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LIGHT-SPLITTING COMBINED IMAGE COLLECTION DEVICE

The present application claims the priority to a Chinese patent application No.

201610830005.6 filed with the China National Intellectual Property Administration on
September 19, 2016 and entitled “LIGHT-SPLITTING COMBINED IMAGE

COLLECTION DEVICE”, which is incorporated herein by reference in its entirety.

Technical Field
The present application relates to the field of image processing technologies, and in

particular, to an image collection device for light splitting and fusion.

Background

In a low illumination scenario, in order to ensure that a collected image covers more
image information, an image collection device for light splitting and fusion is usually
required to collect an image. Specifically, the basic principle for collecting an image
through the image collection device for light splitting and fusion is: collecting a visible
light image corresponding to a visible light and collecting a non-visible light image
corresponding to a non-visible light, and fusing the visible light image and the non-visible
light image to obtain a fused image. The fused image is a dual-band image exhibiting more
image information than any one of a visible light image and a non-visible light image
belonging to a single band image. The so-called non-visible light is a near-infrared signal or
an infrared signal. Correspondingly, when the non-visible light is a near-infrared signal, the
non-visible light image is a near-infrared image, and when the non-visible light is an
infrared signal, the non-visible light image is an infrared image.

The image collection device for light splitting and fusion in the related art specifically
includes a semi-reflection and semi-permeable mirror, a visible light sensor, an infrared
light sensor, a registration unit, and a fusion unit. Specifically, the semi-reflection and
semi-permeable mirror is used to split incident light into a visible light and a non-visible
light. The visible light sensor is used for sensitising the visible light to form a visible light
image, the infrared light sensor is used for sensitising the non-visible light to form a
non-visible light image. The registration unit is used for eliminating a position deviation

between the non-visible light image and the visible light image. The fusion unit is used for
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performing weighting fusion on the position-corrected non-visible light image and the
position-corrected visible light image formed by the registration unit, wherein the image
obtained after fusion is an output image of the image collection device.

During the research process, the inventor found that, since the fusion unit of the image
collection device in the related art directly performs weighting fusion on the
position-corrected non-visible light image and the position-corrected visible light image
formed by the registration unit, the image difference due to different light wave reflection
characteristics of an object for different bands is ignored, which causes a color distortion of

the fused image.

SUMMARY

The object of the embodiments of the present application is to provide an image
collection device for light splitting and fusion, in order to improve the color accuracy of the

fused image. The specific technical solutions are as follows.

In a first aspect, an embodiment of the present application provides an image collection

device for light splitting and fusion, including:

a light splitter, a visible spectrum imaging module, a non-visible spectrum imaging

module, a registration unit, a pre-processing synthesizing unit, and a fusion unit.

The light splitter is configured to split incident light into a visible light and a

non-visible light.

The visible spectrum imaging module is configured to perform photosensitive imaging

according to the visible light split by the light splitter to form a first visible light image.

The non-visible spectrum imaging module is configured to perform photosensitive
imaging according to the non-visible light split by the light splitter to form a first

non-visible light image.

The registration unit is configured to perform position registration on the first visible
light image and the first non-visible light image to obtain a target visible light image and a

second non-visible light image.

The pre-processing synthesizing unit is configured to perform brightness adjustment on

the second non-visible light image to obtain a target non-visible light image.
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The fusion unit is configured to perform image fusion on the target visible light image

and the target non-visible light image to obtain a fused image.

Optionally, the pre-processing synthesizing unit is specifically configured to perform
brightness adjustment on the second non-visible light image based on the target visible light

image to obtain the target non-visible light image.
Optionally, the pre-processing synthesizing unit is specifically configured to:

perform color space conversion on the target visible light image to obtain a brightness

component of the target visible light image;

calculate a first mean value and a first variance of the brightness component, and a
second mean value and a second variance of a brightness component of the second

non-visible light image, respectively;

perform global mapping processing on the brightness component of the second
non-visible light image based on the first mean value, the first variance, the second mean

value, and the second variance;

convolve the target visible light image and the second non-visible light image
respectively by using a preset sobel edge detection operator to obtain a first texture image
corresponding to the target visible light image and a second texture image corresponding to

the second non-visible light image;

perform brightness adjustment on the second non-visible light image to determine the
target non-visible light image by using a brightness component obtained after the global
mapping processing, the brightness component of the target visible light image, the first

texture image, and the second texture image.

Optionally, a formula used by the pre-processing synthesizing unit to performing
global mapping processing on the brightness component of the second non-visible light

image is:
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wherein, y, represents the brightness component obtained after the global mapping

processing, y, represents the brightness component of the second non-visible light image,
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M, represents the first mean value, , represents the second mean value, and o,
represents the first variance, o, represents the second variances.

The preset sobel edge detection operator used by the pre-processing synthesizing unit

is:
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A formula used by the pre-processing synthesizing unit to perform brightness

adjustment on the second non-visible light image is:
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wherein, y,, represents the target non-visible light image, y, represents the
brightness component obtained after the global mapping processing, y, represents the
brightness component of the target visible light image, ¢, represents the second texture

image, and ¢, represents the first texture image.

Optionally, the fusion unit is specifically configured to:

perform weighting processing on the target visible light image and the target
non-visible light image according to a corresponding first type of weight value to obtain a

fused image.
Optionally, the fusion unit is specifically configured to:

perform frequency division fusion on the target visible light image and the target

non-visible light image to obtain a fused image.

Optionally, the process of performing frequency division fusion on the target visible

light image and the target non-visible light image by the fusion unit includes:

performing color space conversion on the target visible light image to obtain a

brightness component and a color component of the target visible light image;

performing low-pass filtering on the brightness component to obtain low frequency



information of the target visible light image;

performing high-pass filtering on the target non-visible light image to obtain high

frequency information of the target non-visible light image;

performing weighting processing on the low frequency information and the high
frequency information according to a corresponding second type of weight value to obtain a

brightness component corresponding to a fused image to be formed;

combining the brightness component corresponding to the fused image to be formed

and the color component of the target visible light image to obtain the fused image.

Optionally, a formula used by the fusion unit to perform weighting processing on the
low frequency information and the high frequency information according to the

corresponding second type of weight value is:
yFus = W*ylow + (1 - W)*yAP + K*yhigh

wherein, y, — represents the brightness component corresponding to the fused image
to be formed, y,, represents the target non-visible light image, y, represents the low
frequency information, y, . represents the high frequency information, w represents the

second type of weight value corresponding to the low frequency information, K
represents the second type of weight value corresponding to the high frequency

information.

