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(54) SCANNING DEVICE FOR LASER RADAR AND CONTROL METHOD THEREFOR, AND LASER 
RADAR

(57) A scanning device for a laser radar and a control
method therefor, and a laser radar. The scanning device
comprises a resonance electric motor and a scanning
mirror, wherein the resonance electric motor comprises
a rotor and a stator, the rotor being deflected from a bal-
ance position to a preset position around a rotating axis,
and the stator comprising a return assembly adapted to
return the rotor to the balance position around the rotating
axis; the scanning mirror is adapted to reflect a light beam
for optical scanning; and the scanning mirror is connect-
ed to the resonance electric motor to implement a recip-
rocating swing of the scanning mirror. The scanning de-
vice can implement a higher-frequency and larger-am-
plitude reciprocating swing of the scanning mirror with a
relatively smaller driving power, which is conducive to
implementing the reciprocating swing of the scanning
mirror at a certain frequency with low power consumption
and a large angle, and is conducive to overcoming the
problem of the laser radar scanning field being limited
due to the scanning mirror having an excessively small
size.
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Description

[0001] This disclosure claims priority to Chinese Pat-
ent Application No. 202111302407.6, filed with the Chi-
nese patent office on 4 November 2021 and titled "SCAN-
NING APPARATUS FOR LIDAR, METHOD FOR CON-
TROLLING THE SAME, AND LIDAR," the content of
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This disclosure relates to the field of LiDARs,
and particularly relates to a scanning apparatus for a
LiDAR, a method for controlling the same, and a LiDAR.

BACKGROUND

[0003] A LiDAR is a commonly used ranging sensor
with the characteristics of long detection range, high res-
olution, and less environmental interference, and is wide-
ly used in the fields, such as autonomous driving, smart
robots, and unmanned aerial vehicles. In recent years,
autonomous driving technology has developed rapidly,
and the LiDAR, as a core sensor for distance sensing
thereof, has become indispensable.
[0004] In a LiDAR, a light beam is reflected from a re-
flection surface of a scanning apparatus to form a light
beam for scanning. A vibrating mirror is used as a kind
of the scanning apparatus for the LiDAR, to achieve scan-
ning through reciprocating motion of the reflection sur-
face of the vibrating mirror. To obtain a higher scanning
frequency, a Micro-ElectroMechanical System ("MEMS")
mirror is often used as the scanning apparatus in the
LiDAR.
[0005] Limited to the manufacturing process, the
MEMS mirror has limited driving force, and an area of
the reflection surface that can be driven is relatively small.
Therefore, the scanning field of view that can be achieved
by a single MEMS mirror is typically not enough to satisfy
field-of-view angle requirements of the LiDAR, and ar-
rangement of multiple MEMS mirrors puts forward very
high requirements for manufacturing accuracy and as-
sembly accuracy of the vibrating mirrors.
[0006] On the other hand, a voice coil motor is a direct
drive motor that can directly convert electrical energy into
mechanical energy for linear motion without a transmis-
sion apparatus of any intermediate conversion mecha-
nism. The voice coil motor is configured to perform re-
ciprocating motion, and is relatively simply designed. The
voice coil motor is used to drive a small inertia load and
perform reciprocating swing in a limited rotation angle,
has the advantages such as small volume, light weight,
easy installation, and high control accuracy, and is widely
used in the fields such as disk driver.
[0007] However, limited to the principle and character-
istics of the driver, when the reciprocating motion fre-
quency of the scanning mirror (not less than 10 Hz) is
enhanced and the reciprocating motion amplitude (scan

angle greater than 20 degrees) is enhanced, the voice
coil motor typically requires higher driving power, thereby
affecting its application in the LiDAR.

SUMMARY

[0008] The problem to be solved in this disclosure is
to provide a scanning apparatus for a LiDAR, a method
for controlling the same, and a LiDAR, to drive recipro-
cating swing of the scanning mirror in a large angle with
low power consumption and expand the area of the scan-
ning mirror.
[0009] To solve the problem, this disclosure provides
a scanning apparatus for a LiDAR, where the scanning
apparatus includes a resonant motor and a scanning mir-
ror; the resonant motor includes a rotor and a stator, the
rotor rotates from a balance position to a predetermined
position around a rotation shaft; the stator includes: a
restorer assembly configured to restore the rotor to the
balance position around the rotation shaft; the scanning
mirror is configured to reflect a light beam, to perform
optical scanning; and the scanning mirror is connected
to the resonant motor, to achieve reciprocating swing of
the scanning mirror.
[0010] Optionally, the resonant motor includes: a mag-
netic ring, the magnetic ring includes multiple pairs of
magnets, where the multiple pairs of magnets are ar-
ranged along a circumferential direction; and a coil pack,
where the coil pack includes multiple winding coils, and
the multiple winding coils are arranged along the circum-
ferential direction of the magnetic ring.
[0011] Optionally, the multiple winding coils of the coil
pack are located on an outer periphery of the magnetic
ring, and are arranged surrounding the magnetic ring.
[0012] Optionally, the restorer assembly is located on
a side of the coil pack away from the magnetic ring.
[0013] Optionally, the multiple winding coils of the coil
pack are located on an inner periphery of the magnetic
ring, and the magnetic ring surrounds the multiple wind-
ing coils.
[0014] Optionally, the restorer assembly is located on
a side of the magnetic ring away from the coil pack.
[0015] Optionally, the rotor includes the magnetic ring,
and the stator includes the coil pack.
[0016] Optionally, the rotor is driven by a first action to
rotate from the balance position to the predetermined
position around the rotation shaft, where the first action
is interaction between a current transmitted in the winding
coils of the coil pack and a magnetic field of the magnetic
ring.
[0017] Optionally, the restorer assembly includes: at
least one magnetic part; the rotor is driven at least by a
second action to restore to the balance position around
the rotation shaft, where the second action includes in-
teraction between a magnetic field of the magnetic part
and the magnetic field of the magnetic ring,
[0018] Optionally, a magnet corresponding to the mag-
netic part and the magnetic part attract each other, to
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keep the magnetic ring at the balance position.
[0019] Optionally, when the rotor rotates to a predeter-
mined position, a current transmitted in the winding coils
of the coil pack is cut off, and the rotor is driven by the
second action to restore to the balance position.
[0020] Optionally, when the rotor rotates to a predeter-
mined position, a current transmitted in the winding coils
of the coil pack is cut off, and a reverse current is inputted
into the winding coils of the coil pack, the rotor is driven
jointly by a first action and the second action to restore
to the balance position.
[0021] Optionally, the restorer assembly further in-
cludes: an exciting coil configured to regulate the mag-
netic field of the corresponding magnetic part, to cause
the restorer assembly to form a predetermined effective
magnetic field.
[0022] Optionally, the scanning apparatus further in-
cludes: a detector unit configured to detect the effective
magnetic field of the restorer assembly, and a regulator
unit configured to control the exciting coil to regulate the
magnetic field of the magnetic part based on a detection
result of the detector unit, to cause the restorer assembly
to form the predetermined effective magnetic field
[0023] Optionally, the scanning apparatus further in-
cludes: a counterweight piece located on a side of the
rotor away from the scanning mirror, to cause an overall
gravity center of the rotor, the scanning mirror, and the
counterweight piece to be located at the position of the
rotation shaft.
[0024] Optionally, the number of the scanning mirrors
is one or more, and the one or more scanning mirrors
are arranged opposite to the counterweight piece.
[0025] Optionally, the number of the scanning mirrors
is two; and mirror surfaces of the two scanning mirrors
form a predetermined angle between them.
[0026] Correspondingly, this disclosure further pro-
vides a LiDAR, including: a light emitter apparatus con-
figured to generate detection light; a scanning apparatus,
where the scanning apparatus is the scanning apparatus
of this disclosure, and the scanning apparatus reflects
the detection light to a three-dimensional space and re-
flects echo light formed by a target in the three-dimen-
sional space reflecting the detection light; and a light re-
ceiver apparatus configured to detect the echo light.
[0027] In addition, this disclosure further provides a
method for controlling a scanning apparatus for a LiDAR,
the scanning apparatus includes a resonant motor and
a scanning mirror; the resonant motor includes a rotor
and a stator, the rotor rotates from a balance position to
a predetermined position around a rotation shaft; the sta-
tor includes: a restorer assembly configured to restore
the rotor to the balance position around the rotation shaft;
the scanning mirror is configured to reflect a light beam,
to perform optical scanning; the scanning mirror is con-
nected to the resonant motor, to achieve reciprocating
swing of the scanning mirror; the restorer assembly in-
cludes: an exciting coil and a magnetic part, and the ex-
citing coil surrounds a corresponding magnetic part; and

