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(57) ABSTRACT

The disclosure provides a distance detection method and a
distance detection system. The distance detection method
includes: capturing multiple image frames at multiple timing
points based on a field of view, in which the field of view
includes an object, and each image frame includes a pixel
corresponding to the object; obtaining a first and a second
modulation presented by the pixel at the timing points;
finding a first specific light-emitting unit and a second
specific light-emitting unit based on the first modulation and
the second modulation, respectively; and estimating a spe-
cific distance between the distance detection system and the
object based on the first specific light-emitting unit and the
second specific light-emitting unit.
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each of the second light-emitting units

|

Capture multiple image frames in a specific field of view at multiple
timing points

!

Obtain a first specific modulation and a second specific modulation
presented by a specific pixel at the timing points based on the image |— S240
frames

'

Find a first specific light-emitting unit among the first light-emitting

units based on the first specific modulation, and find asecond | S50

specific light-emitting unit among the second light-emitting units
based on the second specific modulation

|

Calculate a specific distance between the distance detection system
and the specific object based on the first specific light-emitting unit  |— S260
and the second specific light-emitting unit

— 5230

FIG. 2



N |
N—____|

[~~~ NI

v

<

o

o

hy

S i S =
® B
=

S—

o

o

<

o

N

=

Jun. 16, 2022 Sheet 3 of 4

0z k-2 = ”,

Cly

66¥

Ly

Patent Application Publication




US 2022/0187426 Al

Jun. 16, 2022 Sheet 4 of 4

Patent Application Publication

665

¥ OId

10G



US 2022/0187426 Al

DISTANCE DETECTION SYSTEM AND
DISTANCE DETECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 109144212, filed on Dec. 15,
2020. The entirety of the above-mentioned patent applica-
tion is hereby incorporated by reference herein and made a
part of this specification.

BACKGROUND

Technical Field

[0002] The disclosure relates to a technique for distance
detection, and in particular, to a distance detection system
and a distance detection method.

Description of Related Art

[0003] In current technology, there are automotive vision
systems which can be used to assist driving. These automo-
tive vision systems, however, may not exhibit good recog-
nition performance in some cases. For example, in an
environment with strong sunlight, there may be shadows of
shelters such as bridges and trees. Here, if a contrast between
the shadow on a road surface and the strong sunlight on the
road surface is too sharp, the image recognition function of
the conventional automotive vision systems may not be able
to determine a distance between a vehicle and an object such
as a road marking or an obstacle, which may lead to
collisions or car accidents.

[0004] Similarly, in a dim environment, since it is not easy
for the conventional automotive vision systems to recognize
a road marking, a vehicle, or an outline of an object,
collisions or car accidents may occur due to a failure to
correctly recognize a distance.

SUMMARY

[0005] The disclosure is directed to a distance detection
system and a distance detection method.

[0006] The disclosure provides a distance detection sys-
tem, the distance detection system including a first light
source, a second light source, an image capturing circuit, and
a processor. The first light source has a first polarization
direction and includes multiple first light-emitting units.
Each of the first light-emitting units emits a first light to
illuminate a specific object based on the first polarization
direction and a first modulation of each of the first light-
emitting units. The second light source has a second polar-
ization direction and includes multiple second light-emitting
units. Each of the second light-emitting units emits a second
light to illuminate the specific object based on the second
polarization direction and a second modulation of each of
the second light-emitting units. The image capturing circuit
is configured to capture multiple image frames in a specific
field of view of the image capturing circuit at multiple
timing points. The specific object is within the specific field
of view. Each of the image frames includes a specific pixel
corresponding to the specific object. The processor is
coupled to the first light source, the second light source, and
the image capturing circuit, and is configured to execute the
following. A first specific modulation and a second specific
modulation presented by the specific pixel at the multiple
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timing points based on the image frames are obtained. The
first specific modulation corresponds to the first polarization
direction, and the second specific modulation corresponds to
the second polarization direction. A first specific light-
emitting unit among the multiple first light-emitting units is
found based on the first specific modulation, and a second
specific light-emitting unit among the multiple second light-
emitting units is found based on the second specific modu-
lation. A specific distance between the distance detection
system and the specific object is calculated based on the first
specific light-emitting unit and the second specific light-
emitting unit.