Optionally, w is determined according to a brightness difference between the
brightness components of the target non-visible light image and the target visible light

image, wherein

— abs(yAP—yD)
max(abs(y,, —¥p))

wherein, y,, represents the target non-visible light image, y, represents the
brightness component of the target visible light image, abs(y,,—y,) represents the
absolute value of (y,,—y,), max(abs(y,,—y,)) represented the maximum value of

abs(y,»— yp)-

Optionally, the visible spectrum imaging module is placed at 90° with respect to the
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non-visible spectrum imaging module, and a reflective surface of the light splitter is at 45°

with respect to the incident light.

Optionally, the image collection device provided by the embodiment of the present

application further includes an illumination module.

The illumination module is configured to perform infrared illumination on the

non-visible spectrum imaging module.

Optionally, the non-visible spectrum imaging module is further configured to send a
illumination signal to the illumination module when detecting that the first non-visible light

image formed itself meets a predetermined illumination condition.

The illumination module is specifically configured to perform infrared illumination on

the non-visible spectrum imaging module after receiving the illumination signal.
Optionally, the predetermined illumination condition is:

a signal to noise ratio of the first non-visible light image being lower than a

predetermined threshold;
or,

a gain level during an automatic exposure processing when the first non-visible light

image is imaged being lower than a predetermined level.

An embodiment of the present application further provides an electronic device,
including: a housing, a processor, a memory, a circuit board, a power supply circuit, a light
splitter, a visible spectrum imaging module, and a non-visible spectrum imaging module,
wherein the circuit board and the light splitter are disposed within a space enclosed by the
housing, the processor, the memory, the visible spectrum imaging module and the

non-visible spectrum imaging module are disposed on the circuit board.
The power supply circuit is configured to supply power to each circuit or component.

The light splitter is configured to split incident light into a visible light and a

non-visible light.

The visible spectrum imaging module is configured to perform photosensitive imaging

according to the visible light split by the light splitter to form a first visible light image.
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The non-visible spectrum imaging module is configured to perform photosensitive
imaging according to the non-visible light split by the light splitter to form a first

non-visible light image.
The memory is configured to store executable program codes.

The processor performs the following steps by running executable program codes

stored in the memory:

performing position registration on the first visible light image and the first non-visible

light image to obtain a target visible light image and a second non-visible light image;

performing brightness adjustment on the second non-visible light image to obtain a

target non-visible light image;

performing image fusion on the target visible light image and the target non-visible

light image to obtain a fused image.

Optionally, the step of performing brightness adjustment on the second non-visible

light image to obtain the target non-visible light image includes:

performing brightness adjustment on the second non-visible light image based on the

target visible light image to obtain the target non-visible light image.

Optionally, the step of performing brightness adjustment on the second non-visible
light image based on the target visible light image to obtain the target non-visible light

image includes:

performing color space conversion on the target visible light image to obtain a

brightness component of the target visible light image;

calculating a first mean value and a first variance of the brightness component, and a
second mean value and a second variance of a brightness component of the second

non-visible light image, respectively;

performing global mapping processing on the brightness component of the second
non-visible light image based on the first mean value, the first variance, the second mean

value, and the second variance;

convolving the target visible light image and the second non-visible light image

respectively by using a preset sobel edge detection operator to obtain a first texture image
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corresponding to the target visible light image and a second texture image corresponding to

the second non-visible light image;

performing brightness adjustment on the second non-visible light image to determine
the target non-visible light image by using a brightness component obtained after the global
mapping processing, the brightness component of the target visible light image, the first

texture image, and the second texture image.

Optionally, a formula used in the step of performing global mapping processing on the

brightness component of the second non-visible light image is:

. (e
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wherein, Yy represents the brightness component obtained after the global mapping
process, Yn represents the brightness component of the second non-visible light image,
HMp represents the first mean value, My represents the second mean value, and Fp

represents the first variance, O~ represents the second variances.

The preset sobel edge detection operator is:
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A formula used in the step of performing brightness adjustment on the second

non-visible light image is:

TR PN
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wherein, Yar represents the target non-visible light image, Y~ represents the
brightness component obtained after the global mapping processing, Yo represents the
brightness component of the target visible light image, v represents the second texture

image, and Ip represents the first texture image.

Optionally, the step of performing image fusion on the target visible light image and

the target non-visible light image to obtain a fused image includes:
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performing weighting processing on the target visible light image and the target
non-visible light image according to a corresponding first type of weight value to obtain a

fused image.

Optionally, the step of performing image fusion on the target visible light image and

the target non-visible light image to obtain a fused image includes:

performing frequency division fusion on the target visible light image and the target

non-visible light image to obtain a fused image.

Optionally, the step of performing frequency division fusion on the target visible light

image and the target non-visible light image to obtain a fused image includes:

performing color space conversion on the target visible light image to obtain a

brightness component and a color component of the target visible light image;

performing low-pass filtering on the brightness component to obtain low frequency

information of the target visible light image;

performing high-pass filtering on the target non-visible light image to obtain high

frequency information of the target non-visible light image;

performing weighting processing on the low frequency information and the high
frequency information according to a corresponding second type of weight value to obtain a

brightness component corresponding to a fused image to be formed;

combining the brightness component corresponding to the fused image to be formed

and the color component of the target visible light image to obtain the fused image.

Optionally, a formula used in the step of performing weighting processing on the low
frequency information and the high frequency information according to the corresponding

second type of weight value is:

yFus = W*ylyw + (1 - W)*yAP + K*yhigh

wherein, Yrs represents the brightness component corresponding to the fused image
to be formed, Yr represents the target non-visible light image, Yww represents the low

frequency information, Yuig» represents the high frequency information, w represents the

second type of weight value corresponding to the low frequency information, K
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represents the second type of weight value corresponding to the high frequency

information.

Optionally, w is determined according to a brightness difference between the
brightness components of the target non-visible light image and the target visible light
image, wherein

— abs(yAP—yD)
max(abs(y,, — yp))

wherein, Yap represents the target non-visible light image, Yp represents the
brightness component of the target visible light image, @PS(¥,»—Yp) represents the
absolute value of (Yap = Yp), Max(abs(y,,—yp)) represented the maximum value of

abs(yAP - yD) .

Optionally, the visible spectrum imaging module is placed at 90° with respect to the
non-visible spectrum imaging module, and a reflective surface of the light splitter is at 45°

with respect to the incident light.
Optionally, the electronic device further includes: an illumination module.

The illumination module is configured to perform infrared illumination on the

non-visible spectrum imaging module.

Optionally, the non-visible spectrum imaging module is further configured to send a
illumination signal to the illumination module when detecting that the first non-visible light

image formed itself meets a predetermined illumination condition.

