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(54) LASER RADAR SYSTEM AND CONTROL METHOD THEREOF, METHOD OF OBTAINING 
SCANNING ANGLE, AND VEHICLE

(57) The present invention provides a lidar system
and a control method thereof, a method for obtaining a
scanning angle, and a vehicle. The lidar system includes:
a light source, an optical transmission module, a scan-
ning module, and a detection module, where the light
source, the optical transmission module, and the scan-
ning module are sequentially arranged along a first opti-
cal path; the scanning module, the optical transmission
module, and the detection module are sequentially ar-
ranged along a second optical path; In the first optical
path, the light source is configured to transmit a laser
beam, the optical transmission module is configured to
transmit the laser beam, which is transmitted by the light
source, to the scanning module, and the scanning mod-
ule is configured to reflect the laser beam, which is trans-
mitted by the optical transmission module, a three-dimen-
sional space to scan the three-dimensional space. In the
second optical path, the scanning module is configured

to reflect a laser beam echo signal to the optical trans-
mission module, the optical transmission module is con-
figured to reflect the laser beam echo signal, which is
reflected by the scanning module, to the detection mod-
ule, and The detection module is configured to receive
and process the laser beam echo signal reflected by the
optical transmission module, to obtain information on an
obstacle in a three-dimensional space, where the laser
beam echo signal is formed by the obstacle in the
three-dimensional space by reflecting the laser beam re-
flected by the scanning module. The lidar system accord-
ing to embodiments of the present invention has a small
size, high heat dissipation performance, a high sig-
nal-to-noise ratio, a large optical aperture, and a wide
field-of-view angle, thereby improving overall perform-
ance.
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 201711303151.4, filed with the Chi-
nese Patent Office on December 8, 2017 and entitled
"RESONANT SCANNING MIRROR, SCANNING
METHOD, ANGLE MEASUREMENT METHOD, AND
PROCESSING METHOD", which is incorporated herein
by reference in its entirety.
[0002] This application claims priority to Chinese Pat-
ent Application No. 201810704708.3, filed with the Chi-
nese Patent Office on June 29, 2018 and entitled "OP-
TICAL TRANSMISSION MODULE, LASER TRANSMIT-
TING MODULE, LIDAR SYSTEM, AND VEHICLE",
which is incorporated herein by reference in its entirety.
[0003] This application claims priority to Chinese Pat-
ent Application No. 201821028783.4, filed with the Chi-
nese Patent Office on June 29, 2018 and entitled "SCAN-
NING MIRROR", which is incorporated herein by refer-
ence in its entirety.
[0004] This application claims priority to Chinese Pat-
ent Application No. 201821028784.9, filed with the Chi-
nese Patent Office on June 29, 2018 and entitled "LIDAR
SYSTEM", which is incorporated herein by reference in
its entirety.

BACKGROUND

Technical Field

[0005] The present invention relates to the field of laser
detection technologies, and in particular, to a lidar system
and a control method thereof, a method for obtaining a
scanning angle, and a vehicle.

Related Art

[0006] A lidar is a radar system that transmits a laser
beam to detect characteristic parameters such as a lo-
cation and a speed, and is an advanced detection means
that combines laser technology with photodetection tech-
nology. Due to its high resolution, high concealment per-
formance, high anti-interference capability, high perform-
ance of low-altitude detection, small size, and light
weight, the lidar is widely applied to autonomous driving,
traffic communications, unmanned aerial vehicles, smart
robots, energy safety inspection, resource exploration,
and other fields, and has provided extremely important
original data for national economy, social development,
and scientific research, and has demonstrated promising
application prospects.
[0007] In the autonomous driving field, the lidar needs
to achieve the performances such as small size, high
reliability, high imaging frame frequency, high resolution,
and long-distance ranging. Many components included
in the lidar, such as light sources, detectors, integrated
circuit boards, leading wires, need to have reasonably
designed structures to meet miniaturization require-

ments in the market without affecting fulfillment of other
technical indicators. A long-distance lidar system re-
quires not only a relatively large optical aperture for the
purpose of reception, that is, a large specular surface,
but also a relatively large optical scanning angle.
[0008] However, it is difficult for the existing lidar sys-
tem to achieve a balance between miniaturization and
the fulfillment of multiple performance parameters. For
example, the existing lidar has a series of problems, for
example, poor heat dissipation performance for light
sources, low signal-to-noise ratio, inability to implement
wide-angle scanning, a small size of the specular sur-
face, and failure to ensure the flatness of the specular
surface. In the current development of the lidar, it is still
urgent to make improvements in such aspects as how to
reasonably arrange the internal space of the lidar, im-
prove space utilization and make the structure more com-
pact while meeting specific optical path design, and fur-
ther improve the performance of each part based on the
prior art, so as to improving the overall performance of
the lidar system on the whole and increasing application
scenarios of the lidar.

SUMMARY

[0009] The present invention aims to resolve a techni-
cal problem of how to enhance heat dissipation perform-
ance for a light source, improve a signal-to-noise ratio of
data collection, and increase a receiving optical aperture
and a scanning field-of-view angle while achieving min-
iaturization of a lidar.
[0010] To resolve the foregoing technical problem, an
embodiment of the present invention provides a lidar sys-
tem, including a light source, an optical transmission
module, a scanning module, and a detection module. The
light source, the optical transmission module, and the
scanning module are sequentially arranged along a first
optical path; the scanning module, the optical transmis-
sion module, and the detection module are sequentially
arranged along a second optical path. In the first optical
path, the light source is configured to transmit a laser
beam, the optical transmission module is configured to
transmit the laser beam, which is transmitted by the light
source, to the scanning module, and the scanning mod-
ule is configured to reflect the laser beam, which is trans-
mitted by the optical transmission module, to a three-
dimensional space, and is configured to change a direc-
tion of the laser beam thereby reflected to the three-di-
mensional space, so as to scan the three-dimensional
space. In the second optical path, the scanning module
is configured to reflect an echo signal of the laser beam
to the optical transmission module, and the optical trans-
mission module is configured to reflect the echo signal
of the laser beam, which is reflected by the scanning
module, to the detection module, the detection module
is configured to receive and process the echo signal that
is of the laser beam and that is reflected by the optical
transmission module, to obtain information on an obsta-
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cle in the three-dimensional space, and the echo signal
of the laser beam is formed by the obstacle in three-
dimensional space by reflecting the laser beam reflected
by the scanning module.
[0011] Optionally, a part of the first optical path is par-
allel or coaxial with a part of the second optical path.
[0012] Optionally, the optical transmission module in-
cludes: a support body, where an optical channel is set
in the support body; and at least one transmission sub-
module, where the at least one transmission submodule
is disposed on the support body and is sequentially ar-
ranged along the optical channel, and is configured to
transmit a beam along a preset optical path.
[0013] Optionally, the support body has a first end, a
second end, a third end, a first optical channel connecting
the first end with the second end, and a second optical
channel connecting the second end with the third end;
and the optical transmission module includes a first trans-
mission submodule, a second transmission submodule,
and a third transmission submodule that are disposed at
the first end, the second end, and the third end respec-
tively.
[0014] Optionally, the first transmission submodule is
perpendicular to the first optical channel, the second
transmission submodule is disposed at a 45° angle
against the first optical channel and the second optical
channel separately, the third transmission submodule is
disposed at a 45° angle against the second optical chan-
nel, and the first optical channel is perpendicular to the
second optical channel.
[0015] Optionally, the first transmission submodule is
a collimation module, and is configured to adjust the laser
beam, which is transmitted by the light source, to a par-
allel laser beam; the second transmission submodule is
a reflection module, and is configured to reflect the par-
allel laser beam adjusted by the collimation module; and
the third transmission submodule is an optical splitting
module, and is configured to allow transmission of the
parallel laser beam reflected by the reflection module and
reflect an echo signal of the parallel laser beam.
[0016] Optionally, the lidar system further includes a
fiber, disposed on one side of the support body, where
one end of the fiber is configured to connect the light
source, and the other end of the fiber is configured to
change a propagation direction of a laser beam in the
fiber so that a laser beam emergent from the other end
of the fiber is incident on a transmission submodule of
the support body.
[0017] Optionally, an end face of the other end of the
fiber is at a 45° angle against an optical axis of the fiber,
a highly reflective dielectric coating is applied on the end
face, and the laser beam in the fiber is reflected by the
end face so as to incident into a transmission submodule
of the support body.
[0018] Optionally, an end face of the other end of the
fiber is at a preset angle against an optical axis of the
fiber, and the laser beam in the fiber is refracted by the
end face and incident on a transmission submodule of

the support body.
[0019] Optionally, the optical channel includes a
through-hole, and the through-hole is filled with air or a
transparent medium.
[0020] Optionally, the lidar system further includes a
housing for accommodating the light source, the optical
transmission module, the scanning module, and the de-
tection module.
[0021] Optionally, the light source is disposed in a head
space of the housing.
[0022] Optionally, the light source is in contact with a
top inner surface of the housing.
[0023] Optionally, heat dissipation parts are disposed
around the light source.
[0024] Optionally, the lidar system further includes a
fiber, where the light source is disposed above the optical
transmission module, and is coupled to the optical trans-
mission module through the fiber, and the fiber between
the light source and the optical transmission module ex-
tends along a vertical direction.
[0025] Optionally, the light source further includes a
light intensity adjustment element, configured to adjust
a light intensity distribution of the laser beam transmitted
by the light source.
[0026] Optionally, the light intensity adjustment ele-
ment includes a lens element, configured to reduce a
peak intensity of the laser beam transmitted by the light
source.
[0027] Optionally, the lidar system further includes a
front window, where the front window is embedded in a
sidewall of the housing, and is configured to allow trans-
mission of the laser beam reflected by the scanning mod-
ule and allow transmission of an echo signal of the laser
beam from the three-dimensional space.
[0028] Optionally, the front window is disposed at a tilt
angle against the laser beam reflected by the scanning
module when the scanning module is at a preset scan-
ning angle, and the scanning angle is a deflection angle
of the scanning module against an initial location thereof.
[0029] Optionally, the front window is disposed at a tilt
angle against a pedestal of the housing.
[0030] Optionally, the scanning module includes an
electrostatic galvanometer, an electromagnetic galva-
nometer, a piezoelectric galvanometer, or an electrother-
mal galvanometer.
[0031] Optionally, the scanning module includes a
one-dimensional galvanometer or a two-dimensional gal-
vanometer.
[0032] Optionally, the scanning module includes: a
movable part, configured to reflect the laser beam, which
is transmitted by the optical transmission module, to the
three-dimensional space, and change, by rotating or
swinging, a direction of the laser beam thereby reflected
to the three-dimensional space; and a driving part, con-
figured to drive the movable part to rotate or swing.
[0033] Optionally, the driving part includes a magnet
assembly and a drive coil, where the magnet assembly
is configured to generate a magnetic field, the magnetic
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field has a magnetic field component on a plane where
the drive coil is located; and the drive coil is coupled to
the movable part and is configured to rotate or swing
under a force in the magnetic field when a drive current
is input, and drive the movable part to rotate or swing.
[0034] Optionally, the scanning module includes a
scanning substrate and the driving part; where the scan-
ning substrate includes a first torsion shaft, a support
part, and the movable part, and the movable part is cou-
pled to the support part through the first torsion shaft and
is configured to rotate or swing around the first torsion
shaft.
[0035] Optionally, the magnet assembly includes a
magnet disposed on at least one side of the scanning
substrate along a thickness direction thereof, and a pre-
set distance exists between the magnet and the movable
part.
[0036] Optionally, the magnet assembly includes mag-
nets disposed oppositely on two sides of the scanning
substrate along a thickness direction thereof, and mag-
netic pole directions of the opposite magnets are oppo-
site to each other; magnets located on the same side of
the scanning substrate are discretely disposed on two
sides of the first torsion shaft, and magnetic pole direc-
tions of the magnets located on the two sides of the first
torsion shaft are opposite to each other.
[0037] Optionally, the movable part includes an inner
frame, a second torsion shaft, and an outer frame; the
outer frame is coupled to the support part through the
first torsion shaft and is configured to rotate or swing
around the first torsion shaft, the inner frame is coupled
to the outer frame through the second torsion shaft and
is configured to rotate or swing around the second torsion
shaft, and the inner frame has a smooth surface and is
configured to reflect the laser beam; and the drive coil is
disposed on the outer frame or the inner frame.
[0038] Optionally, the first torsion shaft is perpendicu-
lar to the second torsion shaft, and the magnet assembly
includes a magnet disposed on at least one side of the
scanning substrate along a thickness direction thereof,
and magnets on the same side of the scanning substrate
are disposed diagonally against the first torsion shaft and
the second torsion shaft, and magnetic pole directions
of the magnets disposed diagonally are opposite to each
other.
[0039] Optionally, the magnet assembly includes mag-
nets disposed oppositely on two sides of the scanning
substrate along a thickness direction thereof, and mag-
netic pole directions of the opposite magnets are oppo-
site to each other.
[0040] Optionally, the magnets are disposed around
along a circumferential direction of the movable part;
when the movable part is parallel to a surface of the scan-
ning substrate, a side that is of each magnet and that
encircles the movable part is parallel to the drive coil.
[0041] Optionally, the drive coil is disposed on a sur-
face of the movable part and disposed along a circum-
ferential direction of the movable part, and the drive coil