the control method includes: regulating a magnetic field
of the corresponding magnetic part by the exciting coil,
to cause the restorer assembly to form a predetermined
effective magnetic field
[0028] Optionally, before regulating the magnetic field
of the corresponding magnetic part, the control method
further includes: detecting the effective magnetic field of
the restorer assembly; and controlling the exciting coil to
regulate the magnetic field of the magnetic part based
on a detection result of the detector unit when regulating
the magnetic field of the corresponding magnetic part, to
cause the restorer assembly to form the predetermined
effective magnetic field.
[0029] Optionally, in a power-on self-test process, the
effective magnetic field of the restorer assembly is de-
tected.
[0030] Optionally, in a scanning process of the scan-
ning apparatus, the magnetic field of the magnetic part
is detected in real time.
[0031] Optionally, under a predetermined condition,
the exciting coil is controlled to magnetize the magnetic
part.
[0032] Compared with the existing technique, techni-
cal solutions of this disclosure have the following advan-
tages:
in the technical solutions of this disclosure, the scanning
mirror is driven by the resonant motor. Due to a stronger
driving capability, the resonant motor can break through
the limitation of the driving force on the area of the scan-
ning mirror, that is, the scanning mirror has a larger area,
which is beneficial to expanding the scanning field-of-
view angle; and the resonant motor includes a restorer
assembly that allows the rotor to restore to the balance
position around the rotation shaft. The addition of the
restorer assembly can achieve reciprocating swing of the
scanning mirror at a higher frequency with a larger am-
plitude by using relatively smaller driving power, which
is beneficial to achieving reciprocating swing of the scan-
ning mirror with a large angle and low power consumption
at a certain frequency, and is beneficial to overcoming
the problem of limited scanning field-of-view range of the
LiDAR caused by excessively small size of the scanning
mirror.
[0033] In an optional solution of this disclosure, the res-
onant motor includes a magnetic ring and a coil pack,
the rotor of the resonant motor includes the magnetic
ring, and the stator of the resonant motor includes the
coil pack. Fixed arrangement of the coil pack can effec-
tively avoid repeated winding of the coil pack and effec-
tively improve the stability of the resonant motor; and the
fixed arrangement of the coil pack is also beneficial to
coil heat dissipation, and can effectively improve heat
dissipation problem of the scanning apparatus.
[0034] In an optional solution of this disclosure, the
multiple winding coils of the coil pack are located on the
outer periphery of the magnetic ring, and are arranged
surrounding the magnetic ring, that is, the winding coils
are arranged between the magnetic ring and the restorer
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assembly, which can achieve compact arrangement un-
der a smaller load, and is beneficial to controlling the
volume of the scanning apparatus. The rotor of the res-
onant motor includes the magnetic ring, and the stator
of the resonant motor includes the coil pack. The mag-
netic ring that forms the rotor is provided with an inner
ring. The radius of the rotor is small, which can minimize
the rotational inertia of the rotor, is beneficial to reducing
the demand for driving force, is beneficial to reducing the
volume of other components of the resonant motor, and
is beneficial to improving the compactness of the reso-
nant motor.
[0035] In an optional solution of this disclosure, the
multiple winding coils of the coil pack are located on the
inner periphery of the magnetic ring, and the magnetic
ring surrounds the multiple winding coils, that is, the mag-
netic ring is arranged between the winding coils and the
restorer assembly. A smaller distance between the mag-
netic ring and the restorer assembly can provide a larger
driving force, which is beneficial to improving the driving
force of the resonant motor, and is beneficial to arrange-
ment of a scanning mirror with a larger area.
[0036] In an optional solution of this disclosure, the
scanning apparatus further includes: a counterweight
piece. The counterweight piece is located on a side of
the rotor away from the scanning mirror, to cause an over-
all gravity center of the rotor, the scanning mirror, and
the counterweight piece to be located at the position of
the rotation shaft. The arrangement of the counterweight
piece can effectively improve the rotational stability of
the scanning mirror, and is beneficial to improving the
accuracy and stability of the scanning light path.
[0037] In an optional solution of this disclosure, in the
scanning apparatus, the number of the scanning mirrors
is multiple, and the multiple scanning mirrors are ar-
ranged at a predetermined angle. Because of being driv-
en by the resonant motor, the scanning apparatus has a
strong driving capability, can simultaneously drive multi-
ple scanning mirrors, can simply and conveniently enable
the multiple scanning mirrors to perform reciprocating
motion at the same frequency and with the same ampli-
tude, and can effectively expand the light path design
space of the LiDAR.
[0038] In an optional solution of this disclosure, the
scanning apparatus further includes an exciting coil. The
exciting coil can, on the one hand, regulate the magnetic
field of the corresponding magnetic part to eliminate the
consistency difference of different magnetic parts or the
magnetic field difference caused by temperature differ-
ence, and can, on the other hand, be further used to
magnetize the magnetic part, thereby guaranteeing the
stability of the scanning frequency and the scanning am-
plitude, and improving the stability of the scanning appa-
ratus.

BRIEF DESCRIPTION OF DRAWINGS

[0039] To more clearly describe the technical solutions

of the embodiments of this disclosure or the existing tech-
nique, the drawings to be used in the description of the
embodiments or the existing technique are briefly intro-
duced below. Apparently, the drawings described below
are merely some embodiments of this disclosure. For
those of ordinary skills in the art, other drawings may also
be obtained based on these drawings without making
creative work.

FIG. 1 is a schematic diagram of a cross-sectional
structure of a scanning apparatus for a LiDAR in an
embodiment of this disclosure;
FIG. 2 is a schematic diagram of a cross-sectional
structure of a resonant motor of the scanning appa-
ratus shown in FIG. 1 in an embodiment;
FIG. 3 is a schematic diagram of a magnetic field
region corresponding to a magnet in a magnetic ring
of the resonant motor of the scanning apparatus
shown in FIG. 2 in an embodiment;
FIG. 4 is a schematic structural diagram of a rotor of
the resonant motor of the scanning apparatus shown
in FIG. 2 when the rotor is located at a predetermined
position in a first direction in an embodiment;
FIG. 5 is a schematic structural diagram of a rotor of
the resonant motor of the scanning apparatus shown
in FIG. 2 when the rotor is located at a predetermined
position in a second direction in an embodiment;
FIG. 6 is a schematic diagram of a cross-sectional
structure of a scanning apparatus for a LiDAR in an-
other embodiment of this disclosure;
FIG. 7 is a schematic structural diagram of a resonant
motor of the scanning apparatus shown in FIG. 6 in
an embodiment;
FIG. 8 is a schematic diagram of a cross-sectional
structure of a scanning apparatus for a LiDAR in an-
other embodiment of this disclosure;
FIG. 9 is a schematic diagram of a light path structure
of a LiDAR using a coaxial transceiver system in an
embodiment of this disclosure;
FIG. 10 is a schematic diagram of a light path struc-
ture of a LiDAR using a paraxial transceiver system
in an embodiment of this disclosure; and
FIG. 11 is a schematic flowchart of a method for con-
trolling a scanning apparatus for a LiDAR in an em-
bodiment of this disclosure.

DETAILED DESCRIPTION

[0040] As can be known from the Background, when
frequency and amplitude of a voice coil motor in the ex-
isting technique are increased, there is a problem that
the driving power is too high.
[0041] The mechanical model of the voice coil motor
can be simplified as a "mass-damping" second-order
system, so that mechanical transfer function of the voice
coil motor can be written as: 
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[0042] J is rotational inertia, c is damping, s is working
frequency, X is displacement, and F is driving force.
[0043] In the case of low damping (typically, the damp-
ing of motors can be minimized), the gain of the transfer
function is inversely proportional to the square of the fre-
quency, that is, as the frequency s increases, the kine-
matic gain X(s)IF(s) of the voice coil motor decreases
rapidly. In a scanning apparatus that uses the voice coil
motor to drive the scanning mirror for reciprocating mo-
tion, once the scanning frequency or scanning angle is
enhanced, the demand for driving force increases signif-
icantly, and the driving power of the voice coil motor in
the scanning apparatus increases substantially.
[0044] To solve the technical problem, this disclosure
provides a scanning apparatus for a LiDAR, where the
scanning apparatus includes a resonant motor and a
scanning mirror; the resonant motor includes a rotor and
a stator, the rotor rotates from a balance position to a
predetermined position around a rotation shaft, the stator
includes: a restorer assembly configured to restore the
rotor to the balance position around the rotation shaft;
the scanning mirror is configured to reflect a light beam,
to perform optical scanning; and the scanning mirror is
connected to the resonant motor, to achieve reciprocat-
ing swing of the scanning mirror.
[0045] In the technical solutions of this disclosure, the
scanning mirror is driven by the resonant motor. Due to
a stronger driving capability, the resonant motor can
break through the limitation of the driving force on the
area of the scanning mirror, that is, the scanning mirror
has a larger area, which is beneficial to expanding the
scanning field-of-view angle of the LiDAR; and the res-
onant motor includes a restorer assembly that restores
the rotor to the balance position around the rotation shaft.
The addition of the restorer assembly can achieve recip-
rocating swing of the scanning mirror at a higher frequen-
cy with a larger amplitude by using relatively smaller driv-
ing power, which is beneficial to achieving reciprocating
swing of the scanning mirror in a large angle with low
power consumption at a certain frequency, and is bene-
ficial to overcoming the problem of limited scanning field-
of-view range of the LiDAR caused by excessively small
size of the scanning mirror.
[0046] To make the objects, features, and advantages
of this disclosure more obvious and understandable,
some embodiments of this disclosure are described in
detail below with reference to the drawings.
[0047] Referring to FIG. 1, a schematic diagram of a
cross-sectional structure of a scanning apparatus for a
LiDAR in an embodiment of this disclosure is shown.
[0048] The scanning apparatus includes: a resonant
motor 110.
[0049] The resonant motor 110 is configured to provide
a driving force, to drive a scanning mirror 120 that is con-

