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DETECTION SYSTEM WITH REFLECTIVE
MEMBER ILLUMINATED FROM MULTIPLE SIDES

FIELD OF THE INVENTION

[0001] The subject disclosure relates to object detection and more particularly to

detection systems for vehicles using rotating reflective members.

BACKGROUND OF THE INVENTION

[0002] Vehicles often include detection systems which can be used for collision
avoidance, self-driving, cruise control, and the like. For an effective detection system, it is
important to combine a wide field of in both the horizontal and vertical direction with long range
and high resolution. However, limited space and cost considerations can often limit the range
and/or resolution of a detection system. Further, an individual vehicle can have limited space for
placing the components of detection systems and an excessive amount of components can be

unappealing esthetically.

SUMMARY OF THE INVENTION

[0003] In light of the needs described above, in at least one aspect, there is a need for a
compact and cost effective vehicle detection system that has a large field of view, long range,

and high resolution in a compact detection system.

[0004] In at least one aspect, the subject technology relates to a detection system for a
vehicle in an environment. The detection system includes at least one reflective member having a
rotational axis and a plurality of reflective sides, each of the reflective sides sloping towards the
rotational axis at a slope angle different than the slope angle of at least one of the others of the
reflective sides. The detection system also has a plurality of LIDAR systems including at least
one light transmitter and at least one light receiver, each LiIDAR system interacting with a

different one of the reflective sides to scan the environment.

[0005] In at least one aspect, the subject technology relates to a detection system for a
vehicle in an environment. The detection system includes a reflective member having a rotational

axis and a plurality of reflective sides, each of the reflective sides sloping towards the rotational
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axis at a slope angle different than the slope angle of at least one of the others of the reflective
sides. Further, a first LIDAR system has at least one first light transmitter and at least one first
light receiver, the first LIDAR system configured to interact with a first active side of the
plurality of reflective sides. A second LiDAR system has at least one second light transmitter and
at least one second light receiver, the second LiDAR system configured to interact with a second
active side of the plurality of reflective sides. An actuator configured to rotate the reflective
member to change the first active reflective side to a first different one of the plurality of
reflective sides and to change the second active reflective side to a different one of the plurality

of reflective sides.

[0006] In some embodiments, the first LIDAR system is configured to interact with the
first active side to scan, in azimuth, a first zone and a second zone, the first zone being at least
partially to a first side of the vehicle and the second zone being at least partially in front of the
vehicle. Further, the second LiDAR system is configured to interact with the second active side
to scan, in azimuth, the second zone and a third zone, the third zone being at least partially to a
second side of the vehicle. The vehicle can include a windshield having an upper portion, a
central portion, and a lower portion, and the reflective member can be positioned proximate to
the upper portion. In some cases, the first LIDAR system and the second LiDAR system are
positioned proximate to the upper portion. A first upper reflective mirror can be coupled to the
upper portion of the windshield. A first lower reflective mirror can be offset from the windshield.
The first upper reflective mirror can direct a field of view of the first LIDAR system between the
reflective member and first lower reflective mirror. The first lower reflective mirror can direct
the field of view of the first LIDAR system between the first upper reflective mirror and the
environment. In some cases, a second upper reflective mirror coupled to the upper portion of the
windshield and a second lower reflective mirror offset from the windshield. The second upper
reflective mirror can direct a field of view of the second LiDAR system between the second
upper reflective mirror and the second lower reflective mirror. Further, the second lower
reflective mirror directs the field of view of the second LiDAR system between the second upper

reflective mirror and the environment.

[0007] In some embodiments, the system can also include an upper reflective mirror

coupled, and parallel, to the upper portion of the windshield. A lower reflective mirror can be
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coupled to, and offset from, the windshield. Further, the upper reflective mirror can direct a field
of view of the first and second LiDAR systems between the reflective member and the lower
reflective mirror. The lower reflective mirror can then direct the field of view of the first and
second LiDAR systems between the upper reflective mirror and the environment. In some
embodiments, the light transmitters of the first LIDAR system and the second LiDAR system
transmit p-polarized light beams, the lower reflective mirror directing the light beams from the
first and second LiDAR systems to pass through the windshield. The light beams from the first
LiDAR system and the second LiDAR system can be directed through the windshield within 10
degrees of a Brewster angle for the windshield. In some cases, a prism is positioned on an inside
of the upper portion of the windshield, the prism configured to direct p-polarized transmitted
light beams from at least one of the first and second LiDAR systems through the windshield and
into the environment. The prism can also be configured such that the transmitted light beams are

directed through the windshield within 10 degrees of a Brewster angle for the windshield.

[0008] In some embodiments, the slope of each reflective side differs incrementally by
between 2 and 8 degrees. In other cases, the slope of each reflective side differs incrementally by
between .2 and .4 degrees. In some embodiments, the slope of each reflective side differs from
the slope of one directly adjacent reflective sides by substantially the same degree. In some

cases, the reflective member includes 5 or 6 reflective sides.

[0009] In some embodiments, the at least one first light transmitter includes an array of
light transmitters configured to transmit light beams to the first active side in a column parallel to
the rotational axis. In some cases, the slope angle of each of the reflective sides is different than

the slope angle of each of the others of the reflective sides.

