ILLUMINATION DETECTION METHOD AND APPARATUS FOR
FACIAL IMAGE, AND DEVICE AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority to Chinese patent application No. 201811627209.5, filed on

December 28, 2018, the disclosure of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to the field of image processing, and in particular,
relate to a method and an apparatus for detecting illumination of a face image, and a device, and a storage

medium.

BACKGROUND

[0003] With the rapid development of computer technologies, augmented reality (AR) products have
been widely used in our daily life. Virtual content in an AR product needs to be seamlessly embedded
into a real image, to give a user an immersive feeling that the virtual content is real. Ambient illumination
in the real image is detected, and then the same illumination environment is added to a virtual object to
improve the reality of the integration between the virtual content and the real environment.

[0004] As light propagation is affected by factors such as the geometry and reflectivity of objects in a
scene, during acquisition of illumination information in a real scene, complex operations are required to

acquire an image, and large errors of the illumination detection are caused.

SUMMARY

[0005] Embodiments of the present disclosure provide a method and apparatus for detecting illumination
of a face image, and a device, and a storage medium, to simplify operations for detecting illumination of

a face image and improve accuracy of illumination detection.



[0006] In one aspect, the embodiments of the present disclosure provide a method for detecting
illumination of a face image. The method includes: acquiring a face image to be detected and a three-
dimensional face mesh template; acquire a reconstructed face mesh model by deforming the three-
dimensional face mesh template based on the face image; determining, based on deformation positions,
in the reconstructed face mesh model, of key feature points in the three-dimensional face mesh template,
brightness of feature points, corresponding to the key feature points, in the face image; and determining
illumination information of the face image based on a corresponding relationship between predetermined
brightness of the key feature points and illumination thereof, and the brightness of the feature points,
corresponding to the key feature points, in the face image.

[0007] In another aspect, the embodiments of the present disclosure provide an apparatus for detecting
illumination of a face image. The apparatus incudes: an image acquiring module, configured to acquire
a face image to be detected and a three-dimensional face mesh template; a face reconstructing module,
configured to acquire a reconstructed face mesh model by deforming the three-dimensional face mesh
template based on the face image; a brightness determining module, configured to determine, based on
deformation positions, in the reconstructed face mesh model, key feature points in the three-dimensional
face mesh template, brightness of feature points, corresponding to the key feature points, in the face
image; and an illumination information determining module, configured to determine illumination
information of the face image based on a corresponding relationship between predetermined brightness
of the key feature points and illumination thereof, and the brightness of the feature points, corresponding
to the key feature points, in the face image.

[0008] In still another aspect, the embodiments of the present disclosure provide a device, the device
including: one or more processors; and a storage apparatus, configured to store one or more programs;
wherein the one or more programs, when loaded and run by the one or more processors, cause the one or
more processors to perform the method according to any embodiment of the present disclosure.

[0009] In still another aspect, the embodiments of the present disclosure provide a computer readable
storage medium storing a computer program, wherein the computer program, when loaded and run by a
processor, causes the processor to perform the method according to any embodiment of the present

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS



[0010] FIG. 1A is a flowchart of a method for detecting illumination of a face image according to an
embodiment of the present disclosure;

[0011] FIG. 1B is a schematic diagram of a three-dimensional face mesh template in the method
according to an embodiment of the present disclosure;

[0012] FIG. 2 is a schematic diagram of a principle of a process of predetermining a corresponding
relationship between predetermined brightness of key feature points and illumination thereof in the
method according to an embodiment of the present disclosure;

[0013] FIG. 3 is a schematic diagram of a principle of an illumination detection process for a face image
according to an embodiment of the present disclosure;

[0014] FIG. 4 is a schematic structural diagram of an apparatus for detecting illumination of a face image
according to an embodiment of the present disclosure; and

[0015] FIG. 5 is a schematic structural diagram of a device according to an embodiment of the present

disclosure.

DETAILED DESCRIPTION

[0016] The present disclosure is further described in detail with reference to the accompanying drawings
and embodiments. The embodiments described herein are merely intended to explain the present
disclosure, rather than to limit the present disclosure. Only a partial structure related to the present
disclosure rather than all the structure is shown in the accompany drawings. The embodiments in the
present disclosure and the characteristics in the embodiments may be combined mutually in the case of
no conflict.

[0017] Light propagation is affected by factors such as the geometry and reflectivity of objects in a scene.
Therefore, illumination information in a real scene is acquired in the following three manners:

[0018] 1) [llumination information is acquired by using a special image acquisition method. For example,
illumination conditions in the real scene are measured by: detecting illumination with acquired image of
a mirror ball (light probe) in the real scene, acquiring an omnidirectional real image with a fisheye camera,
or recovering three-dimensional information and illumination conditions in the real scene with a depth
camera. However, this method requires an onerous image acquisition process, and the operation is
complex.