[0007] The disclosure provides a distance detection
method which is adapted for a distance detection system.
The distance detection method includes the following. A first
light is emitted to illuminate a specific object by multiple
first light-emitting units of a first light source respectively
based on a first polarization direction and a first modulation
of each of the first light-emitting units. A second light is
emitted to illuminate the specific object by multiple second
light-emitting units of a second light source respectively
based on a second polarization direction and a second
modulation of each of the second light-emitting units. Mul-
tiple image frames are captured by an image capturing
circuit in a specific field of view at multiple timing points.
The specific object is within the specific field of view. Each
of the image frames includes a specific pixel corresponding
to the specific object. A first specific modulation and a
second specific modulation presented by the specific pixel at
the multiple timing points are obtained by a processor based
on the image frames. A first specific light-emitting unit
among the multiple first light-emitting units is found based
on the first specific modulation by the processor, and a
second specific light-emitting unit among the multiple sec-
ond light-emitting units is found based on the second
specific modulation by the processor. A specific distance
between the distance detection system and the specific
object is calculated based on the first specific light-emitting
unit and the second specific light-emitting unit by the
processor.

[0008] Therefore, even in a bright light/dim light environ-
ment, the specific distance between the distance detection
system and the specific object can still be accurately deter-
mined by the method of the disclosure. As a result, the
chances of collisions and car accidents are reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic diagram of a distance detec-
tion system according to an embodiment of the disclosure.
[0010] FIG. 2 is a flow chart of a distance detection
method according to an embodiment of the disclosure.
[0011] FIG. 3 is an application scenario diagram according
to an embodiment of the disclosure.

[0012] FIG. 4 is a schematic diagram of a light source
adopting a digital micro-mirror device technology according
to an embodiment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0013] Referring to FIG. 1, FIG. 1 is a schematic diagram
of a distance detection system according to an embodiment
of the disclosure. In different embodiments, a distance
detection system 100 may be configured to measure a
distance between the distance detection system 100 and an
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object located in a field of view (FOV) of the distance
detection system 100 in various devices/scenarios. For the
ease of description of the concept of the disclosure, it is
assumed below that the distance detection system 100 is
disposed on a vehicle and is configured to measure a
distance between the vehicle and an object located in front
of the vehicle; however, the disclosure is not limited thereto.
[0014] As shown in FIG. 1, the distance detection system
100 may include a first light source 101, a second light
source 102, an image capturing circuit 103, and a processor
104. In the embodiments of the disclosure, the first light
source 101 and the second light source 102 may respectively
be a left headlight and a right headlight of the vehicle which
may be configured to illuminate forward of the vehicle. In
different embodiments, the first light source 101 and the
second light source 102 may be each realized as a pixel light
device adopting digital light processing (DLP)/digital
micro-mirror device (DMD) technology, a matrix light
device adopting a light-emitting diode (LED), and/or a scan
light device. However, the disclosure is not limited thereto.
[0015] Inthe embodiments of the disclosure, the first light
source 101 may have a first polarization direction and
include multiple first light-emitting units. Each of the first
light-emitting units may emit a first light to illuminate a
specific object based on the first polarization direction and a
first modulation of each of the first light-emitting units.
Similarly, the second light source 102 may have a second
polarization direction and include multiple second light-
emitting units. Each of the second light-emitting units may
emit a second light to illuminate the specific object based on
the second polarization direction and a second modulation of
each of the second light-emitting units.

[0016] In an embodiment, the first light source 101
includes a polarization device/component (e.g. a polarizer)
corresponding to the first polarization direction so that each
of the first light-emitting units may emit the first light in the
first polarization direction. Similarly, the second light source
102 includes another polarization device/component corre-
sponding to the second polarization direction so that each of
the second light-emitting units may emit the second light in
the second polarization direction.