[0010] In at least one aspect, the subject technology relates to a detection system for a
vehicle in an environment. The system includes a first reflective member having a first rotational
axis, the first reflective member having a plurality of reflective sides, each of the reflective sides
sloping towards the first rotational axis at a slope angle different than the slope angle of at least
one of the others of the reflective sides of the first reflective member. A second reflective
member has a second rotational axis offset from the first rotational axis, the second reflective

member having a plurality of reflective sides, each of the reflective sides sloping towards the
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second rotational axis at a slope angle different than the slope angle of at least one of the others
of the reflective sides of the second reflective member. The system includes a first LIDAR
system with at least one first light transmitter and at least one first light receiver, the first LIDAR
system configured to interact with an active side of the plurality of reflective sides of the first
reflective member. The system also includes a second LiDAR system with at least one second
light transmitter and at least one second light receiver, the second LiDAR system configured to
interact with an active side of the plurality of reflective sides of the second reflective member. At
least one actuator is configured to rotate the reflective members to change the active reflective

side of each reflective member to a different one of the plurality of reflective sides.

[0011] In some embodiments, the first LIDAR system is positioned on a first half of the
vehicle and the second LiDAR system is positioned on a second half of the vehicle. The first
LiDAR system can be positioned proximate to a first headlight of the vehicle and the second
LiDAR system can be positioned proximate to a second headlight of the vehicle. In some cases,
the first LIDAR system is configured to interact with the active side of the first reflective
member to scan, in azimuth, a first zone and a second zone, the first zone being to the first side
of the vehicle and the second zone being in front of the vehicle. In some embodiments, the
second LiDAR system is configured to interact with the active side of the second reflective
member to scan, in azimuth, the second zone and a third zone, the third zone being at least
partially to the second side of the vehicle. Additionally, the first LIDAR system and the second

LiDAR system can have an overlapping field of view in the second zone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that those having ordinary skill in the art to which the disclosed system
pertains will more readily understand how to make and use the same, reference may be had to the

following drawings.

[0013] FIG. 1 is an overhead view of a detection system for a vehicle in accordance with

the subject technology.

[0014] FIG. 2 is a perspective view of a reflective member for a detection system for a

vehicle in accordance with the subject technology.
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[0015] FIG. 3 is an overhead graph of an exemplary field of view of a detection system for a

vehicle in accordance with the subject technology.

[0016] FIG. 4a is a perspective view of select components of an embodiment of a

detection system in accordance with the subject technology

[0017] FIG. 4b is a side view of a system, similar to the system of FIG. 4a in a first

position.
[0018] FIG. 4c is a side view of the system of FIG. 4b in a second position.

[0019] FIG. 4d is a side view of select components of an embodiment of a detection

system in accordance with the subject technology in a first position.
[0020] FIG. 4e is a side view of the system of FIG. 4d in a second position.

[0021] FIG. Sa is an overhead view of a detection system for a vehicle in accordance

with the subject technology including graph lines showing field of view.
[0022] FIG. 5b is a side view of a LIDAR system of the detection system of FIG. 5a.

[0023] FIG. 6 is a graph of an exemplary scan pattern of a detection system in

accordance with the subject technology.

[0024] FIG. 7a is an exemplary graph showing angles of the reflective member and light
transmitters between two different corresponding detection systems and the environment, over

time.

[0025] FIG. 7b is an exemplary graph showing angles of the reflective member and light
transmitters between two different corresponding detection systems and the environment, over

time.

[0026] FIG. 8 is an overhead view of a vehicle having a detection system with two

separate LIDAR systems for a vehicle in accordance with the subject technology.
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[0027] FIG. 9 is a graph of an exemplary scan pattern produced by the detection system
of FIG. 8.

[0028] FIG. 10 is a front view of the vehicle of FIG. 8 showing a simplified version of
the exemplary scan pattern of FIG. 9.

[0029] FIG. 11ais an overhead view of an exemplary reflective member in accordance

with the subject technology.

[0030] FIG. 11b is a side view showing exemplary scan zones produced by the reflective

member of FIG. 11a.

[0031] FIG. 12a is an overhead view of an exemplary reflective member in accordance

with the subject technology.

[0032] FIG. 12b is a side view showing exemplary scan zones produced by the reflective

member of FIG. 12a.

DETAILED DESCRIPTION

[0033] The subject technology overcomes many of the prior art problems associated with
vehicle detection systems. In brief summary, the subject technology provides a detection system
that combines rotating at least one reflective member which interacts with a plurality of offset
LiDAR arrays to yield a good field of view and good range and resolution. The advantages, and
other features of the systems and methods disclosed herein, will become more readily apparent to
those having ordinary skill in the art from the following detailed description of certain preferred
embodiments taken in conjunction with the drawings which set forth representative embodiments
of the present invention. Like reference numerals are used herein to denote like parts. Further,

2

words denoting orientation such as “upper”, “lower”, “distal”, and “proximate” are merely used
to help describe the location of components with respect to one another. For example, an “upper”
surface of a part is merely meant to describe a surface that is separate from the “lower” surface
of that same part. No words denoting orientation are used to describe an absolute orientation (i.e.

where an “upper” part must always be on top). Further, similar components in separate systems
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are at times referred to herein with suffixes to denote their particular system (i.e. 104a and 104b)

while all components of a given type are referred to generally without a suffix (i.e. 104).

[0034] Referring now to FIG. 1, a detection system for a vehicle in accordance with the
subject technology is shown generally at 100. The detection system 100 can be mounted on or
within a vehicle (not distinctly shown) and can be used generally to gather information and
generate data on the surrounding environment. The detection system 100 includes a reflecting
member 102 which interacts with two separate LIDAR systems 104a, 104b to view objects in the
environment around the vehicle. Each LiDAR system 104 includes the necessary components for
target detection using LiDAR as are found in typical LIDAR systems known in the art. Some such
components are omitted herein for simplicity. In the embodiment of FIG. 1, each LiDAR system
104a, 104b has a detector array 106 with light transmitter arrays 108a, 108b and light receivers 110a,
110b, beam splitters 112a, 112b, and lenses 115a, 115b, as discussed in more detail below. Each
light transmitter 108a, 108b array is configured to transmit a one or more corresponding light beams
116a, 116b. The light transmitters 108 can include laser diodes configured to generate pulsed lasers
or light beams 116 for reflection off objects within the environment, or other similar known
transmitter for a LIDAR system 104. It should be noted that while two separate LIDAR systems
104a, 104b are provided, these systems 104 are separate in that they can individually illuminate a
portion of the environment and generate LiDAR data. However, as shown in FIG. 1, they are part of
the same detection system 100 and therefore information from both LiDAR systems 104 can be
provided into the detection system 100 to make a final determination of the position of objects within

the environment.

