and determine an operational part position feature of each
operational part detection result according to coordinate information of the operational part
bounding box in each operational part detection result; and

obtain the trunk feature sequence of each trunk detection result by splicing the trunk
appearance feature and the trunk position feature of each trunk detection result; obtain the face
feature sequence of each face detection result by splicing the face appearance feature and the
face position feature of each face detection result; and obtain the operational part feature
sequence of each operational part detection result by splicing the operational part appearance

feature and the operational part position feature of each operational part detection result.

17. The image recognition apparatus according to claim 16, wherein the association module is
specifically configured to:

generate a trunk region position parameter of each trunk detection result according to the
coordinate information of each trunk bounding box; generate a face region position parameter of
each face detection result according to the coordinate information of each face bounding box;
and generate an operational part region position parameter of each operational part detection
result according to the coordinate information of each operational part bounding box;

based on a preset trunk sequence bit number, a preset trunk feature construction model
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and a trunk feature construction parameter, construct a trunk position sequence of each trunk
detection result according to the trunk region position parameter of each trunk detection result,
and generate the trunk position feature of each trunk detection result according to the trunk
position sequence of each trunk detection result, wherein the trunk feature construction

parameter is generated according to the preset trunk sequence bit number;

based on a preset face sequence bit number, a preset face feature construction model,
and a face feature construction parameter, construct a face position sequence of each face
detection result according to the face region position parameter of each face detection result,
and generate the face position feature of each face detection result according to the face
position sequence of each face detection result, wherein the face feature construction
parameter is generated according to the preset face sequence bit number; and

based on a preset operational part sequence bit number, a preset operational part feature
construction model, and an operational part feature construction parameter, construct an
operational part position sequence of each operational part detection result according to the
operational part region position parameter of each operational part detection result, and
generate the operational part position feature of each operational part detection result
according to the operational part position sequence of each operational part detection result,
wherein the operational part feature construction parameter is generated according to the preset

operational part sequence bit number.

18. An electronic device, comprising:

a memory, configured to store executable instructions; and

a processor, configured to execute the stored executable instructions to perform
operations of:

performing image detection on an image to be recognized to obtain at least one face
detection result, at least one operational part detection result and at least one trunk detection
result, each face detection result comprising one face bounding box, each operational part
detection result comprising one operational part bounding box, and each trunk detection result
comprising one trunk bounding box;

respectively combining each of the at least one trunk detection result with each face

detection result, to obtain at least one first result combination;
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respectively combining each trunk detection result with each operational part detection
result, to obtain at least one second result combination; and

associating the at least one first result combination with the at least one second result
combination, to obtain an association result, wherein the association result is a determination
as to whether the face detection result and the operational part detection result belong to a

Same person.

19. A storage medium having stored thereon executable instructions that, when executed by a

processor, cause the processor to perform the method according to any one of claims 1 to 10.

20. A computer program, comprising a computer-readable code, wherein when the computer-

readable code runs in a device, a processor in the device executes instructions for

implementing operations of the method according to any one of claims 1 to 10.
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