[0017] In the embodiments of the disclosure, a first com-
bination composed of the first modulation of each of the first
light-emitting units and the first polarization direction is
unique in the distance detection system 100, and a second
combination composed of the second modulation of each of
the second light-emitting units and the second polarization
direction is unique in the distance detection system 100.
[0018] For convenience of description, it is assumed
below that the first polarization directions respectively cor-
responding to the first light-emitting units are all the same
(e.g. all being a horizontal polarization direction), and the
first modulations respectively corresponding to the first
light-emitting units are all different. In addition, it is
assumed that the second polarization directions respectively
corresponding to the second light-emitting units are all the
same (e.g. all being a vertical polarization direction), and the
second modulations respectively corresponding to the sec-
ond light-emitting units are all different. Furthermore, in
some embodiments, the first polarization direction may be
orthogonal to the second polarization direction; however, the
disclosure is not limited thereto.

[0019] In an embodiment, the first light source 101
includes N1 first light-emitting units, and a single horizontal
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polarizer may be disposed in front of the N1 first light-
emitting units so that the first polarization directions of the
first light emitted by each of the first light-emitting units are
all horizontal polarization directions. Furthermore, the first
modulations of the N1 first light-emitting units may be
pulse-amplitude modulations (PAMs) corresponding to dif-
ferent amplitudes. In this case, the first lights respectively
emitted by the N1 first light-emitting units have the same
first polarization direction (e.g. horizontal polarization
direction) but different pulse-amplitude modulations.
[0020] In addition, the second light source 102 includes
N2 second light-emitting units, and a single vertical polar-
izer may be disposed in front of the N2 second light-emitting
units so that the second polarization directions of the second
light emitted by each of the second light-emitting units are
all vertical polarization directions. Furthermore, the second
modulations respectively corresponding to the N2 second
light-emitting units may be pulse-amplitude modulations
corresponding to different amplitudes. In this case, the
second lights respectively emitted by the N2 second light-
emitting units have the same second polarization direction
(e.g. vertical polarization direction) but different pulse-
amplitude modulations.

[0021] In addition, in other embodiments, the first modu-
lation corresponding to each of the first light-emitting units
and/or the second modulation corresponding to each of the
second light-emitting units may also be realized by other
modulations (e.g. pulse width modulation (PWM)); how-
ever, the disclosure is not limited thereto.

[0022] In the embodiments of the disclosure, the image
capturing circuit 103 is, for example, any type of polariza-
tion image capturing device. For example, in a first embodi-
ment, the image capturing circuit 103 may include a first
lens and a second lens respectively corresponding to the first
polarization direction and the second polarization direction.
The first lens includes a first polarizer corresponding to the
first polarization direction, and the second lens includes a
second polarizer corresponding to the second polarization
direction. In this case, the first lens may capture multiple first
image frames having the first polarization direction in a
specific field of view through the first polarizer at multiple
timing points. The second lens may capture multiple second
image frames having the second polarization direction in the
specific field of view through the second polarizer at the
multiple timing points.

[0023] Ina second embodiment, a polarization component
array may be disposed in the image capturing circuit 103.
The polarization component array may include multiple
polarization component sets, and each of the polarization
component sets may correspond to one of image capturing
pixels of the image capturing circuit 103. In addition, each
of the polarization component sets may include a first
polarization component and a second polarization compo-
nent respectively corresponding to the first polarization
direction and the second polarization direction. In this case,
each of the image frames captured by the image capturing
circuit 103 includes multiple pixels. Each of the pixels may
include a first sub-pixel and a second sub-pixel respectively
corresponding to the first polarization direction and the
second polarization direction; however, the disclosure is not
limited thereto.

[0024] In an embodiment, the image capturing circuit 103
may be designed to photograph/capture image frames for-
ward of the vehicle. That is, a field of view (hereinafter
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referred to as a specific field of view) of the image capturing
circuit 103 capturing the image frames extends forward of
the vehicle; however, the disclosure is not limited thereto.

[0025] In different embodiments, the processor 104 may
be coupled to the first light source 101, the second light
source 102, and the image capturing circuit 103. The pro-
cessor 104 may be a general-purpose processor, a special-
purpose processor, a conventional processor, a digital signal
processor (DSP), multiple microprocessors, one or more
microprocessors, controllers or microcontrollers integrated
with a DSP core, an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA), any other
type of integrated circuit, a state machine, an advanced
RISC machine (ARM)-based processor or the like.