[0035] The light receivers 110a, 110b of each LiDAR system 104a, 104b are configured to
receive the light from respective light beams 116a, 116b after the beams 116 have reflected off an
object within the environment. The light receivers 110 are optical detection devices, or sensors, as are
known for detecting light in LIDAR systems. In some cases, only one light receiver 110 is used.
However the embodiments shown relate to light receivers 110 arranged in a column or array. In some
cases each light receiver 110 can be arranged to correspond to one other light transmitter with the
array of light transmitters 108. In such a case, the receiver 110 receives a light beam 116 from the
corresponding light transmitter in the after the light beam 116 has reflected off an object in the

environment. After receipt by the receivers 110, reflected light beams 116 are converted into
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electrical signals. Processing circuitry (not distinctly shown) then processes and stores data related to
the objects within the environment based on the electrical signals. In particular, the LIDAR systems

104 generates 3D range data on objects within the environment surrounding the vehicle.

[0036] The detection system 100 includes a single reflective member 102 which is shared by
both LiDAR systems 104, and facilitates interaction between the LIDAR systems 104 and the
environment. The reflective member 102 has a plurality of reflective sides 114a-e formed from
reflective metal (or other reflective material). The reflective sides 114 deflect light beams 116 from
the light transmitter arrays 108 into the environment. Similarly, after the transmitter light beams 116
reflect oft objects into the environment, the reflective member 102 deflects the returning light beams
back towards the LiDAR systems 104 for eventual receipt by the receivers 110. An actuator (not
distinctly shown), such as a shaft and motor assembly or brushless motor inside the reflective
member 102, rotates the reflective member 102 around a rotational axis 113 to change the field of
view of the LIDAR systems 104. In particular, the reflective sides 114 of the reflective member 102
slope in the direction of the z-axis and slope towards the rotational axis 113 of the reflective member
102 (which is parallel to the z axis). Each reflective side 114 slopes at a different angle than the
others of the reflective sides 114 such that the LIDAR system 104 canvases a different field of view
when reflecting off each of the reflective sides 114. Notably, in other embodiments, each reflective

side 114 slopes at a slope angle different than one, but not all, of the other reflective sides 114.

[0037] Notably, the terms “lens” or “lenses” are used throughout and it should be understood
that each lens 115 may have several pieces of glass of differing shapes, thickness, and/or curvature.
The term “lens” is not limited to a single piece of glass. In general, the lens 115 acts as a collimating

lenses to orient the transmitted (and returning) light beams 116.

[0038] The beam splitters 112 can be one of the many types of known beam splitters, such as
wavelength dependent or polarized. Whether the light is reflected or allowed to pass through the
beam splitters 112 can be based on a certain property of the light, such as wavelength. In other cases,
the beam splitters 112 can simply reflect a portion of all light that hits it while allowing a portion of
the light to pass through. In general, the beam splitters 112 are arranged to maximize the amount of
outgoing light that is allowed to pass from light beams 116 from the light transmitters 108 while also

maximizing the amount of returning light that is deflected to the receivers 110.



WO 2019/067534 PCT/US2018/052849

[0039] Still referring to FIG. 1, employing multiple LIDAR systems 104 ensures that
multiple different sides 114 of the reflective member 102 are simultaneously illuminated, providing
the detection system 100 with real time feedback at different areas of the environment in both
azimuth and elevation directions. Additionally, each LiDAR system 104 is positioned and/or angled
to scan a different area of the surrounding environment in azimuth (as well as in elevation if so
desired), as shown and discussed in more detail below. Therefore providing two LiDAR systems 104
acting on a single reflective member 102 allows for greater field of view of the detection system 100
without requiring additional reflective members 102 located at different areas of the vehicle and
actuated with multiple motors. This makes the system 100 cost efficient while not taking up valuable

space on the vehicle.

[0040] Referring now to FIG. 2, a perspective view of a reflective member 202 is shown,
the other components of the corresponding detection system having been omitted for simplicity.
The reflective member 202 can function within a detection system similar to the reflective
member 102 discussed above. In the embodiment of FIG. 2, the reflective member 202 has four
sides 214, although only a first side 214a and second side 214b are shown. Each of the sides 214,
including the sides 214 not shown, extend from the wide end 222a of the reflective member 202
to the narrow end 222b, sloping towards the rotational axis 213. An actuator (not shown) rotates
the reflective member 202 around the rotational axis 213, changing the field of view of light
transmitters interacting with the sides 214 and causing each of the sides 214 to interact with
different LIDAR systems with different sets of light transmitters in turn. It should be noted that
the four sided reflective member 202, is exemplary only, and in different embodiments reflective
members can have other numbers of sides, such as five or six sides. Further, the top and bottom
sides need not be narrow and wide specifically (i.e. like wide end 222a and narrow end 222b), as
with the reflective member 202. In other embodiments, both ends 222a, 222b can be of a similar

width.