nected to perform reciprocating motion to achieve scan-
ning. In the resonant motor 110, a movable part is the
rotor, and an immovable part is the stator.
[0050] Referring to FIG. 2, a schematic diagram of a
cross-sectional structure of a resonant motor of the scan-
ning apparatus shown in FIG. 1 in an embodiment is
shown.
[0051] In some embodiments of this disclosure, the
resonant motor 110 includes: a magnetic ring 111. The
magnetic ring 111 includes multiple pairs of magnets
111n or 111s, where the magnets 111n and Ills have
opposite polarity. Preferably, the magnet 111n is mag-
netic north pole, and the magnet 111s is magnetic south
pole. The multiple pairs of magnets 111n or 111s are
arranged along a circumferential direction 111a. The res-
onant motor further includes a coil pack 112. The coil
pack 112 includes multiple winding coils 112c, and the
multiple winding coils 112c are arranged along the cir-
cumferential direction 111a of the magnetic ring.
[0052] In the embodiments as shown in FIG. 2, the
resonant motor 110 is an 8-pole 8-phase motor, and the
magnetic ring 111 of the resonant motor includes 4 pairs
of magnets 111n or 111s. The coil pack 112 includes 8
winding coils 112c.
[0053] The magnetic ring 111 and the coil pack 112
are coaxially arranged, that is, a connection line of center
points of cross sections of the magnetic ring 111 is the
rotation shaft 110a. The coil pack 112 is arranged around
the same rotation shaft 110a, and the distance from each
of the winding coils 112c to the rotation shaft 110a is
equal.
[0054] In some embodiments of this disclosure, the
multiple winding coils 112c of the coil pack 112 are lo-
cated on the outer periphery of the magnetic ring 111,
and are arranged surrounding the magnetic ring 111.
That is to say, the winding coils 112c are arranged on
the outer periphery of the magnetic ring 111, which can
avoid space limitations for the arrangement of the wind-
ing coils 112c, and is beneficial to optimizing the design
and heat dissipation of the coil pack 112.
[0055] It should be noted that, in some embodiments
of this disclosure, the rotor of the resonant motor 110
includes the magnetic ring 111, and the stator of the res-
onant motor 110 includes the coil pack 112, that is, the
magnetic ring 111 can rotate around the rotation shaft
110a; and the position of the coil pack 112 is fixed.
[0056] Since the coil pack 112 can generate a driving
force/torque after the coil pack 112 is powered on, that
is to say, each of the winding coils 112c in the coil pack
112 needs to be at least connected to an external power
source, the coil pack 112, as a stator, can effectively
avoid repeated winding of the winding coils 112c in the
coil pack 112, and is beneficial to improving the stability
of the resonant motor. Moreover, the fixed arrangement
is also beneficial to the heat dissipation of the winding
coils 112c, and can effectively improve the heat dissipa-
tion problem of the scanning apparatus.
[0057] Moreover, the magnetic ring 111, as the rotor,
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is arranged inside the coil pack 112, which can effectively
reduce the rotation radius of the rotor, can reduce the
rotational inertia of the rotor to a large extent, is beneficial
to reducing the demand for driving force, is beneficial to
reducing the volume of other components in the motor,
and is beneficial to improving the compactness of the
motor.
[0058] The restorer assembly is configured to restore
the rotor to the balance position.
[0059] The restorer assembly restores the rotor to the
balance position, to achieve reciprocating motion of the
rotor, thereby effectively controlling the power consump-
tion of the resonant motor. In addition, the restorer as-
sembly can further allow reciprocating motion frequency
of the rotor to be at a resonant frequency with the largest
gain, the restorer assembly can maximize the use of the
driving power of the resonant motor, that is, the restorer
assembly can obtain a larger scanning angle with a small-
er driving power, and it is beneficial to achieving a bal-
ance between a large scanning angle and low power.
[0060] It should be noted that the balance position is
a position where the stator and the rotor are located in a
stable state when the resonant motor has no power sup-
ply. That is to say, when the resonant motor has no power
supply, the rotor is in a stable balance state.
[0061] As shown in FIG. 2, in some embodiments of
this disclosure, the restorer assembly (not shown in the
figure) is located on a side of the coil pack 112 away from
the magnetic ring 111. That is to say, the multiple winding
coils 112c are arranged surrounding the magnetic ring
111, and the restorer assembly is located on the outer
periphery of the winding coils 112c.
[0062] In some embodiments of this disclosure, the re-
storer assembly includes: at least one magnetic part
113a. The rotor is driven at least by a second action to
restore to the balance position around the rotation shaft
110a, where the second action includes interaction be-
tween a magnetic field of the magnetic part 113a and the
magnetic field of the magnetic ring 111.
[0063] In the embodiments as shown in FIG. 2, the
restorer assembly includes 2 magnetic parts 113a, the 2
magnetic parts 113a are coplanar with the rotation shaft
110a, and a connection line between the 2 magnetic parts
113a is orthogonal to the rotation shaft 110a.
[0064] It should be noted that in the embodiments
shown in FIG. 2, the purpose of the restorer assembly
including 2 magnetic parts 113a is to facilitate the swing
of the mirror. However, setting the number of magnetic
parts 113a in the restorer assembly as 2 is merely an
example. In other embodiments of this disclosure, the
number of the magnetic parts can also be set as 1 or
more, and is determined based on the magnetic field dis-
tribution.
[0065] As mentioned, in some embodiments of this dis-
closure, the rotor of the resonant motor includes the mag-
netic ring, so that the second action between the mag-
netic part 113a and the magnetic ring 111 is irrelevant
with whether a current is transmitted in the coil pack 112.

Therefore, at the balance position, a part of the magnetic
ring 111 corresponding to the magnetic part 113a and
the magnetic part 113a attract each other, that is to say,
a part of the magnetic ring 111 facing the magnetic part
113a and a side of the magnetic part 113a close to the
magnetic ring 111 attract each other, that is, when the
part of the magnetic ring 111 facing the magnetic part
111a is S pole, N pole of the magnetic part 113a is close
to the magnetic ring 111; and when the part of the mag-
netic ring 111 facing the magnetic part 113a is N pole, S
pole of the magnetic part 113a is close to the magnetic
ring 111.
[0066] In some embodiments of this disclosure, the ro-
tor is driven by a first action to rotate from the balance
position to the predetermined position around the rotation
shaft 100a, where the first action is interaction between
a current transmitted in the winding coils of the coil pack
112 and a magnetic field of the magnetic ring 111.
[0067] When the rotor is located at the balance posi-
tion, a first current is inputted into the multiple winding
coils 112c of the coil pack 112. Based on the principle
that a powered-on conductor is forced in a magnetic field,
interaction between the first current transmitted in the
winding coils 112c of the coil pack 112 and the magnetic
field of the magnetic ring 111 can cause the magnetic
ring 111 and the coil pack 112 to rotate relative to each
other around the rotation shaft 110a.
[0068] As shown in FIG. 2, at the balance position, a
part of the winding coils 112c corresponds to one magnet
111s, and the other part of the winding coils 112c extends
to be corresponding to an adjacent magnet 111n.
[0069] It should be noted that the multiple pairs of mag-
nets 111n or 111s that form the magnetic ring 111 divide
the space around the magnetic ring 111 into various sec-
tor-shaped regions, each of sector-shaped regions divid-
ed corresponds to one of the magnets 111n or 111s, and
each of sector-shaped regions divided is a magnetic field
region of the corresponding magnet 111n or 111s. As
shown in FIG. 3, the space 111nb is a magnetic field
region of the magnet 111n. Therefore, a part of the wind-
ing coils 112c corresponds to one magnet 111s, and the
other part of the winding coils 112c extends to be corre-
sponding to the adjacent magnet 111n, which means that
a part of the winding coils 112c is located within a mag-
netic field region of one magnet Ills, and the other part
of the winding coils 112c extends into a magnetic field
region of the adjacent magnet 111n, that is, the winding
coils 112c span magnetic field regions of a pair of adja-
cent magnets 111n or 111s.
[0070] In some embodiments of this disclosure, the di-
rections of the current transmitted within a part of the
winding coils 112c corresponding to the same magnet
111n or Ills are the same, to ensure that the directions
of the interaction between the winding coils 112 and the
magnetic ring 111 are consistent Specifically, the direc-
tions of the first current transmitted within the part of the
winding coils 112c corresponding to the same magnet
111n or 111s are the same.
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[0071] As shown in FIG. 2, the winding coil 112ca is
partially located within a magnetic field region of the mag-
net 111s, and the winding coil 112cb adjacent to the wind-
ing coil 112ca is also partially located in the magnetic
field region of the magnet Ills. The direction of the first
current transmitted in the part of the winding coil 112ca
located in the magnetic field region of the magnet 111s
is the same as the direction of the first current transmitted
in the part of the winding coil 112cb located in the mag-
netic field region of the magnet Ills, for example, both are
perpendicular to the paper surface outwardly (as shown
in the circle 112cc in FIG. 2), so that the direction of the
first current transmitted in the winding coil 112ca is op-
posite to the direction of the first current transmitted in
the winding coil 112cb. That is to say, in the embodiments
shown in FIG. 2, directions of the first current in adjacent
winding coils 112c of the coil pack 112 are opposite.
[0072] Specifically, as shown in FIG. 2, when the rotor
including the magnetic ring 111 is at the balance position,
the first current is inputted into the multiple winding coils
112c in the coil pack 112 of the stator, to cause the rotor
to rotate around the rotation shaft 110a along a first di-
rection (e.g., counterclockwise direction).
[0073] In some embodiments of this disclosure, when
the rotor rotates to the predetermined position, the cur-
rent transmitted in the coil pack 111 is cut off, and the
rotor is driven by the second action to restore to the bal-
ance position.
[0074] Since the rotor rotates to the predetermined po-
sition under the first action, when the current transmitted
in the winding coils 112c of the coil pack 111 is cut off at
the predetermined position, the first action driving the
rotor to rotate also disappears accordingly, and only the
second action between the magnetic part 113a and the
magnetic ring 111 exists between the rotor and the stator.
Therefore, the rotor is driven by the second action to ro-
tate to the balance position, that is, restore to the balance
position.
[0075] Specifically, as shown in FIG. 4, when the rotor
rotates along the first direction (e.g., counterclockwise
direction) to a predetermined position in the first direction,
the current transmitted in the coil pack 111 is cut off, and
the rotor is driven by the second action to rotate around
the rotation shaft 110a along a second direction (e.g.,
clockwise direction) from the predetermined position in
the first direction to the balance position, where the sec-
ond direction is opposite to the first direction.
[0076] When the rotor restores to the balance position
along the second direction, a second current is inputted
into the winding coils 111c of the coil pack 111, and the
transmission direction of the second current is opposite
to the transmission direction of the first current. Based
on the principle that a powered-on conductor is forced in
a magnetic field, interaction between the second current
transmitted in the winding coils 112c of the coil pack 112
and the magnetic field of the magnetic ring 111 can also
cause the magnetic ring 111 and the coil pack 112 to
rotate relative to each other around the rotation shaft