[0019] 2) Illumination is detected based on markers with pre-defined geometry and reflective properties

placed in the real scene, for example, using ping pong balls and planar markers, square markers, or cube



markers. This method does not require an onerous image acquisition process, but has certain
requirements on predefined geometric objects and markers, and is thus difficult to apply in a variety of
real scenes.

[0020] 3) Illumination is detected by matching the face images with the reference light source image,
wherein the reference light source image corresponding to the face image may be generated with a three-
dimensional face model under consideration that face images have similar geometry positions. For
example, a coordinate system is established by manually marking eye positions in the face images, and
sampling points at the same position in the eye coordinate system from different face images are used as
the same geometric corresponding points, such that illumination is detected based on brightness of each
geometric corresponding point in different face images. However, in this method, the reference light
source image needs to be determined with the three-dimensional face model. As face shapes of different
face images change accordingly, the three-dimensional face model is restricted by the face shapes of
different face images, and the geometric corresponding points determined based on the reference light
source image have certain errors, causing a large error in the illumination detection.

[0021] For the problem that key feature points determined based on the reference light source image
have certain errors in different face images due to the three-dimensional face model being restricted by
the face shapes in different face images, causing a large error in the illumination detection, in the
embodiments of the present disclosure, a face mesh model corresponding to the face image is
reconstructed with a deformable three-dimensional mesh face template; brightness of corresponding
feature points in the face image is determined based on deformation positions of the key feature points
in the reconstructed face mesh model; illumination information of the face image is obtained based on
the brightness and a corresponding relationship between predetermined brightness and illumination. The
embodiments of the present disclosure solve the problem that a large error in illumination detection with
a three-dimensional face model in the related art, and improve the detection efficiency and accuracy of
illumination detection.

[0022] In an embodiment, the method according to the present disclosure may be applicable to an actual
AR product to add the same illumination intensity for a virtual object in the corresponding AR product
based on the illumination information detected in the face image, to enable the virtual object be
seamlessly embedded in the real face image, thus giving the user a feeling that the virtual object is real.
The method improves user experience of AR products, such as AR products for trying on virtual objects
such as hats and glasses, and also helps to improve a recognition and tracking effect of face recognition

and face tracking in face images.



[0023] Embodiment 1

[0024] FIG. 1A is a flowchart of a method for detecting illumination of a face image according to an
embodiment of the present disclosure. This embodiment is applicable to any processing device that
detects illumination information by using a reconstructed face mesh model. The solution of this
embodiment of the present disclosure is applicable to cases of detecting illumination information of a
face image. The method according to the embodiment may be performed by an apparatus for detecting
illumination of a face image according to the embodiments of the present disclosure. The apparatus may
be implemented by software and/or hardware, and integrated in a device for performing the method. The
device may be any processing device having an image processing capability.

[0025] In an embodiment, referring to FIG. 1A, the method may include S110 to S140.

[0026] In S110, a face image to be detected and a three-dimensional face mesh template are acquired.
[0027] In an embodiment, a face image includes captured image data that contains a face picture. This
embodiment is applicable to detecting illumination of a face image captured in an AR product, to enable
a virtual object in the AR product be seamlessly embedded in a real face image. Therefore, the current
face image may be captured with an image capture device such as a camera configured in the AR product.
In an embodiment, during processing the face image to be detected, pixel information contained in the
face image needs to be reduced, such that the processing efficiency of the face image is improved. In this
case, the face image is a grayscale image. If the initially acquired face image is a color image, the color
image is grayed to obtain the face image to be detected in this embodiment.

[0028] In addition, the three-dimensional face mesh template is a mesh model of a standard face shape.
In an embodiment, the three-dimensional face mesh template is a three-dimensional face model with a
schematic element distribution, which is pre-created based on the standard face shape. During creating
the three-dimensional face mesh template, the three-dimensional face mesh template with different
precision or different element shapes may be created based on different selected model pixel resolutions
and different element shapes, such that element distribution density or element distribution shapes of the
created three-dimensional face mesh template is different. For example, the three-dimensional face mesh
template shown in FIG. 1B includes quadrilateral elements. In addition, a three-dimensional face mesh
template including triangular elements may also be created based on requirements. In this embodiment,
prior to detecting the illumination information of the face image, a pre-created three-dimensional face
mesh template is stored in the processing device, wherein the processing device performs the method for
detecting illumination of a face image. The three-dimensional face model is restricted by face shapes in

different face images, causing a large error in the illumination detection. In this embodiment, by matching



the three-dimensional face mesh template with face images containing different face shapes,
corresponding deformation can be performed based on the face shapes, to avoid extraction errors of
geometric corresponding points due to different face shapes in different face images. Subsequently, for
different face images to be detected, the three-dimensional face mesh template may be matched with the
face images to acquire reconstructed face mesh models.