[0041] Referring now to FIG. 3, an overhead view of a graph 324 depicting an exemplary
azimuth field of view of a detection system configured in accordance with the detection system 100
is shown. In general, as a LIDAR system scans the zones within the environment, the field of views
shown herein are generated. The vehicle 326 is represented in block form at the center of the graph

324, the surrounding area 330 representing the surrounding environment. A first azimuth field of
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view 328a is depicted, representing the field of view of the first LIDAR system 104a. A second
azimuth field of view 328b represents the field of view of the second LiDAR system 104b. In the
example given in FIG. 3, it is assumed that the detection system 100 is located on the front of the
vehicle 326, with the first LIDAR system 104a on the left side and the second LiDAR system 104b
on the right side. However, the detection system 100 and LiDAR systems 104 can be arranged
virtually anywhere on the vehicle 326 in other embodiments to focus on a desired field of view. The
first field of view 328a and the second field of view 328b provide an overlapping field of view at a
central scanning area 332b. This results in the detection system 100 having the greatest resolution
directly in front of the vehicle 326. The first LIDAR system 104a positioned on the left also
exclusively scans a left scanning area 332a while the second LiDAR system 104b positioned on the
right exclusively scans a right scanning area 332c. In this way, the outer scanning areas 332a, 332¢
provide an increased field of view for the detection system, while the central area 332b allows for
improved resolution in the area of greatest concern (the central areas 332b being scanned by both
LiDAR systems 104a, 104b). Overall, the system 100 provides greater than 120 degree coverage in
the azimuth direction. Notably, adding more sides to the reflective member 102 can increase the
vertical resolution but reduce horizontal field of view. In some cases, a 5-6 sided reflective member

102 has been found to provide an effective balance of resolution and field of view.

[0042] Referring now to FIGs. 4a-4e, exemplary embodiments of a detection system 400,
similar to the detection system 100 are shown. In particular, FIG. 4a shows a perspective view of the
detection system 400 with a reflective member 402 positioned proximate to an upper portion of the
windshield 440. FIGs. 4b-4c¢ show side views of an embodiment where the detection system 400
incorporates reflective mirrors 434 to direct the transmitted light beams 416 out of the windshield
440 and into the environment. On the other hand, FIGs. 4d-4e show side views of an embodiment
where the detection system 400 incorporates prisms 436 to deflect the transmitted light beams 416
out of the windshield 440 and into the environment. Notably, as used herein, the “upper portion of
the windshield 440” describes the topmost portion of the windshield 440 with respect to the
windshield’s 440 normal orientation to the ground, as opposed to a lower portion or a central portion.
Specifically, the upper portion generally includes the top third of the windshield 440. It should be
understood that whenever components are described as proximate to the upper portion of the
windshield 440, they can be positioned next to the upper portion of the windshield 440 such that they

interact with that portion of the windshield 440. For example, when the reflective member 402 is

10
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proximate to the upper portion of the windshield 440, the reflective member 402 can be fixed to a
ceiling of the vehicle, such that the reflective member 402 is at a shared elevation with the topmost

portion of the windshield 440 (or the upper portion).

[0043] Referring now to FIG. 4a, a reflective member 402 for the detection system 400
contains a number of reflective sides 414 (specifically 6, in this case) and deflects transmitted light
beams 416 from a first array of light transmitters 408a and a second array of light transmitters 408b
through the windshield and into the surrounding environment. The reflective member 402 is
positioned proximate to the upper portion of the windshield 440. The detection 400 also includes two
LiDAR systems which are positioned proximate to the upper portion of the windshield 440, although
for simplicity, only the light transmitters 408 from each of the LiDAR systems are shown. An
actuator rotates the reflective member 402 which changes the angle of transmitted light beams 416
(and returning light beams) by changing which reflective side is active, changing the field of view of
each corresponding LiDAR system. In some cases, two sides of the reflective member can have very
large angles, such as substantially 10 degrees with respect to an origin angle, to obtain a wide field of
view. Meanwhile, the other four sides can have relatively smaller slopes of, for example,
substantially two degrees with respect to each other and/or with respect to the origin angle, to obtain
more detailed information in the directly in front of the vehicle. The variation of these angles, which
is described in more detail below, is directly related to the resulting field of view of the detection

system.

[0044] Referring now to FIGs. 4b-4c, a side view of the system 400 of FIG. 4a is shown
which incorporates reflective mirrors 434a, 434b. The upper reflective mirror 434a is coupled
directly to the upper portion of the windshield 440, while the lower reflective mirror 434b is adjacent
to, but offset from, the upper portion of the windshield 440. The transmitted light beams 416 deflect
off the reflective member 402 and then deflect off the upper reflective mirror 434a initially, which
directs the light beams 416 towards the lower reflective mirror 434b. In this way, the upper reflective
mirror 434a directs the field of view of the LIDAR systems between the reflective member 402 and
the lower reflective mirror 434b. The light beams 416 then deflect off the lower reflective mirror
434b, the majority of the light beams 416 then pass directly through the windshield 440 and into the
environment. As such, the lower reflective member 434b directs the field of view of the LIDAR

systems between the upper reflective mirror 434a and the environment. As the reflective member 402

11
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rotates, different active reflective sides 412 of different slopes interact with each LiDAR system, and
their field of view is changed. This different can be seen in comparing FIG. 4b versus FIG. 4¢ which
show the reflective member 402 in different rotational positions with different active reflective sides
interacting with each system. This can be seen by the different angles and positions at which the
transmitted light beams 416 pass through the windshield and into the environment, as between FIG.

4b and FIG. 4c.