has a shape of a circular ring or an oval ring; and a side
that is of the magnet and that encircles the movable part
is an arc surface, and the arc surface is parallel to an
opposite arc segment of the drive coil.
[0042] Optionally, the drive coil is disposed on a sur-
face of the movable part and disposed along a circum-
ferential direction of the movable part, and the drive coil
is polygonal; and a side that is of the magnet and that
encircles the drive coil is a plane, and the plane is parallel
to one side of the drive coil.
[0043] Optionally, on one side that is of the magnet
and that encircles the movable part, a cross section of
the magnet along a thickness direction of the scanning
substrate is an arc, and a center of the arc is recessed
toward an interior of the magnet.
[0044] Optionally, the magnet assembly further in-
cludes a magnetically permeable sheet disposed on at
least one side of the scanning substrate, and the magnets
located on the at least one side of the scanning substrate
are disposed between the magnetically permeable sheet
and the scanning substrate.
[0045] Optionally, the magnets on the same side of the
scanning substrate include two magnets that are centro-
symmetrically disposed around the movable part, the
drive coil is disposed on the movable part and disposed
along a circumferential direction of the movable part, and
a length of each magnet along the circumferential direc-
tion of the movable part is greater than or equal to 1/4 of
a circumference of the drive coil and less than 1/2 of the
circumference of the drive coil.
[0046] Optionally, a material of the scanning substrate
is steel or beryllium copper.
[0047] Optionally, the lidar system further includes an
angle measurement coil, disposed in the inner frame and
configured to measure a scanning angle of the inner
frame.
[0048] Optionally, the detection module includes: a fil-
tering submodule, configured to filter out an optical signal
that has a wavelength beyond a preset wavelength range
and that is among laser beam echo signals reflected by
the optical transmission module; a convergence module,
configured to converge laser beam echo signals filtered
by the filtering submodule; and a detection submodule,
configured to receive and process the laser beam echo
signals converged by the convergence module, so as to
obtain information on the obstacle.
[0049] Optionally, the detection submodule includes a
photosensor and an optical concentrator coupled to the
photosensor, and the optical concentrator is configured
to widen an angle range of incident light collected by the
photosensor.
[0050] An embodiment of the present invention further
provides a vehicle, including a vehicle body and the lidar
system. The lidar system is mounted on the vehicle body
and is configured to detect information on an obstacle in
a three-dimensional space around the vehicle.
[0051] An embodiment of the present invention further
provides a method for controlling a lidar system, includ-
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ing: controlling the transmitting module to transmit a laser
beam; controlling the scanning module to scan a three-
dimensional space at a preset frequency; and controlling
the detection module to receive and process a laser beam
echo signal reflected by the scanning module, so as to
obtain information on an obstacle in the three-dimension-
al space.
[0052] An embodiment of the present invention further
provides a method for obtaining a scanning angle. The
method is used to obtain a scanning angle of the lidar
system, and includes: extracting an angle signal of an
angle measurement coil of the lidar system; and calcu-
lating a scanning angle of the lidar system based on the
angle signal.
[0053] Compared with the prior art, the technical solu-
tions in the embodiments of the present invention have
the following beneficial effects:
With the lidar system according to the embodiments of
the present invention, the light source, the light transmis-
sion module, and the scanning module are sequentially
disposed on the first optical path, so that the laser beam
can scan the three-dimensional space; and the scanning
module, the optical transmission module, and the detec-
tion module are sequentially disposed on the second op-
tical path, so that the echo signal of the laser beam can
be received. Because the echo signal of the laser beam
is formed by an obstacle in the three-dimensional space
by reflecting the laser beam reflected by the scanning
module, the information on the obstacle in the three-di-
mensional space can be obtained.
[0054] Further, a part of the first optical path is parallel
or coaxial with a part of the second optical path. That is,
the lidar system is a coaxial system, and effectively
avoids the problem of leveling between a transmitting
optical path and a receiving optical path in a non-coaxial
lidar system, and ensures that the transmitting optical
path is always coaxial or parallel with the receiving optical
path.
[0055] Further, the optical transmission module in-
cludes a support body and multiple transmission sub-
modules disposed on the support body. The multiple
transmission submodules are sequentially disposed
along the optical channel, and are configured to transmit
a beam along a preset optical path. Therefore, it is not
necessary to dispose a bracket for each transmission
submodule separately, thereby improving the integration
degree of the multiple transmission submodules. More-
over, because the optical channel is disposed inside the
support body, the preset optical path does not need to
occupy the space outside the support body. Therefore,
both the structure of the optical transmission module and
the optical path are designed compactly, the space ac-
tually occupied by the optical transmission module is re-
duced, the internal space utilization rate of the lidar sys-
tem is improved, and the miniaturization requirement on
the lidar in the market is satisfied.
[0056] Further, the optical transmission module in-
cludes a collimation module, a reflection module, and an

optical splitting module that are disposed on a first end,
a second end, and a third end of the support body re-
spectively and that are disposed at a preset angle against
the first optical channel and the second optical channel
respectively, thereby implementing collimation, reflec-
tion, and optical splitting of the laser beam while saving
space.
[0057] Further, the lidar system further includes a fiber
disposed on one side of the support body. By setting a
45° angle between an end face of the other end of the
fiber and an optical axis of the fiber, a function of deflect-
ing the laser beam can be implemented. Alternatively,
by setting a preset angle between the end face of the
other end of the fiber and the optical axis of the fiber, the
beam in the fiber is refracted by the end face to implement
the function of deflecting the laser beam. In the embod-
iments of the present invention, through the special de-
sign of the end face of the fiber, the reflection module
deflects the beam while the fiber is transmitting the beam.
Therefore, without requiring additional reflection mod-
ules, the number of transmission submodules on the sup-
port body is reduced, and the fiber is utilized efficiently.
[0058] Further, the light source is disposed in the head
space of the housing of the lidar, thereby facilitating heat
dissipation of the light source on the one hand and facil-
itating arrangement of the fiber on the other hand.
[0059] Further, the light source is in contact with the
top inner surface of the housing, so that the heat of the
light source can be dissipated through the housing.
[0060] Further, heat dissipation parts such as a heat
dissipation pad, a thermal gel, a heat pipe, cooling water,
or a cooling gas are disposed around the light source to
enhance heat dissipation effects.
[0061] Further, a preset distance may exist between
the light source and the top inner surface of the housing,
and is used to accommodate the heat dissipation parts
and is conducive to enhancing the heat dissipation effect.
[0062] Further, the light source is disposed above the
optical transmission module, and is coupled to the optical
transmission module through a fiber. The fiber between
the light source and the optical transmission module ex-
tends along a vertical direction, thereby achieving com-
pactness of the design of the internal structure of the lidar
system and the optical path, improving the space utiliza-
tion rate inside the housing, and helping miniaturize the
lidar system.
[0063] Further, the light source also includes a light
intensity adjustment element configured to adjust a light
intensity distribution of the laser beam transmitted by the
light source. The light intensity adjustment element may
include a lens element configured to reduce a peak in-
tensity of the laser beam transmitted by the light source,
and can ensure that a transmitting intensity of the lidar
system keeps below an acceptable limit, without attenu-
ating a total luminous flux, thereby improving safety per-
formance of the lidar system.
[0064] Further, the front window of the lidar system is
disposed at a tilt angle against a pedestal of the housing.
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An essential mechanism thereof is that the front window
is disposed at a tilt angle against emergent light emitted
from the lidar system along a preset direction, so as to
prevent stray light, which is generated by the front window
by reflecting the emergent light, from going back into the
housing along an original route, and to increase the sig-
nal-to-noise ratio of the lidar system.
[0065] Further, the scanning module includes a mov-
able part and a driving part. The driving part includes a
magnet assembly and a drive coil. With the drive coil
coupled to the movable part, when a drive current is input
into the drive coil, the drive coil is forced to rotate or swing
in a magnetic field, and drives the movable part to rotate
or swing, thereby implementing large-aperture and wide-
angle scanning cost-effectively.
[0066] Further, the magnet assembly includes a mag-
net disposed on at least one side of the scanning sub-
strate along a thickness direction thereof. A preset dis-
tance exists between the magnet and the movable part
so that the magnet will not interfere with the rotation or
swing of the movable part while applying a magnetic field
to the drive coil.
[0067] Further, the magnet assembly includes mag-
nets disposed oppositely on two sides of the scanning
substrate along a thickness direction thereof, and mag-
netic pole directions of the opposite magnets are oppo-
site to each other. That is, homonymic magnetic poles
of the magnets on the two sides of the scanning substrate
are opposite to each other. In this way, due to being
squeezed, the magnetic field is distributed on the surface
of the scanning substrate, thereby enhancing the mag-
netic field on the surface of the scanning substrate. On
the other hand, the magnets on the same side of the
scanning substrate are discretely disposed on the two
sides of the first torsion shaft, and magnetic pole direc-
tions of the magnets on the two sides of the first torsion
shaft are opposite to each other. That is, in both a vertical
direction and a horizontal direction, the magnetic pole
directions of the magnets are opposite to each other,
thereby generating a single-orientation magnetic field on
the surface of the scanning substrate.
[0068] Further, the movable part includes an inner
frame, a second torsion shaft, and an outer frame. The
outer frame is coupled to the support part through the
first torsion shaft, and the inner frame is coupled to the
outer frame through the second torsion shaft. That is, the
scanning mirror may have two torsion shafts. The first
torsion shaft is used as a slow scanning shaft, and the
second torsion shaft is used as a quick scanning shaft.
A large frequency difference exists between the quick
scanning shaft and the slow scanning shaft, so that the
scanning mirror can implement raster scanning.
[0069] Further, the magnets are disposed around
along a circumferential direction of the movable part.
When the movable part is parallel to the surface of the
scanning substrate, one side that is of each magnet and
that encircles the movable part is parallel to the drive coil,
thereby reducing the distance between each magnet and

the drive coil, increasing the magnetic field applied by
the magnets to the driving coil, increasing a driving force,
enlarging a deflection angle of the movable part, and fur-
ther enlarging the optical scanning angle of the scanning
mirror.
[0070] Further, on one side that is of the magnet and
that encircles the movable part, a cross section of the
magnet along a thickness direction of the scanning sub-
strate is an arc, and a center of the arc is recessed toward
the interior of the magnet. In this way, the magnet can
also be disposed around the drive coil along the vertical
direction (that is, the thickness direction of the scanning
substrate), thereby further reducing the distance be-
tween each magnet and the drive coil, enhancing the
magnetic field, and increasing the driving force.
[0071] Further, the magnets on the same side of the
scanning substrate include two magnets that are centro-
symmetrical to each other around the movable part. The
drive coil is disposed along a circumferential direction of
the movable part. A length of each magnet along the
circumferential direction of the movable part is greater
than or equal to 1/4 of a circumference of the drive coil
and less than 1/2 of the circumference of the drive coil.
That is, the magnets cover as far as possible the circum-
ferential length of the drive coil to enhance the magnetic
field applied to the drive coil, increase the driving force,
enlarge the deflection angle of the movable part, and
enlarge the optical scanning angle of the scanning mirror.
[0072] Further, the magnet assembly further includes
a magnetically permeable sheet. The magnetically per-
meable sheet is disposed at a bottom of a magnet on at
least one side of the scanning substrate, and can close
a magnetic circuit, enhance the magnetic field on the
surface of the scanning substrate, that is, enhance the
magnetic field applied to the drive coil and increase the
driving force.
[0073] Further, the magnet assembly may include a
magnet disposed on one side of the scanning substrate
along a thickness direction thereof, and a preset distance
exists between the magnet and the movable part. When
the magnet is disposed on one side of the scanning sub-
strate, the space on the other side of the scanning sub-
strate can be freed up to achieve a larger scanning space
and scanning angle. In addition, it is more convenient
and simpler to install magnets on a single side, and in-
stallation costs can be further reduced.
[0074] Further, by disposing an angle measurement
coil on the movable part, the scanning angle is measured,
thereby simplifying the angle measurement method that
uses a piezoresistor or capacitor in an MEMS process,
simplifying the process, and reducing costs.
[0075] Further, the detection submodule includes a
photosensor and an optical concentrator coupled to the
photosensor. The optical concentrator can widen an an-
gle range of incident light collected by the photosensor,
and help improve detection efficiency.
[0076] The vehicle according to this embodiment of the
present invention includes a vehicle body and the lidar
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system. The lidar system is small in size and easy to
carry and install, thereby increasing scenes to which the
lidar system is applicable. The lidar system has high heat
dissipation performance, a high signal-to-noise ratio, a
wide optical aperture, and a wide field-of-view angle.
Therefore, the comprehensive performance of the lidar
system is improved, thereby improving reliability and sta-
bility of detection data as well as detection efficiency of
the lidar system, improving safety of driving the vehicle,
and optimizing the application of the lidar system in the
fields such as autonomous driving.
[0077] The method for controlling a lidar system ac-
cording to this embodiment of the present invention con-
trols the transmitting module to transmit a laser beam;
controls the scanning module to scan a three-dimension-
al space at a preset frequency; and controls the detection
module to receive and process the laser beam echo sig-
nal reflected by the scanning module, thereby obtaining
the information on the obstacle in the three-dimensional
space.
[0078] The method for obtaining a scanning angle ac-
cording to the embodiments of the present invention ex-
tracts an angle signal of the angle measurement coil of
the lidar system, and calculates the scanning angle of
the lidar system based on the angle signal, so that the
scanning performance of the lidar system can be better
evaluated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0079]