[0029] Optionally, in this embodiment, during detecting illumination information of the face image, the
currently captured face image of which the illumination information needs to be detected (i.e., the face
image to be detected) and the pre-stored three-dimensional face mesh template (i.e., the mesh model of
a standard face) are acquired. By matching the three-dimensional face mesh template with the current
face image to be detected, the reconstructed face mesh model can be obtained. In this embodiment, the
same three-dimensional face mesh template is processed, which reduces noise and defect interference in
the process of reconstructing corresponding face mesh models based on different face images, and solves
the problem that the mesh models directly generated based on different face images have inconsistent
topologies.

[0030] In S120, a reconstructed face mesh model is acquired by deforming the three-dimensional face
mesh template based on the face image.

[0031] Optionally, during acquisition of the current face image to be detected and the pre-stored three-
dimensional face mesh template, in order to avoid extraction errors of geometric corresponding points
due to different face shapes in different face images, the three-dimensional face mesh template may be
deformed based on a face shape in the acquired face image, such that a face pose in the deformed three-
dimensional face mesh template is approximately the same as a face pose in the face image. The deformed
three-dimensional face mesh template is taken as the face mesh model reconstructed based on the face
image. In this case, for different face images, a unique face mesh model may be reconstructed accordingly
by deforming the elements in the three-dimensional face mesh template. The reconstructed face mesh
model has the same mesh vertices as the three-dimensional face mesh template.

[0032] In an embodiment, local feature points in the three-dimensional face mesh template may be
extracted hierarchically, and a target face mesh model is acquired by deforming the three-dimensional
face mesh template based on pose matching positions of the local feature points hierarchically extracted
in the face image. Then, global feature points in the target face mesh model are acquired, and the
reconstructed face mesh model is acquired by deforming the target face mesh model based on the pose

matching positions of the global feature points in the face image.



[0033] The feature points are the pixels in the model that can effectively indicate skin features of the
face. The brightness change effect of skin points of the face is obvious under effect of different
illumination. Therefore, the feature points in this embodiment are pixels in the three-dimensional face
mesh template that can indicate the corresponding skin points. That is, multiple mesh vertices or mesh
facet centers distributed in the three-dimensional face mesh template, such as centers of quadrilateral
elements. Local feature points are part of the feature points contained in the three-dimensional face mesh
template. The pose matching positions include matching positions of target parts in the face image, the
matching positions being determined based on positions of the face target parts indicated by the multiple
feature points in the three-dimensional face mesh template. For example, in the face image, the pose
matching position of the feature points indicating the cheek in the three-dimensional face mesh template
is the position of the cheek in the face image. The global feature points are all the mesh vertices or mesh
facet centers distributed in the target face mesh model. In an embodiment, the local feature points in the
three-dimensional face mesh template are hierarchically extracted, and the pose matching positions of
the multiple local feature points hierarchically extracted in the face image are determined sequentially;
the target face mesh model matched with the face image is acquired by sequentially controlling the
corresponding three-dimensional face mesh template to be deformed based on the corresponding pose
matching positions. The global feature points in the target face mesh model are acquired, and with
reference to the above-mentioned deformation process, the target face mesh model is deformed based on
the poses matching positions of multiple global feature points in the face image, such that the
reconstructed face mesh model is smooth and more detailed features are reconstructed. The reconstructed
face mesh model is acquired by adjusting the target face mesh model to be more similar to the face image.
In addition, during deforming the three-dimensional face mesh template, when moving with the
deformation of the three-dimensional face mesh template, feature points other than the local feature
points satisfy certain constraints to ensure the consistency of movement of multiple mesh vertices during
deforming the three-dimensional face mesh template.

[0034] In S130, brightness of feature points, corresponding to the key feature points, in the face image
is determined based on deformation positions, in the reconstructed face mesh model, of the key feature
points in the three-dimensional face mesh template.

[0035] In an embodiment, the key feature points are local feature points that are pre-selected in the three-
dimensional face mesh template and may indicate part information of the face image. The key feature
points may be different from or the same as the local feature points selected in the three-dimensional face

mesh template during the above deformation, which is not limited herein. Optionally, the key feature



points in this embodiment are feature points among all the mesh vertices or mesh facet centers, wherein
the key feature points mean geometric corresponding positions to some extent and can clearly indicate
positions of skin points such as cheeks or chin in the three-dimensional face mesh template except for
face feature points such as lips and eyes. The brightness of the feature point is a parameter that can
indicate tonal information at the position of the feature point in the face image, that is, the image
brightness at the position. The face image in the embodiment is a grayscale image. Therefore, in the face
image, the brightness of the feature point corresponding to the key feature point is a pixel grayscale value
of the feature point.