[0045] In some cases, the upper reflective member 434a and lower reflective member 434b
can be configured to direct the light beams 416 through the windshield 440 at an angle that
minimizes reflection loss. In the example shown, this is done by orienting the upper reflective mirror
434a at an angle of substantially 25 degrees (i.e. +/- 10%) with respect to the y-axis, the y-axis
typically running parallel to the ground. The lower reflective mirror 434b is then placed parallel to,
and offset from, the upper reflective mirror 434a, and adjusted until the majority of the light beams
416 passing through the windshield with low reflection losses. In some embodiments, reflection loss
can be minimized by including light transmitters 408 which transmit p-polarized light beams 416
and/or configuring the mirrors 434 such that the light beams 416 are transmitted through the
windshield 440 within 10 degrees of the Brewster’s angle for the windshield 440.

[0046] Notably, in some embodiments, the system 400 can include two separate upper
reflective mirrors 434a and two separate lower reflective mirrors 434b, each interacting exclusively
with one of the LIDAR systems. Therefore each LiIDAR system can have a separate upper reflective
mirror 434a and separate lower reflective mirror 434b to direct the respective system’s field of view

with the environment.

[0047] Referring now FIGs. 4d-4e, similarly to the arrangement of system 400 of FIG. 4a is
again shown from a side view, except instead of using upper and lower reflective mirrors 434 of
FIGs. 4b-4c, prism 436 are used. One other difference is that reflective sides of the reflective member
402 are not parallel to the z-axis, but are instead parallel to the windshield (i.e. substantially at an
angle of 25 degrees with respect to the y-axis). FIG. 4d and FIG. 4e (similarly to FIGs. 4b and 4c)
represent two different positions of the reflective member 402. That is, different reflective sides 412

are interacting with each LiDAR system in FIG. 4d as compared to FIG. 4e. As a result, the light

12
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beams 416 are transmitted through the windshield 440 at different angles and at different positions as

shown.

[0048] The prism 436 (or prisms) can be attached to, or even form a part of, the inside of the
upper portion of the windshield 440. Much like the reflective mirrors 434 of FIGs. 4b-4c, the prism
436 can, in some cases, be adjusted such that the transmitted light beams 416 pass through the
windshield 440 substantially at the Brewster’s angle. The prisms 436 additionally (or alternatively)
act to shift the transmitted light beams 416 vertically (down the z-axis) such that the light beams 416
pass through an area of the windshield 440 where the windshield wipers are expected to cover. This

could be in the upper or central region of the windshield 440.

[0049] Referring now to FIGs. Sa-5b, another embodiment of a detection system 500 in
accordance with the subject technology is shown. The system 500 is configured similarly to the
system 100, except as otherwise described herein. The system 500 includes a rotating reflective
member 502 with five reflective sides 514 of different slopes. As with the other systems shown
herein, the differently sloped sides 514 cause the field of view of each LIDAR system 504a, 504b to
change as the reflective member 502 rotates as a result of the light transmitter array 508 interacting
with different active sides 514 of the reflective member 502. Each LiDAR system 504 also includes a
corresponding reflective mirror 546 which is arranged to deflect transmitted light beams 516 from
each LiDAR system 504 towards the reflective member 502. It can be advantageous to have the light
beams 516 from the two LiDAR systems 504 striking sides 514 of the reflective member 502 from a
position that is substantially 180 degrees opposite. Normally, this would require each entire LIDAR
system 504 to be positioned on opposite sides of the reflective member 502. This can be particularly
difficult since the LIDAR systems 504 normally interact with the front most sides of the reflective
member 502 (i.e. the sides closest to the windshield 540) to obtain a field of view of the environment.
Space immediately against or next to the upper most portion of the windshield 540 is limited, and it
may not be practical or desired to place full LIDAR systems 504 in such a space. Therefore, in the
system 500 shown in FIGs. Sa-b the mirrors 546 allow the light to be deflected at the desired area of
the reflective member 502, while the other components of the LIDAR systems 504 (e.g. the
transmitters 508) are set further back in the vehicle (along the y axis) or lower in the vehicle (along

the z axis).

13



WO 2019/067534 PCT/US2018/052849

[0050] Referring to FIG. 5a, the field of view of the first LIDAR system 504a is given by the
graph line 528a while the field of view of the second LiDAR system 504b is given by the graph line
528b. The fields of view 528a, 528b overlap to provide the system 500 with robust resolution around
the center of the vehicle, the center being shown by graph line 542. Overall, the approximate

effective field of view of the system 500 is captured between the graph lines 544.

[0051] Referring to FIG. 5b, a side view of either LIDAR system 504 are shown (the LIDAR
systems 504a, 504b are symmetrical so the side view is representative of either system 504a, 504b).
The system 504 includes an array of LIDAR transmitters 508 arranged in a vertical column extending
along the z-axis. Each LiDAR transmitter in the array 508 transmits a light beam 516 which deflects
off the active reflective side of the reflective member 502 and passes out the windshield 540.
Notably, in FIG. 5b, only one transmitted light beam 516 is shown for simplicity, it being understood
that each transmitter in the array 508 would be transmitting a light beam 516. This arrangement of
components can also be incorporated, in different embodiments, in the other systems described

herein unless otherwise stated.

