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(87)  Alidar system (1) for amotor vehicle (100) com-
prises at least one laser light source (2) adapted to gen-
erate a light beam (3) which is directed to at least one
scanning device (15; 15a, 15b), wherein the at least one
scanning device (15; 15a, 15b) is adapted to scan a field
of view (90) by deflecting the light beam (3) to a scanned
surface (4) in the environment (5) of the vehicle (100)

along one of a plurality of scanning directions; at least
one light sensing device (8) adapted to sense light which
is incident on said light sensing device (8a, 8b); and a
data processing device (19). Said at least one scanning
device (15; 15a, 15b) is adapted to scan differentregions
(91a, 91b, 92a, 92b) of said field of view (90) with different
resolutions.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 591 436 A1 2

Description

[0001] The invention relates to a lidar system for a mo-
tor vehicle comprising at least one laser light source
adapted to generate a light beam which is directed to at
least one scanning device, wherein the atleast one scan-
ning device is adapted to scan afield of view by deflecting
the light beam to a scanned surface in the environment
of the vehicle along one of a plurality of scanning direc-
tions, at least one light sensing device adapted to sense
light which is incident on said light sensing device, and
a data processing device. The invention also relates to
a corresponding lidar method.

[0002] Suchsystems aregenerally known,forexample
from WO 2012 123809 A1 and WO 2014 125153 A1.
Herein, a surface is illuminated by a light beam that orig-
inates from a light source and is reflected by the surface.
The reflected light beam is incident on a lens arrange-
ment and transmitted in a specific manner to a light sens-
ing device. The time-of-flight of the lightbeamis indicative
of the distance between the system and a point on the
surface, which spatial location is derivable from the time-
of-flight and the instantaneous scanning direction.
[0003] Thefield of view and the resolution of such sys-
tems are limited by optical and mechanical properties of
the lidar system, in particular its laser light source, scan-
ning device and light sensing device, and the size of the
entrance pupil through which the light enters the system.
Obtaining a large resolution in a large field of view is
technically demanding and may produce redundant im-
age and/or depth information while obtaining a small res-
olution is simpler and cost-effective but relevant informa-
tion may not be obtained.

[0004] The amount of light emitted by the light source
and passing through the entrance pupil is crucial for the
light sensing capabilities of the sensing device and thus
the resolution and/or range. The laser light source, scan-
ning device and light sensing device, and the size of the
entrance pupil of the lens arrangement needs to balance
the requirements of resolution, field of view and sufficient
light transmission to provide long-range measurements.
[0005] The problem underlying the invention is to im-
prove the light sensing capabilities of the lidar system
and method.

[0006] The invention solves this problem with the fea-
tures of the independent claims.

[0007] The invention suggests that said at least one
scanning device is adapted to scan different regions of
said field of view with different resolutions in order to pro-
vide a cost-effective improvement of the light sensing
capabilities. The invention allows to scan different re-
gions, which may be of different interest of the lidar sys-
tem, with different resolutions adapted to the interest the
lidar system, or the application in the vehicle it is suited
to, has in the different regions.

[0008] Preferably, the different regions comprise at
least one high-resolution region, which the scanning de-
vice is adapted to scan with a high resolution, and atleast
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one low-resolution region, which the scanning device is
adapted to scan with a low resolution. This acts towards
balancing requirements of desired resolutions in different
regions and an effective scanning. The high-resolution
region can typically be a region that is of more interest
than the low-resolution region.

[0009] Preferably, said regions comprise two regions
with different resolutions, e.g. a low-resolution region and
a high-resolution region. However, it is also possible that
said regions comprise more than two regions with differ-
ent resolutions, e.g. a low-resolution region, a mid-reso-
lution region, a high-resolution region, and a very-high-
resolution region. The number of regions and/or resolu-
tions is not limited. The resolution and the size of the
regions can be adaptable, e.g., according to the driving
scenario, driving speed, direction, etc. The regions cov-
ered by the at leastone scanning device maynot overlap,
partially overlap, and/or overlap completely, providing at
the same time a high resolution and a low resolution im-
age of said regions, possibly with different update fre-
guencies. The regions may also be adjacentto each oth-
er, forexample horizontally, vertically and/oroblique, i.e.,
different regions can contact each other with zero or es-
sentially zero distance between each other.

[0010] To scan the field of view, the scanning device
preferably changes the scanning direction of the light
beam, and/or deflects the light beam and/or a plurality of
light beams towards the plurality of scanning directions.
The plurality of scanning directions along which the light
beam can be deflected is called a scan pattern of the at
least one scanning device. The resolution can be defined
and/or determined by the scan pattern of the scanning
device comprising the plurality of scanning directions
along which the light beam can be deflected. The scan
pattem is preferably heterogeneous, i.e. the scan pattern
comprises regions that are scanned with a different res-
olution than other regions. The scanning is preferably
performed according to a pre-defined scanning strategy.
[0011] Theresolution canrefertothe spatialresolution.
For example, the scan pattern can comprise regions of
different spatial resolution, i.e., the numbers of scanning
directions in different regions of the same size are differ-
ent and/or the relative distance between neighboring
points in the scanning pattern is different. The resolution
can refer to the time resolution. For example, the scan-
ning device can be adapted to change the scanning di-
rection of the light beam with different speed and/or at a
different rate. The resolution can preferably refer to spa-
tial and time resolution.