110a; however, because the direction of the second cur-
rent is opposite to the direction of the first current, the
direction of the interaction between the second current
and the magnetic field of the magnetic ring 111 is oppo-
site to the direction of the interaction between the first
current and the magnetic field of the magnetic ring 111.
[0077] Specifically, as shown in FIG. 2, when the rotor
including the magnetic ring 111 restores to the balance
position along the second direction (e.g., clockwise di-
rection), the second current is inputted into the multiple
winding coils 112c in the coil pack 112 of the stator, so
that the rotor continues to rotate to a predetermined po-
sition around the rotation shaft 110a along the second
direction (e.g., clockwise direction).
[0078] It should be noted that, in some embodiments
of this disclosure, the directions of the current transmitted
in a part of the winding coils 112c corresponding to the
same magnet 111n or 111s are the same, to ensure that
the directions of interaction between the winding coils
112 and the magnetic ring 111 are the same. Therefore,
similar to the first current, the directions of the second
current transmitted in the part of the winding coils 112c
corresponding to the same magnet 111n or 111s are the
same.
[0079] Specifically, as shown in FIG. 2, the direction
of the second current transmitted in the winding coil
112ca is opposite to the direction of the second current
transmitted in the winding coil 112cb. That is to say, in
the embodiments shown in FIG. 2, directions of the sec-
ond current in the adjacent winding coils 112c of the coil
pack 112 are opposite.
[0080] As shown in FIG. 5, when the rotor rotates along
the second direction to the predetermined position in the
second direction, the current transmitted in the coil pack
111 is cut off again, and the rotor is driven by the second
action to restore to the balance position again.
[0081] Thus, it can be seen that the rotor of the reso-
nant motor performs reciprocating motion back and forth
among the balance position, the predetermined position
in the first direction, and the predetermined position in
the second direction. Therefore, a mechanical model of
the resonant motor can be approximated as a spring el-
ement in a certain range. For a spring element, potential
energy formed during deviation from the balance position
is converted into strain capacity of the elastic material;
and for the mentioned resonant motor, potential energy
formed during deviation from the balance position is
stored in the magnetic ring 111 and the magnetic part
113a. Therefore, the mechanical model of the mentioned
resonant motor can be approximately understood as a
simple harmonic motion system.
[0082] Specifically, for the resonant motor, stiffness
coefficient k of the reciprocating motion of the rotor can
be expressed as: K=J*(2πf0)2 or K=m*(2πf0)2, wherein f0
represents working frequency of the resonant motor, J
represents rotational inertia of the load, and m represents
mass of the load.
[0083] It should be noted that the stiffness coefficient
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K is used to characterize the magnitude of a force applied
for producing unit displacement of the load. Therefore,
the smaller the stiffness coefficient is, the smaller the
driving force is applied, that is, the more easily it can be
driven, to reduce energy consumption; and the larger the
stiffness coefficient is, the larger the driving force is gen-
erated, and the larger mass the load that can be driven.
[0084] In addition, there is interaction between the
magnetic field of each magnetic part 113a and the mag-
netic field of the magnetic ring 111. That is to say, a simple
harmonic motion system can be formed between each
magnetic part 113a and the magnetic ring 111. In the
embodiments as shown in FIG. 2, the restorer assembly
includes 2 magnetic parts 113a, which are located on
both sides of the magnetic ring 111 respectively, that is,
the magnetic ring 111 is located between the two mag-
netic parts 113a.
[0085] Therefore, in the embodiments as shown in
FIGS. 1 to 5, the simple harmonic motion system between
the rotor and the stator of the resonant motor is equivalent
to the combined action of a single simple harmonic mo-
tion system between each magnetic part 113a and the
magnetic ring 111. That is to say, the stiffness coefficient
of the simple harmonic motion system between the rotor
and the stator of the resonant motor is the sum of actions
between all of the magnetic parts 113a in the restorer
assembly and the magnetic ring 111. Specifically, the
stiffness coefficient of the simple harmonic motion sys-
tem between the rotor and the stator of the resonant mo-
tor is expressed as: K=n*k0(x,s(magnet)), wherein n rep-
resents the number of simple harmonic motion systems,
to represents a stiffness function of a single simple har-
monic motion system, x represents a gap inside the sim-
ple harmonic motion system, and s represents a geomet-
ric parameter of the simple harmonic motion system.
[0086] As can be seen from the stiffness coefficient of
the simple harmonic motion system between the rotor
and the stator of the resonant motor, the magnitude of
the stiffness coefficient of the simple harmonic motion
system between the rotor and the stator of the resonant
motor can be regulated by determining the number of the
magnetic parts. Specifically, the stiffness coefficient K of
the simple harmonic motion system between the rotor
and the stator of the resonant motor can be increased
by increasing the number of the magnetic parts.
[0087] It should be noted that the gap inside the simple
harmonic motion system refers to a gap between two
magnets in the simple harmonic motion system. In the
embodiments as shown in FIGS. 1 to 5, the gap inside
the simple harmonic motion system is the distance be-
tween the magnetic part 113a and the magnetic ring 111.
[0088] In addition, when rotating to the predetermined
position in the first direction or the second direction, the
magnet 111n or Ills corresponding to at least a part of
the winding coils 112c remains unchanged, thereby guar-
anteeing that the rotor oscillates near the balance posi-
tion. The predetermined position is associated with spa-
tial frequency of the magnetic ring 111. That is to say,

