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(57) Abstract: A method and systems for person recognition, wherein the method comprises: providing a Convolutional Neural Net-
work (CNN) having a feature extracting layer (1200), a region of interest (ROI) proposal layer (1300) coupled to the feature extract -
ing layer (1200), and a person identifying layer (1400) coupled to the ROI proposal layer (1300), the ROI proposal layer (1300) and
the person identifying layer (1400) being trained synchronously; extracting, via the feature extracting layer (1200), a feature map
from the image; cropping, via the ROI proposal layer (1300), a ROI containing a candidate person, from the extracted feature map;
and identitying, via the person identifying layer (1400), the candidate person contained in the cropped ROI, according to a preset tar -
get person image.
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METHOD AND SYSTEM FOR PERSON RECOGNITION

Technical Field

[0001] The disclosures relate to a method and system for person recognition.

Background

[0002] Person recognition targets on recognizing a person in images. It is a fast growing
technical area and has many practical applications in video surveillance and multimedia, for
example but not limited to person retrieval, cross-camera visual tracking, and activity analysis.
Person recognition is particularly challenging because of complex variations of viewpoints,

poses, lighting conditions, occlusions, resolutions, backgrounds and camera settings etc.

[0003] Although person recognition frameworks have been proposed in recent years and the
performances on these frameworks have been improved, there is still a substantial gap
between the proposed frameworks and the practical applications. In most prior frameworks,
the person recognition is implemented by comparing manually cropped persons in a candidate
person set with a preset target person instead of searching for the target person over a whole
image. Using protocols implementing these frameworks, the developed person recognition
methods assume that persons are perfectly singled out from backgrounds. For example, a
candidate person may be selected by a manually preset bounding box. However, the

annotations of the bounding boxes are unavailable in real-world scenarios.

[0004] Some false alarms, misdetections, and misalignments can be hardly removed by prior
person recognition methods and harm the overall person recognition result. Under such
circumstances, the efficiencies and the accuracies of these person recognition methods are

relatively low. Thus, there is a need for a more effective method for person recognition.

Summary
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[0005] The following presents a simplified summary of the disclosure in order to provide a
basic understanding of some aspects of the disclosure. This summary is not an extensive
overview of the disclosure. This summary neither identifies key or critical elements of the
disclosure nor delineates any scope of particular embodiments of the disclosure, or any scope
of the claims. Its sole purpose is to present some concepts of the disclosure in a simplified

form as a prelude to the more detailed description that is presented later.

[0006] In order to address, at least partially, one of the above issues, an end-to-end deep
learning method for recognizing a person in an image is proposed in one aspect of the present
application. The method comprises: extracting, via a feature extracting layer of a
Convolutional Neural Network (CNN), a feature map from an image; cropping, via a ROI
proposal layer coupled to the feature extracting layer, a ROI containing a candidate person,
from the extracted feature map; and identifying, via a person identifying layer coupled to the
ROI proposal layer, the candidate person contained in the cropped ROI, according to a preset
image of a target person; wherein the ROI proposal layer and the person identifying layer are
trained synchronously. It brings several benefits by training the ROI proposal layer and the
person identifying layer synchronously. On one hand, the learned ROI proposal layer allows
some false alarms that can be easily handled by the person identifying layer. On the other
hand, the ROI proposal layer and the person identifying layer fit each other better to output a

more accurate result.

[0007] In one embodiment of the present application, the cropping comprises pooling the

cropped ROI into a feature vector with a fixed length.

[0008] In one embodiment of the present application, the person identifying layer further
comprises a bounding box regression layer, the cropped ROI includes a bounding box
overlapping the candidate person, and the identifying comprises moving the boundary via the

bounding box regression layer to enhance the overlapping with the candidate person.

[0009] In one embodiment of the present application, the identifying further comprises
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downsampling the cropped ROI to accelerate the identifying.