[0052] Referring now to FIGs. 6-7b graphs of an exemplary detection system in accordance
with the subject technology are shown. In particular, FIG. 6 shows the scan pattern formed by a
detection system with two LiDAR systems, each LiDAR system having 6 light transmitters and
interacting with different active sides of a reflective member. As the reflective member rotates, the 6
light transmitters scan in the azimuth direction based on the rotation of the polygon and in the
elevation direction based on the slope of the reflective member. The transmitted light beams of the
detection system are each represented by a single line on the graph during a particular scan. The x-
axis represents the scan, in azimuth, of each light transmitter as it interacts with a particular side of
the reflective member. Similarly, the y-axis represents the scan in elevation of each light transmitter.
While interacting with a given active side of the reflective member, the 6 light transmitters of a given
LiDAR system run parallel to one another across the azimuth and elevation scan pattern graph of
FIG. 6. Each side of the reflective member has a slope angle different than the slope angles of the
others of the reflective sides. Further, the LIDAR systems are confirmed to overlap at a central
area directly in front of the vehicle to provide more detailed information at the area of greatest

concern.
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[0053] The reflective sides of the reflective member have a small incremental difference
in slope so that as the reflective member rotates the scan pattern shown in FIG. 6 is filled in. As
such, the reflective sides of the reflective member with the greatest slope with respect to the
origin cause a first LIDAR system to scan the upper most portions of the scanned elevation area
(graph lines 617a) as well as the lower most portions of the scanned elevation area (graph lines
617b). Graph lines 623 represent the scanned area when the first LIDAR system interacts with an
active reflective side which is not sloped with respect to the origin. A second LiDAR system,
positioned on the other side of the reflective member, scans on the other side of the vehicle,
overlapping with the first LIDAR system between -20 and 20 degrees in the azimuth scan
direction directly in front of the vehicle. Similar to as described with respect to the first LIDAR
system, the reflective sides of the reflective member with the greatest slope with respect to an
origin cause the second LiDAR system to scan the upper most portions of the scanned elevation
area (graph lines 619a) and the lower most portions of the scanned elevation area (graph lines
619b). Graph lines 621 represent the scanned area when the second LiDAR system interacts with
the active reflective side that is not sloped with respect to the origin. In general, this arrangement
generates a coarse scan over a large vertical and horizontal field-of-view, with more detailed
information near the center. This creates an overall system that optimizes resolution in the area

of most important, while also optimizing range of the system as a whole.

[0054] The relative angles of the reflective sides and light transmitters that generates the
scan pattern of FIG. 6 are shown in the graphs of FIG. 7a-7b. The graphs of FIG. 7a-7b represent
one full scan cycle, which is one full rotation of the reflective member. In FIG. 7a-7b, the
variables shown are defined as follows:

0 = represents the scan angle of the light transmitters of each of the LiDAR systems, as
represented by reference numeral 784a (representing the first LIDAR system) and reference
numeral 784b (representing the second LiDAR system). As can be seen, the angle of the light
transmitters themselves do not change over a given scan pattern.

o = represents the horizontal rotation angle of reflective member relative to each LIDAR
system. The lines labeled 780a-780f show the slopes of the reflective sides with respect to the
first LIDAR system over the course of the scan while the lines labeled 782a-782f show the slopes
of the reflective sides with respect to the second LiDAR system over the course of the scan. Each

separate line 782, 784 shows the change in azimuth scan angle caused by the rotational of the
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reflective member over the course of the LiDAR array’s interaction with that active side. The
entire scan pattern includes the six separate azimuth scans of each system represented by the
interaction with the six separate reflective sides for each system.

B = represents the incoming angle of the lasers for each transmitter from the transmitter
arrays. Each line 786 represents one light transmitter and corresponding transmitted light beam.
As can be seen, the incoming angle of each light transmitter is different from that of the other
light transmitters, but is unchanging over a given scan.

a = represents the slope angle of the active reflective side of the reflective member with
respect to an origin. Each line 787a-787f represents the slope of a separate reflective side. As the
reflective member turns, a different reflective side with a different slope angle becomes active
with respect to each LiDAR system (note that with two separate LIDAR systems there would
actually be two different active reflective sides at any given time). In the example shown, the
first four reflective sides, represented by lines 787a-787d have only small differences in slope,
while the other two reflective sides 787e-787f have large differences in slope. This produces a
scan pattern as can be seen in FIG. 6 with good resolution around boresight 619 as well as wide

overall range.

[0055] Referring now to FIG. 8, an overhead view of a detection system 800 on a vehicle
826 is shown. The detection system 800 is similar to the other systems discussed herein, such as the
detection system 100, except as otherwise mentioned. In particular, the system 800 differs from other
systems discussed herein in that it includes two separate reflective members 802a, 802b, each placed
at a different location on the vehicle 826 which interactive with separate LIDAR systems 804a, 804b.
Similarly to the other reflective members, the reflective members 802 each include a plurality of
reflective sides 814 which differ in slope from at least one of the other reflective sides 814. Since the
reflective members 802 are separated, each reflective member 802 rotates around a separate

rotational axis 813a, 813b.

[0056] Separate LiDAR systems 804a, 804b interact with each reflective member 802.
Notably, many of the components of the individual LiDAR systems 804, are omitted in FIG. 8 for
simplicity. Instead, only an array of LIDAR transmitters 806a, 806b for each system 804a, 804b is
shown directing light beams 816 towards the respective reflective member 802a, 802b. The reflective

member 802 then deflects the light beams 816 off an active reflective side 814 (shown as side 814d
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for reflective member 802a and side 814h for reflective member 802b). After striking an object in the
environment, the returning light beams are received by one or more light receivers within each

LiDAR system 804.

[0057] In the embodiment shown in FIG. 8, the LiDAR systems 804 are placed at different
locations on the vehicle 826 to improve the field of view of the detection system 800 as a whole. As
such, the first LIDAR system 804a is on a first half 850a of the vehicle 826 proximate to a headlight
852a. In the example given, the first half 850a of the vehicle 826 is the left half and the proximate
headlight 852a is the left headlight. Conversely, the second LiDAR system 804b is positioned on the
second half 850b of the vehicle 826 and positioned proximate to a second headlight 852b. The
second half 850b of the vehicle 826 can be the right side of the vehicle 826 and the second headlight
852b can be the right side headlight.