the stroke of the rotor is associated with the spatial fre-
quency of the magnetic ring 111. The maximum stroke
of the rotor can be regulated by changing the number of
pairs of the magnets in the magnetic ring 111.
[0089] Specifically, in the embodiments as shown in
FIGS. 1 to 5, the magnetic ring 111 includes n pairs of
magnets 111s and 111n, and the predetermined position
is a position where the rotor rotates by an angle α from
the balance position, wherein α≤360/(2n*2). In the em-
bodiments as shown in FIG. 2, the magnetic ring 111
includes 4 pairs of magnets 111s and 111n, and the angle
between the predetermined position and the balance po-
sition is 22.5°.
[0090] It should be noted that the spatial frequency of
the magnetic ring 111 can only affect the maximum stroke
of the rotor, that is, a possible position of the predeter-
mined position. In an actual working process, the stroke
of the rotor is not only limited by the spatial frequency of
the magnetic ring 111, but also affected by power-on time
of the winding coils 112c in the coil pack 112.
[0091] Further referring to FIG. 1, the scanning appa-
ratus further includes: a scanning mirror 120.
[0092] The scanning mirror 120 is configured to reflect
a light beam, to perform optical scanning; and the scan-
ning mirror 120 is connected to the resonant motor 110
to achieve the reciprocating swing of the scanning mirror.
[0093] As mentioned, the rotor of the resonant motor
performs reciprocating motion back and forth among the
balance position, the predetermined position in the first
direction, and the predetermined position in the second
direction. The scanning mirror 120 is connected to the
rotor of the resonant motor, and can perform reciprocat-
ing swing along with the rotor, to change the propagation
direction of the reflected light beam, and achieve scan-
ning.
[0094] When the rotor rotates to a position, a detection
beam reflected from the scanning mirror corresponds to
a spatial field-of-view angle for detection. The predeter-
mined positions in the first direction and the second di-
rection respectively correspond to a maximum field-of-
view angle in a horizontal field of view of the LiDAR. For
example, the predetermined position in the first direction
corresponds to a +60-degree field-of-view angle, the sec-
ond direction corresponds to a -60-degree field-of-view
angle, and the balance position corresponds to a 0-de-
gree field-of-view angle. Through the reciprocating mo-
tion of the rotor back and forth among the balance posi-
tion, the predetermined position in the first direction, and
the predetermined position in the second direction, the
reciprocating swing of the scanning mirror is achieved,
and the LiDAR detects in a space of the field-of-view
range, wherein the detection beam can be generated by
lasers arranged in a one-dimensional linear array or la-
sers arranged in a two-dimensional area array, and the
one-dimensional linear array can be arranged in the ver-
tical direction. In addition, the scanning apparatus can
also scan the vertical field of view.
[0095] As shown in FIG. 1, in some embodiments of
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this disclosure, the scanning apparatus further includes:
a counterweight piece 130. The counterweight piece 130
is located on a side of the rotor away from the scanning
mirror 120, to cause an overall gravity center of the rotor,
the scanning mirror 120, and the counterweight piece
130 to be located at the position of the rotation shaft.
Through the arrangement of the counterweight piece, the
overall gravity center of the rotor, the scanning mirror
120, and the counterweight piece 130 is located at the
position of the rotation shaft, to cause the overall mass
center of the moving parts of the scanning apparatus to
be at the rotation center, which can effectively improve
the rotational stability of the scanning apparatus, and ef-
fectively ensure the light beam scanning stability of the
scanning mirror. Specifically, in the embodiments as
shown in FIG. 1, the counterweight piece 130 is arranged
opposite to the scanning mirror 120, to regulate the over-
all mass center position.
[0096] It should be noted that, in the embodiments
shown in FIGS. 1 to 5, the winding coils 112c are arranged
on the outer periphery of the magnetic ring 111. When
the rotor rotates to the predetermined position, the cur-
rent transmitted in the coil pack 111 is cut off, and the
rotor is driven merely by the second action to restore to
the balance position. However, this arrangement is mere-
ly an example. In other embodiments of this disclosure,
when the winding coils are arranged on the outer periph-
ery of the magnetic ring, and the rotor rotates to the pre-
determined position, the current transmitted in the wind-
ing coils of the coil pack can also be cut off, and a reverse
current can be inputted into the winding coils of the coil
pack, to cause the rotor to be driven jointly by the first
action and the second action to restore to the balance
position.
[0097] Referring to FIGS. 6 and 7, FIG. 6 shows a sche-
matic diagram of a cross-sectional structure of a scan-
ning apparatus for a LiDAR in another embodiment of
this disclosure; and FIG. 7 is a schematic structural dia-
gram of a resonant motor of the scanning apparatus of
embodiments shown in FIG. 6.
[0098] The scanning apparatus includes: a resonant
motor 210, and a scanning mirror 220 and a counter-
weight piece 230 connected to the rotor of the resonant
motor 210. The similarities to the mentioned embodi-
ments are not repeated here in this disclosure. The dif-
ference from the mentioned embodiments is that, as
shown in FIG. 7, in some embodiments of this disclosure,
the multiple winding coils 212c of the coil pack 212 are
located on the inner periphery of the magnetic ring 211,
and the magnetic ring 211 surrounds the multiple winding
coils 212c, that is to say, the multiple winding coils 212c
in the coil pack 212 are located inside the magnetic ring
211, and are arranged along the circumferential direction
of the magnetic ring 211.
[0099] In addition, as shown in FIG. 7, in some embod-
iments of this disclosure, the restorer assembly is located
on a side of the magnetic ring 211 away from the coil
pack 212. As mentioned, the mechanical model of the

resonant motor can be approximately understood as a
simple harmonic motion system. The stiffness coefficient
of a single simple harmonic motion system is associated
with a gap inside the simple harmonic motion system,
that is, a distance between the magnetic part 213a and
the magnetic ring 211.
[0100] The winding coils 212c are located inside the
magnetic ring 211, and the magnetic part 213a is located
on an outer side of the magnetic ring 211. This arrange-
ment can minimize the distance between the magnetic
part 213a and the magnetic ring 211. The increase of the
stiffness coefficient of the simple harmonic motion sys-
tem is beneficial to increase of the load mass and rota-
tional inertia of the load, thereby driving a large-sized
scanning mirror without increasing energy consumption,
or effectively reducing energy consumption in the case
of driving a scanning mirror of the same size.
[0101] As described in the mentioned embodiments,
when the rotor is at the balance position, the first current
is inputted into the multiple winding coils 212c of the coil
pack 212, and the rotor is driven by the first action to
rotate from the balance position to the predetermined
position in the first direction around the rotation shaft
along the first direction (e.g., counterclockwise direction).
[0102] In some embodiments of this disclosure, when
the rotor rotates to the predetermined position, the cur-
rent transmitted in the winding coils 212c of the coil pack
212 is cut off, and a reverse current is inputted into the
winding coils 212c of the coil pack 212, to cause the rotor
to be driven jointly by the first action and the second action
to restore to the balance position.
[0103] Specifically, in the embodiments as shown in
FIGS. 6 and 7, when the rotor rotates along the first di-
rection to the predetermined position in the first direction,
the first current transmitted in the coil pack 211 is cut off,
and the second current is inputted into the winding coils
212c of the coil pack 211, where the direction of the sec-
ond current is opposite to the direction of the first current.
[0104] Based on the principle that a powered-on con-
ductor is forced in a magnetic field, interaction between
the second current transmitted in the winding coils 212c
of the coil pack 212 and the magnetic field of the magnetic
ring 211 can also cause the magnetic ring 211 and the
coil pack 212 to rotate relative to each other around the
rotation shaft; however, because the direction of the sec-
ond current is opposite to the direction of the first current,
the direction of the first action between the second current
and the magnetic field of the magnetic ring 211 is oppo-
site to the direction of the first action between the first
current and the magnetic field of the magnetic ring 211,
the direction of the first action is a direction of rotating
the rotor to the balance position, that is to say, the direc-
tion of the first action between the second current and
the magnetic field of the magnetic ring 211 is the same
as the direction of the second action between the mag-
netic field of the magnetic part 213a and the magnetic
field of the magnetic ring 211 at the predetermined posi-
tion in the first direction.
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[0105] Specifically, in the embodiments as shown in
FIGS. 6 and 7, when the rotor rotates along the first di-
rection to the predetermined position in the first direction,
the first current is cut off, and the second current is in-
putted, the rotor is driven jointly by the first action between
the second current and the magnetic field of the magnetic
ring 211 and the second action between the magnetic
field of the magnetic part 213a and the magnetic field of
the magnetic ring 211 to rotate from the predetermined
position in the first direction to the balance position
around the rotation shaft along the second direction (e.g.,
clockwise direction), wherein the second direction is op-
posite to the first direction.
[0106] When the rotor restores to the balance position
along the second direction, a third current is inputted into
the winding coils 211c of the coil pack 211, and the trans-
mission direction of the third current is the same as the
transmission direction of the second current, that is, op-
posite to the transmission direction of the first current
Therefore, the direction of the first action between the
third current and the magnetic field of the magnetic ring
111 is the same as the direction of the first action between
the second current and the magnetic field of the magnetic
ring 111.
[0107] Specifically, in the embodiments as shown in
FIGS. 6 and 7, when the rotor restores to the balance
position along the second direction, the third current is
inputted into the multiple winding coils 212c of the coil
pack 212, to cause the rotor to continue to rotate to the
predetermined position in the second direction around
the rotation shaft along the second direction (e.g., clock-
wise direction).
[0108] When the rotor rotates along the second direc-
tion to the predetermined position in the second direction,
the third current transmitted in the coil pack 111 is cut
off, and a fourth current is inputted into the winding coils
212c of the coil pack 212, the direction of the fourth cur-
rent is opposite to the direction of the third current
[0109] Since the direction of the fourth current is op-
posite to the direction of the third current, the direction
of the first action between the fourth current and the mag-
netic field of the magnetic ring 211 is opposite to the
direction of the first action between the third current and
the magnetic field of the magnetic ring 211, that is to say,
the direction of the first action between the fourth current
and the magnetic field of the magnetic ring 211 is the
same as the direction of the second action between the
magnetic field of the magnetic part 213a and the mag-
netic field of the magnetic ring 211 at the predetermined
position in the second direction.
[0110] Specifically, in the embodiments as shown in
FIGS. 6 and 7, when the rotor rotates along the second
direction to the predetermined position in the second di-
rection, the third current is cut off, and the fourth current
is inputted, the rotor is driven jointly by the first action
between the fourth current and the magnetic field of the
magnetic ring 211 and the second action between the
magnetic field of the magnetic part 213a and the mag-