[0026] Inthe embodiments of the disclosure, the processor
104 may access a required module or program code to
realize a method for determining a distance based on polar-
ization vision provided by the disclosure. The method is
described in detail below.

[0027] Referring to FIG. 2, FIG. 2 is a flow chart of a
distance detection method according to an embodiment of
the disclosure. The method of the embodiment may be
executed by the distance detection system 100 in FIG. 1, and
the details of each step in FIG. 2 are described below with
reference to the elements shown in FIG. 1. Furthermore, in
order to make the disclosure more comprehensible, further
descriptions will be provided below with reference to FIG.
3. FIG. 3 is an application scenario diagram according to an
embodiment of the disclosure.

[0028] First, in step S210, multiple first light-emitting
units 101a of the first light source 101 may respectively emit
a first light to illuminate a specific object 499 based on a first
polarization direction and a first modulation of each of the
first light-emitting units 101a. As shown in FIG. 3, the
multiple first light-emitting units 101a may be arranged in a
matrix. A polarizer P1 (e.g. a horizontal polarizer) may be
disposed in front of the matrix. Furthermore, the first modu-
lation corresponding to each of the first light-emitting units
101a may be one of multiple pulse width modulations MM
as shown. The first modulation corresponding to each of the
first light-emitting units 101a is different from each other;
however, the disclosure is not limited thereto.

[0029] In this case, the first lights respectively emitted by
the first light-emitting units 101a (the first polarization
direction is, for example, a horizontal polarization direction)
may integrally form a first illumination range 411. The first
illumination range 411 may include a first illumination
sub-range 411a corresponding to each of the first light-
emitting units 101a.

[0030] In addition, in step S220, multiple second light-
emitting units 102a¢ of the second light source 102 may
respectively emit a second light to illuminate the specific
object 499 based on a second polarization direction and a
second modulation of each of the second light-emitting units
102a. As shown in FIG. 3, the multiple second light-emitting
units 102a may be arranged in a matrix. A polarizer P2 (e.g.
a vertical polarizer) may be disposed in front of the matrix.
Furthermore, the second modulation corresponding to each
of the second light-emitting units 102a may be one of the
multiple pulse width modulations MM as shown. The sec-
ond modulation corresponding to each of the second light-
emitting units 102¢ is different from each other; however,
the disclosure is not limited thereto.
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[0031] In this case, the second lights respectively emitted
by the second light-emitting units 102a (the second polar-
ization direction is, for example, a vertical polarization
direction) may integrally form a second illumination range
412. The second illumination range 412 may include a
second illumination sub-range 412a of each of the second
light-emitting units 102a.

[0032] Next, in step S230, the image capturing circuit 103
may capture multiple image frames in a specific field of view
at multiple timing points. The specific object 499 illumi-
nated by the first light source 101 and the second light source
102 is present in the specific field of view. In this case, each
of the image frames captured by the image capturing circuit
103 includes an image area (including at least one specific
image pixel) corresponding to the specific object 499. In
other words, each of the image frames includes at least one
specific image pixel corresponding to the specific object
499.

[0033] In the embodiments of the disclosure, based on a
degree of polarization of a specific image pixel (hereinafter
referred to as specific pixel) corresponding to the specific
object 499 in each of the image frames, the processor 104
may learn which of the first light-emitting units 101a emits
the first light and which of the second light-emitting units
102a emits the second light that contribute to the light
corresponding to the specific pixel. For example, the specific
pixel is a pixel of the specific object 499 located at the center
in each of the image frames; however, the disclosure is not
limited thereto. Any pixel which may represent the specific
object 499 falls in the scope of the disclosure.

[0034] Next, in step S240, the processor 104 may obtain a
first specific modulation and a second specific modulation
presented by the specific pixel at the timing points based on
the image frames.

[0035] For example, in an embodiment, the image frames
may include the multiple first image frames (corresponding
to the first polarization direction) and the second image
frames (corresponding to the second polarization direction)
of the first embodiment. In this case, the processor 104 may
obtain the first specific modulation presented by the specific
pixel at the timing points based on the first image frames and
obtain the second specific modulation presented by the
specific pixel at the timing points based on the second image
frames.