[0012] In a preferred embodiment, the at least one
high-resolution region and the at least one low-resolution
region overlap at least partially in an overlap region in
order to acquire information of the overlap region with
low resolution and with high resolution. For example,
scanning the high-resolution region can require more
time for scanning and data processing than scanning the
low-resolution region. By overlapping the high-resolution
region and the low-resolution region at least partially, in-
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formation from the low-resolution region can compensate
for the slower scanning in the high-resolution region.
[0013] The low-resolution region can be at least as
large as the high-resolution region to provide the lidar
system that uses the effective low-resolution scanning
for determining a low-resolution depth image in a larger
region than the high-resolution depth image region.
[0014] The regions are preferably pre-defined. In par-
ticular, the high-resolution region can be in the principal
locomotion direction of the motor vehicle, and/or the low-
resolution regions can be laterally from the principal lo-
comotion direction of the motor vehicle, in order to scan
central regions of larger interest with a higher resolution
than lateral regions of lower interest. Typically, the motor
vehicle moves with its front in the forward locomotion
direction. In other words, the high-resolution region can
preferably be located mainly in a central region in front
of the vehicle and/or the low-resolution region can pref-
erably be located in at least one peripheral region lateral
from the vehicle.

[0015] In a preferred embodiment, the high-resolution
region in the central region can be scanned with a longer
range than the peripheral regions. In a preferred embod-
iment, the at least one peripheral region comprises a left
peripheral region located to the left of the central region
and a right peripheral region located in the right of the
central region. Preferably, the left and the right peripheral
regions are scanned in a symmetric manner, i.e., the res-
olution and/or range of scanning the peripheral regions
is equal. The high-resolution region preferably encloses
with the forward locomotion direction a smaller angle than
each low-resolution region.

[0016] Advantageously, a single scanning device is
adapted to scan said different regions of said field of view
with different resolutions to reduce the number of re-
quired components. For example, the scanning device
is adapted to move and/or rotate with different speed and
thereby deflect the light beam with different speed
through the different regions. Different regions and/or
scan zones can be served by the same scanning device.
[0017] In another embodiment, a first scanning device
is adapted to scan at least a first region with a first res-
olution and a second scanning device is adapted to scan
atleastasecond region with a second resolution different
from said first resolution in order to provide a different
scanning device for each resolution.

[0018] Preferably, the first and second scanning de-
vices comprise atleast a high-resolution scanning device
and at least a low-resaolution scanning device to provide
a cost-effective embodiment with improved scanning ca-
pability. For example, the low-resolution scanning device
can be simpler, more cost-effective and/or lighter than
the high-resolution scanning device. In one embodiment,
the first scanning device is the high-resolutions scanning
device and the second scanning device is the low-reso-
lution scanning device.

[0019] Preferably, that first scanning device is en-
closed in a first enclosure and the second scanning de-
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vice is enclosed in a second enclosure separate from
said first enclosure to allow an independent position of
the scanning devices, preferably in order to scan the dif-
ferent regions advantageously located around the motor
vehicle.

[0020] In a preferred embodiment, first scanning de-
vice and the second scanning device are enclosed in a
common housing to form a single scanning unitto provide
a cost-effective lidar system. The first and the second
scanning device comprised in a single housing allow for
effective electrical connections between, e.g., the scan-
ning devices and the data processing device. The atleast
one laser light source and/orthe atleast one light sensing
device can be arranged in the housing to provide a cost-
effective lidar system. The at least one laser light source
and/or the at least one light sensing device housed in a
single housing allows for effective electrical connections
between e.g. the at least one laser light source, the at
least one light sensing device, and/or the data processing
device.

[0021] Advantageously, the lidar system comprises at
least two light sensing devices to provide for example
different light sensing devices for different resolutions
and/or directions. In this embodiment, the lidar system
comprises preferably less scanning devices than light
sensing devices to save components. For example, the
lidar system can comprise only one scanning device but
two detectors. If at least two housings are provided, the
at least two light sensing devices can be comprised in
different housings.

[0022] Preferably, the at least one scanning device is
adapted to scan the high-resolution region and the low-
resolution region in the same scanning direction to im-
prove the scanning efficiency. In this embodiment, the
scanning device is adapted to scan the field of view pref-
erably according to a scan pattern and to perform ac-
cording movements. The movement of the scanning de-
vice does not need to be interrupted for scanning different
regions which improves the scanning efficiency. Thisem-
bodiment goes beyond two combined lidar systems in a
single enclosure as it is more cost-effective to use the
scanning device for scanning different regions with dif-
ferent resolutions.

[0023] In a preferred embodiment, the at least one
scanning device is adapted to perform oblique, horizontal
and/or vertical scanning to acquire depth information that
is rasterized, efficiently to process and/or efficiently to
visualize. The scanning does not need to be strictly ob-
ligue, horizontal and/or vertical, but can deviate for ex-
ample by up to 45°, preferably up to 30°, more preferably
up to 15°. The scanning device can be adapted to use
any direction of movement of the light beam, including
horizontal, vertical, oblique, and/or arbitrary patterns.
[0024] For an improved light sensing, in an advanta-
geous embodiment, the lidar system comprises at least
one light deflection device. The at least one light deflec-
tion device comprises an array of light deflection ele-
ments. The orientation of each light deflection element
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is switchable between at least a first orientation and a
second orientation, to redirect light which is incident on
said light deflection element from the scanned surface in
at least a first deflection direction corresponding to the
first orientation or a second deflection direction corre-
sponding to the second orientation. The light sensing de-
vice is adapted to sense a light beam which is redirected
in the first deflection direction.

[0025] In the following the invention shall be illustrated
on the basis of preferred embodiments with reference to
the accompanying drawings, wherein:

Fig. 1 shows a schematic view of a motor vehicle
with a lidar system;

Figs. 2,3 show each an embodiment an optical unit
of a lidar system;

Fig. 4 shows a schematic scanning pattern ac-
cording to one embodiment; and

Fig. 5 shows a lidar system mounted on a motor

vehicle.