netic field of the magnetic ring 211 to restore from the
predetermined position in the second direction to the bal-
ance position around the rotation shaft along the first di-
rection (e.g., clockwise direction).
[0111] Thus, it can be seen that the restoration of the
rotor of the resonant motor from the predetermined po-
sition to the balance position is not only driven by the
second action, but also driven by the first action. As men-
tioned, the mechanical model of the resonant motor can
be approximately understood as a simple harmonic mo-
tion system.
[0112] When the restoration of the rotor of the resonant
motor is driven jointly by the first action and the second
action, the mechanical model of the resonant motor can
be regarded as having two types of simple harmonic mo-
tion systems-a first type of simple harmonic motion sys-
tem formed the magnetic part 213a and the magnetic
rings 211, and a second type of simple harmonic motion
system formed by different directions of current transmit-
ted in the multiple winding coils 212c of the coil pack 212
and the magnetic ring 211.
[0113] When the mechanical model of the resonant
motor is regarded as two types of simple harmonic motion
systems, the mechanical model of the resonant motor
can be approximately considered as a second-order res-
onant system. The two types of simple harmonic motion
systems have a resonance phenomenon at a resonance
frequency point, which can produce an extremely large
gain, and can produce an extremely large motion dis-
placement with an extremely small driving force, thereby
achieving low-power large-angle driving.
[0114] The frequency corresponding to occurrence of
the resonance phenomenon and generation of the max-
imum gain is the resonance frequency point As men-
tioned, the stiffness coefficient K of the simple harmonic
motion system between the stator and the rotor is asso-
ciated with the working frequency f0 of the resonant mo-
tor, and the stiffness coefficient ko of a single simple har-
monic motion system is affected by the magnetic field
and positional relationship of the magnetic part 213a and
the magnetic ring 211. Therefore, the components, such
as the resonant motor, the scanning mirror, and the coun-
terweight piece, can be reasonably arranged, to cause
the working frequency of the resonant motor to be the
shown resonant frequency point, to achieve gain maxi-
mization.
[0115] In addition, what is different from the mentioned
embodiments is that, in some embodiments of this dis-
closure, the restorer assembly further includes: an excit-
ing coil 214, where the exciting coil 214 is configured to
regulate the magnetic field of the corresponding magnet-
ic part 213a, to cause the restorer assembly to form a
predetermined effective magnetic field
[0116] The exciting coil 214 can, on the one hand, reg-
ulate the magnetic field of the corresponding magnetic
part 213a to eliminate the consistency difference of dif-
ferent magnetic parts 213a or the magnetic field differ-
ence caused by temperature difference, and can, on the
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other hand, be further used to magnetize the magnetic
part 213a, thereby guaranteeing the stability of the scan-
ning frequency and the scanning amplitude, and improv-
ing the stability of the scanning apparatus.
[0117] In the embodiments as shown in FIGS. 6 and
7, the exciting coil 214 surrounds the corresponding mag-
netic part 213a with a connection line between the mag-
netic ring 211 and the magnetic part 213a as the shaft.
The exciting coil 214 corresponding to the magnetic part
213a means that the number of the exciting coils 214 is
equal to the number of the magnetic parts 213a and there
is one-to-one correspondence therebetween.
[0118] In some embodiments of this disclosure, the
resonator unit further includes: a current unit 215, where
the current unit 215 is configured to input a current into
the exciting coil 214, to cause the restorer assembly to
form the predetermined effective magnetic field. Specif-
ically, in the embodiments as shown in FIGS. 6 and 7,
after a current is inputted into the exciting coil 214, the
magnetic field formed by the current transmitted in the
exciting coil 214 is superimposed on the magnetic field
of the corresponding magnetic part 213a, to form the ef-
fective magnetic field of the restorer assembly.
[0119] Due to production consistency problem, there
can be magnetic field strength difference between differ-
ent magnets. Therefore, there can be magnetic field
strength difference between different magnetic parts in
the same scanning apparatus or between magnetic parts
in different scanning apparatuses, and the magnetic field
strength difference can affect the stiffness coefficient of
the simple harmonic motion system, and then affect the
scanning frequency and the scanning amplitude of the
scanning apparatus. Therefore, the magnetic field
formed by the current transmitted in the exciting coil 214
can be regulated by regulating the current transmitted in
the exciting coil 214, to eliminate the stiffness coefficient
difference of the simple harmonic motion system caused
by the consistency difference, to cause the effective mag-
netic field formed after superposition to remain stable,
thereby ensuring the stability of the stiffness coefficient
of the simple harmonic motion system, that is, ensuring
that the stiffness coefficient of the simple harmonic mo-
tion system is a determined value.
[0120] Additionally, the magnet has temperature ef-
fects. Typically, as the temperature increases, the mag-
netism of the magnet decreases. Therefore, the magnetic
field of the same magnet can also change at different
temperatures. Therefore, during temperature change,
the magnetic field formed by the current transmitted in
the exciting coil 214 can be regulated by regulating the
current transmitted in the exciting coil 214, to eliminate
the stiffness coefficient difference of the simple harmonic
motion system caused by the temperature change, to
cause the effective magnetic field formed after superpo-
sition to remain stable, thereby ensuring the stability of
the stiffness coefficient of the simple harmonic motion
system
[0121] In addition, the magnet further has time effects,

that is, the magnetism of the magnet can attenuate during
the life cycle of the magnet. Therefore, the use time in-
creases, the stiffness coefficient of the simple harmonic
motion system can also attenuate. Therefore, the exciting
coil 214 can be used to magnetize the magnetic part 213a
at an appropriate time node during the life cycle of the
magnet, to restore the magnetism of the magnetic part
213a, and achieve the purpose of restoring the stiffness
coefficient of the simple harmonic motion system
[0122] Further referring to FIG. 6, in some embodi-
ments of this disclosure, the scanning apparatus further
includes: a detector unit 240, where the detector unit 240
is configured to detect the effective magnetic field of the
restorer assembly; and a regulator unit 250 configured
to control the exciting coil to regulate the magnetic field
of the magnetic part based on a detection result of the
detector unit 240, to cause the restorer assembly to form
the predetermined effective magnetic field.
[0123] Specifically, in some embodiments of this dis-
closure, in a power-on self-test process, the detector unit
240 detects the effective magnetic field of the restorer
assembly; the regulator unit 250 includes: a first control-
ler 251, the first controller 251 is configured to control the
exciting coil to form a regulating magnetic field based on
the detection result of the detector unit 240 in the power-
on self-test process, and the regulating magnetic field
cooperates with the magnetic field of the corresponding
magnetic part to form the predetermined effective mag-
netic field.
[0124] In addition, in some embodiments of this disclo-
sure, the detector unit 240 detects the magnetic field of
the magnetic part in real time; the regulator unit 250 in-
cludes: a second controller 252, the second controller
252 is configured to control the exciting coil to form a
real-time regulating magnetic field based on a real-time
detection result of the detector unit 240, and the real-time
regulating magnetic field cooperates with the magnetic
field of the corresponding magnetic part to form the pre-
determined effective magnetic field.
[0125] In addition, in some embodiments of this disclo-
sure, the regulator unit 250 further includes: a third con-
troller 253. Under a predetermined condition, the third
controller 253 is configured to control the exciting coil to
magnetize the magnetic part. The predetermined condi-
tion includes at least one of a time condition and a mag-
netic field condition. The time condition means that the
use time satisfies a predetermined time length, and the
magnetic field condition means that the detector unit 240
detects the effective magnetic field of the shown restorer
assembly being lower than a predetermined value.
[0126] Referring to FIG. 8, a schematic diagram of a
cross-sectional structure of a scanning apparatus for a
LiDAR in another embodiment of this disclosure is
shown.
[0127] The similarities to the mentioned embodiments
are not repeated here in this disclosure. The difference
from the mentioned embodiments is that, in some em-
bodiments of this disclosure, the number of the scanning
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mirrors is one or more, and the one or more scanning
mirrors are arranged opposite to the counterweight piece.
[0128] Because the resonant motor can achieve the
reciprocating swing of the scanning mirror at a higher
motion frequency, with a larger motion amplitude, and
with a smaller driving power, that is to say, the driving
motor can obtain a greater driving capability with a small-
er driving power, so that the arrangement of the resonant
motor can provide possibility for arranging multiple scan-
ning mirrors or a larger-sized scanning mirror, which can
effectively expand the scanning field of view.
[0129] Specifically, in the embodiments as shown in
FIG. 8, the number of the scanning mirrors is 2, namely
scanning mirror 321 and scanning mirror 322. The 2
scanning mirrors are located on a side of the rotation
shaft, and the counterweight piece 330 is located on the
other side of the rotation shaft, to regulate the overall
gravity center position of the rotor, the scanning mirror,
and the counterweight piece.
[0130] In addition, in some embodiments of this disclo-
sure, when the number of the scanning mirrors is multiple,
there is a predetermined angle among mirror surfaces of
the multiple scanning mirrors. Specifically, in the embod-
iments as shown in FIG. 8, the number of the scanning
mirrors is two, namely, the scanning mirror 321 and the
scanning mirror 322. The mirror surfaces of the scanning
mirror 321 and the scanning mirror 322 form a predeter-
mined angle between them, such as 90°.
[0131] It should be noted that, in some embodiments
of this disclosure, the LiDAR using the scanning appa-
ratus has two sets of transceiver systems, where the two
sets of transceiver systems can be used as coaxial trans-
ceiver systems or paraxial transceiver systems. The two
sets of transceiver systems respectively correspond to
mirror surfaces of different scanning mirrors, that is, light
beams emitted and received by one set of transceiver
system are reflected by the scanning mirror 321, and light
beams emitted and received by the other set of trans-
ceiver system are reflected by the scanning mirror 322,
to achieve the purpose of expanding the field of view. In
the paraxial transceiver system, the light emitter appa-
ratus and the light receiver apparatus are arranged in a
direction perpendicular to a horizontal plane.
[0132] In some other embodiments of this disclosure,
the LiDAR using the scanning apparatus only has one
set of transceiver system, and the transceiver system is
a paraxial transceiver system. The transceiver system
respectively transmits and receives light beams by the 2
scanning mirrors respectively. That is, light beams gen-
erated by the light emitter apparatus in the transceiver
system are reflected by one of the scanning mirror 321
and the scanning mirror 322 to achieve light beam emis-
sion, and light beams received by the light receiver ap-
paratus in the transceiver system are reflected by the
other one of the scanning mirror 321 and the scanning
mirror 322 to achieve light beam reception.
[0133] Since the 2 scanning mirrors are connected to
the same resonant motor, the scanning frequency and