The illumination module is specifically configured to perform infrared illumination on

the non-visible spectrum imaging module after receiving the illumination signal.
Optionally, the predetermined illumination condition is:

a signal to noise ratio of the first non-visible light image being lower than a

predetermined threshold;
or,

a gain level during an automatic exposure processing when the first non-visible light

image is imaged being lower than a predetermined level.
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In the image collection device for light splitting and fusion provided by the
embodiments of the present application, the light splitter splits the incident light into a
visible light and a non-visible light. The visible spectrum imaging module performs
photosensitive imaging according to the visible light split by the light splitter to form a first
visible light image. The non-visible spectrum imaging module performs photosensitive
imaging according to the non-visible light split by the light splitter to form a first
non-visible light image. The registration unit is configured to perform position registration
on the first visible light image and the first non-visible light image to obtain a target visible
light image and a second non-visible light image. The pre-processing synthesizing unit
performs brightness adjustment on the second non-visible light image to obtain a target
non-visible light image; and the fusion unit performs image fusion on the target visible light
image and the target non-visible light image to obtain a fused image. Compared with the
related art, a pre-processing synthesizing unit is added in the present solution, and after
pre-processing synthesizing unit performs brightness adjustment on the second non-visible
light image, the fusion unit performs image fusion on the target non-visible light image
whose brightness has been adjusted and the target visible light image. In this way, the
image difference due to different light wave reflection characteristics of an object for

different bands is considered, thus the color accuracy of the fused image can be improved.
BRIEF DESCRIPTION OF THE DRAWINGS

In order to illustrate the technical solutions of the embodiments of the present
application and the related art more clearly, the drawings used in the embodiments and the
related art will be briefly described below. It is obvious that the drawings in the following
description are only for some embodiments of the present application, other drawings may

be obtained by those skilled in the art without any creative efforts based on these figures.

Fig. 1 is a schematic structural diagram of an image collection device for light splitting

and fusion provided by an embodiment of the present application;

Fig. 2 is a diagram showing the fusion principle of a fusion unit provided by an

embodiment of the present application;

Fig. 3 is a schematic diagram showing a setting position of a light splitter in an image

collection device for light splitting and fusion provided by an embodiment of the present
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application;

Fig. 4 is a schematic structural diagram of another image collection device for light

splitting and fusion provided by an embodiment of the present disclosure;

Fig. 5 i1s a schematic structural diagram of an electronic device provided by an

embodiment of the present application.

DETAILED DESCRIPTION OF THE INVENTION

The technical solutions in the embodiments of the present application are clearly and
completely described in the following with reference to the drawings of the embodiments
of the present application. It is obvious that the described embodiments are only a part of
the embodiments of the present application, and not all of the embodiments. All other
embodiments obtained by a person of ordinary skill in the art based on the embodiments of
the present application without any creative efforts fall in the protection scope of the

present application.

In order to improve the accuracy of the color of a fused image in a low illumination
scenario, an embodiment of the present application provides an image collection device for
light splitting and fusion. The image collection device for light splitting and fusion can be a

camera for light splitting and fusion and any other reasonable devices.

As shown in Fig. 1, the embodiment of the present application provides an image

collection device for light splitting and fusion, which may include:

a light splitter 110, a visible spectrum imaging module 120, a non-visible spectrum
imaging module 130, a registration unit 14, a pre-processing synthesizing unit 150, and a

fusion unit 160.

The light splitter 110 is configured to split incident light into a visible light and a

non-visible light.

The visible spectrum imaging module 120 is configured to perform photosensitive
imaging according to the visible light split by the light splitter 110 to form a first visible
light image.

The non-visible spectrum imaging module 130 is configured to perform photosensitive
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imaging according to the non-visible light split by the light splitter 110 to form a first

non-visible light image.

The registration unit 140 is configured to perform position registration on the first
visible light image and the first non-visible light image to obtain a target visible light image

and a second non-visible light image.

The pre-processing synthesizing unit 150 is configured to perform brightness

adjustment on the second non-visible light image to obtain a target non-visible light image.

The fusion unit 160 is configured to perform image fusion on the target visible light

image and the target non-visible light image to obtain a fused image.

It can be understood that the non-visible light is a near-infrared light signal or an
infrared light signal, wherein the infrared light signal is an electromagnetic wave having a
wavelength in the range of 760 nm to 1 mm, which is not visible to human eyes. The
near-infrared light is an electromagnetic wave between visible light and mid-infrared light.
American Society for Testing and Materials ASTM defines that the near-infrared light is an
electromagnetic wave having a wavelength in the range of 780 to 2526 nm, wherein the
near-infrared light is classified into a near-infrared short wave (780 to 1100 nm) and a
near-infrared long wave (1100 to 2526 nm). Correspondingly, in the embodiments of the
present application, when the non-visible light is a near-infrared light signal, the non-visible
light image is a near-infrared image, and when the non-visible light is an infrared light

signal, the non-visible light image is an infrared image.

The light splitter 110 is disposed behind the lens of the image collection device to split
the incident light entering the lens. In addition, it can be understood that, from the
perspective of input and output, the input of the light splitter 110 is the incident light and
the output 1s visible light and non-visible light. Moreover, in order to realize splitting the
incident light into a visible light and a non-visible light, the light splitter 110 may be a
semi-reflection and semi-permeable mirror that transmits visible light and reflects
non-visible light. Specifically, the specific product form of the semi-reflection and
semi-permeable mirror may be, but not limited to, a light splitting prism; wherein, those
skilled in the art can understand that the light splitting prism can allow visible light to pass
through but cut off or reflect non-visible light. That is, the incident light passing through

the reflecting surface of the prism is filtered out the non-visible band (the filtered
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non-visible light can be reflected), and the visible light is passed. In addition, for the light
splitting prism, the range of visible light band that can pass through the prism can be
controlled by adjusting the thickness of the prism coating, and the specific control method
is related technology, and will not be described here. In addition, on the premise that the
splitting processing of the incident light can be ensured, the manner of disposing the light
splitter 110 in the embodiment of the present application may not be limited. For example,
the light splitter 110 may be disposed in a fixed manner or in a moveable manner. It can be
understood that if the light splitter 110 is disposed in a moveable manner, the update
frequency of a subsequent registration matrix would be higher, resulting in a larger amount
of calculation. Therefore, in order to perform one time offline calibration registration

matrix, the light splitter 110 can be disposed in a fixed manner.

It should be noted that the visible spectrum imaging module 120 may be any device
capable of imaging visible light in the related art, and subjected to automatic exposure,
white balance, gamma mapping, etc. during imaging. For example, the visible spectrum
imaging module 120 may be a visible light image sensor. Similarly, the non-visible
spectrum imaging module 130 may be any device in the related art capable of imaging
non-visible light, and subjected to automatic exposure, white balance, gamma mapping, etc.
during imaging. For example, the non-visible spectrum imaging module may be a
non-visible light image sensor. Moreover, since the visible spectrum imaging module 120
and the non-visible spectrum imaging module 130 are not the inventive points of the
present application, the specific form of the visible spectrum imaging module 120 and the
non-visible spectrum imaging module 130 is not limited herein, and the specific imaging

principle is not described.