[0026] As shown in Figure 1, the lidar system 1 is
mounted in/on a vehicle 100 to capture images of a
scanned surface 4 in the environment 5 of the vehicle
100. The lidar system 1 comprises an optical unit 22 hav-
ing a light emitting unit 25 and a light receiving unit 26,
and a data processing device 19. The lidar system 1 can
further include other detection systems and/or sensors
such as radar or other cameras.

[0027] The light emitting unit 25 comprises a light
source 2 that is adapted to emit a light beam 3, which is
preferably directed through a first lens arrangement 10
towards the environment 5 of the vehicle 100. The light
beam 3 eventually interacts with the environment 5, in
particular the scanned surface 4 or dust, snow, rain,
and/or fog in the environment 5. The light beam 3 is re-
flected and a reflected light beam 16 of the light beam 3
enters the optical unit 22, more particular the receiving
unit 26 thereof, preferably through a lens system 11. The
light beam 3 and/or the reflected light beam 16 determine
and/or define the field of view 90 of the lidar system 1.
In addition to the reflected light beam 16 of the light beam
3, other light from the environment 5 enters the optical
unit 22. The light entering the optical unit 22 is preferably
recorded by the optical unit 22 and the recorded image
data is processed by the data processing device 19.
[0028] A safety system 20 of the motor vehicle 100 is
able to trigger defined driving action and/or driver assist-
ance actionto assistthe driver, e.g. braking, acceleration,
steering, showing information etc., based on the data pro-
vided by the data processing device 19.

[0029] In the embodiment shown in Figure 1, the lidar
system 1 comprises a single optical unit 22 mounted in
the front part of a vehicle 100 and directed towards the
front of the vehicle 100. The field of view 90 is located
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mainly in the front of the motor vehicle 100, i.e. the lidar
system 1is directed towards the front of the motor vehicle
100 and/or towards a principal locomotion direction 93.
[0030] Other and/or additional positions in/on the ve-
hicle 100 are possible, for example the lidar system 1
could be mounted at and/or directed towards the rear,
the left, and/or the right. The lidar system 1 can also com-
prise a plurality of optical units 22, emitting units 25,
and/or receiving units 26 that are mounted and/or direct-
ed for example towards the rear, the left, and/or the right.
The viewing direction of the optical unit 22, emitting unit
25 and/or the receiving unit 26 can be variable. A plurality
of optical units 22, emitting units 25, and/or receiving units
26 allows covering a wide field of view 90, even up to
360° around the vehicle 100. A plurality of optical units
22, emitting units 25, and/or receiving units 26 could com-
municate with separate data processing devices 19,
communicate with a single data processing device 19,
or work with a master-slave configuration. In particular,
the images recorded from the environment 5 could be
used for physical calibration of the plurality of the optical
units 22, emitting units 25, and/or receiving units 26 to
cover a large field of view 90.

[0031] Figure 2 shows a lidar system 1 in more detail.
The light source 2 is arranged in the light emitting unit
25. The light source 2 preferably comprises a laser, in-
cluding laser diodes, fiberlasers, etc. Butalso, other em-
bodiments of the light source 2 are possible, e.g. LEDs,
or polarized light sources of different wavebands, adapt-
ed to correspond with the recording capabilities of light
sensing devices 8a, 8b comprised by the optical unit 22
and/or by the receiving unit 26.

[0032] The optical unit 22 comprises a beam splitter
51, for example a semi-transparent mirror, for splitting
the light beam 3 generated by the light source 2. The use
of the light source 2, a plurality of light sources, and/or
the beam splitter 51 determines the sensing and detec-
tion capabilities of the lidar system 1 and preferably pro-
vides multi-specular methods, improvement of the sen-
sitivity of retro-reflected beams, and/or road friction esti-
mations.

[0033] The light source 2 is adapted to generate a
beam 3 directed to a scanned surface 4 in the environ-
ment 5 of the vehicle 100. The light source 2 can prefer-
ably generate pulsed laser light with a specific wave-
length to feed the beam splitter 51 to split the incoming
light and generate the plurality of light beams.

[0034] A portion of the light beam 3 and/or any of the
light beams is preferably divided or split by the beam
splitter 51 and directed towards a trigger device 21 com-
prised in the emitting unit 25 to allow an accurate time-
of-flight estimation. The trigger device 21 is preferably in
communication with the data processing device 19 to
start and/or synchronize the time-of-flight measurement
in order to realize a lidar system and to allow depth im-
aging. The light beam 3 can in some embodiments be
widened by suited optical components, e.g., a lens ar-
rangement 10, which may defocus, and thereby widen,
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the light beam 3 towards the scanned surface 4.

[0035] The light beam 3 emitted from the light source
2 is redirected by a scanning device 15 comprised by
and/or comprised in the emitting unit 25, for example a
mirror rotatable around at least one axis.

[0036] The scanning device 15, like a mirror, a group
of mirrors, a prism arrangement such as Risley prisms,
and/or other optical component and/or a group thereof,
is adapted to be controllable by and in communication
with the data processing device 19. The scanning device
15, which may in particular be atleast one MEMS device,
is preferably adapted to be rotatable around at least two
axes, allowing scanning of the environment 5 of the ve-
hicle 100. For example, a horizontal scanning device
could be arranged to perform the rotation around a first
axis and a vertical scanning device could be arranged to
perform a rotation around a second axis. By means of
the scanning device 15, the light beam 3 can be directed
preferably sequentially towards points or spots on the
scanned surface 4.

[0037] The scanning device 15 is adapted to scan a
field of view 90 by deflecting the light beam 3 to the
scanned surface 4 along one of a plurality of scanning
directions. The field of view 90 comprises different re-
gions 91a, 91b, 92a, 92b and the scanning device 15 is
adaptedto scan differentregions 81a, 91b, 92a, 92b with
different resolution. Preferably, the scanning device 15
scans the field of view 90 as a combination of high-res-
olution regions 91a, 91b and low-resolution regions 92a,
92b, whereby the resolution of the high-resolution re-
gions 91a, 91b is larger than the resolution of the low-
resolution regions 92a, 92b.