the scanning amplitude of the 2 scanning mirrors are
strictly consistent, which can effectively avoid light path
deviation caused by process consistency problem, effec-
tively ensure the light beam scanning stability, and effec-
tively reduce the assembly process difficulty.
[0134] Correspondingly, this disclosure further pro-
vides a LiDAR, Specifically including: a light emitter ap-
paratus 411 configured to generate detection light; a
scanning apparatus 412, wherein the scanning appara-
tus is the scanning apparatus of this disclosure, and the
scanning apparatus reflects the detection light to a three-
dimensional space and reflects echo light formed by a
target in the three-dimensional space reflecting the de-
tection light; and a light receiver apparatus 413 config-
ured to detect the echo light
[0135] The scanning apparatus 412 is the scanning
apparatus of this disclosure. The disclosure of the scan-
ning apparatus in the mentioned embodiments may be
referred to for specific technical solutions of the scanning
apparatus, which are not recited here in this disclosure.
[0136] The scanning apparatus can achieve recipro-
cating swing of the scanning mirror at a higher frequency
with a larger amplitude by using relatively smaller driving
power, which is beneficial to achieving reciprocating
swing of the scanning mirror in a large angle with low
power consumption at a certain frequency, and is bene-
ficial to overcoming the problem of limited scanning field-
of-view range of the LiDAR caused by excessively small
size of the scanning mirror.
[0137] In some embodiments of this disclosure, the
LiDAR can be a LiDAR using a coaxial transceiver system
(as shown in FIG. 9). However, in some other embodi-
ments of this disclosure, the LiDAR can also be a LiDAR
using a paraxial transceiver system (as shown in FIG.
10). As shown in FIG. 10, in the LiDAR using a paraxial
transceiver system, the light emitter apparatus and the
light receiver apparatus can be arranged in a direction
perpendicular to a horizontal plane, to cause the emitted
light beams and the received light beams to be reflected
by the same scanning mirror.
[0138] In addition, this disclosure further provides a
method for controlling a scanning apparatus for a LiDAR.
[0139] Referring to FIGS. 6, 7, and 11, FIG. 6 shows
a schematic diagram of a cross-sectional structure of a
scanning apparatus for a LiDAR used for the control
method; FIG. 7 shows a schematic diagram of a cross-
sectional structure of a resonant motor in the scanning
apparatus for a LiDAR shown in FIG. 6; and FIG. 11 is a
schematic flow chart of a method for controlling a scan-
ning apparatus for a LiDAR in an embodiment of this
disclosure.
[0140] The scanning apparatus includes a resonant
motor 210 and a scanning mirror 220; where the resonant
motor 210 includes a rotor and a stator, the rotor rotates
from a balance position to a predetermined position
around a rotation shaft; the stator includes: a restorer
assembly configured to restore the rotor to the balance
position around the rotation shaft, the scanning mirror
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220 is configured to reflect a light beam, to perform optical
scanning; the scanning mirror 220 is connected to the
resonant motor, to achieve reciprocating swing of the
scanning mirror 220; the restorer assembly includes: an
exciting coil 214 and a magnetic part 213a, and the ex-
citing coil 214 surrounds a corresponding magnetic part
213a.
[0141] The control method includes: regulating a mag-
netic field of the corresponding magnetic part 213a
through the exciting coil 214, to cause the restorer as-
sembly to form a predetermined effective magnetic field.
[0142] The exciting coil 214 is used to regulate the
magnetic field of the corresponding magnetic part 213a
to form the effective magnetic field, which can, on the
one hand, regulate the magnetic field of the correspond-
ing magnetic part 213a, to eliminate the consistency dif-
ference of different magnetic parts 213a or the magnetic
field difference caused by temperature difference, and
can, on the other hand, be further used to magnetize the
magnetic part 213a, thereby guaranteeing the stability of
the scanning frequency and the scanning amplitude, and
improving the stability of the scanning apparatus.
[0143] As shown in FIG. 11, in some embodiments of
this disclosure, before regulating the magnetic field of
the corresponding magnetic part, the control method fur-
ther includes: executing step S11a: detecting the effec-
tive magnetic field of the restorer assembly; and execut-
ing step S11b: controlling the exciting coil to regulate the
magnetic field of the magnetic part based on a detection
result of the detector unit when regulating the magnetic
field of the corresponding magnetic part, to cause the
restorer assembly to form the predetermined effective
magnetic field.
[0144] The detector unit detects the effective magnetic
field of the restorer assembly, and regulates the magnetic
field formed by the exciting coil based on the detection
result, thereby improving the regulation accuracy, and
improving the stability of the ultimately formed effective
magnetic field
[0145] As for the magnetic field strength difference
caused by production consistency problem, because it
is caused by production, the magnetic field strength dif-
ference caused by the production consistency problem
is constant for each magnetic part, and details of the mag-
netic field strength difference caused by the production
consistency problem can be known only after one detec-
tion. Therefore, in some embodiments of this disclosure,
in the power-on self-test process, the effective magnetic
field of the restorer assembly is detected.
[0146] As for the magnetic field strength difference
caused by temperature change, because the tempera-
ture can change with the use of the LiDAR, the magnetic
field strength difference caused by the temperature
change can change with the temperature change for
each magnetic part, that is, details of the magnetic field
strength difference caused by the temperature change
can change in real time. Therefore, in some embodi-
ments of this disclosure, in a scanning process of the