[0010] In one embodiment of the present application, the person identifying layer comprises
a random sampling softmax (RSS) loss layer and the training of the person identifying layer
comprises: scoring, according to the preset image of the target person, a plurality of training
person images and a background for the training person images in a first training set; selecting,
according to scores of the training person images and the background, a subset from the first
training set, wherein the subset comprises the target person and the background; constituting a
second training set comprising the scores of the person images and the background in the
subset; determining, by the RSS loss layer, a loss and a gradient based on the second training
set; and back-propagating the determined loss and gradient to adjust parameters of the person

identifying layer until the loss and the gradient converge.

[0011] In another aspect, a system for recognizing a person in an image is provided. The
system comprises: a memory that stores executable components; and a processor electrically
coupled to the memory to execute the executable components for: extracting, via a feature
extracting layer of a CNN, a feature map from an image; cropping, via a ROI proposal layer
coupled to the feature extracting layer, a ROI containing a candidate person, from the
extracted feature map; and identifying, via a person identifying layer coupled to the ROI
proposal layer, the candidate person contained in the cropped ROI, according to a preset
image of a target person; wherein the ROI proposal layer and the person identifying layer are

trained synchronously.

[0012] In yet another aspect, a system for recognizing a person in an image is provided. The
system comprises: a feature extractor configured for extracting a feature map from an image;
a ROI generator coupled to the feature extractor and configured for cropping a ROI
containing a candidate person, out from the extracted feature map; and a recognizer coupled
to the ROI generator and configured for identifying the candidate person contained in the
cropped ROI according to a preset image of a target person; wherein the feature extractor is

implemented in a feature extracting layer of a CNN, the ROI generator is implemented in a
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ROI proposal layer of the CNN, and the recognizer is implemented in a person identifying
layer of the CNN, and the ROI proposal layer and the person identifying layer are trained

synchronously.

Brief Description of the Drawing

[0013] Exemplary non-limiting embodiments of the present application are described below
with reference to the attached drawings. The drawings are illustrative and generally not to an
exact scale. The same or similar elements on different figures are referenced with the same

reference numbers.

[0014] Fig. 1 illustrates an exemplary CNN for recognizing a person in an image according

to one embodiment of the present application;

[0015] Fig. 2 is a flow chart illustrating the process for recognizing a person in an image

according to one embodiment of the present application;

[0016] Fig. 3 illustrates an exemplary structure of the ROI proposal layer according to one

embodiment of the present application;

[0017] Fig. 4 illustrates an exemplary structure of the person identifying layer according to

one embodiment of the present application; and

[0018] Fig. 5 illustrates an exemplary system for recognizing a person in an image according

to one embodiment of the present application.

Detailed Description

[0019] Reference will now be made in detail to some specific embodiments of the present
application contemplated by the inventors for carrying out the present application. Examples
of these specific embodiments are illustrated in the accompanying drawings. While the

present application is described in conjunction with these specific embodiments, it will be
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appreciated by one skilled in the art that it is not intended to limit the present application to
the described embodiments. In the following description, numerous specific details are set
forth in order to provide a thorough understanding of the present application. The present
application may be practiced without some or all of these specific details. In other instances,
well-known process operations have not been described in detail in order not to unnecessarily

obscure the present application.

[0020] The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the present application. As used herein, the singular
forms "a", "an" and "the" are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms "comprises” and/or
"comprising" when used in this specification, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not preclude the presence or addition

of one or more other features, integers, steps, operations, elements, components, and/or

groups thereof.

[0021] An exemplary CNN 1000 for recognizing a person in an image will be described
with reference to Fig. 1. An image 1100 comprising a candidate person and a random
background is input to a feature extracting layer 1200 of the CNN 1000. The feature
extracting layer 1200 constitutes the lowest part of the CNN 1000 and may be implemented in
various forms and multiple layers, for example but not limited to, convolutional layers 1-5 of
a VGG16 model. A feature map containing semantically meaningful representations is
extracted from the image 1100 and transmitted to a ROI proposal layer 1300. The ROI
proposal layer 1300 analyzes the extracted feature map to crop a ROI containing a candidate
person from the extracted feature map. A feature map or a feature vector representing the ROI
generated from the ROI proposal layer 1300 is subsequently transmitted to a person
identifying layer 1400, which determines whether the candidate person contained in the
copped ROI is the target person preset manually. The ROI proposal layer 1300 cooperates

with the person identifying layer 1400 in a high level since they are integrated in a single
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CNN and may be trained synchronously. As a result, the efficiency and the accuracy of the

person recognition are enhanced significantly.