[0038] In Figure 2, the light beam 3 is directed to the
scanned surface 4 and is reflected by the scanned sur-
face 4 or by other reflectors and/or scatterers in the en-
vironment 5, and a reflected light beam 16 of the light
beam 3 is reflected and enters the optical unit 22 and/or
the receiving unit 26, e.g., by passing the lens system
11, alternatively an entrance window.

[0039] In a preferred embodiment, the lens system 11
can be a complex optical system involving a number of
different single lenses, beam splitters, polarizers, filters,
diaphragms or other optical components arranged in
combination in order to provide a given optical perform-
ance. Preferably, the lens system 11 comprises a lens
objective.

[0040] The reflected light beam 16 transmitted by the
lens system 11 enters the optical unit 22 and/or the re-
ceiving unit 26 and is preferably directed along a detector
path towards a prism 14 placed within the optical unit 22
and/or the receiving unit 26, allowing for optical path di-
vision and/or light deflection.

[0041] The lens system 11 is adapted to focus the re-
flected light beam 16 to a light deflection device 6 com-
prising a plurality of light deflection elements 7. The de-
flection device 6 is in communication with the data
processing device 19. The data processing device 19is
adapted to control the deflection elements 7 of the light
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deflection device 6.

[0042] Inthis embodiment, the lidar system 1 compris-
es a single light deflection device 6. The light deflection
device 6 can comprise a planar basis, e.g., a printed cir-
cuit board, a substrate, and/or a wafer, on which an array
of light deflection elements 7 is arranged. The array of
light deflection elements 7 can for example be one- or
two-dimensional, i.e., a line-array or a matrix. The light
deflection elements 7 can be controllable by a common
controller of the light deflection device 6.

[0043] Each light deflection element 7 is adapted to
switch its orientation between at least a first orientation
and asecond orientation allowing the light beam traveling
along the detector paths to be deflected in a first deflec-
tion direction 9 if the light is incident on a deflection ele-
ment 7 oriented in the first orientation or in a second
deflection direction 17 if the light is incident on a light
deflection element 7 oriented in the second orientation.
The switch of the arientation of any of the light deflection
elements 7 preferably changes its tilt with respect to a
rotational axis. The light deflection elements 7 can be
adapted to be switchable between two, a plurality of,
and/or a continuous band of orientations.

[0044] [n a preferred embodiment, the light deflection
device 6 is a DMD, i.e., a digital micro mirror device on
a chip with a plurality of controllable micro mirrors as
deflection elements 7. In this embodiment, the at least
two orientations of each of the light deflection elements
7 are the orientations of micro-mirrors that are individually
rotatable controlled by electrostatic interactions. Alterna-
tives for the deflection device 6 to the DMD may be other
active optical elements, in particular pixelated arrays
(such as LCDs or Liquid crystal tunable filters) or even
deformable mirrors. In the pixelated arrays, each pixel is
a deflection element 7 and in each pixel a crystal can
change its orientation to influence light transmission, de-
flection and/or reflection properties. In LCDs, additional
passive or active optical elements, such as additional
DMDs, LCDs, and/or deformable mirrors, can be used in
the system to obtain better data quality. Active strategies
for local image quality improvement using a deformable
mirror in the optical path or a LCD device used as a shut-
ter or as a phase modulator can enhance the quality of
the data.

[0045] Each light deflection element 7 is adapted to
redirect light which is incident on said light deflection el-
ement 7 from the scanned surface 4, and to redirected
alight beam 18a, 18b in at least either the first deflection
direction 9 corresponding to the first orientation or the
second deflection direction 17 corresponding to the sec-
ond orientation. The difference of the first deflection di-
rection 9 and the second deflection direction 17 of light
deflected by a single light deflection element 7 arises
from a switch and/or toggle between the different orien-
tations of the light deflection element 7.

[0046] Incidentlight on a deflection element 7 oriented
in the first orientation is preferably deflected as first light
beam 18a via the prism 14 towards a first light sensing
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device 8a, preferably through a first lens assembly 12a.
Incident light on a deflection element 7 oriented in the
second orientation is preferably deflected as second light
beam 18b towards a second light sensing device 8b, pref-
erably through a second lens assembly 12b.

[0047] In this embodiment, the lidar system 1 compris-
es the first light sensing device 8a and the second light
sensing device 8b which is separate from the first light
sensing device 8a. Preferably, the first light sensing de-
vice 8aand the second lightsensing device 8b are mount-
ed on different printed circuit boards, are based on sep-
arate wafers, on different substrates, and/or are separate
sensors. That is, the photoelectric active areas of the
light sensing device 8a, 8b that are used for data acqui-
sition and light sensing are separated from each other
by a distance that is determined by the arrangement of
the light sensing devices 8a, 8b.

[0048] Each of the light sensing devices 8a, 8b has a
light sensitive surface on which, for example, a photoe-
lectric active area resides and/or an array of light sensi-
tive pixels is arranged. Preferably, each light sensing de-
vice 8a, 8b comprises an array of pixels, e.g., aline array
or a pixel matrix. The normal of the light sensitive surface
of each light sensing device 8a, 8b defines a direction in
which the light sensing capabilities are particularly effec-
tive, the quantum efficiency is maximum, and/or towards
which the center of the field of view of the light sensing
device 8a, 8b is directed.