[0036] Inanother embodiment, the image capturing circuit
103 obtains the image frames through a method described in
the second embodiment above. In this case, the processor
104 obtains first sub-pixels and second sub-pixels respec-
tively corresponding to the first polarization direction and
the second polarization direction among the pixels of each of
the image frames. The processor 104 combines the first
sub-pixels into multiple first image frames and combines the
second sub-pixels into multiple second image frames.
[0037] Specifically, with regard to an ith (i being a positive
integer) image frame among the image frames, the processor
104 may combine the first sub-pixels of each pixel in the ith
image frame into a first image frame corresponding to the ith
image frame and combine the second sub-pixels of each
pixel in the ith image frame into a second image frame
corresponding to the ith image frame. Furthermore, the
processor 104 may analyze the first image frame corre-
sponding to each of the image frames to obtain the first
specific modulation presented by the specific pixel at the
timing points. Similarly, the processor 104 may obtain the
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second specific modulation presented by the specific pixel at
the timing points based on the second image frame corre-
sponding to each of the image frames.

[0038] In addition, in step S250, the processor 104 may
find a first specific light-emitting unit among the first light-
emitting units 101ae based on the first specific modulation
and find a second specific light-emitting unit among the
second light-emitting units 102a based on the second spe-
cific modulation.

[0039] For example, a first light-emitting unit Al of the
first light source 101 is modulated to emit the first light (e.g.
having a horizontal polarization direction) by the first modu-
lation having a bright-dark-bright-dark pattern. In this case,
after the processor 104 analyzes the specific pixel of the first
image frame and discovers that the degree of polarization of
the specific pixel in the first image frame is presented in the
first specific modulation of the bright-dark-bright-dark pat-
tern, the processor 104 may determine that the light of the
specific pixel is contributed by at least the first light of the
first light-emitting unit Al. Accordingly, the processor 104
may determine that the first light-emitting unit A1 is the first
specific light-emitting unit. Furthermore, a second light-
emitting unit B1 in the second light source 102 is modulated
to emit the second light (e.g. having a vertical polarization
direction) by the second modulation having a dark-dark-
bright-bright pattern. In this case, after the processor 104
analyzes the specific pixel of the second image frame and
discovers that the degree of polarization of the specific pixel
of'the second image frame is presented in the second specific
modulation of the dark-dark-bright-bright pattern, the pro-
cessor 104 may determine that the light of the specific pixel
is also contributed by the second light of the second light-
emitting unit B1. Accordingly, the processor 104 may deter-
mine that the second light-emitting unit B1 is the second
specific light-emitting unit.

[0040] Then, in step S260, the processor 104 may calcu-
late a specific distance LI between the distance detection
system 100 and the specific object 499 based on the first
specific light-emitting unit and the second specific light-
emitting unit.

[0041] In an embodiment, the processor 104 may obtain a
predetermined distance between the first specific light-emit-
ting unit and the second specific light-emitting unit. Then,
the processor 104 may execute a triangulation location
method based on a first emission direction of the first
specific light-emitting unit, a second emission direction of
the second specific light-emitting unit, and the predeter-
mined distance to calculate the specific distance LL between
the distance detection system 100 and the specific object
499.

[0042] For example, in the scenario in FIG. 3, the first
specific light-emitting unit and the second specific light-
emitting unit found by the processor 104 after the execution
of step S250 are respectively a first light-emitting unit 401a
and a second light-emitting unit 402a as shown. Hence, the
processor 104 may estimate the specific distance LL. Spe-
cifically, in the embodiments of the disclosure, the locations
of each first light-emitting unit 101« in the first light source
101 and each second light-emitting unit 102a in the second
light source 102 are known. A distance between any first
light-emitting unit 101a¢ and any second light-emitting unit
102a may be measured in advance and thus considered to be
known. In other words, a distance (hereinafter referred to as
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predetermined distance DD) between the first light-emitting
unit 401a¢ and the second light-emitting unit 402¢a is also
known.

[0043] Furthermore, the first emission direction in which
each of'the first light-emitting units 101a emits the first light
may be fixed, and the second emission direction in which
each of the second light-emitting units 102a emits the
second light may also be fixed.