FIG. 1 is a structural block diagram of a lidar system
10 according to an embodiment of the present in-
vention;

FIG. 2 is a structural block diagram of an optical
transmission module 112 in a lidar system 10 ac-
cording to an embodiment of the present invention;

FIG. 3 is a structural block diagram of a scanning
module 12 in a lidar system 10 according to an em-
bodiment of the present invention;

FIG. 4 is a structural block diagram of a scanning
module 22 in a lidar system 10 according to another
embodiment of the present invention;

FIG. 5 is a first stereoscopic schematic structural di-
agram of a lidar system 30 according to an embod-
iment of the present invention;

FIG. 6 is a first top view of a lidar system 30 in the
embodiment shown in FIG. 5 according to the
present invention;

FIG. 7 is a side view of a lidar system 30 in the em-
bodiment shown in FIG. 5 according to the present

invention;

FIG. 8 is a schematic structural diagram of a sidewall
451 and a pedestal 452 of a housing of a lidar system
according to another embodiment of the present in-
vention;

FIG. 9 is a second stereoscopic schematic structural
diagram of a lidar system 30 in the embodiment
shown in FIG. 5 according to the present invention;

FIG. 10 is a second top view of a lidar system 30 in
the embodiment shown in FIG. 5 according to the
present invention;

FIG. 11 is a stereoscopic schematic structural dia-
gram of an optical transmission module 312 accord-
ing to an embodiment of the present invention;

FIG. 12a, FIG. 12b, and FIG. 12c are respectively a
main view, a top view, and a right view of the optical
transmission module 312 in the embodiment shown
in FIG. 11 according to the present invention.

FIG. 13a is a first stereoscopic schematic structural
diagram of a support body 316 of the optical trans-
mission module 312 in the embodiment shown in
FIG. 11 according to the present invention;

FIG. 13b is a second stereoscopic schematic struc-
tural diagram of a support body 316 of the optical
transmission module 312 in the embodiment shown
in FIG. 11 according to the present invention;

FIG. 14 is a first stereoscopic schematic structural
diagram of a scanning mirror 36 according to an em-
bodiment of the present invention;

FIG. 15 is a second stereoscopic schematic struc-
tural diagram of a scanning mirror 36 in the embod-
iment shown in FIG. 14 according to the present in-
vention;

FIG. 16 is a second stereoscopic schematic struc-
tural diagram of a scanning mirror 36 in the embod-
iment shown in FIG. 14 according to the present in-
vention;

FIG. 17 is a stereoscopic schematic structural dia-
gram of a scanning substrate 361 and magnets 362
of a scanning mirror 36 in the embodiment shown in
FIG. 14 according to the present invention;

FIG. 18 is a stereoscopic schematic structural dia-
gram of a scanning substrate 461 and a magnet 462
of a scanning mirror according to another embodi-
ment of the present invention;
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FIG. 19 is a schematic structural diagram of a scan-
ning substrate 561 of a scanning mirror according to
another embodiment of the present invention;

FIG. 20 is a schematic structural diagram of a scan-
ning substrate 661 of a scanning mirror according to
another embodiment of the present invention;

FIG. 21 is a stereoscopic schematic structural dia-
gram of a magnet 762 of a scanning mirror according
to another embodiment of the present invention;

FIG. 22 is a cross-sectional view of sectioning a mag-
net 762 in the embodiment shown in FIG. 21 along
an A-A1 line in FIG. 21 according to the present in-
vention;

FIG. 23 is a flowchart of a method for controlling a
lidar system according to an embodiment of the
present invention; and

FIG. 24 is a flowchart of a method for obtaining a
scanning angle of a lidar system according to an em-
bodiment of the present invention.

DETAILED DESCRIPTION

[0080] To make the objectives, features and beneficial
effects of the present invention more comprehensible,
specific embodiments of the present invention are de-
scribed in detail below with reference to the accompany-
ing drawings. The embodiments in this specification are
all described in a progressive manner. Descriptions of
each embodiment focus on differences from other em-
bodiments, and same or similar parts among respective
embodiments may be mutually referenced.
[0081] An embodiment of the present invention pro-
vides a lidar system. Referring to FIG. 1, FIG. 1 is a struc-
tural block diagram of a lidar system 10 according to an
embodiment of the present invention.
[0082] In some embodiments, the lidar system 10 may
include a laser transmitting module 11, a scanning mod-
ule 12, and a detection module 13. The laser transmitting
module 11 includes a light source 111 and an optical
transmission module 112. The light source 111, the op-
tical transmission module 112, and the scanning module
12 are sequentially arranged along a first optical path
(shown by a solid arrow in FIG. 1). The scanning module
12, the optical transmission module 112, and the detec-
tion module 13 are sequentially arranged along a second
optical path (shown by a dashed arrow in FIG. 1).
[0083] In some embodiments, the first optical path may
be a transmitting optical path. In the transmitting optical
path, the light source 111 is configured to generate a
laser beam, the optical transmission module 112 is con-
figured to transmit the laser beam, which is generated
by the light source 111, to the scanning module 12, and
the scanning module 12 is configured to reflect the laser

beam, which is transmitted by the optical transmitting
module 112, to a three-dimensional space. In some em-
bodiments, the scanning module 12 is further configured
to change a direction of the laser beam reflected by it to
the three-dimensional space, so as to scan an obstacle
18 in the three-dimensional space.
[0084] In some embodiments, the second optical path
may be a receiving optical path. In the receiving optical
path, the obstacle 18 is illuminated by the laser beam
reflected by the scanning module 12 in the three-dimen-
sional space, and reflects the laser beam to form a laser
beam echo signal. The scanning module 12 is configured
to reflect the laser beam echo signal to the optical trans-
mission module 112. The optical transmission module
112 is configured to reflect the laser beam echo signal,
which is reflected by the scanning module 12, to the de-
tection module 13. The detection module 13 is configured
to receive and process the laser beam echo signal re-
flected by the optical transmission module 112 to obtain
the information on the obstacle 18 in the three-dimen-
sional space.
[0085] Depending on whether the optical axis of the
transmitting optical path is parallel or coincident with the
optical axis of the receiving optical path, the lidar may be
generally classified into a non-coaxial system and a co-
axial system. In some embodiments, a part of the first
optical path may be parallel or coaxial with a part of the
second optical path. Specifically, as shown in FIG. 1, a
part between the optical transmission module 112 and
the obstacle 18 in the first optical path may be parallel or
coaxial with a part between the obstacle 18 and the op-
tical transmission module 112 in the second optical path.
That is, the lidar system 10 may be a coaxial system. In
other embodiments, the optical axis of the first optical
path may be neither parallel nor coincident with the op-
tical axis of the second optical path. That is, the lidar
system 10 may also be a non-coaxial system. The coaxial
system may effectively avoid the problem of leveling be-
tween the transmitting optical path and the receiving op-
tical path in a non-coaxial lidar system.
[0086] In some embodiments, the lidar system 10 may
further include a control module 14. The control module
14 may be coupled to the laser transmitting module 11,
the scanning module 12, and the detection module 13,
and is configured to control the laser transmitting module
11 to generate and transmit a laser beam, control the
scanning module 12 to scan the three-dimensional
space, and control the detection module 13 to receive
and process the laser beam echo signal.
[0087] It should be noted that the first optical path and
the second optical path in FIG. 1 are merely intended to
illustrate the transmission relationship of the laser beam
between the modules, but do not represent a propagation
direction of the laser beam in an actual physical space.
According to a specific embodiment, the propagation di-
rection of the laser beam and the physical location of
each module may be changed appropriately.
[0088] Referring to FIG. 2, FIG. 2 is a structural block
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diagram of an optical transmission module 112 in a lidar
system 10 according to an embodiment of the present
invention.
[0089] In some embodiments, the optical transmission
module 112 may include a support body 1121 and at
least one transmission submodule 1122 (that is, a trans-
mission submodule 1, a transmission submodule 2, a
transmission submodule 3,..., a transmission submodule
n, where n is a positive integer greater than or equal to
1). An optical channel is set in the support body 1121.
The optical channel may be configured for passage of
light. The at least one transmission submodule 1122 is
disposed on the support body and disposed along the
optical channel sequentially, and is configured to transmit
a beam along a preset optical path defined by the optical
channel.
[0090] In some embodiments, the optical transmission
module 112 may include multiple transmission submod-
ules 1122 (that is, n ≥ 2), and the optical channels may
be plural in number, and are located between adjacent
transmission submodules 1122 to connect up the adja-
cent transmission submodules 1122. Each of the trans-
mission submodules 1122 may be disposed at a preset
angle against an optical channel adjacent thereto.
[0091] In some embodiments, the optical channel may
include a through-hole, and the through-hole may be
filled with air or a transparent medium.
[0092] In some embodiments, the optical channel may
have a polygonal line shape, thereby helping improve
the utilization rate of the internal space of the support
body 1121 and reduce the space occupied by the optical
path outside the support body.
[0093] It should be noted that the optical transmission
module 112 according to this embodiment of the present
invention is configured to not only transmit a beam, but
also adjust the beam appropriately during the transmis-
sion process, for example, perform collimation, conver-
gence, or splitting of the laser beam transmitted by the
light source 111 (as shown in FIG. 1). Accordingly, the
multiple transmission submodules 1122 may include a
collimation module, a convergence module, and/or an
optical splitting module, and the like.
[0094] Referring to FIG. 3, FIG. 3 is a structural block
diagram of a scanning module 12 according to an em-
bodiment of the present invention. The scanning module
12 may include a movable part 121 and a driving part
122. The movable part 121 is configured to reflect the
laser beam, which is transmitted by the optical transmis-
sion module 112 (as shown in FIG. 1), to a three-dimen-
sional space, and change, by rotating or swinging, the
direction of the laser beam thereby reflected to the three-
dimensional space. The driving part 122 is configured to
drive the movable part 121 to rotate or swing.
[0095] A resonant scanning mirror (hereinafter re-
ferred to as "galvanometer")-type lidar is regarded as an
important technical route in solid-state lidar solutions.
Compared with conventional projection imaging, in gal-
vanometer-type lidar, the galvanometer is configured to