[0036] Optionally, during acquiring the reconstructed face mesh model by deforming the three-
dimensional face mesh template based on the face image, pre-selected key feature points may be
determined in the three-dimensional face mesh template. During deforming the three-dimensional face
mesh template, the key feature points move accordingly with the deformation of the three-dimensional
face mesh template and meet certain constraints to ensure the consistency of movement of multiple
feature points in the deformation of the three-dimensional face mesh template. During detecting the
illumination information of the face image, the brightness of the corresponding feature points in the face
image is acquired in advance. If the key feature points in the three-dimensional face mesh template are
determined and the three-dimensional face mesh template is deformed and the reconstructed face mesh
model is acquired, corresponding deformation positions of the key feature points in the reconstructed
face mesh model may be determined in response to the key feature points being moved accordingly with
the deformation of the three-dimensional face mesh template. As the face pose in the reconstructed face
mesh model is approximately the same as the face pose in the face image to be detected, feature points
in the face image that are at the same positions as the key feature points may be determined as the
corresponding feature points, based on the corresponding deformation positions, in the reconstructed face
mesh model, of the key feature points, and thus the brightness of the corresponding feature points is
acquired. Further, illumination information of the face image is determined based on the brightness and
a corresponding relationship between predetermined brightness of the key feature points and illumination
thereof.

[0037] In S140, illumination information of the face image is determined based on the corresponding
relationship between the predetermined brightness of the key feature points and the illumination thereof,
and the brightness of the feature points, corresponding to the key feature points, in the face image.
[0038] In an embodiment, the corresponding relationship between the predetermined brightness and the

illumination may be interpreted as a corresponding transformation relationship that exists between



brightness of feature points in a face image and illumination information of the face image. In the
embodiment, the corresponding relationship between the predetermined brightness of the multiple key
feature points and the illumination thereof may be acquired by training with a large number of history
face images of which the illumination information has been determined, and brightness of feature points,
corresponding to the key feature points in the three-dimensional face mesh template, in the multiple
history face images. The illumination information indicates the illumination of real ambient light
corresponding to the current moment when the face image to be detected is captured, and may include a
real illumination direction corresponding to the time when the face image is captured.

[0039] Optionally, in this embodiment, during acquiring the brightness of the feature points, which
correspond to the key feature points in the three-dimensional face mesh template, in the face image, a
corresponding relationship between predetermined brightness of the multiple key feature points and
illumination thereof may be acquired, and based on the corresponding relationship between the
predetermined brightness and the illumination, the brightness of the feature points, corresponding to the
key feature points in the three-dimensional face mesh template, in the face image is transformed, and
thus illumination information of the face image in the real environment at the time of acquisition is
acquired. The same illumination intensity may be added for a virtual object in the corresponding AR
product based on the illumination information, that is, to render the virtual object with the same
illumination, to enable the virtual object to be seamlessly embedded in the real face image, thus giving
the user a feeling that the virtual object is real and improving the user experience of the AR product.
[0040] In the technical solution according to the embodiment, the reconstructed face mesh model is
acquired by deforming the three-dimensional face mesh model based on the face image to be detected;
the brightness of the feature points, which correspond to the key feature points, in the face image is
determined based on the deformation positions of the key feature points in the reconstructed face mesh
model; and the illumination information of the face image is determined based on the brightness and the
corresponding relationship between the predetermined brightness and the illumination. There is no need
to perform an onerous image acquisition process, and the positions in the face model and the face image
are highly matched. The technical solution according to the embodiment solves the problem in the related
art that detecting illumination with a three-dimensional face model has a large error due to the restriction
by face shapes in different face images, simplifies the operations for detecting illumination of face images,
and improves the detection efficiency and accuracy of illumination detection.

[0041] Embodiment 2



[0042] FIG. 2 is a schematic diagram of a principle of a predetermining process of a corresponding
relationship between predetermined brightness of the key feature points and illumination thereof in the
method according to an embodiment of the present disclosure. This embodiment is an optional
embodiment based on the above embodiments. A training process of a corresponding relationship
between predetermined brightness of the key feature points in a three-dimensional face mesh template
and illumination by using a large number of history face images and the three-dimensional face mesh
template is described in the embodiment.

[0043] Optionally, the embodiment may include S210 to S240.

[0044] In S210, history face images and the three-dimensional face mesh template are acquired, and
history illumination information of the history face images is determined.

[0045] History face images are images containing face pictures of which image illumination information
is determined. In this embodiment, prior to determining the corresponding relationship between the
predetermined brightness of the key feature points in a three-dimensional face mesh template and the
illumination thereof, a large number of history face images with determined illumination information are
captured to construct a corresponding training set.

[0046] In an embodiment, during the training process of the corresponding relationship between the
predetermined brightness of the multiple key feature points and the illumination thereof, a large number
of history face images in the training set, and a pre-stored three-dimensional face mesh template may be
acquired, and the history illumination information of the multiple history face images may be determined.
The history illumination information includes illumination directions of the history face images.

[0047] In S220, reconstructed history face mesh models are acquired by deforming the three-dimensional
face mesh template based on the history face images.