[0044] Therefore, after it is determined that the first spe-
cific light-emitting unit and the second specific light-emit-
ting unit are respectively the first light-emitting unit 401a
and the second light-emitting unit 402a, the processor 104
may obtain the predetermined distance DD (having a value
of, for example, d) between the first light-emitting unit 401a
and the second light-emitting unit 402a. Then, the processor
104 may execute the triangulation location method based on
a first emission direction D1 of the first light-emitting unit
401a, a second emission direction D2 of the second light-
emitting unit 402q, and the predetermined distance DD to
calculate the specific distance LL (having a value of, for
example, 1) between the distance detection system 100 and
the specific object 499.

[0045] In FIG. 3, an included angle AN1 (having a value
of, for example, o) is formed between a connecting line
between the first light-emitting unit 401a and the second
light-emitting unit 402a, and the first emission direction D1,
and an included angle AN2 (having a value of, for example,
p) is formed between a connecting line between the first
light-emitting unit 401a and the second light-emitting unit
402a, and the second emission direction D2. In this case, the
specific distance LL. may be, for example, calculated by the
processor 104 as

sina X cosf3

SRRy

but is not limited thereto.

[0046] Based on the above, in the method of the disclo-
sure, the specific distance LL between the distance detection
system 100 and the specific object 499 may be determined
in a different manner from that of the current technology.
Even in a bright light/dim light environment, the specific
distance LL between the distance detection system 100 and
the specific object 499 can still be accurately determined by
the method of the disclosure. Therefore, the chances of
collisions and car accidents are reduced.

[0047] In other embodiments, when multiple specific
objects are present in the specific field of view of the image
capturing circuit 103, the method of the disclosure may still
be employed to determine a distance between the distance
detection system 100 and each of the specific objects. The
disclosure is not limited thereto.

[0048] In addition, the disclosure further provides a
mechanism below to improve the efficiency of finding the
first specific light-emitting unit and the second specific
light-emitting unit. Specifically, in the scenario of FIG. 3,
the first light source 101 may be, for example, considered
located on the left side of the distance detection system 100,
and the second light source 102 may be, for example,
considered located on the right side of the distance detection
system 100. In this case, the first illumination range 411 of
the first light source 101 corresponds to a first image area
located on the left side in each of the image frame, and the
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second illumination range 412 of the second light source 102
corresponds to a second image area located on the right side
in each of the image frame.

[0049] For example, assuming that an image frame IM is
one of the image frames, the image frame IM may include
a first image area IM1 and a second image areca IM2
respectively corresponding to the first illumination range
411 and the second illumination range 412. As shown in
FIG. 3, the first image area IM1 and the second image area
IM2 have an overlapping area OR, and the specific pixel
corresponding to the specific object 499 may be located in
the overlapping area OR.

[0050] As shown in FIG. 3, among the first light-emitting
units 101a of the first light source 101, only a part of the first
light-emitting units 101a located near the right side are more
likely to contribute to the first light for the specific pixel.
Similarly, among the second light-emitting units 102a of the
second light source 102, only a part of the second light-
emitting units 102a located near the left side are more likely
to contribute to the second light for the specific pixel.
Therefore, the processor 104 may find the first specific
light-emitting unit among the first light-emitting units 101a
near the right side and find the second specific light-emitting
unit among the second light-emitting units 102a near the left
side.

[0051] In other words, the processor 104 may find the first
specific light-emitting unit/the second specific light-emitting
unit within a relatively small range. Therefore, the efficiency
of finding the first specific light-emitting unit and the second
specific light-emitting unit may be improved.

[0052] Referring to FIG. 4, FIG. 4 is a schematic diagram
of a light source adopting a digital micro-mirror device
technology according to an embodiment of the disclosure. In
FIG. 4, a first light source 501 of the distance detection
system 100 may include a sub-light source 511 and a
micro-mirror array 512. The micro-mirror array 512 may
include multiple micro-mirrors. Each of the micro-mirrors
may emit a first light by reflecting a light of the sub-light
source 511. In other words, the micro-mirrors in the micro-
mirror array 512 may be understood as the first light-
emitting units of the embodiment. In addition, a second light
source 502 of the distance detection system 100 may include
a sub-light source 521 and a micro-mirror array 522. The
micro-mirror array 522 may include multiple micro-mirrors.
Each of the micro-mirrors may emit a second light by
reflecting a light of the sub-light source 521. In other words,
the micro-mirrors in the micro-mirror array 522 may be
understood as the second light-emitting units of the embodi-
ment.