[0049] The normal of the light sensitive surface of the
first light sensing device 8a is different from the normal
of the light sensitive surface of the second light sensing
device 8b, i.e., the first light sensing device 8a faces to-
wards a different direction than the second light sensing
device 8b. The light sensing devices 8a, 8b are preferably
arranged in conjunction with the lens assemblies 12a,
12b. The normal vectors are not parallel but enclose a
non-zero angle as claimed in the constructive properties
of the lens assemblies 12a, 12b, the light deflection de-
vice 6, and/or the light sensing devices 8a, 8b. Preferably,
the lens assemblies 12a, 12b are arranged to focus light
beams 18a, 18b redirected by a light deflection element
7. In this embodiment, the light sensing devices 8a, 8b
are arranged so that the light sensitive surface face each
other.

[0050] In this embodiment, the lidar system 1 compris-
es a single scanning device 15 and two light sensing
devices 8a, 8b. In other embodiments, it is also possible
that the lidar system 1 comprises a single light sensing
device only.

[0051] In Figure 2, the lens assemblies 12a, 12b are
arranged so that any one of the lens assemblies 12a,
12b has an optical axis that coincides with any normal of
the light sensitives surface of the light sensing devices
8a, 8b. Thus, the optical axis of the lens assembly 12a
that focuses light on the first light sensing device 8a is
different from the optical axis of the lens assembly 12b
that focuses light on the second light sensing device 8b.
[0052] The data processing device 19 can be adapted
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to contral the capture of images by the light sensing de-
vice 8a, 8b, time-of-flight measurements and the control
of the deflection device 6, receive the electrical signal
containing the information from the light sensing devices
8a, 8b, and/or the trigger device 21 and from the light
deflection device 6. The pre-processor may be realized
by a dedicated hardware circulit, for example a Field Pro-
grammable Gate Array (FPGA) or an Application Specific
Integrated Circuit (ASIC). Alternatively, the pre-proces-
sor, or part of its functions, can be realized in the data
processing device 19 or a System-On-Chip (SoC) device
comprising, for example, FPGA, processing device, ARM
and/or microprocessor functionality.

[0053] Imageand data processing is carried outby cor-
responding software in the data processing device 19.
The image and data processing in the processing device
19 may for example comprise identifying and preferably
also classifying possible objects in the surrounding of the
vehicle, such as pedestrians, other vehicles, bicyclists
and/or large animals, tracking over time the position of
object candidates identified in the capturedimages, com-
puting depth images based on the time-of-flight values,
and activating or controlling at least one safety system
20 for example depending on an estimation performed
with respect to atracked object, forexample an estimated
collision probability. The safety system 20 may in partic-
ular comprise a display device to display information on
a possibly detected object and/or on the environment of
the vehicle. However, the invention is not limited to a
display device. The safety system 20 may in addition or
altematively comprise a warning device adapted to pro-
vide a collision warning to the driver by suitable optical,
acoustical and/or haptic warning signals; one or more
restraint systems such as occupant airbags or safety belt
tensioners, pedestrian airbags, hood lifters and the like;
and/or dynamic vehicle control systems such as brake
or steering control devices.

[0054] The dataprocessing device 19canalsobe used
as input to highly automated, piloted, and/or autonomous
driving functions in a vehicle.

[0055] The data processing device 19 is preferably a
digital device which is programmed or programmable and
preferably comprises a microprocessor, micro-controller,
digital signal processor (processing device), field pro-
grammable gate array (FPGA), or a System-On-Chip
(SoC) device, and preferably has access to, or compris-
es, a memory device. The data processing device 19,
pre-processing device and the memory device are pref-
erably realised in an on-board electronic control unit
(ECU) and may be connected to other components of
the lidar system 1 via a separate cable or a vehicle data
bus. In another embodiment the ECU and one or more
of the lidar systems 1 can be integrated into a single unit,
where a one box solution including the ECU and all lidar
systems 1 can be preferred. All steps from data acquisi-
tion, imaging, depth estimations, pre-processing,
processing to possible activation or control of safety sys-
tem are performed automatically and continuously during
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driving in real time.

[0056] In a particular application, LIDAR, polarimetric,
RGB and/or FPA images are gathered together using
electronics, including frame-grabber and the data
processing device 19, to have them processed and sup-
port the decision-making process of the safety system 20.
[0057] All parts of the receiving unit 26, in particular
the lens system 11, the prism 14, the light sensing de-
vices 8a, 8b and the light deflection device 6 are in this
embodiment housed in and/or attached to the same sin-
gle housing 27. The light emitting unit 25 and the light
receiving unit 26 are housed in the same housing 27.
[0058] It is also possible to arrange the emitting unit
25 and the receiving unit 26 in different housings 27, or
that the lidar system 1 comprises a plurality of emitting
units 25 and/or receiving units 26. The lidar system 1
may be in two or more housings 27 and/or enclosures,
see Figure 5, or in a single housing 27 as shown in Fig-
ures 2 and 3.

[0059] The lens system 11 can preferably be linked to
at least one shutter. The at least one shutter is adapted
to change between a light blocking and a light transmitting
state. The at least one shutter can be arranged upstream
or downstream the lens system 11 with respect to the
optical path. The shutter can be adapted to communicate
with the data processing device 19 to be coordinated
and/or to provide data or with the light deflection device
6 to advantageously coordinate or being coordinated, re-
ducing the ambient light sources thus improving the sig-
nalto noise ratic (SNR). Asequential shutting and closing
of the individual shutters allows sequential scanning of
regions 91a, 91b, 92a, 92b of the overall field of view 90.
[0060] Embodiments without a light deflection device
6 are possible. In such embodiments, a light sensing de-
vice 8 could for example be arranged instead of the light
deflection device 6in Figures 2 or 3. Other detection strat-
egies could also be used.