[0048] Optionally, due to extraction errors of geometric corresponding points caused by different face
shapes in different history face images, in different history face images, face parts represented by feature
points corresponding to the key feature points in the three-dimensional face mesh template will have
errors, causing a large error in the illumination detection result. In addition, the brightness of the feature
points corresponding to the key feature points in the three-dimensional face mesh template needs to be
determined in the history face images. Therefore, based on the reconstruction process of the face mesh
model described in Embodiment 1, in this embodiment, multiple reconstructed history face mesh models
corresponding to the multiple history face images respectively are acquired by deforming the same pre-
stored three-dimensional face mesh template based on the multiple history face images acquired from

the training set, such that the multiple history face mesh models have consistent template topologies. It
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also ensures the consistency of the face parts represented by the feature points, which correspond to the
key feature points, in different history face images.

[0049] In S230, brightness of feature points, which correspond to the key feature points, in the history
face images is determined based on deformation positions, in the reconstructed history face mesh models,
of the key feature points in the three-dimensional face mesh template.

[0050] Optionally, during acquiring different reconstructed history face mesh models corresponding to
the history face images, as the key feature points in the three-dimensional face mesh template move
accordingly with the deformation of the three-dimensional face mesh template, the deformation positions,
in the different reconstructed history face mesh models, of the key feature points in the three-dimensional
face mesh template, may be determined, wherein the different reconstructed history face mesh models
are respectively reconstructed based on the history face images. Thus, based on the corresponding
deformation positions of the key feature points in the multiple reconstructed history face mesh models,
feature points at the same positions as the key feature points are determined in the multiple history face
images, to be taken as corresponding feature points, such that the brightness of the corresponding feature
points in the multiple history face images is acquired. The corresponding relationship between the
predetermined brightness of the key feature points and the illumination thereof is determined based on
the brightness and the illumination information of the multiple history face images acquired in advance.
[0051] In S240, the corresponding relationship between the predetermined brightness of the key feature
points and the illumination thereof is determined based on history illumination information of the history
face image and the brightness of the feature points, corresponding to the key feature points, in the history
face images.

[0052] Optionally, in response to acquiring the brightness of the feature points, which correspond to the
key feature points, in the history face images, and determining the illumination information of the
multiple history face images, the corresponding relationship between the predetermined brightness of the
each key feature point and the illumination thereof may be determined based on the brightness of the
feature points in the multiple history face images and the illumination information of the corresponding
history face images. In this way, the corresponding relationship between the predetermined brightness of
the multiple key feature points in the three-dimensional face mesh template and the illumination thereof
is determined.

[0053] Optionally, during determining the corresponding relationship between the predetermined
brightness of the key feature point and the illumination thereof in the embodiment, the step of

determining the corresponding relationship between the predetermined brightness of the key feature point
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and the illumination thereof based on history illumination information of the history face images and the
brightness of the feature points, which correspond to the key feature point, in the history face images
may include steps described hereinafter.

[0054] In S241, for each history face image, a corresponding relationship between initial brightness of
the key feature points and illumination thereof is determined based on the history illumination
information of the history face image and the brightness of the feature points, corresponding to the key
feature points, in the history face image.

[0055] In an embodiment, the training set including a large number of history face images, the same
processing operation is performed for each history face image during determining the corresponding
relationship between the predetermined brightness of the key feature points and the illumination thereof.
In this embodiment, for each history face image, during acquiring the brightness of the feature points,
which correspond to the multiple key feature points in the three-dimensional face mesh template, in the
history face image, a corresponding relationship between initial brightness of the multiple key feature
points and illumination thereof corresponding to the history face image may be determined based on the
illumination information of the history face image and the brightness of the feature points in the history
face image, wherein the feature points corresponds to the multiple key feature points.

[0056] For example, the illumination information in the embodiment may be interpreted as spherical
harmonic illumination, wherein the spherical harmonic illumination is a vector including illumination

feature values in corresponding dimensions and capable of indicating the corresponding illumination

information. In this case, for a key feature point ~/ in the three-dimensional face mesh template, Jisa

serial number of the key feature point; in the history face image [, the brightness of the feature point
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corresponding to the key feature point ~/ is /. In this case, the corresponding relationship between

the initial brightness and the illumination corresponding to the history face image is interpreted by
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illumination direction in the illumination information of the history face image.
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[0057] In addition, B (x) is recursively calculated in the following manner:
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[0061] wherein L is the degree of the spherical harmonic illumination, which may be any integer value

and is not limited in the embodiment.

[0062] In this case, in response to acquiring the spherical coordinates of illumination direction (0,9)
in the illumination information of each history face image, the spherical harmonic illumination of
multiple key feature points in the history face image may be obtained according to the above process.
The corresponding relationship between the initial brightness of the key feature points and the

illumination corresponding to each history face image may be obtained according to the formula:
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K ’ , wherein / is the corresponding relationship between the predetermined

brightness of the key feature point and the illumination thereof.
[0063] In S242, the corresponding relationship between the predetermined brightness of the key feature

points and the illumination thereof is acquired by processing the corresponding relationships between
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the initial brightness and the illumination, which correspond to the multiple history face images
respectively, of the key feature points using a least square method.
[0064] Optionally, during acquiring the corresponding relationships between the initial brightness of

each key feature point and the illumination thereof, wherein the corresponding relationships between the

initial brightness and the illumination correspond to multiple history face images respectively, that is, Tj
in the above formula, the corresponding relationships between the initial brightness of the key feature

points and the illumination thereof corresponding to the multiple history face images may be processed