[0058] Referring now to FIGs. 9-10, exemplary scan patterns of the detection system 800 are
shown. The y-axis of the graph 970 shows the area of the environment scanned in elevation while the
x-axis of the graph 970 shows area of the environment scanned in the azimuth. Each cluster of graph
lines 960a-960h represents the scan pattern generated by one light beam 816a from one light
transmitter from the array of light transmitters 806a of the first LIDAR system 804a. Each LiDAR
system 804 of the system 800 includes an array of 8 individual light transmitters. Therefore the 8
clusters 960a-960h represent the path illuminated by each light transmitter in the array 806a during a
scan (i.e. a full rotation of the reflective member 802a). Within each cluster 960, the individual graph
lines are generated as a result of the differently sloped sides 814 of the reflective member 802a. That
is, once an individual light transmitter from the array 806a hits a different side of the reflective
member 802a, the light transmitter is caused to illuminate a slightly different area of the
environment, therefore providing the LIDAR system 804a with a slightly different field of view of
the environment. As can be seen, the full scan pattern forms eight clusters 960, which leave only
small gaps in what is scanned. Therefore substantially all of the environment within the outer
scanning parameters becomes visible to the detection system 800. The second LiDAR system 804b
scans similarly to the LIDAR system 804a, with each light transmitter 806b similarly being
represented by a graph line cluster 962 (the cluster being a function of the scan area of each light

transmitter in the array 806b changing as the reflective member 802b rotates).
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[0059] Ideally, the LIDAR systems 804 can be configured to generate a scan pattern in
accordance with the pattern shown in FIG. 9. In particular, the scan patterns 960, 962 of the first and
second LiDAR systems 804a, 804b overlap in an area 968 central to the vehicle 826. A first upper
zone 966a is scanned exclusively by the first LIDAR system 804a while a second upper zone
966b is scanned exclusively by the second LiDAR system 804b. Similarly a first lower zone
964b is scanned exclusively by the second LiDAR system 804b while a second lower zone 964a
is scanned exclusively by the first LIDAR system 804a. In this way, the detection system 800 has
a maximum resolution around the central area 968, directly in front of, and at an elevation
around, the center of the vehicle 826. Yet the detection system 800 still has field of view of the
upper and lower zones 966, 964. FIG. 10 depicts generally how this scan pattern is formed from

the detection system 800 the vehicle 826 of FIG. 8.

[0060] It is notable that while graph 970 shows the scan patterns of the first and second
LiDAR systems 804a, 804b overlap as they scan the central area 968, the systems 804a, 804b can
also be offset to overlap in different ways. For example, the scan pattern of each system 804a, 804b,
could instead overlap in a portion of one of the lower zones 964a, 964b, or in a portion of one of the
upper zones 966a, 966b. Additionally, the LIDAR systems 804a, 804b could be decoupled so that
there is only a small overlap in azimuth scanning, while the widest areas of the field of view of the

detection system 800 are scanned in azimuth only by one of the LIDAR systems 804a, 804b.

[0061] Referring now to FIGs. 11a, an exemplary overhead view of a reflective member
1102 is shown. The reflective member 1102 can be incorporated within the other detection systems
as discussed herein. Each reflective side 1114 has a slope that differs incrementally from the slope of
the others of the reflective sides 1114. In the example given, adjacent 1114 sides generally have a
slope that differs by 0.3 degrees from most adjacent sides. The reflective member 1102 is six sided,
with each side 1114 having a different slope than all others of the sides. Notably, different numbers
of sides 1114 can be included in different embodiments. Further, the sides 1114 need not have
different slopes from every other side 1114 (although they do in some cases) but they do have a slope
that is different than at least one of the other sides 1114. Further, the slopes of each side 1114 shown
and discussed herein represent only the difference in slope of each side as towards the rotational axis
1113 of the reflective member 1102 with respect to an origin. The origin, however, can itself be at an

angle with respect to the rotational axis 1113. For example, in some cases the origin can be a slope of
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30 or 45 degrees towards the rotational axis 1113, particularly when the related LiDAR transmitters
are positioned at an elevation below the reflective member 1102. Therefore it should be understood
that the slopes given for each side 1114 represent only the relative slopes with respect to the other

sides 1114.

[0062] In general, the reflective sides 1114 difter in slope by substantially 0.3 degrees
between adjacent sides, which is to say between 0.2 and 0.4 degrees. The origin point of the slope of
the reflective sides is represented by the angle denoted “0” (side 1114c, side #3). The angles of the
other sides 1114 with respect to the origin side 1114c are as follows: 1114a has an angle of -0.6
degrees; 1114b has an angle of -0.3; 1114d has an angle of 0.3 degrees; 1114e has an angle of 0.6
degrees; and 1114f has an angle of 0.9 degrees. Therefore between sides 1114a and side 1114f, there
is in incremental slope of 0.3 between the adjacent sides (except for between the side 1114f and side
1114a). This results in a slightly different field of view canvassed by a corresponding LiDAR system

when the system interacts with each reflective side 1114.