In addition, the registration unit 140 is configured to eliminate a position deviation
between the first non-visible light image and the first visible light image, thereby avoiding
problems such as misalignment and ghosting during subsequent processing. As an
implementation of the present application, a mathematical model of horizontal mirroring
and affine transformation can be used to simulate the image distortion problem during light
splitting process, thereby eliminating the position deviation, wherein correlation
coefficients of the registration matrix required for the affine transformation processing can
be obtained by offline calibration. It can be understood that, in the target visible light image

and the second non-visible light image obtained by the registration unit 140 performing the
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position registration on the first visible light image and the first non-visible light image,
position shift may or may not occur to the target visible light image with respect to the first
visible light image. The position shift may or may not occur to the second non-visible light
image with respect to the first non-visible light image. Moreover, in position registration,
the first visible light image may be taken as reference, and position registration is
performed on the first non-visible light image. The first non-visible light image may also be
taken as reference, and position registration is performed on the first visible light image. It
should be noted that registration manners in the related art can be adopted for the specific
registration manner of the registration unit 140. For the sake of clear layout, the registration

manner 1is introduced later.

It can be understood that, since the photosensitive bands of the visible spectrum
imaging module 120 and the non-visible spectrum imaging module 130 are different,
brightness difference of the imaging is easily caused. In addition, the degree of the
brightness difference affects the color accuracy. In order to improve the accuracy of the
color of the fused image, the brightness of the second non-visible light image can be
changed to reduce the difference in brightness of the two images to be fused. Based on this
concept, a pre-processing synthesizing unit 150 is added in the image collection device for
light splitting and fusion provided by the embodiment of the present application, compared
to the related art. It can be understood that there are various implementations for the
pre-processing synthesizing unit 150 to perform the brightness adjustment on the second

non-visible light image. For the sake of clear layout, an example will be described later.

It can be understood by those skilled in the art that since there are two types of images,
i.e. the target visible light image and the target non-visible light image, the fusion unit 160
can perform image fusion on the target visible light image and the target non-visible light
image to obtain a fused image. The fused image is a dual-band image, which represents
more image information than any one of the target visible light image and the target
non-visible light image belonging to a single-band image. It can be understood that there
are various implementations for the fusion unit 160 to perform the image fusion on the
target visible light image and the target non-visible light image. For the sake of clear layout,

an example will be described later.

It should be emphasized that the “first” in the “first non-visible light image”, the



-16-

“second” in the “second non-visible light image” and the “target” in the “target non-visible
light image” in the embodiment of the present application are only used to distinguish the
non-visible light image in different processing stages in terms of names, and do not have
any limiting meaning. Similarly, the "first" in the "first visible light image" and the "target"

in the "target visible light image" also do not have any limiting meaning.

In the image collection device for light splitting and fusion provided by the
embodiment of the present application, the light splitter splits the incident light into a
visible light and a non-visible light. The visible spectrum imaging module performs
photosensitive imaging according to the visible light split by the light splitter to form a first
visible light image. The non-visible spectrum imaging module performs photosensitive
imaging according to the non-visible light split by the light splitter to form a first
non-visible light image. The registration unit is configured to perform position registration
on the first visible light image and the first non-visible light image to obtain a target visible
light image and a second non-visible light image. The pre-processing synthesizing unit
performs brightness adjustment on the second non-visible light image to obtain a target
non-visible light image; and the fusion unit performs image fusion on the target visible light
image and the target non-visible light image to obtain a fused image. Compared with the
related art, a pre-processing synthesizing unit is added in the present solution, and after the
pre-processing synthesizing unit performs brightness adjustment on the second non-visible
light image, image fusion is performed on the target non-visible light image whose
brightness has been adjusted and the target visible light image. In this way, the image
difference due to different light wave reflection characteristics of an object for different

bands is considered, thus the color accuracy of the fused image can be improved.

Specifically, there are various implementations for the pre-processing synthesizing unit
150 to perform brightness adjustment on the second non-visible light image, which are

described hereinafter by way of examples.

In an implementation, the pre-processing synthesizing unit 150 can perform brightness
adjustment on the second non-visible light image based on a preset brightness parameter

value or a preset brightness adjustment value.

It can be understood that, for the manner of adjusting the brightness of the second
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non-visible light image based on the preset brightness parameter value, a brightness
parameter value of the target non-visible light image is the preset brightness parameter
value. That is, the brightness parameter value of the second non-visible light image is
adjusted to the preset brightness parameter value. For the manner of adjusting the
brightness of the second non-visible light image based on the preset brightness adjustment
value, the brightness parameter value of the target non-visible light image is the sum of the
preset brightness adjustment value and the brightness parameter value of the second
non-visible light image. That is, the brightness parameter value of the second non-visible
light image is adjusted by the preset brightness adjustment value which is an increment
value. In addition, it should be emphasized that both the preset brightness parameter value
and the preset brightness adjustment value are empirical values, and the empirical values
are obtained based on the brightness difference between the image formed by the visible
spectrum imaging module 120 and the image formed by the non-visible spectrum imaging

module 130.

In another implementation, the pre-processing synthesizing unit 150 can perform
brightness adjustment on the second non-visible light image based on the target visible light
image. It should be emphasized that there are various implementations for the
pre-processing synthesis unit 150 to perform the brightness adjustment on the second
non-visible light image based on the target visible light image, which are described

hereinafter by way of examples.

In a specific implementation, the pre-processing synthesizing unit 150 is specifically

configured to perform the following steps.

Step al, performing color space conversion on the target visible light image to obtain a

brightness component of the target visible light image.

It will be understood by those skilled in the art that commonly used color space types
are RGB (red, green, and blue color model), CMYK (print color model depending on
reflections), and Lab (based on human perception of color, constituted by three elements of
luminance (L) and a, b related to colors), HSV (Hue, Saturation, Value, specifically, the
parameters of color in this model are: hue (H), saturation (S), value (V)), etc.. The process
of performing color space conversion on the target visible light image to obtain a brightness

component of the target visible light image is to convert the target visible light image from
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the currently associated color space model to a color space model containing brightness,
thereby separating the brightness component. Specifically, the conversion manner can refer
to conversion manners between color space models of the related art, which is not limited

herein.

Step b1, calculating a first mean value and a first variance of the brightness component,
and a second mean value and a second variance of a brightness component of the second

non-visible light image respectively;

Since the second non-visible light image itself does not involve color component, it is
not necessary to perform the brightness component separation process. Therefore, after the
brightness component of the target visible light image is obtained by separating, the first
mean value and the first variance of the brightness component as well as the second mean
value and the second variance of the brightness component of the second non-visible light
image may be respectively calculated by using a related technique, thereby subsequent

processing can be performed.

Step cl: performing global mapping processing on the brightness component of the
second non-visible light image based on the first mean value, the first variance, the second

mean value, and the second variance.