not only scan a beam when the beam is transmitted, but
also receive and reflect an echo signal of the beam.
[0096] In some embodiments, galvanometers may be
classified into an electrostatic galvanometer, an electro-
magnetic galvanometer, a piezoelectric galvanometer,
an electrothermal galvanometer, and the like depending
on the driving manner of the driving part.
[0097] In some embodiments, the scanning module 12
may include an electromagnetic galvanometer, and the
driving part may include a magnet assembly and a drive
coil. The magnet assembly is configured to generate a
magnetic field, the magnetic field has a magnetic field
component on a plane where the drive coil is located;
and the drive coil is coupled to the movable part and is
configured to rotate or swing under a force in the mag-
netic field when a drive current is input, and drive the
movable part to rotate or swing.
[0098] FIG. 4 shows a structural block diagram of a
scanning module 22 according to another embodiment
of the present invention. The scanning module 22 may
be an electromagnetic galvanometer.
[0099] In some embodiments, the scanning module 22
may include a scanning substrate 23 and a driving part
24. The scanning substrate 23 may include a movable
part 231, a first torsion shaft 232, and a support part 233.
The movable part 231 is coupled to the support part 233
through the first torsion shaft 232 and is configured to
rotate or swing around the first torsion shaft 232. The
movable part 231 has a smooth surface and is configured
to reflect a beam. Specifically, the smooth surface may
be a specular surface. The support part 233 is configured
to provide support for the movable part 231 and may be
fixedly disposed in the space.
[0100] In some embodiments, the driving part 24 may
include a magnet assembly 241 and a drive coil 242. The
magnet assembly 241 is configured to generate a mag-
netic field. The magnetic field has a magnetic field com-
ponent on a plane where the drive coil 242 is located.
The drive coil 242 is coupled to the movable part 231 and
is configured to rotate or swing under a force in the mag-
netic field when a drive current is input, and drive the
movable part 231 to rotate or swing.
[0101] In some embodiments, the drive coil 242 may
be disposed on the movable part 231. Specifically, the
movable part 231 has a first surface and a second surface
that are opposite to each other. The first surface may be
a specular surface configured to reflect a beam. The drive
coil 242 may be disposed on the second surface of the
movable part 231. In other embodiments, the drive coil
may also be disposed on the first surface the movable
part.
[0102] Generally, galvanometers may be classified in-
to a one-dimensional galvanometer and a two-dimen-
sional galvanometer depending on the scanning manner.
[0103] In some embodiments, the scanning substrate
23 may have only one torsion shaft, that is, the first torsion
shaft 232. In this case, the scanning module 23 is a single-
axis scanning mirror (that is, a one-dimensional galva-
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nometer), and is configured to perform optical scanning
in a one-dimensional direction.
[0104] In some embodiments, the movable part 231
may include an inner frame 2311, a second torsion shaft
2312, and an outer frame 2313. The outer frame 2313 is
coupled to the support part 233 through the first torsion
shaft 232 and is configured to rotate or swing around the
first torsion shaft 232. The inner frame 2311 is coupled
to the outer frame 2313 through the second torsion shaft
2312 and is configured to rotate or swing around the sec-
ond torsion shaft 2312. The inner frame 2311 has a
smooth surface and is configured to reflect the beam.
The drive coil 242 may be disposed on the outer frame
2313. In this case, the scanning substrate 23 has two
torsion shafts (that is, the first torsion shaft 232 and the
second torsion shaft 2312). The scanning module 22 is
a dual-axis scanning mirror (that is, a two-dimensional
galvanometer), and is configured to perform optical scan-
ning in a two-dimensional plane. Specifically, the first tor-
sion shaft 232 may be perpendicular to the second torsion
shaft 2312, and they are configured to form resonance
modes in different directions, such as a horizontal reso-
nance mode and a vertical resonance mode. In other
embodiments, the drive coil may also be disposed on the
inner frame, thereby reducing an optical scanning angle
of the scanning module compared with the case of dis-
posing the driving coil on the outer frame.
[0105] In some embodiments, the scanning module 22
may further include an angle measurement coil 25 dis-
posed on the movable part 231 and configured to meas-
ure a rotation angle or a swing angle of the movable part
231. Specifically, the angle measurement coil 25 may be
disposed on the inner frame 2311, and configured to
measure the rotation angle or swing angle of the inner
frame 2311.
[0106] In some embodiments, the scanning module 22
further includes a location sensor (not shown), configured
to detect a mechanical fault or the like of the scanning
module 22. The location sensor may be disposed on the
movable part 231, or disposed outside the movable part
231 and electrically connected to the movable part 231.
Specifically, when the location sensor is disposed outside
the movable part 231, a contact element is further dis-
posed on the movable part 231. The movable part 231
is electrically connected to the location sensor through
the contact element. The location sensor may be an elec-
trical element or a logical circuit or the like.
[0107] It should be noted that the structure shown by
the dashed line in the structural block diagram in FIG. 4
is an optional structure, and shall not constitute a limita-
tion on this embodiment of the present invention. The
structural block diagram in FIG. 4 focuses on explaining
main parts included in the scanning module 22 according
to an embodiment of the present invention, the relation-
ships between the parts, and the functions of the parts.
Understandably, some minor parts such as conducting
wires and brackets are omitted in the drawing.
[0108] Still referring to FIG. 1, in some embodiments,

the detection module 13 may include a photosensor and
a processor. The photosensor is configured to receive a
laser beam echo signal reflected by the optical transmis-
sion module 112, and convert an optical signal into an
electrical signal. The processor is configured to process
the electrical signal and obtain an image of a three-di-
mensional space through calculation, so as to obtain in-
formation on an obstacle in the three-dimensional space.
[0109] In some embodiments, the information on the
obstacle may include information such as a distance,
speed, or orientation of the obstacle in a three-dimen-
sional space. When the lidar system 10 is configured to
detect a distance of an obstacle in a three-dimensional
space, the processor is configured to calculate a distance
between the obstacle and the lidar system 10 based on
a Time of Flight (TOF) method. The entire target region
may be scanned and detected through the scanning
module 12 to finally implement three-dimensional imag-
ing.
[0110] To enable those skilled in the art to better un-
derstand and implement the present invention, an em-
bodiment of the present invention further provides anoth-
er lidar system. Referring to FIG. 5 and FIG. 6, FIG. 5 is
a first stereoscopic schematic structural diagram of a lidar
system 30 according to another embodiment of the
present invention; and FIG. 6 is a first top view of a lidar
system 30 in the embodiment shown in FIG. 5 according
to the present invention. In the top view shown in FIG. 6,
the light source 311 is omitted in order to more clearly
show the internal structure of the lidar system 30.
[0111] In some embodiments, the lidar system 30 may
include a laser transmitting module 31, a scanning mod-
ule 32, a detection module 33, and a control module 34.
The laser transmitting module 31 includes a light source
311 and an optical transmission module 312. The light
source 311 is configured to generate a laser beam, and
the optical transmission module 312 is configured to
transmit the laser beam along a preset optical path.
[0112] In some embodiments, the control module 34
may be a control circuit board.
[0113] In this embodiment, for the main functions of
the laser transmitting module 31, the scanning module
32, the detection module 33, and the control module 34,
reference may be made to the description of the corre-
sponding modules in the lidar system 10 in the embodi-
ments shown in FIG. 1 to FIG. 4, and details are omitted
here. The following only describes the differences be-
tween this embodiment and the foregoing embodiments
in detail.
[0114] In some embodiments, the lidar system 30 fur-
ther includes a housing (not shown) configured to ac-
commodate the laser transmitting module 31, the scan-
ning module 32, the detection module 33, and the control
module 34. To clearly show the internal structure of the
lidar system 30, FIG. 5 and FIG. 6 show only a sidewall
351 and a pedestal 352 of the housing.
[0115] In some embodiments, the light source 311 may
be a laser, such as a semiconductor laser, a wavelength-
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tunable solid-state laser, or a fiber laser. Different types
of lasers may transmit laser beams that have different
wavelengths. For example, the light source 311 that is a
semiconductor laser can transmit a near-infrared laser
beam.
[0116] In some embodiments, the light source 311 may
be disposed in a head space of the housing. Specifically,
the light source 311 may closely fit a top inner surface
(not shown) of the housing, and the heat generated by
the light source 311 may be dissipated through the hous-
ing; or, a preset distance exists between the light source
311 and the top inner surface of the housing, and is used
to accommodate heat dissipation parts such as a heat
dissipation pad, and the preset distance may be 5 mm
to 1 cm.
[0117] In some embodiments, the ratio of the area of
the top of the light source 311 to the area of the top inner
surface of the housing is adjusted to achieve different
heat dissipation effects.
[0118] In some embodiments, a heat conducting ap-
paratus such as a heat pipe or thermal gel, or a cooling
apparatus such as cooling water or a cooling gas, may
be further applied around the light source 311 to further
enhance the heat dissipation effect.
[0119] In some embodiments, the light source 311 may
be a laser. The laser 311 may be disposed on the top of
the housing. The optical transmission module 312 may
be disposed at the bottom of the housing. The laser 311
may include a fiber, and the laser 311 is coupled to the
optical transmission module 312 through the fiber (not
shown). Specifically, the fiber may be led out from a side
face of the laser 311, and coupled to the optical trans-
mission module 312. For example, the optical transmis-
sion module 312 includes a collimation module 313, and
the fiber may be coupled to the collimation module 313,
so that the fiber between the side face of the laser 311
and the optical transmission module 312 extends along
a vertical direction.
[0120] In some embodiments, the light source 311 may
further include a light intensity adjustment element, con-
figured to adjust a light intensity distribution of the laser
beam transmitted by the light source 311. Specifically,
the light source 311 may be a semiconductor laser. A
light emitting element in the semiconductor laser includes
a laser diode. Because the light intensity emitted by the
laser diode-based light emitting element generally takes
on a Gaussian distribution, in order to ensure that the
transmitting intensity of the lidar system 30 keeps below
an acceptable limit and that the total luminous flux will
not attenuate, the light intensity adjustment element may
be a lens element disposed on the light emitting element
and configured to reduce a peak intensity of the laser
beam transmitted by the lidar system 30. In some em-
bodiments, the lens element may be a diffractive optical
element capable of transforming a Gaussian distribution
into a flat-top distribution.
[0121] Referring to FIG. 7, FIG. 7 is a side view of a
lidar system 30 in the embodiment shown in FIG. 5 ac-

cording to the present invention. In some embodiments,
the lidar system 30 further includes a front window 3512.
The front window 3512 is embedded in one sidewall 351
of the housing. One sidewall 351 of the housing may
include a wall part 3511 and the front window 3512. The
front window 3512 is configured to allow transmission of
a laser beam reflected by the scanning module 32 and
allow transmission of a laser beam echo signal reflected
by an obstacle in a three-dimensional space.
[0122] In some embodiments, the front window 3512
is disposed at a tilt angle against a pedestal 352 of the
housing. An essential mechanism thereof is that the front
window 3512 is disposed at a tilt angle against emergent
light emitted from the lidar system 30 along a preset di-
rection, so as to prevent stray light, which is generated
by the front window 3512 by reflecting the emergent light,
from going back into the housing along an original route,
and to increase the signal-to-noise ratio of the lidar sys-
tem 30.
[0123] In some embodiments, the scanning module 32
is configured to change the direction of the laser beam
that it reflects into the three-dimensional space. That is,
reflected light of the scanning module 32 is in multiple
directions, so that the emergent light of the lidar system
30 is also in multiple directions. In this case, the front
window 3512 may be set to be at a tilt angle against the
laser beam that is reflected by the scanning module 32
at a preset scanning angle (for example, at a 0° scanning
angle). The scanning angle is defined as a deflection
angle of the scanning module 32 against an initial location
thereof. The 0° scanning angle means that the scanning
module 32 does not deflect against the initial location
thereof. Specifically, the scanning module 32 is config-
ured to scan in a horizontal direction and a vertical direc-
tion, and the 0° scanning angle may be both a 0° angle
of scanning by the scanning module 32 along the hori-
zontal direction and a 0° angle of scanning along the
vertical direction.
[0124] In some embodiments, when the scanning an-
gle of the scanning module 32 along the vertical direction
is 0°, the scanning module 32 is perpendicular to the
pedestal 352 of the housing. That is, the laser beam re-
flected when the scanning module 32 scans at a 0° angle
is parallel to the pedestal 352 of the housing. The front
window 3512 may be disposed at a tilt angle against the
pedestal 352, where the tilt angle is in a preset range.
Specifically, an angle between the front window 3512
and the pedestal 352 of the housing may be an obtuse
angle (as shown in FIG. 5). Assuming that the pedestal
352 of the housing is parallel to a horizontal plane, the
angle between the front window 3512 and the vertical
direction may range from 10° to 20°. In other embodi-
ments, the angle between the front window and the ped-
estal of the housing may be an acute angle.
[0125] In some embodiments, the front window 3512
may be a laser window mirror. The laser window mirror
can protect the scanning module 32 from splashes and
other hazards in the workplace. The laser window mirror

19 20 



EP 3 722 862 A1

13

5

10

15

20

25

30

35

40

45

50

55

is generally made from a highly transmissive material for
a specific wavelength, and coated with an anti-reflective
film to reduce losses caused by reflections.
[0126] The structure of the front window 3512 is diver-
sified. In the embodiment shown in FIG. 7, the front win-
dow 3512 is disposed below the wall part 3511. In other
embodiments, the front window may be embedded into
the sidewall of the housing in other ways, as shown in
FIG. 8, for example. FIG. 8 is a schematic structural di-
agram of a sidewall 451 and a pedestal 452 of a housing
of a lidar system according to another embodiment of the
present invention. The front window 4512 is embedded
in a middle region of the sidewall 451 of the housing, and
the wall part 4511 is disposed around the front window
4512.
[0127] With reference to FIG. 9 and FIG. 10, FIG. 9 is
a second stereoscopic schematic structural diagram of
a lidar system 30 in the embodiment shown in FIG. 5
according to the present invention, and FIG. 10 is a sec-
ond top view of the lidar system 30 in the embodiment
shown in FIG. 5 according to the present invention. To
illustrate the structure of the detection module 33 con-
veniently, FIG. 9 and FIG. 10 omit some structures of the
lidar system 30, such as a light source 311, a control
module 34, and a light shield 335.
[0128] In some embodiments, the detection module 33
may include a filtering submodule 331, a convergence
module 332, and a detection submodule 333. The filtering
submodule 331 is configured to filter out an optical signal
that has a wavelength beyond a preset wavelength range
and that is among laser beam echo signals reflected by
the optical transmission module 312. The convergence
module 332 is configured to converge laser beam echo
signals transmitted by the filtering submodule 331. The
detection submodule 333 is configured to receive and
process the laser beam echo signals converged by the
convergence module 332, so as to obtain information on
the obstacle in the three-dimensional space.
[0129] In some embodiments, the filtering submodule
331 may be a wavelength-tunable filter or a narrowband
filter, the convergence module 332 may be a conver-
gence lens, and the detection submodule 333 may be a
photosensor. Specifically, the photosensor may be a PIN
photosensor, an avalanche photo diode (APD), or a Gei-
ger-mode avalanche photodiode (GM-APD).
[0130] In some embodiments, the detection module 33
may further include a light shield 335 (as shown in FIG.
5 and FIG. 6), and the filtering submodule 331 and the
convergence module 332 are disposed in the light shield
335.
[0131] In some embodiments, the detection submod-
ule 333 may include a photosensor and a processor. The
photosensor is configured to receive the laser beam echo
signals converged by the convergence module 332, and
convert an optical signal into an electrical signal. The
processor is configured to process the electrical signal
and obtain the information on the obstacle in the three-
dimensional space through calculation.