[0022] The person recognition process stated above is shown by Fig. 2. A feature map is
extracted from an input image at step S2020. The extracted feature map is analyzed by a
person detector (i.e., the ROI proposal layer 1300 of Fig. 1) and a ROI containing a candidate
person is thus cropped from the extracted feature map at step S2040. At last, the candidate
person contained in the cropped ROI is compared, via a recognizer (i.e., the person
identifying layer 1300 of Fig. 1), with a preset target person at step S2060 to accomplish

person recognition.

[0023] Fig. 3 schematically illustrates a ROI proposal layer structure. A ROI proposal layer
3000 may comprise a convolutional layer 3200, a loss layer 3400, and a ROI pool 3500. The
convolutional layer 3200 may perform a nonlinear transformation to a first feature map 3100
supposed to contain a candidate person to generate a second feature map 3300 more suitable
to distinguish the candidate person from a background. The second feature map 3300 may be
divided into a plurality of anchors indicating a plurality of regions of the second feature map
3300. The loss layer 3400 may comprise an anchor classification layer 3410 and an anchor
regression layer 3420. The anchor classification layer 3410 may score each anchor contained
in the second feature map 3300 according to their similarity to a human classification, while
the anchor regression layer 3420 may calculate, according to the score obtained by the anchor
classification layer 3410, a location and a size of a bounding box to enable the calculated
bounding box overlapping the candidate person. The calculated bounding box is utilized to
crop the feature map 3100 into a ROI. In a preferred implement, the feature map of the
cropped ROI is pooled, by a ROI pooling technique, in a ROI pool 3500, resulting in a feature
vector with a fixed length. In such a case, a back-propagating process performed in a training

phase may bypass the ROI pool 3500.

[0024] Fig. 4 schematically illustrates a person identifying layer structure. A person

identifying layer 4000 may comprise a first fully connected layer 4200, a second fully
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connected layer 4300, and a random sampling softmax (RSS) loss layer 4400. The fully
connected layer 4200 may comprise FC6 and FC7 as provided by the VGG16 model. A
feature vector 4100 may be transformed via the fully connected layer 4200 to enhance the
feature representation. In a preferred implement, the second fully connected layer 4300,
implemented in another fully connected layer with a smaller dimension, may perform another
nonlinear transformation to the feature vector generated by the fully connected layer 4200 to
further enhance the feature representation thereof. Besides, the feature vector generated by the
fully connected layer 4200 may also be downsampled by the second fully connected layer
4300 to facilitate a subsequent process. The RSS loss layer 4400 may perform a nonlinear
operation to the downsampled feature vector from the second fully connected layer 4300 and
can be trained in a training phase to optimize the parameters thereof. In a preferred implement,
the person identifying layer 4000 may further comprise a bounding box regression layer 4500
to fine-tune the location of the bounding box generated by the ROI proposal layer in order to
enhance the overlapping between the bounding box and the candidate person. As would be
appreciated by one skilled in the art, the CNN needs to be trained before it is applied in
person recognition. In the CNN proposed by the present application, all of the loss layer, both

in the feature extracting layer and in the ROI proposal layer, may be trained synchronously.