[0061] Inthe embodiment of Figure 3, the lidar system
1 comprises a plurality of scanning devices 15a, 15b,
preferably a low-resolution scanning device 15b and a
high-resolution scanning device 15a different from the
low-resolution scanning device 15b. The low-resolution
scanning device 15a can be adapted to scan the low-
resolution regions 92a, 92b and the high-resolution scan-
ning device 15b can be adapted to scan the high-reso-
lution regions 91a, 91b. The lidar system 1 can comprise
a combined scanner with a high-resolution scanning de-
vice 15a for the high-resolution region 91a, 91b in the
front of the vehicle 100 and a low-resolution scanning
device 15b for the low-resolution region 92a, 92b different
from, but preferably overlapping atleast partially the high-
resolution region 91a, 91b in some region.

[0062] In the present embodiment, the low-resolution
scanning device 15b splits the light beam 3 and compris-
es forexample a semi-transparent mirror, adapted to split
the single light beam 3 from the light source 2 into a first
light beam and a second light beam. In other embodi-
ments, the beam splitter may be independent from any
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scanning device 15a, 15b. For example, the light beam
3 from the light source 2 could be split by a separate
beam splitter into first and second light beams, before
the firstlight beam is directed on the high-resolution scan-
ning device 15a and the second light beam is directed
on the low-resolution scanning device 15b. In a still fur-
ther embodiment, at least two light beams could be di-
rected atasingle scanning device 15 (see Figure 2) under
different angles, such that the light beams outgoing from
the scanning device 15 are also directed out in different
angles.

[0063] Figure 4 shows a schematic scanning pattern
95a, 95b according to a horizontal scanning of the field
of view 90 by way of example. The scanning pattern 95a,
95b is indicated by short arrows 95a in two high-resolu-
tion regions 91a, 91b and by long arrows 95b in two low-
resolution regions 92a, 92b. In this embodiment, the at
least one scanning device 15, 15a, 15b is adapted to
scan the two high-resolution regions 91a, 91b with alarg-
er resolution than the two low-resolution regions 92a,
92b, i.e., the at least one scanning device 15, 15a, 15b,
in particular the high-resolution scanning device scans
the high-resolution regions 91a, 91b preferably faster
and/or with a higher density of light beams 3 per unitarea
compared to the low-resolution regions 92a, 92b.
[0064] The high-resolution regions 91a, 91b can pref-
erably be located in a central region in front of the motor
vehicle 100, i.e. in its principal locomotion direction 93,
as indicated in Figures 1 and 5. As shown in Figure 4,
the high-resolution regions 91a, 91b encloses a smaller
angle with the principal locomotion direction 93 than the
low-resolution regions 92a, 92b. The low-resolution re-
gions 92a, 92b can be located laterally from the motor
vehicle 100.

[0665] In this embodiment, it is also possible that the
regions 91a, 91b, 92a, 92b overlap at least partially, i.e.
the high-resolution regions 91a, 91b could be located at
least partially within the low-resolution regions 92a, 92b.
The high-resolution regions 91a, 91b are smaller than
the low-resolution regions 92, 92b. The high-resolution
regions 91a, 91b and the low-resolution regions 92, 92b
are scanned line by line, i.e., the scanning in performed
in the horizontal along a line and after scanning one line,
a subsequent line above or below is scanned.

[0066] Theregions91a,91b,92a,92b canbe scanned
in the same direction. For example, the low-resolution
region 92a, 92b is scanned with a movement of the at
least one scanning device 15, 15a, 15b in a certain di-
rection. If the scanning device 15, 15a, 15b moves to the
high-resolution region 91a, 91b so that the light beam 3
is directed towards the high-resolution region 91a, 91b,
the direction of the movement of the scanning device 15,
15a, 15b can be maintained for scanning the high-resc-
lution region 91a, 91b. After scanning the high-resolution
region 91a, 91b, the direction of the movement of the
scanning device 15, 15a, 15b can change according to
the scanning pattern 95a, 95b. However, the high-reso-
lution region 91a, 91b may also be scanned in one direc-
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tion in a first high-resolution sub-region 91a and in a dif-
ferent direction in a second high-resolution sub-region
91b.

[0067] The high-resolution regions 91a, 91b could be
scanned by a scanning device 15a different than the
scanning device 15b scanning the low-resclution regions
92a, 92b. Itis also possible that a different scanning de-
vice 15a, 15b is provided for any of the regions 91a, 91b,
92a, 92b, or a single scanning device 15 is adapted to
scan all regions 91a, 91b, 92a, 92b.

[0068] The atleast one scanning device 15, 15a, 15b
can be a double resolution scanning device that is adapt-
ed to scan regions 91a, 91b, 92a, 92b with at least two
different resolutions. The double high-resolution regions
91a, 91b and/or the double low-resolution regions 92a,
92b are an example and not required. The number of
adjacent regions 91a, 91b, 92a, 92b is for example two,
but more than two is possible.

[0069] Atleast two regions 91a, 91b, 92a, 92b can be
aligned. For example, as shown in Figure 4, the high-
resolution regions 91a, 91b are aligned vertically and the
low-resolution regions 92a, 92b are aligned horizontally.
The central zone, i.e., the high-resolution region 91a,
91b, can be illuminated by the light beam 3 entering in
an angle from below and above. The wide zone, i.e., the
low-resolution region 92a, 92b, is preferably served by
two light beams 3 entering from the left and the right as
shown in Figure 4.

[0070] Figure 5 shows a lidar system 1 mounted on a
motor vehicle 100 with a plurality of emitting units 25
mounted on the motor vehicle 100. Figure 5 is a top view
of the motor vehicle 100 and the front of the vehicle 100
corresponds to the part of the vehicle 100 pointing in a
principal locomotion direction 93.