[0132] In some embodiments, the detection submod-
ule 333 may further include an optical concentrator. The
optical concentrator may be coupled to a single photo-
detection element in a photodetection array of the pho-
tosensor, and may configured to not only protect the pho-
todetection element but also collect incident light in a
range of a wider angle. The optical concentrator may be
a molded lens, such as a domed lens, or a compound
parabolic concentrator (CPC).
[0133] In some embodiments, the information on the
obstacle includes information such as a distance, speed,
or orientation of the obstacle in a three-dimensional
space. When the lidar system 30 is configured to detect
a distance of an obstacle in a three-dimensional space,
the processor is configured to calculate a distance be-
tween the obstacle and the lidar system 30 based on a
Time of Flight (TOF) method. The entire target region
may be scanned and detected through the scanning
module 32 to finally implement three-dimensional imag-
ing.
[0134] In some embodiments, the lidar system 30 may
further include various circuit boards, module brackets,
conducting wires, and the like. The circuit boards may
include a power circuit, a control circuit, and a processing
circuit. The brackets may include a bracket of the light
source 311, a frame 37 of the scanning mirror 36 in the
scanning module 32, and a bracket of the detection sub-
module 333.
[0135] As described in the prior art, the existing lidar
can hardly meet device miniaturization requirements in
the market, and the light source of the lidar and related
optical path design generally occupy a large space inside
the lidar. An effective way of reducing the size of the lidar
system is to further reduce the space occupied by the
light source and the optical transmission parts.
[0136] To this end, an embodiment of the present in-
vention further provides an optical transmission module
applicable to the lidar system in the foregoing embodi-
ment of the present invention. The structure and func-
tions of the optical transmission module 312 in the lidar
system 30 in the embodiment shown in FIG. 5 to FIG. 10
according to the present invention are described in detail
below with reference to FIG. 11 to FIG. 13b. FIG. 11 is
a stereoscopic schematic structural diagram of an optical
transmission module 312 according to an embodiment
of the present invention, and FIG. 12a, FIG. 12b, and
FIG. 12c are respectively a main view, a top view, and a
right view of the optical transmission module 312 in the
embodiment shown in FIG. 11 according to the present
invention.
[0137] In some embodiments, the optical transmission
module 312 may include three transmission submodules
and a support body 316. The three transmission submod-
ules may be a collimation module 313, a reflection mod-
ule 314, and an optical splitting module 315 respectively,
and are disposed at a first end, a second end, and a third
end of the support body 316 respectively. A first optical
channel and a second optical channel configured to allow
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passage of light are disposed in the support body 316.
The first end and the second end communicate by the
first optical channel, and the second end and the third
end communicate by the second optical channel.
[0138] The collimation module 313 is configured to ad-
just beams to parallel beams. The reflection module 314
is configured to reflect the parallel beams, which are ad-
justed by the collimation module 313, to the optical split-
ting module 315. The optical splitting module 315 is con-
figured to allow transmission of the parallel beams re-
flected by the reflection module 314 and reflect echo sig-
nals of the parallel beams. The echo signals of the parallel
beam may be formed by an obstacle in the three-dimen-
sional space by reflecting the parallel beams. In this em-
bodiment, the beam is a laser beam transmitted by the
light source 311. However, the optical transmission mod-
ule 312 is not limited to transmitting a laser beam.
[0139] In some embodiments, the collimation module
313 may be a collimation lens. The collimation lens may
include one lens or a set of (that is, multiple) lenses. The
reflection module 314 may be a reflector that has a high
reflectance. For example, a surface of the reflector is
plated with a reflective film to improve its reflectance. The
optical splitting module 315 may be an aperture reflector,
a semi-transparent and semi-reflective mirror, a polari-
zation beam splitter, a coating-type spectroscope, or the
like.
[0140] In some embodiments, the light source 311 is
coupled to the collimation module 313 of the optical trans-
mission module 312 through a fiber, and the collimation
module 313 may be a fiber collimator.
[0141] With reference to FIG. 13a and FIG. 13b, FIG.
13a is a first stereoscopic schematic structural diagram
of a support body 316 of the optical transmission module
312 in the embodiment shown in FIG. 11 from an angle
of view according to the present invention; and FIG. 13b
is a second stereoscopic schematic structural diagram
of a support body 316 of the optical transmission module
312 in the embodiment shown in FIG. 11 from another
angle of view according to the present invention.
[0142] In some embodiments, the support body 316
has a first surface 3161, a second surface 3162, and a
third surface 3163. As shown in FIG. 11, the collimation
module 313, the reflection module 314, and the optical
splitting module 315 may be disposed on the first surface
3161, the second surface 3162, and the third surface
3163 respectively. Specifically, an incident surface of the
collimation module 313, an incident surface of the reflec-
tion module 314, and an incident surface of the optical
splitting module 315 may be parallel to the first surface
3161, the second surface 3162, and the third surface
3163 respectively.
[0143] In some embodiments, a first optical channel
316a that connects the first surface 3161 with the second
surface 3162 and extends along a first direction A, and
a second optical channel 316b that connects the second
surface 3162 with the third surface 3163 and extends
along a second direction B, are disposed in the support

body 316. The first surface 3161 is perpendicular to the
first direction A, the second surface 3162 is at a 45° angle
against both the first direction A and the second direction
B, the third surface 3163 is at a 45° angle against the
second direction B, and the first direction A is perpendic-
ular to the second direction B.
[0144] In some embodiments, both the first optical
channel 316a and the second optical channel 316b are
hollow through-holes. That is, the through-holes are filled
with air. In other embodiments, both the first optical chan-
nel 316a and the second optical channel 316b may be
through-holes filled with a transparent medium.
[0145] In this embodiment, the first optical channel
316a and the second optical channel 316b communicate
with each other and have a polygonal line shape, thereby
helping improve the utilization rate of the internal space
of the support body 316 and reduce the space occupied
by the optical path outside the support body 316.
[0146] In some embodiments, the support body 316
may be an integrated formation. A threaded hole (not
labeled) may be disposed at the bottom of the support
body 316, and is configured to fix the optical transmission
module 312 to other apparatuses through a screw. For
example, the optical transmission module 312 may be
fixed onto the pedestal 352 of the housing of the lidar
system 30 through a screw.
[0147] It should be noted that, in the above embodi-
ment, the structure of the support body 316 is described
by using an example in which the optical transmission
module 312 includes three transmission submodules. In
other embodiments, the number of the transmission sub-
modules included in the optical transmission module is
not limited to three, but may be two, four, five, six, and
so on. In this case, the structure of the support body
needs to be changed accordingly to meet the require-
ments on the structure or functions of the optical trans-
mission module, optical path design, or the like.
[0148] In other embodiments, the optical transmission
module may include no reflection module. For example,
the 45° reflector 314 in the foregoing embodiment may
be replaced by a fiber to perform the function of deflecting
the laser beam transmitted by the light source 311. Spe-
cifically, the lidar system 30 further includes a fiber, dis-
posed between the light source 311 and the optical trans-
mission module. The optical transmission module may
include a support body and at least one transmission
submodules disposed on the support body. An optical
channel configured to allow passage of light is disposed
in the support body. The at least one transmission sub-
module is sequentially arranged along the optical chan-
nel and is configured to transmit beams along a preset
optical path. The fiber may be disposed on one side of
the support body. One end of the fiber is configured to
connect the light source. The other end of the fiber is
configured to change a propagation direction of the beam
in the fiber so that the beam emergent from the other end
of the fiber is incident on one transmission submodule of
the support body.
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[0149] In some embodiments, the support body may
have a first end and a second end, and an optical channel
that connects the first end with the second end. The op-
tical transmission module may include two transmission
submodules disposed at the first end and the second end
respectively. Specifically, the two transmission submod-
ules may be a collimation module and an optical splitting
module respectively, and the fiber may be disposed on
one side of the collimation module.
[0150] In some embodiments, by cutting a terminating
end of the fiber (that is, the other end of the fiber), an end
face of the terminating end of the fiber forms a 45° angle
against the optical axis of the fiber. The end face is coated
with a highly reflective dielectric coating to provide a
specular surface. As reflected by the end face, the beam
in the fiber is incident on a transmission submodule of
the support body, for example, incident on the collimation
module in the foregoing embodiment. The beam is colli-
mated by the collimation module and then incident on
the optical splitting module.
[0151] In other embodiments, the end face of the other
end of the fiber may be cut into any angle, so that the
end face of the other end of the fiber is at a preset angle
against the optical axis of the fiber. The end face of the
other end of the fiber refracts the light to change the prop-
agation direction of the light. That is, as refracted by the
end face, the beam in the fiber is incident on a transmis-
sion submodule of the support body. In addition, in ad-
dition to the fiber applied, an optical waveguide router
may be used to replace the 45° reflector in the optical
transmission module.
[0152] In some embodiments, the collimation module
and the optical splitting module may be perpendicular to
the optical channel.
[0153] With reference to FIG. 5 to FIG. 10 and FIG. 11
to FIG. 13b, the optical paths of the lidar system 30 are
described as follows:
The optical path of the lidar system 30 in this embodiment
includes a first optical path (that is, a transmitting optical
path) and a second optical path (that is, a receiving optical
path).
[0154] In the first optical path, the light source 311 is
configured to transmit laser beams. The laser beams are
transmitted by a fiber (not shown) to the collimation mod-
ule 313 of the optical transmission module 312. The col-
limation module 313 adjusts the laser beams to parallel
laser beams. The parallel laser beams are reflected by
the reflection module 314 to the optical splitting module
315, and then transmitted by the optical splitting module
315 to the scanning module 32. The scanning module
32 reflects the parallel laser beams to the front window
3512. The parallel laser beams are transmitted to a three-
dimensional space by the front window 3512.
[0155] In the second optical path, an obstacle illumi-
nated by the parallel laser beams in the three-dimension-
al space reflects the laser beams to form laser beam
echo signals. The laser beam echo signals are transmit-
ted by the front window 3512 to the scanning module 32.