[0025] In a preferred implement, a classifier (not shown), for example but not limited to a
softmax classifier, may be interposed between the second fully connected layer 4300 and the
RSS loss layer 4400. Therefore, in a training phase, a plurality of training person images and
a background comprised in a first training set may be scored, via the classifier, according to a
preset target person image. For each training sample (i.e., a target person), a subset may be
selected from the first training set to reduce the burden of computing in order to accelerate the
convergence of the training. The subset may be selected according to the scores of the
plurality of training person images and the background comprised in the first training set to
ensure the target person and the background being encompassed by the subset. Subsequently,
a second training set comprising the scores of each item in the subset may be constituted to

train the random sampling softmax (RSS) loss layer mentioned above. For example, a loss
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and a gradient may be calculated based on the scores in the second training set and the target
person. The loss and gradient may be back-propagated through the person identifying layer to

adjust the parameters thereof until the loss and gradient converge.

[0026] Fig. 5 illustrates an exemplary system 5000 for recognizing a person in an input
image 5100 according to one embodiment of the present application. The system 5000 may
comprise a feature extractor 5200 to extract a feature map from the input image 5100. A ROI
generator 5300 may receive the extracted feature map and crops a ROI containing a candidate
person from the extracted feature map. The cropped ROI may be transmitted to the recognizer
5400, which identifies whether the candidate person is a preset target person. The system
5000 may be constructed in a single CNN. For example, the feature extractor 5200 may be
implemented in the feature extracting layer 1200 of the CNN 1000, the ROI generator 5300
may be implemented in the ROI proposal layer 1300 of the CNN 1000, and the recognizer
5400 may be implemented in the person identifying layer 1400 of the CNN 1000. As has been
discussed with reference to Fig. 1, the ROI proposal layer 1300 and the person identifying

layer 1400 may be trained synchronously.

[0027] As will be appreciated by one skilled in the art, the present application may be
embodied as a system, a method or a computer program product. Accordingly, the present
application may take the form of an entirely hardware embodiment and hardware aspects that
may all generally be referred to herein as a "unit", "circuit", "module"”, or "system". Much of
the functionality and many of the principles when implemented, are best supported with or
integrated circuits (ICs), for example but not limited to, a digital signal processor and
software therefore or application specific ICs. It is expected that one of ordinary skill,
notwithstanding possibly significant effort and many design choices motivated by, for
example, available time, current technology, and economic considerations, when guided by
the concepts and principles disclosed herein will be readily capable of generating ICs with

minimal experimentation. Therefore, in the interest of brevity and minimization of any risk of

obscuring the principles and concepts according to the present application, further discussion
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of such software and ICs, if any, will be limited to the essentials with respect to the principles
and concepts used by the preferred embodiments. In addition, the present application may
take the form of an entirely software embodiment (including firmware, resident software,
micro-code, etc.) or an embodiment combining software. For example, the system may
comprise a memory that stores executable components and a processor, electrically coupled to
the memory to execute the executable components to perform operations of the system, as
discussed in reference to Figs. 1-5. Furthermore, the present application may take the form of
a computer program product embodied in any tangible medium of expression having

computer-usable program code embodied in the medium.
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What is claimed is:

1. A method for recognizing a person in an image, comprising:
providing a Convolutional Neural Network (CNN) comprising:
a feature extracting layer;
a region of interest (ROI) proposal layer coupled to the feature extracting layer;
and
a person identifying layer coupled to the ROI proposal layer, the ROI proposal
layer and the person identifying layer being trained synchronously;
extracting, via the feature extracting layer, a feature map from the image;
cropping, via the ROI proposal layer, a ROI containing a candidate person, from the
extracted feature map; and
identifying, via the person identifying layer, the candidate person contained in the

cropped ROI, according to a preset image of a target person.

2. The method of claim 1, wherein the cropping comprises pooling the cropped ROI into

a feature vector with a fixed length.

3. The method of claim 1, wherein the person identifying layer further comprises a
bounding box regression layer, wherein the cropped ROI includes a bounding box
overlapping the candidate person, and wherein the identifying comprises moving the
boundary via the bounding box regression layer to enhance the overlapping with the candidate

person.

4. The method of claim 1, wherein the identifying further comprises downsampling the

cropped ROI to accelerate the identifying.