Specifically, in an implementation, the formula used by the pre-processing
synthesizing unit 150 to perform global mapping processing on the brightness component

of the second non-visible light image may be:

. (e
Yy =_D(yN —Hy)+ U,
o

N

wherein, y, represents a brightness component obtained after the global mapping
processing, y, represents the brightness component of the second non-visible light image,
M, represents the first mean value, u, represents the second mean value, and o),
represents the first variance, o, represents the second variances.

Step d1: convolving the target visible light image and the second non-visible light

image respectively by using a preset sobel edge detection operator to obtain a first texture

image corresponding to the target visible light image and a second texture image
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corresponding to the second non-visible light image.

The sobel edge detection operator is mainly used for edge detection. Technically, it is a
discrete difference operator that is used to calculate an approximation of gray level of the
image brightness function. Using this operator at any point in an image will produce a

corresponding gray vector or its normal vector.

Specifically, in an implementation, the preset sobel edge detection operator used by the

pre-processing synthesizing unit 150 is:

~1-2-1 -1 01
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It can be understood that the specific implementation of convolving the target visible
light image and the second non-visible light image by using a preset sobel edge detection

operator can be referred to the related art, which is not limited herein.

Step el: performing brightness adjustment on the second non-visible light image to
determine a target non-visible light image by using the brightness component obtained after
the global mapping processing, the brightness component of the target visible light image,

the first texture image, and the second texture image.

In a specific implementation, the formula used by the pre-processing synthesizing unit

150 to adjust the brightness of the second non-visible light image may be:

_ Ity Yyt

y
ap ty+1,

wherein, y,, represents the target non-visible light image, y, represents the brightness
component obtained after the global mapping processing, y, represents the brightness
component of the target visible light image, ¢, represents the second texture image, and
t, represents the first texture image.

It should be emphasized that the formula used by the pre-processing synthesizing unit
150 to perform the global mapping processing on the brightness component of the second

non-visible light image, and the formula used by the pre-processing synthesizing unit 150

to perform the brightness adjustment on the second non-visible light image are merely
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examples, which should not be construed as limitations to the embodiments of the present
application. Moreover, the above specific implementation of the brightness adjustment of
the second non-visible light image based on the target visible light image is only an
example, and should not be construed as limitations to the embodiments of the present

application.

Specifically, there are various implementations for the fusion unit 160 to perform
image fusion on the target visible light image and the target non-visible light image, which

are described hereinafter by way of examples.
In a specific implementation, the fusion unit 160 is specifically configured to:

perform weighting processing on the target visible light image and the target
non-visible light image according to a corresponding first type of weight value to obtain a

fused image.

It should be noted that, in this implementation, weight values corresponding to the
target visible light image and the target non-visible light image are referred to as the first
type of weight value, wherein the first type of weight value corresponding to the target
visible light image and the first type of weight value corresponding to the non-visible light
image may be the same or different, but the sum of the two first type of the weight values is
1. Moreover, performing weighting processing on the target visible light image and the
target non-visible light image according to a corresponding first type of weight value
specifically refers to multiplying the target visible light image and the target non-visible
light image by the corresponding first type of weight value and adding the products. For
example: y=x1*A+x2*B, y is the fused image, A is the target visible light image, B is the
target non-visible light image, and x; is the first type of weight value corresponding to the
target visible light image, and x: is the first type of weight value corresponding to the target

non-visible light image.

It can be understood that the first type of weight value corresponding to the target
visible light image and the first type of weight value corresponding to the target non-visible
light image may be preset values. They may be set based on actual information
requirements of the target visible light image and the target non-visible light image, which

is not limited herein. For example, when it needs more image information of the target
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visible light image than the image information of the target non-visible light image, the first
type of weight value corresponding to the target visible light image may be set to be greater
than the first type of weight value corresponding to the target non-visible light image.
Similarly, when it needs less image information of the target visible light image than the
image information of the target non-visible light image, the first type of weight value
corresponding to the target visible light image may be set to be smaller than the first type of
weight value corresponding to the target non-visible light image. The process of performing
the weighting processing on the target visible light image and the target non-visible light
image according to the corresponding first type of weight value may adopt techniques in

the related art, which is not described herein.

In another specific implementation, in order to improve image details, information

volume, and color accuracy, the fusion unit 160 is specifically configured to:

perform frequency division fusion on the target visible light image and the target

non-visible light image to obtain a fused image.

The basic idea of the so-called frequency division fusion is extracting low frequency
information of the target visible light image and high frequency information of the target
non-visible light image, performing weighting fusion according to a certain weight,
combining a fused brightness and color components of visible light, and outputting a

colored fused image.

Specifically, in an implementation, as shown in Fig. 2, the process of performing
frequency division fusion on the target visible light image and the target non-visible light

image performed by the fusion unit 160 may include:

Step a2, performing color space conversion on the target visible light image to obtain a

brightness component and a color component of the target visible light image.

It will be understood by those skilled in the art that commonly used color space types
are RGB (red, green, and blue color model), CMYK (print color model depending on
reflections), and Lab (based on human perception of color, constituted by three elements of
luminance (L) and a, b related to colors), HSV (Hue, Saturation, Value, specifically, the
parameters of color in this model are: hue (H), saturation (S), value (V)), etc.. The process
of performing color space conversion on the target visible light image to obtain a brightness

component and a color component of the target visible light image is to convert the target
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visible light image from the currently associated color space model to a color space model
containing brightness and color components, thereby separating the brightness component
and the color component. Specifically, the conversion manner can refer to conversion

manners between the color space models in the related art, which is not limited herein.

Step b2: performing low-pass filtering on the brightness component to obtain low

frequency information of the target visible light image.

After obtaining the brightness component, low-pass filtering can be performed on the
brightness component using related low-pass filtering techniques, to obtain low frequency

information of the target visible light image.

Step c2: performing high-pass filtering on the target non-visible light image to obtain

high frequency information of the target non-visible light image.

Since the target non-visible light image itself does not involve a color component, it is
not necessary to perform a brightness component separation process. Therefore, high-pass
filtering can be directly performed on the target non-visible light image by using a related
high-pass filtering techniques to obtain high frequency information of the target non-visible

light image.

Step d2: performing weighting processing on the low frequency information and the
high frequency information according to a corresponding second type of weight value to

obtain a brightness component corresponding to a fused image to be formed.

After obtaining the low frequency information of the target visible light image and the
high frequency information of the target non-visible light image, the low frequency
information and the high frequency information may be weighted according to the
corresponding second type of weight value to obtain a brightness component corresponding

to a fused image to be formed.

Specifically, in an implementation, the formula used by the fusion unit 160 to perform
weighting processing on the low frequency information and the high frequency information

according to the corresponding second type of weight value may be:
yFus = W*ylyw + (1 - W)*yAP + K*yhigh

wherein, y,  represents the brightness component corresponding to the fused image to be
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formed, y,, represents the target non-visible light image, 1y, represents the low
frequency information, y,, . represents the high frequency information, w represents the

second type of weight value corresponding to the low frequency information, K
represents the second type of weight value corresponding to the high frequency

information.