[0071] According to the shown embodiment, the lidar
system 1 comprises a light source 2 adapted to generate
a light beam 3 (not shown in the Figure) and to feed the
emitting units 25 with light. The emitting units 25 are pref-
erably fed by the light source 2 via fiber bundles 51. The
light source 2 feeds a plurality of fiber bundles 51 with
light. The fiber bundles 51 transmit the light received from
the light source 2 towards an emitting unit 25 each,
whereby each emitting unit 25 emits a light beam 3 (not
depicted in Figure 5), where it is understood that each
emitting unit 25 corresponds to an optical fiber or fiber
bundle 51. The light source 2 can be enclosed in a casing
272, preferably separate from any of the emitting units 25.
[0072] Itis also possible that the vision system 1 com-
prises a plurality of light sources 2, wherein each light
source 2 is adapted to feed at least one of the emitting
units 25 with light.

[0073] In Figure 5, the light sensing and/or receiving
units 26 are not depicted for clarity. It is possible to mount
each emitting unit 25 and the corresponding end of the
corresponding fiber / fiber bundle 51 in a corresponding
receiving unit 26 to form an optical unit 22 which is adapt-
ed to emit and receive light as shown in Figures 2 and
3, except the light source 2 is preferably separately ar-
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ranged in the casing 272. It is also possible to arrange
receiving units 26 independently of any emitting unit 25.
[0074] Each emitting unit 25 comprises at least one
light scanning device 15, 15a, 15b. The light beams 3
are deflected by a scanning device 15 and/or a plurality
of scanning devices 15a, 15b as described above with
reference to Figures 2 to 4.

[0075] In Figure 5, one emitting unit 25 is mounted in
the front part and directed towards the front of the motor
vehicle 100 in the principal locomotion direction 93, two
emitting units 25 are mounted at the left and right and
directed towards the left and right, respectively, and one
emitting unit 25 is mounted in the back part and directed
towards the back. Each emitting unit 25 on the left or the
right can be directed and/or oriented in different direc-
tions to allow a wider combined field of view 90.

[0076] As shownin Figure 5, the emitting unit 25 in the
front of the motor vehicle comprises a high-resolution
scanning device 15a. The emitting units 26 at the left,
right, and back of the vehicle comprise a low-resolution
scanning device 15b. Each emitting unit 25 comprises a
separate enclosure 270, 271. The high-resolution scan-
ning device 15a is enclosed in a first enclosure 270 and
the low-resolution scanning device 15b is enclosed in a
second enclosure 271 separate from said first enclosure
270 and/or separate from the casing 272 of the light
source 2. As shown in Figure 3, it is possible to arrange
a plurality of scanning devices 15a, 15b within a common
housing 27.

[0077] InFigure 5, each emitting unit 25 defines and/or
determines a scanned region 91a, 91b, 92a, 92b which
are comprised in the field of view 90. The regions 91a,
91b, 92a, 92b can overlap, but the regions 91a, 91b, 92a,
92b can also be nonoverlapping. The size of any of the
regions 91a, 91b, 92a, 92b is defined by the at least one
scanning device 15, 15a, 15b and/or the emitting unit 25.
[0078] The sizes ofthe regions 91a, 91b, 92a, 92b are
preferably different in a specific manner. However, the
size of any two regions 91a, 91b, 92a, 92b could equal
each other. Asmallerregion, e.g. a high-resolution region
91a, 91b preferably directed towards the principal loco-
motion direction 93, corresponds to a narrower field of
view 90 but allows an advantageous angular resolution,
a larger range of measurement and/or sampling rate as
alargerregion, e.g. a low-resolution region 92a, 92b pref-
erably directed towards the left, right and/or back of the
motor vehicle 100. This is particularly important in the
principal locomotion direction 20 of the vehicle 100 in
which the velocity is typically larger than in other direc-
tions. The results of different imaging modalities may be
combined in the interest of the performance of the overall
lidar system 1.

[0079] The plurality of emitting units 25 allows covering
a wide field of view 90, up to 360° around the vehicle
100. An example of an automotive application could con-
sider different specifications for front, rear, and/or side
views. It is also possible that a lidar system 1 comprises
a minimum of two scanning devices 15a, 15b adapted to
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deflect and/or sent the light beam 3 and/or a plurality of
light beamsin different directions. The scanning direction
and the relative orientation of the multiple scanning re-
gions 91a, 91b, 92a, 92b could be variable.

[0080] In another embodiment, at least one additional
beam splitter can be arranged in the optical path of one
ormore of the light beams 3. For example, to feed a group
of emitting units 25, a single light beam 3 could be direct-
ed by an optical fiber 51 towards the group of emitting
units 25, where the light beam 3 is split and the split por-
tions of the light beam 3 are guided to the emitting units
25 to be emitted into the environment 5.

[0081] When a larger range is required for an emitting
unit 25 to observe the environment 5 far apart, several
optical fibers 51 and/or fiber-optic units can be bundled
together to enable a higher peak power of the light beam
3. For example, if more range is required in principal lo-
comotion direction 93, two or more laser bundles can be
combined into the same emitting unit 25 to emit two or
more times the power of a single laser beam. To adjust
the field of view, the range, the spatial resolution and/or
other technical details, the specifications of the light
beams 3 may not be equivalent for each light beam 3
emitted by an emitting unit 25.

[0082] In other words, the implementation of the mul-
tiple sensor approach to acquire data of the full surround-
ing shown in Figure 5 can have six emitting units 25 each
of which covering an angle in the range up to 120°, pref-
erably at least 15°, so that the total field of view defined
by the composition of the fields of view of the individual
emitting units 25 adds up to 360°. The fields of view of
each two of the emitting units 25 can overlap to ensure
areliable coverage of the overall 360° field of view and/or
to enable image merging in the data processing device
19. ltis also possible to cover a smaller total field of view,
preferably 60°, more preferably 90°, even more prefera-
bly 120° and most preferably 180°. For example, it could
be advantageous to acquire data in the front of a vehicle
100 when the vehicle 100 moves forward and in the back
when the vehicle 100 moves backwards. In one embod-
iment, a combined scanner could be a multiple scanning
device 15a, 15b comprising multiple scanning heads in
different emitting units 25.