10
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5. The method of claim 1, wherein the person identifying layer comprises a random
sampling softmax (RSS) loss layer and the training of the person identifying layer comprises:

scoring, according to the preset image of the target person, a plurality of training person
images and a background for the training person images in a first training set;

selecting, according to scores of the training person images and the background, a subset
from the first training set, wherein the subset comprises the target person and the background;

constituting a second training set comprising the scores of the person images and the
background in the subset;

determining, by the RSS loss layer, a loss and a gradient based on the second training set;
and

back-propagating the determined loss and gradient to adjust parameters of the person

identifying layer until the loss and the gradient converge.

6. A system for recognizing a person in an image, comprising:
a memory that stores executable components; and
a processor electrically coupled to the memory to execute the executable components
for:
providing a CNN comprising:
a feature extracting layer;
a ROI proposal layer, coupled to the feature extracting layer; and
a person identifying layer coupled to the ROI proposal layer, the ROI
proposal layer and the person identifying layer being trained synchronously;
extracting, via the feature extracting layer, a feature map from the image;
cropping, via the ROI proposal layer, a ROI containing a candidate person, from the
extracted feature map; and
identifying, via the person identifying layer, the candidate person contained in the

cropped ROI, according to a preset image of a target person.

7. The system of claim 6, wherein the cropping comprises pooling the cropped ROI into

11
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a feature vector with a fixed length.

8. The system of claim 6, wherein the person identifying layer further comprises a
bounding box regression layer, wherein the cropped ROI includes a bounding box
overlapping the candidate person, and wherein the identifying comprises moving the
boundary via the bounding box regression layer to enhance the overlapping with the candidate

person.

9. The system of claim 6, wherein the identifying further comprises downsampling the

cropped ROI to accelerate the identifying.

10. The system of claim 6, wherein the person identifying layer comprises a random
sampling softmax (RSS) loss layer and the training of the person identifying layer comprises:

scoring, according to the preset image of the target person, a plurality of training person
images and a background for the training person images in a first training set;

selecting, according to scores of the training person images and the background, a subset
from the first training set, wherein the subset comprises the target person and the background;

constituting a second training set comprising the scores of the person images and the
background in the subset;

determining, by the RSS loss layer, a loss and a gradient based on the second training set;
and

back-propagating the determined loss and gradient to adjust parameters of the person

identifying layer until the loss and the gradient converge.

11. A system for recognizing a person in an image, comprising:

a feature extractor configured for extracting a feature map from the image;

a ROI generator coupled to the feature extractor and configured for cropping a ROI
containing a candidate person, out from the extracted feature map; and

a recognizer coupled to the ROI generator and configured for identifying the candidate

12
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person contained in the cropped ROI according to a preset image of a target person;

wherein the feature extractor is implemented in a feature extracting layer of a CNN, the
ROI generator is implemented in a ROI proposal layer of the CNN, and the recognizer is
implemented in a person identifying layer of the CNN, and the ROI proposal layer and the

person identifying layer are trained synchronously.

12. The system of claim 11, wherein the ROI generator comprises a ROI pool to pool the

cropped ROI into a feature vector with a fixed length.

13. The system of claim 11, wherein the person identifying layer further comprises a
bounding box regression layer, wherein the cropped ROI includes a bounding box
overlapping the candidate person, and wherein the identifying comprises moving the
boundary via the bounding box regression layer to enhance the overlapping with the candidate

person.

14. The system of claim 11, wherein the recognizer comprises a downsampler to

downsample the cropped ROI in order to accelerate the identifying.

15. The system of claim 11, wherein the recognizer comprises:

a scoring device, scoring, according to the preset image of the target person, a plurality
of training person images and a background for the training person images in a first training
set;

a selector, selecting, according to scores of the training person images and the
background, a subset from the first training set, wherein the subset comprises the target
person and the background;

a training set generator, constituting a second training set comprising the scores of the
person images and the background in the subset; and

a RSS loss calculator, determining a loss and a gradient based on the second training set;

wherein the determined loss and gradient are back-propagated to adjust parameters of the

13
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person identifying layer until the loss and the gradient converge.

14
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