Specifically, in this implementation, w and K may be the same or different. w can
be a value set manually, or can be automatically determined, where the value of w
indicates the required image information of the target visible light image, and the larger
the wis, the more image information is required. If w is determined automatically, w
can be determined according to a brightness difference between the brightness components
of the target non-visible light image and the target visible light image, wherein the formula

for determining w is:

— abs(yAP—yD)
max(abs(y,, —¥p))

wherein, y,, represents the target non-visible light image, y, represents the brightness
component of the target visible light image, abs(y,,—y,) represents the absolute value

of (y,p—Yp), max(abs(y,,—y,)) represents the maximum value of abs(y,,—y,).

In addition, K represents the degree of image definition, which can be set manually,
and usually the range can be 0 to 5, where 1 means normal, 0 means all image information

1s low frequency information, and the definition is low.

Step e2: combining the brightness component corresponding to the fused image to be

formed and the color component of the target visible light image to obtain the fused image.

After obtaining the brightness component corresponding to the fused image to be
formed, the brightness component corresponding to the fused image to be formed and the
color component of the target visible light image can be combined using a related technique

to obtain the fused image, and the specific combination method is not limited here.

It should be emphasized that the process of performing frequency division fusion on
the target visible light image and the target non-visible light image by the fusion unit 160 is

only an example, and should not be construed as limitations to the embodiments of the
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present application.

Specifically, the registration unit 140 can use registration techniques in the related art.

For example, the registration unit 140 is specifically configured to:

perform a horizontal mirroring processing on the first non-visible light image based on

the first visible light image.

The second non-visible light image can be obtained by performing an affine
transformation processing on the first non-visible light image after the horizontal mirroring
processing according to the following formula, wherein the registration matrix is calibrated
offline based on a positional relationship between the light splitter 110 and two imaging
components (ie, the visible spectrum imaging module 120 and the non-visible spectrum

imaging module 130):
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wherein, (x,Y) 1is the coordinates of a pixel point of the second non-visible light image,
(xLyl) is the coordinates of a pixel point of the first non-visible light image, and

a4y Gy
a, a, a, | 1sthe registration matrix obtained by offline calibration.

a4z dg

It should be noted that the specific functions of the above-mentioned registration unit
140 are merely examples and should not be construed as limitations to the embodiments of

the present application.

In a specific implementation, for a case where the light splitter 110 is disposed in a
fixed manner, in order to ensure that the amount of light enters is maximum, the visible

spectrum imaging module 120 is placed at 90° with respect to the non-visible spectrum
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imaging module 130, and the reflective surface of the light splitter is at 45° with respect to
the incident light. Specifically, as shown in Fig. 3, the visible spectrum imaging module
120 1s placed at 90° with respect to the non-visible spectrum imaging module 130, and the
reflective surface of the light splitter is disposed in a fixed manner on a diagonal line
formed by the two imaging components, so as to cause the reflective surface of the light
splitter 110 forms a 45° angle with respect to the visible spectrum imaging module 120 and
the non-visible spectrum imaging module 130 respectively, to ensure that the visible light
transmitted by the light splitter 110 and the non-visible light reflected by the light splitter

110 make the two imaging components in an axisymmetric relationship.

In a specific implementation, in order to ensure sufficient non-visible light to avoid
information deficiency of the fused image caused by the insufficient of non-visible light, as
shown in FIG. 4 , the image collection device for light splitting and fusion provided by the

embodiment of the present application may further include an illumination module 170.

The illumination module 170 is configured to perform non-visible illumination on the

non-visible spectrum imaging module 130.

It can be understood that the illumination module 170 can illuminate in real time to
ensure sufficient non-visible light. Of course, in order to effectively illuminate, the
non-visible spectrum imaging module 130 is further configured to send a illumination
signal to the illumination module when detecting that the first non-visible light image
formed itself meets a predetermined illumination condition. The illumination module 170 is
specifically configured to perform non-visible illumination on the non-visible spectrum
imaging module 130 after receiving the illumination signal, that is, the illumination module
170 has an adaptive switching function. Of course, the non-visible spectrum imaging
module 130 can also determine a illumination intensity of the required illumination, thereby
instructing the illumination module 170 to illuminate according to the illumination intensity.
At this time, the illumination module 170 has an adaptive switch/intensity control function.
It should be emphasized that the specific manner in which the illumination module 170

performs illumination may be related art, which is not limited herein.

Specifically, the predetermined illumination condition is: a signal to noise ratio of the
first non-visible light image being lower than a predetermined threshold; or a gain level

during the automatic exposure processing when the first non-visible light image is imaged
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being lower than a predetermined level. The signal to noise ratio of the first non-visible
light image can be calculated by using related techniques. Similarly, the gain level during
the automatic exposure processing when the first non-visible light image is imaged can be
determined by using related techniques; and, the predetermined threshold and the
predetermined level can be empirical values or can be set according to actual situations,
which is not limited herein. It should be understood that the predetermined illumination
conditions given in the embodiment of the present application are merely examples, and

should not be construed as limitations to the embodiments of the present application.

An embodiment of the present application further provides an electronic device,
including a housing 510, a processor 520, a memory 530, a circuit board 540, a power
supply circuit 550, a light splitter 560, a visible spectrum imaging module 570, and a
non-visible spectrum imaging module 580, wherein the circuit board 540 and the light
splitter 560 are disposed within a space enclosed by the housing 510, the processor 550, the
memory 530, the visible spectrum imaging module 570 and the non-visible spectrum

imaging module 580 are disposed on the circuit board 540.

The power supply circuit 550 is configured to supply power to each circuit or

component.

The light splitter 560 is configured to split incident light into a visible light and a

non-visible light.

The visible spectrum imaging module 570 is configured to perform photosensitive
imaging according to the visible light split by the light splitter 560 to form a first visible
light image.

The non-visible spectrum imaging module 580 is configured to perform photosensitive
imaging according to the non-visible light split by the light splitter 560 to form a first

non-visible light image.
The memory 530 is configured to store executable program codes.

The processor 520 performs the following steps by running executable program codes

stored in the memory 530:

performing position registration on the first visible light image and the first non-visible
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light image to obtain a target visible light image and a second non-visible light image;

performing brightness adjustment on the second non-visible light image to obtain a

target non-visible light image;

performing image fusion on the target visible light image and the target non-visible

light image to obtain a fused image.

In a specific application, the electronic device may specifically be a camera for light

splitting and fusion and the like.

Optionally, the step of performing brightness adjustment on the second non-visible

light image to obtain the target non-visible light image includes:

performing brightness adjustment on the second non-visible light image based on the

target visible light image to obtain the target non-visible light image.