scanning apparatus, the magnetic field of the magnetic
part is detected in real time.
[0147] In addition, the magnet further has time effects,
that is, the magnetism of the magnet can attenuate during
the life cycle of the magnet. Therefore, the use time in-
creases, the stiffness coefficient of the simple harmonic
motion system can also attenuate. Therefore, the exciting
coil 214 can be used to magnetize the magnetic part 213a
at an appropriate time node during the life cycle of the
magnet, to restore the magnetism of the magnetic part
213a, and achieve the purpose of restoring the stiffness
coefficient of the simple harmonic motion system.
[0148] Specifically, in some embodiments of this dis-
closure, under a predetermined condition, the exciting
coil is controlled to magnetize the magnetic part. The
predetermined condition includes at least one of a time
condition and a magnetic field condition. The time con-
dition means that the use time satisfies a predetermined
time length, and the magnetic field condition means that
the effective magnetic field of the shown restorer assem-
bly is detected to be lower than a predetermined value.
[0149] To sum up, in the technical solutions of this dis-
closure, the scanning mirror is driven by the resonant
motor. Due to a stronger driving capability, the resonant
motor can break through the limitation of the driving force
on the area of the scanning mirror, that is, the scanning
mirror has a larger area, which is beneficial to expanding
the scanning field-of-view angle; and the resonant motor
includes a restorer assembly that restores the rotor to
the balance position around the rotation shaft. With the
addition of the restorer assembly, the scanning appara-
tus can achieve reciprocating swing of the scanning mir-
ror at a higher frequency with a larger amplitude by using
relatively smaller driving power, which is beneficial to
achieving reciprocating swing of the scanning mirror in
a large angle with low power consumption at a certain
frequency, and is beneficial to overcoming the problem
of limited scanning field-of-view range of the Lidar caused
by excessively small size of the scanning mirror.
[0150] Further, in an optional solution of this disclo-
sure, the resonant motor includes a magnetic ring and a
coil pack, the rotor of the resonant motor includes the
magnetic ring, and the stator of the resonant motor in-
cludes the coil pack. Fixed arrangement of the coil pack
can effectively avoid repeated winding of the coil pack
and effectively improve the stability of the resonant mo-
tor; and the fixed arrangement of the coil pack is also
beneficial to heat dissipation of the coil, and can effec-
tively improve heat dissipation problem of the scanning
apparatus.
[0151] In addition, in an optional solution of this disclo-
sure, the multiple winding coils of the coil pack are located
on the outer periphery of the magnetic ring, and are ar-
ranged surrounding the magnetic ring, that is, the winding
coils are arranged between the magnetic ring and the
restorer assembly, which can achieve compact arrange-
ment under a smaller load, and is beneficial to controlling
the volume of the scanning apparatus. The rotor of the
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resonant motor includes the magnetic ring, and the stator
of the resonant motor includes the coil pack. The mag-
netic ring that forms the rotor is provided with an inner
ring, and the rotor has a small radius, which can minimize
the rotational inertia of the rotor, is beneficial to reducing
the demand for driving force, is beneficial to reducing the
volume of other components of the resonant motor, and
is beneficial to improving the compactness of the device.
[0152] In addition, in an optional solution of this disclo-
sure, the multiple winding coils of the coil pack are located
on the inner periphery of the magnetic ring, and the mag-
netic ring surrounds the multiple winding coils, that is,
the magnetic ring is arranged between the winding coils
and the restorer assembly. A smaller distance between
the magnetic ring and the restorer assembly can provide
a larger driving force, which is beneficial to improving the
driving force of the resonant motor, and is beneficial to
arrangement of a scanning mirror with a larger area.
[0153] Further, in an optional solution of this disclo-
sure, the scanning apparatus further includes: a coun-
terweight piece. The counterweight piece is located on
a side of the rotor away from the scanning mirror, to cause
an overall gravity center of the rotor, the scanning mirror,
and the counterweight piece to be located at the position
of the rotation shaft. The arrangement of the counter-
weight piece can effectively improve the rotational sta-
bility of the scanning mirror, and is beneficial to improving
the accuracy and stability of the scanning light path.
[0154] Still further, in an optional solution of this dis-
closure, in the scanning apparatus, the number of the
scanning mirrors is multiple, and the multiple scanning
mirrors are arranged at a predetermined angle. Because
of being driven by the resonant motor, the scanning ap-
paratus has a strong driving capability, which can simul-
taneously drive multiple scanning mirrors, can simply and
conveniently enable the multiple scanning mirrors to per-
form reciprocating motion at the same frequency and with
the same amplitude, and can effectively expand the light
path design space of the LiDAR.
[0155] Further, in an optional solution of this disclo-
sure, the scanning apparatus further includes an exciting
coil. The exciting coil can, on the one hand, regulate the
magnetic field of the corresponding magnetic part to elim-
inate the consistency difference of different magnetic
parts or the magnetic field difference caused by temper-
ature difference, and can, on the other hand, be further
used to magnetize the magnetic part, thereby guaran-
teeing the stability of the scanning frequency and the
scanning amplitude, and improving the stability of the
scanning apparatus.
[0156] Although this disclosure is disclosed as above,
this disclosure is not limited to the above. Any person
skilled in the art may make various changes and modifi-
cations without departing from the spirit and scope of this
disclosure, and therefore the scope of protection of this
disclosure shall be subject to the scope limited by the
claims.

Claims

1. A scanning apparatus for a LiDAR, comprising a res-
onant motor and a scanning mirror; wherein

the resonant motor comprises a rotor and a sta-
tor;
the rotor rotates from a balance position to a
predetermined position around a rotation shaft;
the stator comprises: a restorer assembly con-
figured to restore the rotor to the balance posi-
tion around the rotation shaft;
the scanning mirror is configured to reflect a light
beam, to perform optical scanning; and
the scanning mirror is connected to the resonant
motor, to achieve reciprocating swing of the
scanning mirror.

2. The scanning apparatus of claim 1, wherein the res-
onant motor comprises: a magnetic ring, the mag-
netic ring comprising a plurality of pairs of magnets,
wherein the plurality of pairs of magnets are ar-
ranged along a circumferential direction; and a coil
pack, wherein the coil pack comprises a plurality of
winding coils, and the plurality of winding coils are
arranged along the circumferential direction of the
magnetic ring.

3. The scanning apparatus of claim 2, wherein the plu-
rality of winding coils of the coil pack are located on
an outer periphery of the magnetic ring, and are ar-
ranged surrounding the magnetic ring.

4. The scanning apparatus of claim 3, wherein the re-
storer assembly is located on a side of the coil pack
away from the magnetic ring.

5. The scanning apparatus of claim 2, wherein the plu-
rality of winding coils of the coil pack are located on
an inner periphery of the magnetic ring, and the mag-
netic ring surrounds the plurality of winding coils.

6. The scanning apparatus of claim 5, wherein the re-
storer assembly is located on a side of the magnetic
ring away from the coil pack.

7. The scanning apparatus of any one of claims 2-6,
wherein the rotor comprises the magnetic ring, and
the stator comprises the coil pack.

8. The scanning apparatus of claim 7, wherein the rotor
is driven by a first action to rotate from the balance
position to the predetermined position around the
rotation shaft, wherein the first action is interaction
between a current transmitted in the winding coils of
the coil pack and a magnetic field of the magnetic
ring.
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9. The scanning apparatus of claim 7, wherein the re-
storer assembly comprises: at least one magnetic
part; and
the rotor is driven at least by a second action to re-
store to the balance position around the rotation
shaft, wherein the second action comprises interac-
tion between a magnetic field of the magnetic part
and the magnetic field of the magnetic ring.

10. The scanning apparatus of claim 9, wherein a mag-
net corresponding to the magnetic part and the mag-
netic part attract each other, to keep the magnetic
ring at the balance position.

11. The scanning apparatus of claim 9, wherein when
the rotor rotates to a predetermined position, a cur-
rent transmitted in the winding coils of the coil pack
is cut off, and the rotor is driven by the second action
to restore to the balance position.

12. The scanning apparatus of claim 9, wherein when
the rotor rotates to a predetermined position, a cur-
rent transmitted in the winding coils of the coil pack
is cut off, and a reverse current is inputted into the
winding coils of the coil pack, the rotor is driven jointly
by a first action and the second action to restore to
the balance position.

13. The scanning apparatus of claim 9, wherein the re-
storer assembly further comprises: an exciting coil
configured to regulate the magnetic field of the cor-
responding magnetic part, to cause the restorer as-
sembly to form a predetermined effective magnetic
field.

14. The scanning apparatus of claim 13, wherein the
scanning apparatus further comprises:
a detector unit configured to detect the effective mag-
netic field of the restorer assembly; and
a regulator unit configured to control the exciting coil
to regulate the magnetic field of the magnetic part
based on a detection result of the detector unit, to
cause the restorer assembly to form the predeter-
mined effective magnetic field.

15. The scanning apparatus of claim 1, wherein the
scanning apparatus further comprises: a counter-
weight piece located on a side of the rotor away from
the scanning mirror, to cause an overall gravity cent-
er of the rotor, the scanning mirror, and the counter-
weight piece to be located at the position of the ro-
tation shaft.

16. The scanning apparatus of claim 15, wherein the
number of the scanning mirrors is one or more, and
the one or more scanning mirrors are arranged op-
posite to the counterweight piece.

17. The scanning apparatus of claim 16, wherein the
number of the scanning mirrors is two; and
mirror surfaces of the two scanning mirrors form a
predetermined angle.

18. A LiDAR, comprising:

a light emitter apparatus configured to generate
detection light;
a scanning apparatus, wherein the scanning ap-
paratus is the scanning apparatus of any of
claims 1-17, and
the scanning apparatus reflects the detection
light to a three-dimensional space and reflects
echo light formed by a target in the three-dimen-
sional space reflecting the detection light; and
a light receiver apparatus configured to detect
the echo light.

19. A control method for a scanning apparatus for a
LiDAR, wherein

the scanning apparatus comprises a resonant
motor and a scanning mirror; wherein the reso-
nant motor comprises a rotor and a stator; the
rotor rotates from an balance position to a pre-
determined position around a rotation shaft; the
stator comprises: a restorer assembly config-
ured to restore the rotor to the balance position
around the rotation shaft; the scanning mirror is
configured to reflect a light beam, to perform op-
tical scanning; the scanning mirror is connected
to the resonant motor, to achieve reciprocating
swing of the scanning mirror; the restorer as-
sembly comprises: an exciting coil and a mag-
netic part, and the exciting coil surrounds a cor-
responding magnetic part; and
the control method comprises: regulating a mag-
netic field of the corresponding magnetic part by
the exciting coil, to cause the restorer assembly
to form a predetermined effective magnetic field.

20. The control method of claim 19, wherein before reg-
ulating the magnetic field of the corresponding mag-
netic part, the control method further comprises: de-
tecting the effective magnetic field of the restorer as-
sembly; and
controlling the exciting coil to regulate the magnetic
field of the magnetic part based on a detection result
of the detector unit when regulating the magnetic
field of the corresponding magnetic part, to cause
the restorer assembly to form the predetermined ef-
fective magnetic field.

21. The control method of claim 20, wherein in a power-
on self-test process, the effective magnetic field of
the restorer assembly is detected.
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22. The control method of claim 20, wherein in a scan-
ning process of the scanning apparatus the magnetic
field of the magnetic part is detected in real time.

23. The control method of claim 20, wherein under a
predetermined condition, the exciting coil is control-
led to magnetize the magnetic part.
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