[0083] The scanning pattern 95a, 95b as shown in Fig-
ure 4 could be applied in the front of the motor vehicle
100. The emitting unit 25 at the front of the motor vehicle
100 can be adapted to scan the high-resolution regions
91a, 91b in front of the motor vehicle 100 and/or two of
the emitting units 25 directed to the left and right of the
motor vehicle 100 can be adapted to scan the low-reso-
lution regions 92a, 92b lateral from the motor vehicle 100.
[0084] Preferably, one emitting units 25 and/or low-
resolution scanning devices 15 is arranged at each side
ofthe vehicle 100, i.e. at the left and the right of the motor
vehicle 100. In this embodiment, the two emitting units
25 and/or low-resolution scanning devices 15 are pref-
erably of the same type.
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Claims

1. Alidar system (1) for a motor vehicle (100) compris-
ing

- at least one laser light source (2) adapted to
generate a light beam (3) which is directed to at
least one scanning device (15; 15a, 15b),

- wherein the at least one scanning device (15;
15a, 15b) is adapted to scan a field of view (90)
by deflecting the light beam (3) to a scanned
surface (4) in the environment (5) of the vehicle
(100) along one of a plurality of scanning direc-
tions;

- atleast one light sensing device (8a, 8b) adapt-
ed to sense light which is incident on said light
sensing device (8); and

- a data processing device (19);

characterized in that

- said at least one scanning device (15; 15a,
15b) is adapted to scan different regions (91a,
91b, 92a, 92b) of said field of view (90) with dif-
ferent resolutions.

2. The lidar system (1) as claimed in claim 1, charac-
terized in that

- said regions (91a, 91b, 92a, 92b) comprise at
least one high-resolution region (91a, 91b) and
at least one low-resolution region (92a, 92b).

3. The lidar system (1) as claimed in claim 2, charac-
terized in that

- the low-resolution region (92a, 92b) is at least
as large as the high-resolutionregion (91a, 91b).

4. Thelidar system (1) as claimed in claim 2 or 3, char-
acterized in that

- the atleast one scanning device (15; 15a, 15b)
is arranged to locate the high-resolution region
(91a, 91b) in the principal locomotion direction
(93) of the motor vehicle (100), and/or

- the atleast one scanning device (15; 15a, 15b)
is arranged to locate the low-resolution regions
(92a, 92b) laterally from the principal locomotion
direction (93) of the motor vehicle (100).

5. The lidar system (1) as claimed in any one of the
preceding claims, characterized in that

- a single scanning device (15) is adapted to
scan said different regions (91a, 91b, 92a, 92b)
of said field of view (90) with different resolu-
tions.
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The lidar system (1) as claimed in any one of claims
1 to 4, characterized in that

- afirstscanning device (15a) is adapted to scan
at least a first region (91a, 91b) with a first res-
olution and a second scanning device (15b) is
adapted to scan at least a second region (92a,
92b) with a second resolution different from said
first resolution.

The lidar system (1) as claimed in claim 6, charac-
terized in that

- the first and second scanning devices (15a,
15b) comprise at least a high-resolution scan-
ning device (15a) and at least a low-resolution
scanning device (15b).

The lidar system (1) as claimed in claim 6 or 7, char-
acterized in that

- the first scanning device (15a) is enclosed in
afirstenclosure (270) and the second scanning
device (15b) is enclosed in a second enclosure
(271) separate from said first enclosure (270).

The lidar system (1) as claimed in claim 6 or 7, char-
acterized in that

- the first scanning device (15a) and the second
scanning device (15b) are enclosed in a com-
mon housing (27).

The lidar system (1) as claimed in any one of the
preceding claims, characterized in that said differ-
ent regions (91a, 91b, 92a, 92b) are arranged adja-
cent to each other.

The lidar system (1) as claimed in any one of the
preceding claims, characterized in that

- the atleast one scanning device (15; 15a, 15b)
is adapted to perform horizontal, vertical and/or
oblique scanning.

The lidar system (1) as claimed in any one of the
preceding claims, characterized in that

- the lidar system (1) comprises at least one light
deflection device (6); wherein

- the atleast one light deflection device (6) com-
prises an array of light deflection elements (7),
wherein the orientation of each light deflection
element(7)is switchable between at least a first
orientation and a second orientation, to redirect
alightbeam (18a, 18b) which is incident on said
light deflection element (7) from the scanned
surface (4) in at least a first deflection direction

10

15

20

25

30

35

40

45

50

55

10

(9) corresponding to the first orientation ora sec-
ond deflection direction (17) corresponding to
the second orientation; and

- the light sensing device (8a) is adapted to
sense a light beam (18a) which is redirected in
the first deflection direction (9).

13. Motor vehicle (100) comprising a lidar system (1)

according to any of the preceding claims.

14. Alidar method for a motor vehicle (100) comprising

- generating at least one light beam (3) and di-
recting said light beam (3) to at least one scan-
ning device;

- scanning the field of view (90) by deflecting the
light beam (3) to a scanned surface (4) in the
environment (5) of the vehicle (100) along one
of a plurality of scanning directions, and

- sensing light which is incident on a light sensi-
tive surface of at least one light sensing device
(8), characterized in that

- scanning different regions (91a, 91b, 92a, 92b)
of said field of view (90) with different resolu-
tions.
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