[0053] In the embodiment, assuming that the first specific
light-emitting unit and the second specific light-emitting
unit found are respectively a micro-mirror 501¢ and a
micro-mirror 5025, the processor 104 may still calculate the
specific distance between the distance detection system 100
and a specific object 599 based on the teaching above. The
details thereof are not repeated here.

[0054] In summary of the above, each of the first light-
emitting units in the first light source emits the first light
based on the first polarization direction and the correspond-
ing first modulation, and each of the second light-emitting
units in the second light source emits the second light based
on the second polarization direction and the corresponding
second modulation. Therefore, in the method of the disclo-
sure, after the first specific modulation and the second

Jun. 16, 2022

specific modulation presented by the specific pixel in mul-
tiple image frames are determined, the first specific light-
emitting unit and the second specific light-emitting unit can
be found accordingly. Then, in the method of the disclosure,
the specific distance between the distance detection system
and the specific object corresponding to the specific pixel
can be estimated based on relative positions of the first
specific light-emitting unit and the second specific light-
emitting unit. Accordingly, even in a bright light/dim light
environment, the specific distance between the distance
detection system and the specific object can still be accu-
rately determined by the method of the disclosure. There-
fore, the chances of collisions and car accidents are reduced.
[0055] Although the disclosure has been described with
reference to the above embodiments, they are not intended
to limit the disclosure. It will be apparent to one of ordinary
skill in the art that modifications to the described embodi-
ments may be made without departing from the spirit and the
scope of the disclosure. Accordingly, the scope of the
disclosure will be defined by the attached claims and their
equivalents and not by the above detailed descriptions.
What is claimed is:
1. A distance detection system, comprising:
a first light source having a first polarization direction and
comprising a plurality of first light-emitting units,
wherein each of the first light-emitting units emits a
first light to illuminate a specific object based on the
first polarization direction and a first modulation of the
each of the first light-emitting units;
a second light source having a second polarization direc-
tion and comprising a plurality of second light-emitting
units, wherein each of the second light-emitting units
emits a second light to illuminate the specific object
based on the second polarization direction and a second
modulation of the each of the second light-emitting
units;
an image capturing circuit configured to capture a plural-
ity of image frames in a specific field of view at a
plurality of timing points, wherein the specific object is
within the specific field of view, and each of the image
frames comprises a specific pixel corresponding to the
specific object; and
a processor coupled to the first light source, the second
light source and the image capturing circuit and con-
figured to:
obtain a first specific modulation and a second specific
modulation presented by the specific pixel at the
timing points based on the image frames, wherein
the first specific modulation corresponds to the first
polarization direction, and the second specific modu-
lation corresponds to the second polarization direc-
tion;

find a first specific light-emitting unit among the first
light-emitting units based on the first specific modu-
lation and find a second specific light-emitting unit
among the second light-emitting units based on the
second specific modulation; and

calculate a specific distance between the distance detec-
tion system and the specific object based on the first
specific light-emitting unit and the second specific
light-emitting unit.

2. The distance detection system according to claim 1,

wherein the image capturing circuit comprises a first lens
and a second lens respectively corresponding to the first
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polarization direction and the second polarization direction,
the image frames comprise a plurality of first image frames
captured by the first lens and a plurality of second image
frames captured by the second lens, and in obtaining the first
specific modulation and the second specific modulation, the
processor is further configured to:

obtain the first specific modulation presented by the

specific pixel at the timing points based on the first
image frames; and

obtain the second specific modulation presented by the

specific pixel at the timing points based on the second
image frames.