A

T,

using a least square method. That is, the obtained *, corresponding to each key feature point in the
multiple history face images is processed. The optimal corresponding relationship between the brightness
the multiple key feature points and the illumination thereof is found by minimizing the sum of squares
of errors, wherein the multiple feature points correspond to the multiple history face images respectively.
The corresponding relationship between the predetermined brightness of each key feature point and the
illumination thereof is acquired. Thus, the sum of squares of errors between the corresponding
relationships between the initial brightness and the illumination, which are acquired based on different
history face images, and the corresponding relationship between the predetermined brightness and the
illumination is minimized.

[0065] In the technical solution according to the embodiment, the reconstructed history face mesh
models corresponding to the history face images are acquired by deforming the three-dimensional face
mesh template based on a large number of history face images. Thus, the corresponding relationship
between the predetermined brightness of each key feature point and the illumination thereof is acquired
based on the history illumination information of the multiple history face images and the brightness of
the feature points, corresponding to the multiple key feature points, in the multiple history face images.
A large number of history face images are acquired in advance in a data-driven manner, such that the
accuracy of the corresponding relationship between the predetermined brightness of the key feature
points and the illumination thereof is improved.

[0066] Embodiment 3

[0067] FIG. 3 is a schematic diagram of a principle of an illumination detection process for a face image
according to an embodiment of the present disclosure. This embodiment is an optional embodiment based
on the above embodiments. An illumination detection process for a face image is described in the
embodiment.

[0068] Optionally, the embodiment may include S310 to S370.

14



[0069] In S310, a face image to be detected and a three-dimensional face mesh template are acquired.
[0070] In S320, a reconstructed face mesh model is acquired by deforming the three-dimensional face
mesh template based on the face image.

[0071] In S330, feature mark points in the three-dimensional face mesh template are acquired as key
feature points.

[0072] In an embodiment, as there are predetermined key feature points in the three-dimensional face
mesh template, the predetermined key feature points are determined in the three-dimensional face mesh
template during acquiring the reconstructed face mesh model by deforming the three-dimensional face
mesh template based on the face image in the embodiment. The corresponding feature mark points in the
three-dimensional face mesh template may be acquired as the predetermined key feature points because
the corresponding feature points are manually marked in the three-dimensional face mesh template in the
embodiment.

[0073] In S340, mapping positions of the key feature points in the face image are determined based on
deformation positions, in the reconstructed face mesh model, of the key feature points in the three-
dimensional face mesh template.

[0074] Optionally, on the premise of determining the key feature points in the three-dimensional face
mesh template, the key feature points move accordingly with the deformation of the three-dimensional
face mesh template during deforming the three-dimensional face mesh template, and meet certain
constraints to ensure the consistency of movement of the multiple feature points during the deformation
of the three-dimensional face mesh template. In this case, the deformation positions of the key feature
points in the reconstructed face mesh model after the movement with the deformation of the three-
dimensional face mesh template may be determined. Because the face pose in the reconstructed face
mesh model is approximately the same as the face pose in the face image to be detected, the mapping
positions of the key feature points in the face image may be determined based on the deformation
positions.

[0075] In S350, brightness of corresponding feature points at the mapping positions in the face image is
acquired as brightness of the feature points, corresponding to the key feature points, in the face image.
[0076] In an embodiment, in response to determining that the key feature points move with the
deformation of the three-dimensional face mesh template, the mapping positions of the key feature points
in the face image after the movement are determined. Corresponding feature points at the mapping
positions in the face image may be directly acquired as the feature points, which correspond to the key

feature points, in the face image. In this case, the brightness of the corresponding feature points at the
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mapping positions in the face image may be directly acquired as the brightness of the feature points,
which correspond to the key feature points, in the face image.

[0077] In S360, a spherical harmonic illumination coefficient of the face image is determined based on
the corresponding relationship between the predetermined brightness of the key feature points and the
illumination thereof, and the brightness of the feature points, corresponding to the key feature points, in
the face image.

[0078] Optionally, the illumination information of the face image in the embodiment may be interpreted
as spherical harmonic illumination. In this case, during acquiring the brightness of the feature points,
which correspond to the multiple key feature points, in the face image, the corresponding relationship
between the predetermined brightness of the multiple key feature points and the illumination thereof may
be acquired, such that the spherical harmonic illumination coefficient of the face image is determined

according to the formula:
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[0079] wherein / is the corresponding relationship between the predetermined brightness of the key

feature point and the illumination thereof, / is the brightness of the feature point, corresponding to the

key feature point, in the face image and E is the spherical harmonic illumination coefficient of the face
image.

[0080] In S370, illumination information of the face image is determined based on the spherical
harmonic illumination coefficient.