Specifically, the step of performing brightness adjustment on the second non-visible
light image based on the target visible light image to obtain the target non-visible light

image includes:

performing color space conversion on the target visible light image to obtain a

brightness component of the target visible light image;

calculating a first mean value and a first variance of the brightness component, and a
second mean value and a second variance of a brightness component of the second

non-visible light image, respectively;

performing global mapping processing on the brightness component of the second
non-visible light image based on the first mean value, the first variance, the second mean

value, and the second variance;

convolving the target visible light image and the second non-visible light image
respectively by using a preset sobel edge detection operator to obtain a first texture image
corresponding to the target visible light image and a second texture image corresponding to

the second non-visible light image;

performing brightness adjustment on the second non-visible light image to determine
the target non-visible light image by using a brightness component obtained after the global

mapping processing, the brightness component of the target visible light image, the first
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texture image, and the second texture image.

Optionally, the formula used in the step of performing global mapping processing on

the brightness component of the second non-visible light image is:

. (e
Yy = D(yN—ﬂN)+ﬂD
(o}

N

wherein, Yy represents the brightness component obtained after the global mapping
processing, Yy represents the brightness component of the second non-visible light image,
Hp represents the first mean value, My represents the second mean value, and Op

represents the first variance, Oy represents the second variances.

The preset sobel edge detection operator is:

~1-2-1 -1 01
SObel/wrizontal = O O 0 ,SObe vertical = —2 0 2
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The formula used in the step of performing brightness adjustment on the second

non-visible light image is:

YR PN

y
4P 1y +1,

wherein, Yap represents the target non-visible light image, Y~ represents the
brightness component obtained after the global mapping processing, Yp represents the
brightness component of the target visible light image, v represents the second texture

image, and ’p represents the first texture image.

Optionally, in a specific implementation, the step of performing image fusion on the
target visible light image and the target non-visible light image to obtain a fused image

includes:

performing weighting processing on the target visible light image and the target
non-visible light image according to a corresponding first type of weight value to obtain a

fused image.
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Optionally, in a specific implementation, the step of performing image fusion on the
target visible light image and the target non-visible light image to obtain a fused image

includes:

performing frequency division fusion on the target visible light image and the target

non-visible light image to obtain a fused image.

Optionally, the step of performing frequency division fusion on the target visible light

image and the target non-visible light image to obtain a fused image includes:

performing color space conversion on the target visible light image to obtain a

brightness component and a color component of the target visible light image;

performing low-pass filtering on the brightness component to obtain low frequency

information of the target visible light image;

performing high-pass filtering on the target non-visible light image to obtain high

frequency information of the target non-visible light image;

performing weighting processing on the low frequency information and the high
frequency information according to a corresponding second type of weight value to obtain a

brightness component corresponding to a fused image to be formed;

combining the brightness component corresponding to the fused image to be formed

and the color component of the target visible light image to obtain the fused image.

Optionally, the formula used in the step of performing weighting processing on the low
frequency information and the high frequency information according to the corresponding

second type of weight value is:

yFus = w*ylow + (1 - w)*yAP + K*yhigh

wherein, Yrus represents the brightness component corresponding to the fused image
to be formed, Yr represents the target non-visible light image, Yww represents the low

frequency information, Yuig» represents the high frequency information, w represents the
second type of weight value corresponding to the low frequency information, K
represents the second type of weight value corresponding to the high frequency

information.
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Optionally, w is determined according to a brightness difference between the
brightness components of the target non-visible light image and the target visible light

image, wherein

— abs(yAP—yD)
max(abs(y,, —¥p))

wherein, Yap represents the target non-visible light image, Yp represents the
brightness component of the target visible light image, @PS(¥,»—Yp) represents the
absolute value of (yAP_yD), max(abs(y,p—y,)) represented the maximum value of

abs(yAP - yD) .

Optionally, the visible spectrum imaging module is placed at 90° with respect to the
non-visible spectrum imaging module, and a reflective surface of the light splitter is at 45°

with respect to the incident light.

Optionally, the electronic device further includes an illumination module. The
illumination module is configured to perform infrared illumination on the non-visible

spectrum imaging module.

Optionally, the non-visible spectrum imaging module is further configured to send a
illumination signal to the illumination module when detecting that the first non-visible light

image formed itself meets a predetermined illumination condition.

The illumination module is specifically configured to perform infrared illumination on

the non-visible spectrum imaging module after receiving the illumination signal.
Optionally, the predetermined illumination condition is:

a signal to noise ratio of the first non-visible light image being lower than a
predetermined threshold; or, a gain level during an automatic exposure processing when the

first non-visible light image is imaged being lower than a predetermined level.

In this embodiment, the processor of the electronic device reads executable program
codes stored in the memory to run a program corresponding to the executable program
codes. The program performs the following steps when executed: performing position
registration on the first visible light image and the first non-visible light image to obtain a

target visible light image and a second non-visible light image; performing brightness
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adjustment on the second non-visible light image to obtain a target non-visible light image;
and performing image fusion on the target visible light image and the target non-visible
image to obtain a fused image. It can be seen that the image difference due to different light
wave reflection characteristics of an object for different bands is considered, thus the color

accuracy of the fused image can be improved.

It should be emphasized that, for the electronic device embodiment, since the contents
it involves are basically similar to the foregoing method embodiment, the description is
relatively simple, and the relevant parts can be referred to the description of the method

embodiment.

It should be noted that the relationship terms use here, such as "first," "second," and the
like are only used to distinguish one entity or operation from another entity or operation,
but do not necessarily require or imply that there is actual relationship or order between

these entities or operations. Moreover, the terms "include" "comprise" or any variants
thereof are intended to cover a non-exclusive inclusion, such that processes, methods,
articles, or devices, including a series of elements, include not only those elements that
have been listed, but also other elements that have not specifically been listed or the
elements intrinsic to these processes, methods, articles, or devices. Without further
limitations, elements limited by the wording ‘“comprise(s) a/an...” do not exclude

additional identical elements in the processes, methods, articles, or devices, including the

listed elements.

All of the embodiments in the description are described in a correlated manner, and
identical or similar parts in various embodiments can refer to one another. In addition, the
description for each embodiment focuses on the differences from other embodiments. In
particular, the embodiment of the system is described briefly, since it is substantially
similar to the embodiment of the method, and the related contents can refer to the

description of the embodiment of the method.