3. The distance detection system according to claim 1,
wherein in obtaining the first specific modulation and the
second specific modulation, the processor is further config-
ured to:

obtain, among a plurality of pixels of each of the image

frames, a plurality of first sub-pixels and a plurality of
second sub-pixels respectively corresponding to the
first polarization direction and the second polarization
direction;

combine the first sub-pixels into a plurality of first image

frames and combine the second sub-pixels into a plu-
rality of second image frames;

obtain the first specific modulation presented by the

specific pixel at the timing points based on the first
image frames; and

obtain the second specific modulation presented by the

specific pixel at the timing points based on the second
image frames.

4. The distance detection system according to claim 1,
wherein in calculating the distance between the distance
detection system and the specific object, the processor is
further configured to:

obtain a predetermined distance between the first specific

light-emitting unit and the second specific light-emit-
ting unit; and

execute a triangulation location method based on a first

emission direction of the first specific light-emitting
unit, a second emission direction of the second specific
light-emitting unit, and the predetermined distance to
calculate the specific distance between the distance
detection system and the specific object.

5. The distance detection system according to claim 1,
wherein the first modulations respectively corresponding to
the first light-emitting units are all different, and the second
modulations respectively corresponding to the second light-
emitting units are all different.

6. The distance detection system according to claim 1,
wherein the first polarization direction and the second polar-
ization direction are orthogonal to each other.

7. A distance detection method adapted for a distance
detection system, comprising:

emitting a first light to illuminate a specific object by a

plurality of first light-emitting units of a first light
source respectively based on a first polarization direc-
tion and a first modulation of each of the first light-
emitting units;

emitting a second light to illuminate the specific object by

a plurality of second light-emitting units of a second
light source respectively based on a second polarization
direction and a second modulation of each of the
second light-emitting units;

Jun. 16, 2022

capturing a plurality of image frames in a specific field of
view at a plurality of timing points by an image
capturing circuit, wherein the specific object is within
the specific field of view comprises, and each of the
image frames comprises a specific pixel corresponding
to the specific object;

obtaining a first specific modulation and a second specific

modulation presented by the specific pixel at the timing
points by a processor based on the image frames,
wherein the first specific modulation corresponds to the
first polarization direction, and the second specific
modulation corresponds to the second polarization
direction;

finding a first specific light-emitting unit among the first

light-emitting units based on the first specific modula-
tion by the processor and finding a second specific
light-emitting unit among the second light-emitting
units based on the second specific modulation by the
processor; and

calculating a specific distance between the distance detec-

tion system and the specific object based on the first
specific light-emitting unit and the second specific
light-emitting unit by the processor.

8. The distance detection method according to claim 7,
wherein capturing the image frames by the image capturing
circuit comprises:

capturing a plurality of first image frames having the first

polarization direction in the specific field of view at the
timing points by a first lens of the image capturing
circuit; and

capturing a plurality of second image frames having the

second polarization direction in the specific field of
view at the timing points by a second lens of the image
capturing circuit;
wherein obtaining the first specific modulation and the
second specific modulation by the processor comprises:

obtaining the first specific modulation presented by the
specific pixel at the timing points based on the first
image frames; and

obtaining the second specific modulation presented by the

specific pixel at the timing points based on the second
image frames.
9. The distance detection method according to claim 7,
wherein obtaining the first specific modulation and the
second specific modulation by the processor comprises:
obtaining, among a plurality of pixels of each of the image
frames, a plurality of first sub-pixels and a plurality of
second sub-pixels respectively corresponding to the
first polarization direction and the second polarization
direction;
combining the first sub-pixels into a plurality of first
image frames and combining the second sub-pixels into
a plurality of second image frames;

obtaining the first specific modulation presented by the
specific pixel at the timing points based on the first
image frames; and

obtaining the second specific modulation presented by the

specific pixel at the timing points based on the second
image frames.

10. The distance detection method according to claim 7,
wherein calculating the specific distance between the dis-
tance detection system and the specific object by the pro-
cessor comprises:
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obtaining a predetermined distance between the first spe-
cific light-emitting unit and the second specific light-
emitting unit; and
executing a triangulation location method based on a first
emission direction of the first specific light-emitting
unit, a second emission direction of the second specific
light-emitting unit, and the predetermined distance to
calculate the specific distance between the distance
detection system and the specific object.
11. The distance detection method according to claim 7,
wherein the first polarization direction and the second polar-
ization direction are orthogonal to each other.
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