[0081] Optionally, during acquiring spherical harmonic illumination coefficient of the face image, the
illumination information of the face image may be determined based on the spherical harmonic

o . (-E[3].-E[1].£[2]) . A
illumination coefficient. For example, is selected from E as the illumination
direction of the face image.

[0082] In the technical solution according to the embodiment, the reconstructed face mesh model is

acquired by deforming the three-dimensional face mesh model based on the face image to be detected;

16



the brightness of the feature points, which correspond to the key feature points, in the face image is
determined based on the deformation positions of the key feature points in the reconstructed face mesh
model; and the illumination information of the face image is determined based on the brightness and the
corresponding relationship between the predetermined brightness and the illumination. There is no need
to perform an onerous image acquisition process, and the positions in the face model and the face image
are highly matched. The technical solution according to the embodiment solves the problem in the related
art that detecting illumination with a three-dimensional face model has a large error due to the restriction
by face shapes in different face images, simplifies the operations of detecting illumination of face images,
and improves the detection efficiency and accuracy of illumination detection.

[0083] Embodiment 4

[0084] FIG. 4 is a schematic structural diagram of an apparatus for detecting illumination of a face image
according to an embodiment of the present disclosure. As shown in FIG. 4, the apparatus may include:
an image acquiring module 410, a face reconstructing module 420, a brightness determining module 430,
and an illumination information determining module 440.

[0085] The image acquiring module 410 is configured to acquire a face image to be detected and a three-
dimensional face mesh template.

[0086] The face reconstructing module 420 is configured to acquire a reconstructed face mesh model b
deforming the three-dimensional face mesh template based on the face image.

[0087] The brightness determining module 430 is configured to determine, based on deformation
positions, in the reconstructed face mesh model, of key feature points in the three-dimensional face mesh
template, brightness of feature points, corresponding to the key feature points, in the face images.
[0088] The illumination information determining module 440 is configured to determine illumination
information of the face image based on a corresponding relationship between the predetermined
brightness of the key feature points and the illumination thereof, and the brightness of the feature points,
corresponding to the key feature points, in the face images.

[0089] In the technical solution according to the embodiment, the reconstructed face mesh model is
acquired by deforming the three-dimensional face mesh model based on the face image to be detected;
the brightness of the feature points, which correspond to the key feature points, in the face image is
determined based on the deformation positions of the key feature points in the reconstructed face mesh
model; and the illumination information of the face image is determined based on the brightness and the
corresponding relationship between the predetermined brightness and the illumination. There is no need

to perform an onerous image acquisition process, and the positions in the face model and the face image
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are highly matched. The technical solution according to the embodiment solves the problem in the related
art that detecting illumination with a three-dimensional face model has a large error due to the restriction
by face shapes in different face images, simplifies the operations of detecting illumination of face images,
and improves the detection efficiency and accuracy of illumination detection.

[0090] The apparatus for detecting illumination of a face image according to the embodiment is
applicable to the method for detecting illumination of a face image according to any of the above
embodiments, and has corresponding functions and beneficial effects.

[0091] Embodiment 5

[0092] FIG. 5 is a schematic structural diagram of a device according to an embodiment of the present
disclosure. As shown in FIG. 5, the device includes a processor 50, a storage apparatus 51, and a
communication apparatus 52. There may be one or more processors 50 in the device, and one processor
50 is taken as an example in FIG. 5. The processor 50, the storage apparatus 51, and the communication
apparatus 52 in the device may be connected by a bus or in other manners. The bus connection is taken
as an example in FIG. 5.

[0093] The storage apparatus 51, as a computer readable storage medium, may be configured to store a
software program, a computer executable program, and a module, such as a program instruction/module
corresponding to the method according to the embodiments of the present disclosure. The processor 50
runs the software program, the instruction, and the module stored in the storage apparatus 51, to perform
various functional applications of the device and data processing, that is, perform the method described
above.

[0094] The communication apparatus 52 may be configured to perform a network connection or a mobile
data connection between devices.

[0095] The device according to the embodiment may be configured to perform the method according to
any of the above embodiments, and has corresponding functions and effects.

[0096] Embodiment 6

[0097] An embodiment of the present disclosure further provides a computer readable storage medium.
The computer readable storage medium stores a computer program. The program, when loaded and run
by a processor, causes the processor to perform the method in any of the above embodiments. The method
may include:

[0098] acquiring a face image to be detected and a three-dimensional face mesh template;

[0099] acquiring a reconstructed face mesh model by deforming the three-dimensional face mesh

template based on the face image;
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[0100] determining, based on deformation positions, in the reconstructed face mesh model, of key feature
points in the three-dimensional face mesh template, brightness of feature points, corresponding to the
key feature points, in the face image; and

[0101] determining illumination information of the face image based on a corresponding relationship
between predetermined brightness of the key feature points and illumination thereof, and the brightness
of the feature points, corresponding to the key feature points, in the face image.