The embodiments described above are simply preferable embodiments of the present
application, and are not intended to limit the scope of protection of the present application.
Any modifications, alternatives, improvements, or the like within the spirit and principle of
the present application shall be included within the scope of protection of the present

application.
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CLAIMS
1. An image collection device for light splitting and fusion, comprising:

a light splitter, a visible spectrum imaging module, a non-visible spectrum imaging

module, a registration unit, a pre-processing synthesizing unit, and a fusion unit;

wherein the light splitter is configured to split incident light into a visible light and a

non-visible light;

the visible spectrum imaging module is configured to perform photosensitive imaging

according to the visible light split by the light splitter to form a first visible light image;

the non-visible spectrum imaging module is configured to perform photosensitive
imaging according to the non-visible light split by the light splitter to form a first

non-visible light image;

the registration unit is configured to perform position registration on the first visible
light image and the first non-visible light image to obtain a target visible light image and a

second non-visible light image;

the pre-processing synthesizing unit is configured to perform brightness adjustment on

the second non-visible light image to obtain a target non-visible light image;

the fusion unit is configured to perform image fusion on the target visible light image

and the target non-visible light image to obtain a fused image.

2. The image collection device according to claim 1, wherein, the pre-processing
synthesizing unit is specifically configured to perform brightness adjustment on the second
non-visible light image based on the target visible light image to obtain the target

non-visible light image.

3. The image collection device according to claim 2, wherein, the pre-processing

synthesizing unit is specifically configured to:

perform color space conversion on the target visible light image to obtain a brightness

component of the target visible light image;

calculate a first mean value and a first variance of the brightness component, and a

second mean value and a second variance of a brightness component of the second
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non-visible light image, respectively;

perform global mapping processing on the brightness component of the second
non-visible light image based on the first mean value, the first variance, the second mean

value, and the second variance;

convolve the target visible light image and the second non-visible light image
respectively by using a preset sobel edge detection operator to obtain a first texture image
corresponding to the target visible light image and a second texture image corresponding to

the second non-visible light image;

perform brightness adjustment on the second non-visible light image to determine the
target non-visible light image by using a brightness component obtained after the global
mapping processing, the brightness component of the target visible light image, the first

texture image, and the second texture image.

4. The image collection device according to claim 3, wherein, a formula used by the
pre-processing synthesizing unit to perform global mapping processing on the brightness

component of the second non-visible light image is:

. (e
Iy = D(yN_luN)+ﬂD
O

N
wherein, y, represents the brightness component obtained after the global mapping
processing, y, represents the brightness component of the second non-visible light image,
M, represents the first mean value, g, represents the second mean value, and o,

represents the first variance, o, represents the second variances;

the preset sobel edge detection operator used by the pre-processing synthesizing unit is:

“1-2-1 101
SObelhorizonml = 0 0 0 ,SObe vertical — -2 0 2
121 -1 01

a formula used by the pre-processing synthesizing unit to perform brightness

adjustment on the second non-visible light image is:
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wherein, y,, represents the target non-visible light image, y, represents the
brightness component obtained after the global mapping processing, y, represents the
brightness component of the target visible light image, ¢, represents the second texture
image, and ¢, represents the first texture image.

5. The image collection device according to any one of claims 1-4, wherein, the fusion

unit is specifically configured to:

perform weighting processing on the target visible light image and the target
non-visible light image according to a corresponding first type of weight value to obtain a

fused image.

6. The image collection device according to any one of claims 1-4, wherein, the fusion

unit is specifically configured to:

perform frequency division fusion on the target visible light image and the target

non-visible light image to obtain a fused image.

7. The image collection device according to claim 6, wherein, the process of
performing frequency division fusion on the target visible light image and the target

non-visible light image by the fusion unit comprises:

performing color space conversion on the target visible light image to obtain a

brightness component and a color component of the target visible light image;

performing low-pass filtering on the brightness component to obtain low frequency

information of the target visible light image;

performing high-pass filtering on the target non-visible light image to obtain high

frequency information of the target non-visible light image;

performing weighting processing on the low frequency information and the high
frequency information according to a corresponding second type of weight value to obtain a

brightness component corresponding to a fused image to be formed;

combining the brightness component corresponding to the fused image to be formed
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and the color component of the target visible light image to obtain the fused image.

8. The image collection device according to claim 7, wherein, a formula used by the
fusion unit to perform weighting processing on the low frequency information and the high

frequency information according to the corresponding second type of weight value is:
yFus = w*ylow + (1 - w)*yAP + K*yhigh

wherein, y,  represents the brightness component corresponding to the fused image
to be formed, y,, represents the target non-visible light image, y, represents the low
frequency information, y,,, represents the high frequency information, w represents the

second type of weight value corresponding to the low frequency information, K
represents the second type of weight value corresponding to the high frequency

information.

9. The image collection device according to claim 8, wherein, w is determined
according to a brightness difference between the brightness components of the target

non-visible light image and the target visible light image, wherein

— abs()’AP—yD)
max(abs(y,, — ¥p))

wherein, y,, represents the target non-visible light image, y, represents the
brightness component of the target visible light image, abs(y,,—y,) represents an

absolute value of (y,,—y,), max(abs(y,,—y,)) represented a maximum value of
abs(y,p— yp)-

10. The image collection device according to any one of claims 1-4, wherein, the
visible spectrum imaging module is placed at 90° with respect to the non-visible spectrum
imaging module, and a reflective surface of the light splitter is at 45° with respect to the

incident light.

11. The image collection device according to any one of claims 1-4, wherein, the

image collection device further comprises an illumination module;

wherein the illumination module is configured to perform infrared illumination on the

non-visible spectrum imaging module.
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12. The image collection device according to claim 11, wherein, the non-visible
spectrum imaging module is further configured to send a illumination signal to the
illumination module when detecting that the first non-visible light image formed itself

meets a predetermined illumination condition;

the illumination module is specifically configured to perform infrared illumination on

the non-visible spectrum imaging module after receiving the illumination signal.

13. The image collection device according to claim 12, wherein, the predetermined

illumination condition is:

a signal to noise ratio of the first non-visible light image being lower than a

predetermined threshold;
or,

a gain level during an automatic exposure processing when the first non-visible light

image is imaged being lower than a predetermined level.

14. An electronic device, comprising a housing, a processor, a memory, a circuit board,
a power supply circuit, a light splitter, a visible spectrum imaging module, and a
non-visible spectrum imaging module, wherein the circuit board and the light splitter are
disposed within a space enclosed by the housing, the processor, the memory, the visible
spectrum imaging module and the non-visible spectrum imaging module are disposed on

the circuit board;
the power supply circuit is configured to supply power to each circuit or component;

the light splitter is configured to split incident light into a visible light and a non-visible
light;
the visible spectrum imaging module is configured to perform photosensitive imaging

according to the visible light split by the light splitter to form a first visible light image;

the non-visible spectrum imaging module is configured to perform photosensitive
imaging according to the non-visible light split by the light splitter to form a first

non-visible light image;
the memory is configured to store executable program codes;

the processor performs the following steps by running executable program codes stored
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in the memory:

performing position registration on the first visible light image and the first non-visible

light image to obtain a target visible light image and a second non-visible light image;

performing brightness adjustment on the second non-visible light image to obtain a

target non-visible light image;

performing image fusion on the target visible light image and the target non-visible

light image to obtain a fused image.