The scanning module 32 reflects the laser beam echo
signals to the optical splitting module 315. The optical
splitting module 315 reflects the laser beam echo signals
to the filtering submodule 331. The laser beam echo sig-
nals filtered by the filtering submodule 331 are converged
by the convergence module 332, and received by the
detection submodule 333.
[0156] The part in the first optical path, which is located
between the optical splitting module 315 and the obstacle
in the three-dimensional space is parallel or coaxial with
the part in the second optical path, which is located be-
tween the obstacle in the three-dimensional space and
the optical splitting module 315. That is, the lidar system
30 is a coaxial system. In other embodiments, the first
optical path may be neither parallel nor coincident with
the second optical path. That is, the lidar system may be
a non-coaxial system.
[0157] In some embodiments, the optical splitting mod-
ule 315 is an aperture reflector. In the first optical path,
the parallel laser beams reflected by the reflection mod-
ule 314 are transmitted to the scanning module 32 by a
small hole in the aperture reflector. In the second optical
path, the laser beam echo signals are reflected by the
scanning module 32 to a specular surface beside the
small hole of the aperture reflector, and then reflected by
the specular surface beside the small hole to the filtering
submodule 331.
[0158] An embodiment of the present invention further
provides a laser transmitting module. The laser transmit-
ting module may include a light source and the optical
transmission module according to the foregoing embod-
iment of the present invention. The light source is con-
figured to transmit a laser beam, and the optical trans-
mission module is configured to transmit, along a preset
optical path, the laser beam transmitted by the light
source. Specifically, the laser transmitting module may
include a light source and the optical transmission mod-
ule 112 in the embodiment shown in FIG. 2, or include a
light source and the optical transmission module 312 in
the embodiment shown in FIG. 11 to FIG. 13b.
[0159] In some embodiments, the light source may be
a laser, and different types of lasers are configured to
generate laser beams of different wavelengths. It can be
understood that the "laser beam" may be a laser pulse,
continuous laser beams, or the like.
[0160] In some embodiments, the laser transmitting
module may further include a fiber, or the laser itself in-
cludes a fiber. The laser may be coupled to the optical
transmission module by the fiber. The laser may be dis-
posed above the optical transmission module, for exam-
ple, disposed diagonally above the optical transmission
module. One end of the fiber may be led out from a side
of the laser, and the other end may be coupled to the
optical transmission module so that the fiber located be-
tween the laser and the optical transmission module ex-
tends along a vertical direction.
[0161] The laser transmitting module according to this
embodiment of the present invention may be applied not
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only to a lidar system, but also to other devices that use
a laser as a light source. Because both the structure of
the optical transmission module and the optical path meet
compact design, less space is actually occupied by the
laser transmitting module, and the laser transmitting
module is applicable in a wider range of miniaturized de-
vices.
[0162] As described in the background art, the existing
lidar cannot achieve a large-sized specular surface or a
wide optical scanning angle. For a long-distance lidar
system, not only a large-sized receiving optical aperture
is required, that is, a large specular surface is required,
but also a wide optical scanning angle is required. For
example, the optical scanning angle of a galvanometer
generally needs to be about 40 degrees in the vertical
direction, up to about 120 degrees in the horizontal di-
rection. The specular surface and framework structure
of a relatively mature electromagnetic scanning mirror in
the prior art are generally manufactured by using a micro-
electro-mechanical system (MEMS) technology. The gal-
vanometer made in an MEMS process has a series of
problems, for example, inability to implement wide-angle
scanning, a small size of the specular surface (generally
1 mm to 2 mm in diameter), and failure to ensure the
flatness of the specular surface, limiting the application
of the galvanometer to some scenarios that impose spe-
cific requirements, for example, to a wide field-of-view
angle and a long-distance lidar.
[0163] Based on this, in the embodiments of the
present invention, the scanning module in the lidar sys-
tem is further improved to increase the optical scanning
angle and the specular surface size.
[0164] The following describes in detail, with reference
to FIG. 14 to FIG. 22, the structure and functions of the
scanning module 32 in the lidar system 30 in the embod-
iments shown in FIG. 5 to FIG. 10 according to the present
invention. It should be noted that the scanning module
32 shown in FIG. 5, FIG. 6, FIG.9, and FIG. 10 includes
a scanning mirror 36 (as shown in FIG. 9) and a frame-
work 37. The scanning mirror 36 is disposed inside the
framework 37. FIG. 14 to FIG. 22 only describe the struc-
ture of the scanning mirror 36 thereof in detail.
[0165] FIG. 14 to FIG. 16 are stereoscopic schematic
structural diagrams of the scanning mirror 36 in different
angles of view, and FIG. 17 is a stereoscopic schematic
structural diagram of a scanning substrate 361 and mag-
nets 362 of the scanning mirror 36 in the embodiment
shown in FIG. 14 according to the present invention.
[0166] In some embodiments, the scanning mirror 36
may include a scanning substrate 361, a magnet assem-
bly, and a drive coil 363 (as shown in FIG. 16).
[0167] Referring to FIG. 17, the scanning substrate 361
may include a movable part 3611, a first torsion shaft
3612, and a support part 3613. The movable part 3611
is coupled to the support part 3613 through the first tor-
sion shaft 3612 and is configured to rotate or swing
around the first torsion shaft 3612.
[0168] In some embodiments, the magnet assembly

may include magnets 362 disposed oppositely on two
sides of the scanning substrate 361 along a thickness
direction thereof, and magnetic pole directions of the two
magnets 362 oppositely disposed along the thickness
direction of the scanning substrate 361 are opposite to
each other. That is, homonymic magnetic poles of the
two opposite magnets 362 are opposite to each other.
For example, N poles are opposite or S poles are oppo-
site (as indicated by solid arrows in FIG. 17), so that the
magnetic field is squeezed and distributed on the plane
where the scanning substrate 361 is located. Specifically,
the magnetic pole direction of each magnet 362 may be
perpendicular to the surface of the scanning substrate
361. The magnets 362 on the same side of the scanning
substrate 361 may be disposed on two sides of the first
torsion shaft 3612 respectively, and the magnetic pole
directions of the magnets 362 on the two sides of the first
torsion shaft 3612 are opposite to each other, so as to
generate a single-orientation magnetic field on the plane
where the scanning substrate 361 is located. The drive
coil 363 may be disposed on the movable part 3611 to
drive the movable part 3611 to rotate or swing around
the first torsion shaft 3612. When only one torsion shaft
is disposed on the scanning substrate 361, the scanning
mirror 36 is a one-dimensional galvanometer.
[0169] In some embodiments, the magnets 362 are
discretely disposed along a circumferential direction of
the movable part 3611, and are a preset distance apart
from the movable part 3611 to avoid interference with
the movement of the movable part 3611. When the mov-
able part 3611 is parallel to the surface of the scanning
substrate 361, a side that is of a magnet 362 and that
encircles the movable part 3611 is parallel to the drive
coil 363, so as to reduce the distance between the mag-
net 362 and the drive coil 363, widen the magnetic field,
increase the driving force, enlarge the deflection angle
of the movable part 3611, and enlarge the optical scan-
ning angle of the scanning mirror 36.
[0170] In some embodiments, an opening (not shown)
exists at the center of the scanning substrate 361, and
the movable part 3611 is embedded in the opening. When
the movable part 3611 is located at an initial location, the
movable part 3611 may be parallel to the surface of the
support part 3613. When the movable part 3611 deviates
from the initial location and starts to rotate, the plane
where the movable part 3611 is located is at a specific
angle against the plane where the support part 3613 is
located. That is, the movable part 3611 may rotate from
inside the plane of the scanning substrate 361 to the out-
side thereof. In other embodiments, the initial location of
the movable part may also be located outside the plane
of the scanning substrate, and the movable part may ro-
tate from outside of the plane of the scanning substrate
to the inside thereof. In some embodiments, when an
alternating current is input to the drive coil 363, the mov-
able part 3611 can perform a reciprocating motion be-
tween the inside of the plane of the scanning substrate
361 and the outside thereof, that is, can swing.
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[0171] In some embodiments, the magnets 362 on the
two sides of the scanning substrate 361 may be parallel
to the surface of the scanning substrate 361, and the
magnetic pole direction of the magnets 362 may be per-
pendicular to the surface of the scanning substrate 361,
or at a tilt angle against the surface of the scanning sub-
strate 361.
[0172] In some embodiments, the movable part 3611
may include an inner frame 3611a, a second torsion shaft
3611b, and an outer frame 3611c. The outer frame 3611c
is coupled to the support part 3613 through the first tor-
sion shaft 3612 and is configured to rotate or swing
around the first torsion shaft 3612. The inner frame 3611a
is coupled to the outer frame 3611c through the second
torsion shaft 3611b and is configured to rotate or swing
around the second torsion shaft 3611b. The inner frame
3611a has a smooth surface and is configured to reflect
the beam. In this case, the scanning mirror 36 has two
torsion shafts, and is a two-dimensional galvanometer.
[0173] In some embodiments, the magnetic pole direc-
tions of the two magnets 362 oppositely disposed along
the thickness direction of the scanning substrate 361 are
opposite to each other. That is, homonymic magnetic
poles of the two opposite magnets 362 are opposite to
each other. For example, N poles are opposite or S poles
are opposite (as indicated by solid arrows in FIG. 17).
The magnetic pole directions of the two opposite mag-
nets 362 may be both perpendicular to the surface of the
scanning substrate 361. On the other hand, the first tor-
sion shaft 3612 may be perpendicular to the second tor-
sion shaft 3611b. The magnets 362 on the same side of
the scanning substrate 361 may be diagonally disposed
against the first torsion shaft 3612 and the second torsion
shaft 3611b that are orthogonal, and the magnetic pole
directions of the diagonally disposed magnets 362 are
opposite to each other. That is, the magnetic pole direc-
tions of the magnets 362 that are oppositely disposed
along the vertical direction (that is, along the thickness
direction of the scanning substrate 361) are opposite to
each other, and the magnetic pole directions of the mag-
nets 362 that are oppositely disposed along the horizon-
tal direction (that is, along the surface direction of the
scanning substrate 361) are opposite to each other. In
this way, the magnetic field is squeezed and thereby dis-
tributed on the surface of the scanning substrate 361,
and a single-orientation magnetic field B (as indicated by
the arrow in FIG. 17) is generated on the surface of the
scanning substrate 361. The magnetic field B is at an
approximate 45° angle against both the first torsion shaft
3612 and the second torsion shaft 3611b.
[0174] In some embodiments, when the two magnets
362 on the same side of the scanning substrate 361 are
diagonally distributed against the first torsion shaft 3612
and the second torsion shaft 3611b, the length of each
magnet 362 along the circumferential direction of the
drive coil 363 may be 1/4 of the circumference of the
drive coil 363.
[0175] In other embodiments, by increasing the cir-

cumferential length by which each magnet 362 encircles
the drive coil 363, coverage of the magnetic field can be
widened, and the magnetic field applied to the drive coil
363 is thereby enhanced. Specifically, the drive coil 363
is disposed along a circumferential direction of the mov-
able part 3611. When the two magnets 362 on the same
side of the scanning substrate 361 are diagonally distrib-
uted against the first torsion shaft 3612 and the second
torsion shaft 3611b, the circumferential length by which
each magnet 362 encircles the movable part 3611 may
be greater than 1/4 of the circumference of the drive coil
363 and less than 1/2 of the circumference of the drive
coil 363. The upper limit 1/2 is set to prevent a magnetic
circuit from closing. For example, the length of each mag-
net 362 along the circumferential direction of the drive
coil 363 may be 1/3 of the circumference of the drive coil
363. Compared to 1/4 mentioned in the previous embod-
iment, the length of the magnet 362 along the circumfer-
ential direction of the drive coil 363 is prolonged by about
20%.
[0176] Referring to FIG. 18. FIG. 18 is a stereoscopic
schematic structural diagram of a scanning substrate 461
and a magnet 462 of a scanning mirror according to an-
other embodiment of the present invention. In some em-
bodiments, the magnet assembly may include a magnet
462 disposed on one side of the scanning substrate 461
along a thickness direction thereof, and a preset distance
exists between the magnet 462 and the movable part.
When the magnet 462 is disposed on one side of the
scanning substrate 461, the space on the other side of
the scanning substrate 461 can be freed up, thereby
achieving a larger scanning space and a wider scanning
angle. In addition, installing magnets on a single side is
more convenient and simpler than installing magnets on
both sides, and can further reduce installation costs.
[0177] Still referring to FIG. 14 to FIG. 17, in some em-
bodiments, the material of the scanning substrate 361
may be a copper alloy (such as beryllium copper), steel,
titanium alloy, aluminum alloy, magnesium alloy, or an
organic polymer material (such as carbon fiber), or a sil-
icon carbide (SiC) ceramic material or the like. The scan-
ning substrate 361 may be an integrated formation or
may be formed by combining additional assembly mod-
ules. The smooth surface of the inner frame 3611a may
be integrated on the inner frame 3611a, or may be mount-
ed on the inner frame 3611a by combining additional as-
sembly modules. This is not limited in this embodiment
of the present invention. In some embodiments, the
smooth surface of the inner frame 3611a may be
achieved by polishing a metal material. In other embod-
iments, the smooth surface of the inner frame 3611a may
be a reflector, and the reflector is mounted on the inner
frame 3611a.
[0178] When the material of the scanning substrate
361 is a steel sheet, the scanning substrate 361 may be
manufactured based on a steel sheet processing tech-
nology. The manufacturing based on the steel sheet
processing technology is a conventional machining proc-
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ess, and is cost-effective and easy to implement, so that
large scanning mirrors of millimeter-level or even cen-
timeter-level sizes can be manufactured.
[0179] In some embodiments, the magnet assembly
further includes a magnetically permeable sheet 38 (as
shown in FIG. 16) disposed on one side of the scanning
substrate 361. The magnet 362 located on one side of
the scanning substrate 361 is disposed between the
magnetically permeable sheet 38 and the scanning sub-
strate 361. That is, the magnetically permeable sheet 38
may be disposed at the bottom of the magnet 362 and
configured to close a magnetic circuit and enhance the
magnetic field on the surface of the scanning substrate
361.
[0180] In some embodiments, the magnetically perme-
able sheet 38 is in contact with the magnet 362 on one
side of the scanning substrate 361. An opening may be
configured in a region that is located on the magnetically
permeable sheet 38 and opposite to the movable part
3611.
[0181] In other embodiments, the magnetically perme-
able sheet 38 may be disposed on both sides of the scan-
ning substrate 361, and the magnets 362 on the same
side of the scanning substrate 361 are disposed between
the magnetically permeable sheet 38 and the scanning
substrate 361 to form a closed magnetic circuit on both
sides of the scanning substrate 361. The opening may
also be not configured at the center of the magnetic per-
meable sheet 38.
[0182] In some embodiments, the magnetically perme-
able sheet 38 may be a silicon steel sheet.
[0183] In other embodiments, the magnetically perme-
able sheet may also be made of other highly magnetically
permeable materials, such as soft iron, ferrite, silicon
steel, iron nickel alloy, iron aluminum alloy, iron cobalt
alloy, manganese cobalt and other oxides, or manga-
nese-zinc ferrite materials, or the like. Generally, mate-
rials used as a magnetic core are applicable to the mag-
netically permeable sheet.
[0184] In some embodiments, the magnet assembly
further includes two magnet holders 39 that are disposed
on two sides of the scanning substrate 361 and that are
configured to support the magnets 362 located on the
two sides of the scanning substrate 361. The magnet
holder 39 located on an upper side (that is, an incident
light side) of the scanning substrate 361 may be disposed
between the magnet 362 on this side and the scanning
substrate 361. The magnet holder 39 may include a first
part 391 (as shown in FIG. 14) that is located along the
thickness direction of the scanning substrate 361 and
between the magnet 362 and the scanning substrate 361,
and a second part 392 (as shown in FIG. 14) that is lo-
cated along the surface direction of the scanning sub-
strate 361 and between the diagonally distributed mag-
nets 362. The magnet holder 39 located on a lower side
(that is, the side facing away from the incident light) of
the scanning substrate 361 may include only a part lo-
cated between the diagonally distributed magnets 362.