[0102] This embodiment of the present disclosure provides a storage medium including a computer
executable instruction. In addition to performing the above operations of the method, the computer
executable instruction may also be executed to perform the method according to any embodiment of the
present disclosure.

[0103] The units and modules included in the embodiment of the apparatus are merely divided based on
functional logic, and are not limited to the above division, in case that the corresponding functions can

be implemented. In addition, specific names of the functional units are merely for differentiation.
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CLAIMS

What is claimed is:

1. A method for detecting illumination of a face image, comprising:

acquiring a face image to be detected and a three-dimensional face mesh template;

acquiring a reconstructed face mesh model by deforming the three-dimensional face mesh template
based on the face image;

determining, based on deformation positions, in the reconstructed face mesh model, of key feature
points in the three-dimensional face mesh template, brightness of feature points, corresponding to the
key feature points, in the face image; and

determining illumination information of the face image based on a corresponding relationship
between predetermined brightness of the key feature points and illumination thereof, and the brightness

of the feature points, corresponding to the key feature points, in the face image.

2. The method according to claim 1, wherein prior to acquiring the face image to be detected and the
three-dimensional face mesh template, the method further comprises:

acquiring history face images and the three-dimensional face mesh template, and determining history
illumination information of the history face images;

acquiring reconstructed history face mesh models by deforming the three-dimensional face mesh
template based on the history face images;

determining, based on deformation positions, in the reconstructed history face mesh models, of the
key feature points in the in the three-dimensional face mesh template, brightness of feature points,
corresponding to the key feature points, in the history face images; and

determining the corresponding relationship between the predetermined brightness of the key feature
points and the illumination thereof based on the history illumination information of the history face
images and the brightness of the feature points, corresponding to the key feature points, in the history

face images.

3. The method according to claim 2, wherein determining the corresponding relationship between
the predetermined brightness of the key feature points and the illumination thereof based on the history
illumination information of the history face images and the brightness of the feature points,
corresponding to the key feature points, in the history face images comprises:

for each history face image, determining a corresponding relationship between initial brightness of
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the key feature points and the illumination thereof based on the history illumination information of the
history face image and the brightness of the feature points, corresponding to the key feature points, in
the history face image; and

acquiring the corresponding relationship between the predetermined brightness of the key feature
points and the illumination thereof by processing the corresponding relationships between the initial
brightness of the key feature points and the illumination thereof, corresponding to the history face images

respectively, using a least square method.

4. The method according to claim 1, wherein determining, based on the deformation positions, in the
reconstructed face mesh model, of the key feature points in the three-dimensional face mesh template,
the brightness of the feature points, corresponding to the key feature points, in the face image comprises:

determining mapping positions of the key feature points in the face image based on the deformation
positions, in the reconstructed face mesh model, of the key feature points in the three-dimensional face
mesh template; and

acquiring brightness of corresponding feature points at the mapping positions in the face image as

the brightness of the feature points, corresponding to the key feature points, in the face image.

5. The method according to claim 4, wherein prior to determining the mapping positions of the key
feature points in the face image based on the deformation positions, in the reconstructed face mesh model,
of the key feature points in the three-dimensional face mesh template, the method further comprises:

acquiring feature mark points in the three-dimensional face mesh template as the key feature points.

6. The method according to any one of claims 1 to 5, wherein the face image is a grayscale image,
and the brightness of the feature points, corresponding to the key feature points, in the face image

comprises pixel grayscale values of the feature points.

7. The method according to any one of claims 1 to 5, wherein determining illumination information
of the face image based on the corresponding relationship between the predetermined brightness of the
key feature points and the illumination thereof, and the brightness of the feature points, corresponding to
the key feature points, in the face image comprises:

determining a spherical harmonic illumination coefficient of the face image based on the

corresponding relationship between the predetermined brightness of the key feature points and the
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illumination thereof, and the brightness of the feature points, corresponding to the key feature points, in
the face image; and
determining the illumination information of the face image based on the spherical harmonic

illumination coefficient.

8. An apparatus for detecting illumination of a face image, comprising:

an image acquiring module, configured to acquire a face image to be detected and a three-
dimensional face mesh template;

a face reconstructing module, configured to acquire a reconstructed face mesh model by deforming
the three-dimensional face mesh template based on the face image;

a brightness determining module, configured to determine, based on deformation positions, in the
reconstructed face mesh model, of key feature points in the three-dimensional face mesh template,
brightness of feature points, corresponding to the key feature points, in the face image; and

an illumination information determining module, configured to determine illumination information
of the face image based on a corresponding relationship between predetermined brightness of the key
feature points and illumination thereof, and the brightness of the feature points, corresponding to the key

feature points, in the face image.

9. A device, comprising:

one or more processors; and

a memory, configured to store one or more programs;

wherein the one or more processors, when loading and running the one or more programs, are caused

to perform the method as defined in any one of claims 1 to 7.
10. A computer-readable storage medium storing a computer program therein, wherein the computer

program, when loaded and run by a processor, causes the processor to perform the method as defined in

any one of claims 1 to 7.
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