The magnet holders 39 are disposed around the movable
part 3611 along the other diagonal direction perpendic-
ular to one diagonal direction where the magnets 362 are
located, with a preset distance apart from the movable
part 3611. The magnet holders 39 and the magnets 362
jointly define a space that allows for rotation or swing of
the movable part 3611.
[0185] In some embodiments, the magnet holders 39
may be an integrated formation.
[0186] In some embodiments, multiple holes (not la-
beled) may be opened on the magnet holders 39, and
configured to perform fixing by using a screw or a knob.
[0187] In some embodiments, a preset distance may
exist between the magnet holder 39 located on at least
one side of the scanning substrate 361 and the scanning
substrate 361, and is used for wiring. Specifically, a pre-
set distance may exist between the magnet holder 39
located on the lower side (that is, the side facing away
from the incident light) of the scanning substrate 361 and
the scanning substrate 361.
[0188] In some embodiments, the scanning mirror 36
further includes an angle measurement coil 364 disposed
on the inner frame 3611a of the movable part 3611 and
configured to measure a rotation angle or a swing angle
of the inner frame 3611a. Specifically, the angle meas-
urement coil 364 may be disposed on a rear side of the
inner frame 3611a, that is, the side facing away from the
smooth surface thereof.
[0189] In some embodiments, the drive coil 363 may
be disposed on the outer frame 3611c. Specifically, the
drive coil 363 may be disposed on a rear side of the outer
frame 3611c (as shown in FIG. 16), that is, the side facing
away from the incident light. In other embodiments, the
drive coil 363 may be disposed on a front side of the outer
frame 3611c (that is, the side facing the incident light).
In other embodiments, the drive coil 363 may be disposed
on the inner frame 3611a, for example, on the rear side
of the inner frame (that is, the side facing away from the
smooth surface thereof). In this case, the scanning mirror
36 is a uniaxial scanning mirror. Compared with the sce-
nario in which the drive coil 36 is disposed on the outer
frame 3611c, this reduces an optical scanning angle of
the scanning mirror 36.
[0190] In some embodiments, the drive coil 363 may
be connected to a power supply through a conducting
wire, and is configured to input an alternating drive cur-
rent.
[0191] In some embodiments, the shape of the outer
frame 3611c may be an oval ring (as shown in FIG. 14
to FIG. 17). The oval ring-shaped outer frame is condu-
cive to achieving a miniaturized resonant scanning mirror
and further reducing costs. The drive coil 363 may also
be disposed on the rear side of the outer frame 3611c,
and form a circle around along a circumferential direction
of the outer frame 3611c. The shape formed by the cir-
cling of the drive coil 363 is also an oval ring. A side that
is of a magnet 362 and that encircles the movable part
3611 may be an arc surface. The arc surface is parallel

31 32 



EP 3 722 862 A1

19

5

10

15

20

25

30

35

40

45

50

55

to a corresponding arc segment of the drive coil 363 (that
is, the arc segment opposite to the arc surface), thereby
reducing the distance between the magnet 362 and the
drive coil 363, enlarging the magnetic field applied to the
surface of the drive coil 363, increasing the driving force,
widening the deflection angle of the movable part 3611,
and widening the optical scanning angle of the scanning
mirror 36.
[0192] In some embodiments, the shape of the inner
frame 3611a may be any one of:
a circle, a square, an oval, a rectangle, or a diamond.
[0193] Referring to FIG. 19, FIG. 19 is a schematic
structural diagram of a scanning substrate 561 of a scan-
ning mirror according to another embodiment of the
present invention. In some embodiments, the shape of
the outer frame 5611c may be a circular ring. Accordingly,
the shape formed by circling of the drive coil (not shown)
on the outer frame 5611c may be a circular ring.
[0194] Referring to FIG. 20, FIG. 20 is a schematic
structural diagram of a scanning substrate 661 of a scan-
ning mirror according to another embodiment of the
present invention. In some embodiments, the shape of
the outer frame 6611 c may be polygonal, and the drive
coil (not shown) may be disposed on the outer frame
6611c and form a circle around along the circumferential
direction of the outer frame 6611c. The shape formed by
the circling of the drive coil is also polygonal. A side that
is the magnet (not shown) and that encircles the movable
part 6611 may be a plane, and the plane is parallel to a
side of the polygonal drive coil (that is, the side opposite
to the plane). Specifically, the shape of the outer frame
6611c may be octagonal, and the shape of the drive coil
may also be octagonal. Compared to the oval outer
frame, the octagonal outer frame 6611 c can further re-
duce distortion of a scanned pattern and improve scan-
ning performance.
[0195] Referring to FIG. 21 and FIG. 22, FIG. 21 is a
stereoscopic schematic structural diagram of a magnet
762 of a scanning mirror according to another embodi-
ment of the present invention, and FIG. 22 is a cross-
sectional view of the magnet 762 in the embodiment
shown in FIG. 21 sectioned along an A-A1 line in FIG.
21 according to the present invention.
[0196] The magnets 762 may be applied to the scan-
ning mirror 36 in the embodiment shown in FIG. 14 to
FIG. 17. With reference to FIG. 14 to FIG. 17, in some
embodiments, on a side 7621 that is of each magnet 762
and that encircles the drive coil 363, a cross section of
the magnet along a thickness direction of the scanning
substrate 361 may be an arc, and a center of the arc is
recessed toward an interior of the magnet 762. In this
way, the magnet 762 is not only disposed around the
drive coil 363 along a horizontal direction (that is, along
the surface direction of the scanning substrate 361), but
also disposed around the drive coil 363 along a vertical
direction (that is, along the thickness direction of the
scanning substrate 361), thereby further reducing the dis-
tance between the magnet 762 and the drive coil 363,

and further enhancing the magnetic field.
[0197] The following describes the working principles
of the scanning mirror by using the scanning mirror 36 in
the embodiment shown in FIG. 14 to FIG. 17 as an ex-
ample: When a drive current runs in the drive coil 36, an
in-plane current of the drive coil 36 interacts with an in-
plane magnetic field B to generate an out-of-plane am-
pere force. The current across each scanning axis runs
in a reverse direction, that is, the direction of the ampere
force across the scanning axis is reversed, thereby gen-
erating a torque that is in plane and perpendicular to the
magnetic field. The torque may generate a response on
the two torsion shafts simultaneously. The resonance of
one of the torsion shafts may be selectively excited ac-
cording to frequency composition of the torque. For ex-
ample, when a frequency component of the torque is con-
sistent with a resonance frequency of the first torsion
shaft 3612, vibration of the first torsion shaft 3612 will be
amplified to generate a wide-angle torsion and drive the
inner frame 3611a to rotate, and generate a resonance
mode along a first direction. When the frequency com-
ponent of the torque is consistent with a resonance fre-
quency of a second torsion shaft 3611b, vibration of the
second torsion shaft 3611b will be amplified to generate
a wide-angle torsion and drive the inner frame 3611a to
rotate, and generate a resonance mode along a second
direction. The first direction is perpendicular to the sec-
ond direction, so as to implement two-dimensional scan-
ning of the scanning mirror 36.
[0198] Generally, due to the large mass of the outer
frame 3611c and low vibration frequency, the first torsion
shaft 3612 may be used as a slow scanning axis. Due to
the high vibration frequency of the inner frame 3611a,
the second torsion shaft 3611b may be used as a quick
scanning axis. Because a relatively large frequency dif-
ference exists between the quick scanning axis and the
slow scanning axis, raster scanning can be implemented.
[0199] In some embodiments, the drive coil 363 on the
outer frame 3611c may be formed by circling of a multi-
turn coil. In other embodiments, the drive coil 363 may
also include multiple discrete conducting wires. For ex-
ample, the drive coil may include a first conducting wire
that is located on two opposite sides on the surface of
the outer frame and parallel to the first torsion shaft and
that is configured to control the outer frame to rotate
around the first torsion shaft, and may further include a
second conducting wire that is located on two opposite
sides on the surface of the outer frame and parallel to
the second torsion shaft and that is configured to control
the outer frame to rotate around the second torsion shaft.
Raster scanning is implemented by controlling the direc-
tion of the current applied to the first conducting wire and
the second conducting wire and the time of electrification.
[0200] In some embodiments, the first torsion shaft
3612 and the second torsion shaft 3611b may be rigid
torsion arms, and the torsion arms may be linear. In other
embodiments, the first torsion shaft and the second tor-
sion shaft may also be flexible connection parts such as
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springs, and the first torsion shaft and the second torsion
shaft may also be serpentine beams or arched beams.
[0201] An embodiment of the present invention further
provides a vehicle, including a vehicle body and the lidar
system that is described in the foregoing embodiment of
the present invention. The lidar system is mounted on
the vehicle body and is configured to detect information
on an obstacle in a three-dimensional space around the
vehicle.
[0202] Specifically, the lidar system may be installed
on the top of the vehicle. The information on the obstacle
may include information such as a distance, speed, or
orientation of the obstacle.
[0203] An embodiment of the present invention further
provides a method for controlling the lidar system that is
described in the foregoing embodiment of the present
invention. Referring to FIG. 23, FIG. 23 is a flowchart of
a method for controlling a lidar system according to an
embodiment of the present invention. The control method
may include: S11: controlling the transmitting module to
transmit a laser beam; S13: controlling the scanning
module to scan a three-dimensional space at a preset
frequency; and S15: controlling the detection module to
receive and process a laser beam echo signal reflected
by the scanning module, so as to obtain information on
an obstacle in the three-dimensional space.
[0204] In some embodiments, the controlling the scan-
ning module to scan a three-dimensional space at a pre-
set frequency includes: controlling the scanning module
to rotate or swing at a preset frequency to change the
direction of the laser beam that it reflects into the three-
dimensional space.
[0205] In some embodiments, the scanning module in-
cludes a movable part and a driving part. The driving part
includes a magnet assembly and a drive coil. The magnet
assembly is configured to generate a magnetic field in a
plane where the drive coil is located. The drive coil is
coupled to the movable part, and therefore, the control-
ling the scanning module to rotate or swing at a preset
frequency includes: inputting an alternating current of a
preset frequency to the drive coil.
[0206] The method for controlling the lidar system ac-
cording to this embodiment of the present invention can
cost-effectively implement large-aperture wide-angle
space scanning and also receive the laser beam echo
signal reflected by a space obstacle.
[0207] An embodiment of the present invention pro-
vides a computer-readable storage medium, on which a
computer instruction is stored. When executed, the com-
puter instruction performs the steps of the control meth-
od.
[0208] An embodiment of the present invention pro-
vides a system, including a memory and a processor.
The memory stores a computer instruction executable
on the processor. When running the computer instruc-
tion, the processor performs the steps of the control meth-
od.
[0209] An embodiment of the present invention further

provides a method for obtaining a scanning angle of a
lidar system.
[0210] Referring to FIG. 24, FIG. 24 is a flowchart of a
method for obtaining a scanning angle of a lidar system
according to an embodiment of the present invention.
The obtaining method may include: S21. extracting an
angle signal of an angle measurement coil of the lidar
system; and S23: calculating a scanning angle of the lidar
system based on the angle signal.
[0211] In specific implementation, the scanning angle
of the lidar system may be calculated based on a differ-
ence between the angle signal and a reference signal.
[0212] By applying the above method, the scanning
performance of the lidar system can be better evaluated.
[0213] An embodiment of the present invention pro-
vides a computer-readable storage medium, on which a
computer instruction is stored. When executed, the com-
puter instruction performs the steps of the method for
obtaining a scanning angle of a lidar system.
[0214] An embodiment of the present invention pro-
vides a system including a memory and a processor. The
memory stores a computer instruction executable on the
processor, and the processor executes the computer in-
struction to perform the steps of the method for obtaining
a scanning angle of a lidar system.
[0215] A person of ordinary skill in the art may under-
stand that all or some of the steps of the methods in the
embodiments may be implemented by a program in-
structing relevant hardware. The program may be stored
in a computer readable storage medium. The storage
medium may include: a ROM, a RAM, a magnetic disk,
or an optical disc.
[0216] Although the present invention is disclosed as
above, the present invention is not limited thereto. A per-
son skilled in the art may make variations and modifica-
tions without departing from the spirit and scope of the
present invention. Therefore, the protection scope of the
present invention should be subject to the claims.

Claims

1. A lidar system, characterized by comprising:

a light source, an optical transmission module,
a scanning module, and a detection module,
wherein the light source, the optical transmis-
sion module, and the scanning module are se-
quentially arranged along a first optical path; the
scanning module, the optical transmission mod-
ule, and the detection module are sequentially
arranged along a second optical path;
in the first optical path, the light source is con-
figured to transmit a laser beam, the optical
transmission module is configured to transmit
the laser beam, which is transmitted by the light
source, to the scanning module, and the scan-
ning module is configured to reflect the laser
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beam, which is transmitted by the optical trans-
mission module, to a three-dimensional space,
and is configured to change a direction of the
laser beam thereby reflected to the three-dimen-
sional space, so as to scan the three-dimension-
al space; and
in the second optical path, the scanning module
is configured to reflect an echo signal of the laser
beam to the optical transmission module, and
the optical transmission module is configured to
reflect the echo signal of the laser beam, which
is reflected by the scanning module, to the de-
tection module, the detection module is config-
ured to receive and process the echo signal of
the laser beam that is reflected by the optical
transmission module, to obtain information on
an obstacle in the three-dimensional space, and
the echo signal of the laser beam is formed by
the obstacle in three-dimensional space by re-
flecting the laser beam reflected by the scanning
module.

2. The lidar system according to claim 1, characterized
in that a part of the first optical path is parallel or
coaxial with a part of the second optical path.

3. The lidar system according to claim 1, characterized
in that the optical transmission module comprises:

a support body, wherein an optical channel is
set in the support body; and
at least one transmission submodule, wherein
the at least one transmission submodule is dis-
posed on the support body and is sequentially
arranged along the optical channel, and is con-
figured to transmit a beam along a preset optical
path.

4. The lidar system according to claim 3, characterized
in that the support body has a first end, a second
end, a third end, a first optical channel connecting
the first end with the second end, and a second op-
tical channel connecting the second end with the
third end; and
the optical transmission module comprises a first
transmission submodule, a second transmission
submodule, and a third transmission submodule that
are disposed at the first end, the second end, and
the third end respectively.

5. The lidar system according to claim 4, characterized
in that the first transmission submodule is perpen-
dicular to the first optical channel, the second trans-
mission submodule is disposed at a 45° angle
against the first optical channel and the second op-
tical channel separately, the third transmission sub-
module is disposed at a 45° angle against the second
optical channel, and the first optical channel is per-

pendicular to the second optical channel.

6. The lidar system according to claim 4 or 5, charac-
terized in that the first transmission submodule is a
collimation module, and is configured to adjust the
laser beam, which is transmitted by the light source,
to a parallel laser beam;
the second transmission submodule is a reflection
module, and is configured to reflect the parallel laser
beam adjusted by the collimation module; and
the third transmission submodule is an optical split-
ting module, and is configured to allow transmission
of the parallel laser beam reflected by the reflection
module and reflect an echo signal of the parallel laser
beam.

7. The lidar system according to claim 3, characterized
by further comprising a fiber, disposed on one side
of the support body, wherein one end of the fiber is
configured to connect the light source, and the other
end of the fiber is configured to change a propagation
direction of a laser beam in the fiber so that a laser
beam emergent from the other end of the fiber is
incident on a transmission submodule of the support
body.

8. The lidar system according to claim 7, characterized
in that an end face of the other end of the fiber is at
a 45° angle against an optical axis of the fiber, a
highly reflective dielectric coating is applied on the
end face, and the laser beam in the fiber is reflected
by the end face and incident on a transmission sub-
module of the support body.

9. The lidar system according to claim 7, characterized
in that an end face of the other end of the fiber is at
a preset angle against an optical axis of the fiber,
and the laser beam in the fiber is refracted by the
end face and incident on a transmission submodule
of the support body.

10. The lidar system according to claim 3, characterized
in that the optical channel comprises a through-hole,
and the through-hole is filled with air or a transparent
medium.

11. The lidar system according to claim 1, characterized
by further comprising a housing for accommodating
the light source, the optical transmission module, the
scanning module, and the detection module.

12. The lidar system according to claim 11, character-
ized in that the light source is disposed in a head
space of the housing.

13. The lidar system according to claim 12, character-
ized in that the light source is in contact with a top
inner surface of the housing.
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14. The lidar system according to claim 1 or 12, char-
acterized in that heat dissipation parts are disposed
around the light source.

15. The lidar system according to claim 1, characterized
by further comprising a fiber, wherein the light source
is disposed above the optical transmission module,
and is coupled to the optical transmission module
through the fiber, and the fiber between the light
source and the optical transmission module extends
along a vertical direction.

16. The lidar system according to claim 1, characterized
in that the light source further comprises a light in-
tensity adjustment element, configured to adjust a
light intensity distribution of the laser beam transmit-
ted by the light source.

17. The lidar system according to claim 16, character-
ized in that the light intensity adjustment element
comprises a lens element, configured to reduce a
peak intensity of the laser beam transmitted by the
light source.

18. The lidar system according to claim 11, character-
ized by further comprising a front window, wherein
the front window is embedded in a sidewall of the
housing, and is configured to allow transmission of
the laser beam reflected by the scanning module and
allow transmission of an echo signal of the laser
beam from the three-dimensional space.

19. The lidar system according to claim 18, character-
ized in that the front window is disposed at a tilt
angle against the laser beam reflected by the scan-
ning module when the scanning module is at a preset
scanning angle, and the scanning angle is a deflec-
tion angle of the scanning module against an initial
location thereof.

20. The lidar system according to claim 18, character-
ized in that the front window is disposed at a tilt
angle against a pedestal of the housing.

21. The lidar system according to claim 1, characterized
in that the scanning module comprises an electro-
static galvanometer, an electromagnetic galvanom-
eter, a piezoelectric galvanometer, or an electrother-
mal galvanometer.

22. The lidar system according to claim 1, characterized
in that The scanning module comprises a one-di-
mensional galvanometer or a two-dimensional gal-
vanometer.

23. The lidar system according to claim 1, characterized
in that the scanning module comprises:

a movable part, configured to reflect the laser
beam, which is transmitted by the optical trans-
mission module, to the three-dimensional
space, and change, by rotating or swinging, a
direction of the laser beam thereby reflected to
the three-dimensional space; and
a driving part, configured to drive the movable
part to rotate or swing.

24. The lidar system according to claim 23, character-
ized in that the driving part comprises a magnet as-
sembly and a drive coil, wherein the magnet assem-
bly is configured to generate a magnetic field, the
magnetic field has a magnetic field component on a
plane wherein the drive coil is located; and the drive
coil is coupled to the movable part and is configured
to rotate or swing under a force in the magnetic field
when a drive current is input, and drive the movable
part to rotate or swing.

25. The lidar system according to claim 24, character-
ized in that the scanning module comprises a scan-
ning substrate and the driving part; wherein
the scanning substrate comprises a first torsion
shaft, a support part, and the movable part, and the
movable part is coupled to the support part through
the first torsion shaft and is configured to rotate or
swing around the first torsion shaft.

26. The lidar system according to claim 25, character-
ized in that the magnet assembly comprises a mag-
net disposed on at least one side of the scanning
substrate along a thickness direction thereof, and a
preset distance exists between the magnet and the
movable part.

27. The lidar system according to claim 26, character-
ized in that the magnet assembly comprises mag-
nets disposed oppositely on two sides of the scan-
ning substrate along a thickness direction thereof,
and magnetic pole directions of the opposite mag-
nets are opposite to each other; magnets located on
the same side of the scanning substrate are discrete-
ly disposed on two sides of the first torsion shaft, and
magnetic pole directions of the magnets located on
the two sides of the first torsion shaft are opposite
to each other.

28. The lidar system according to claim 25, character-
ized in that the movable part comprises an inner
frame, a second torsion shaft, and an outer frame;
the outer frame is coupled to the support part through
the first torsion shaft and is configured to rotate or
swing around the first torsion shaft, the inner frame
is coupled to the outer frame through the second
torsion shaft and is configured to rotate or swing
around the second torsion shaft, and the inner frame
has a smooth surface and is configured to reflect the
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laser beam; and the drive coil is disposed on the
outer frame or the inner frame.

29. The lidar system according to claim 28, character-
ized in that the first torsion shaft is perpendicular to
the second torsion shaft, and the magnet assembly
comprises a magnet disposed on at least one side
of the scanning substrate along a thickness direction
thereof, and magnets on the same side of the scan-
ning substrate are disposed diagonally against the
first torsion shaft and the second torsion shaft, and
magnetic pole directions of the magnets disposed
diagonally are opposite to each other.

30. The lidar system according to claim 29, character-
ized in that the magnet assembly comprises mag-
nets disposed oppositely on two sides of the scan-
ning substrate along a thickness direction thereof,
and magnetic pole directions of the opposite mag-
nets are opposite to each other.

31. The lidar system according to claim 26 or 29, char-
acterized in that the magnets are disposed around
along a circumferential direction of the movable part;
when the movable part is parallel to a surface of the
scanning substrate, a side that is of each magnet
and that encircles the movable part is parallel to the
drive coil.

32. The lidar system according to claim 31, character-
ized in that the drive coil is disposed on a surface
of the movable part and disposed along a circumfer-
ential direction of the movable part, and the drive coil
is circular or an oval; and a side that is of the magnet
and that encircles the movable part is an arc surface,
and the arc surface is parallel to an opposite arc seg-
ment of the drive coil.

33. The lidar system according to claim 31, character-
ized in that the drive coil is disposed on a surface
of the movable part and disposed along a circumfer-
ential direction of the movable part, and the drive coil
is polygonal; and a side that is of the magnet and
that encircles the drive coil is a plane, and the plane
is parallel to one side of the drive coil.

34. The lidar system according to claim 31, character-
ized in that on the side that is of the magnet and
that encircles the movable part, a cross section of
the magnet along a thickness direction of the scan-
ning substrate is an arc, and a center of the arc is
recessed toward an interior of the magnet.

35. The lidar system according to claim 26 or 27, char-
acterized in that the magnet assembly further com-
prises a magnetically permeable sheet disposed on
at least one side of the scanning substrate, and the
magnets located on the at least one side of the scan-

ning substrate are disposed between the magneti-
cally permeable sheet and the scanning substrate.

36. The lidar system according to claim 26 or 27, char-
acterized in that the magnets on the same side of
the scanning substrate comprise two magnets that
are centrosymmetrically disposed around the mov-
able part, the drive coil is disposed on the movable
part and disposed along a circumferential direction
of the movable part, and a length of each magnet
along the circumferential direction of the movable
part is greater than or equal to 1/4 of a circumference
of the drive coil and less than 1/2 of the circumfer-
ence of the drive coil.

37. The lidar system according to claim 25, character-
ized in that A material of the scanning substrate is
steel or beryllium copper.

38. The lidar system according to claim 28, further com-
prising an angle measurement coil, disposed in the
inner frame and configured to measure a scanning
angle of the inner frame.

39. The lidar system according to claim 1, characterized
in that the detection module comprises:

a filtering submodule, configured to filter out an
optical signal that has a wavelength beyond a
preset wavelength range and that is among laser
beam echo signals reflected by the optical trans-
mission module;
a convergence module, configured to converge
laser beam echo signals filtered by the filtering
submodule; and
a detection submodule, configured to receive
and process the laser beam echo signals con-
verged by the convergence module, so as to ob-
tain information on the obstacle.

40. The lidar system according to claim 39, character-
ized in that the detection submodule comprises a
photosensor and an optical concentrator coupled to
the photosensor, and the optical concentrator is con-
figured to widen an angle range of incident light col-
lected by the photosensor.

41. A vehicle, characterized by comprising a vehicle
body, and the lidar system according to any one of
claims 1 to 40, wherein the lidar system is mounted
on the vehicle body and is configured to detect in-
formation on an obstacle in a three-dimensional
space around the vehicle.

42. A method for controlling a lidar system according to
any one of claims 1 to 40, characterized by com-
prising:
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controlling the transmitting module to transmit a
laser beam;
controlling the scanning module to scan a three-
dimensional space at a preset frequency; and
controlling the detection module to receive and
process a laser beam echo signal reflected by
the scanning module, so as to obtain information
on an obstacle in the three-dimensional space.

43. A method for obtaining a scanning angle, configured
to obtain a scanning angle of a lidar system accord-
ing to claim 38, characterized by comprising:

extracting an angle signal of an angle measure-
ment coil of the lidar system; and
calculating a scanning angle of the lidar system
based on the angle signal.
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