[0063] Referring now to FIG. 11b, the scan pattern of the reflective member 1102 is shown.
In particular, the detection system represented in FIG. 11b includes eight separate light transmitters
in an array 1106 in a LIDAR system, the array 1106 arranged in a vertical column. The boxes 1107a-
1107h each represent the light path as the corresponding individual light transmitter 1106a-1106h
from an array. Each light beam from a transmitter 1106 strikes a particular side of the reflective
member 1102, labeled #1-#6. That is, the individual lines shown within each box 1107 show the
area covered by an individual light transmitter from the array 1106 of the LiIDAR system as it
reflects off each of the six reflective sides 1114. The reflective member 1102 being six sided, each
light transmitter takes six different paths as displayed within each box 1107a-1107h, depending on
which side 1114 the transmitter 1106 is striking. The boxes 1170a-1170h represent different areas of
the environment covered by the LiIDAR system as the emitted light beams deflect off a
corresponding active side of the reflective member 1102. The system as arranged results in the path
of each light transmitter 1106 shifting only slightly when it reflects off a different side 1114 of the
reflective member 1102. As a result, the paths of each light transmitter 1106 never cross a path of any
other light transmitter 1106. For example, the paths of the first light transmitter 1106a are all
contained within the first box 1107a to scan a first area of the environment 1170a, and do not overlap

with the paths in the second box 1107b or the second area of the environment 1170b. In this way, the
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exemplary system of FIGs. 11a-11b is arranged such that each light transmitter 1106a-1106h

canvasses a given area 1170a-1170h of the environment as the reflective member 1102 rotates.

[0064] Referring now to FIG. 12a another exemplary overhead view of a reflective member
1202 is shown. The system shown in FIG. 12a is similar to that shown in FIG. 11a, the major
difference being that the sides 1214 of the reflective member 1202 are sloped differently than the
sides of the reflective member 1102. Specifically, rather than differing by 0.3 degrees from most
adjacent sides, the sides 1214 differ in slope from most other adjacent sides by substantially 3
degrees (i.e. by 2 to 4 degrees). Like the reflective member 1102, the sides 1214 of the reflective
member 1204 are shown with slopes differing from an origin side (defined arbitrarily by side 1214c).
With respect to the origin side 1214c, the slope angles of the other sides 1241 differ by as follows:
1214a has an angle of -6 degrees; 1214b has an angle of -3; 1214d has an angle of 3 degrees; 1214¢
has an angle of 6 degrees; and 1214f has an angle of 9 degrees. Therefore between side 1214a and
side 1214f, there is in incremental slope of 3 degrees between the adjacent sides (except between the
side 1214f and side 1214a). This results in a shift in the field of view canvassed by the LIDAR
system when a different side of the reflective member 1202 is the active side (i.e. the side interacting

with the LiDAR transmitters 1206).

[0065] Referring now to FIG. 12b, the scan pattern of the reflective member 1202 is shown.
Since the reflective sides 1214 of the reflective member 1202 differ more significantly than the
reflective sides 1114 of the reflective member 1102, FIG. 12 shows that the resulting scan pattern of
the light transmitters 1206 is much more spread out. In general, the LIDAR system itself represented
in FIG. 12b is similar to the LiDAR system that generates the scan pattern of FIG. 11b, the
differences in the scan pattern of FIGs. 11b and 12b being a function of the differently sloped sides
1114, 1214 of the respective reflective members 1102, 1202 rather than differences in other features
of the LiIDAR systems used.

[0066] Still referring to FIG. 12b, the scan pattern shown is generated by 8 individual light
transmitters 1206a-h in an array. Each box 1207a-f depicts the scan pattern of the light transmitters
1206 when they are interacting with one active side of the reflective member 1202. For example, the
first box 1207a shows the scan pattern of the LIDAR system when a first reflective side 1214a is

interacting with the light transmitters 1206. Further, when interacting with the first reflective side
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1214a, the light transmitters 1206 scan, and provide a field of view of, a first area of the environment
1270a. As the reflective member 1202 rotates, a second reflective side 1214b becomes the active
reflective side, the light transmitters 1206 then form the scan pattern shown in the second box 1207b,
shifted in elevation, to scan a second area of the environment 1270b. Since the reflective sides 1214
of the reflective member 1202 have a significant difference in slope of 3 degrees between most
adjacent sides, the resulting scanning zone 1270a-1270f produced by the light transmitters 1206 do
not overlap with the others of the scanning zones 1270 produced by the light transmitters 1206. For
example, the zone 1270a scanned when the LiDAR system is interacting with first reflective side
1214a, is completely different than the zone 1270b scanned by the LiIDAR system when interacting
with the second reflective side 1214b, and so on. Therefore the slope of each reflective side 1214
causes a different zone 1270 of the environment to be scanned such that a large field of view is

scanned by the detection system.

[0067] Notably, the examples given in FIGs. 11a-12b are provided to show typical scan
patterns of an exemplary LIDAR system of a detection system. Necessary components of the
detection systems, as shown and discussed herein and known to those of skill in the art, have been

omitted for simplicity.

[0068] All orientations and arrangements of the components shown herein are used by
way of example only. Further, it will be appreciated by those of ordinary skill in the pertinent art
that the functions of several elements may, in alternative embodiments, be carried out by fewer
elements or a single element. Similarly, in some embodiments, any functional element may
perform fewer, or different, operations than those described with respect to the illustrated
embodiment. Also, functional elements (e.g. actuators, transmitters, receivers, and the like)
shown as distinct for purposes of illustration may be incorporated within other functional

elements in a particular implementation.

[0069] While the subject technology has been described with respect to preferred
embodiments, those skilled in the art will readily appreciate that various changes and/or
modifications can be made to the subject technology without departing from the spirit or scope
of the subject technology. For example, each claim may depend from any or all claims in a

multiple dependent manner even though such has not been originally claimed.
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WHAT IS CLAIMED IS:

1. A detection system for a vehicle in an environment, comprising:

at least one reflective member having a rotational axis and a plurality of reflective
sides, each of the reflective sides sloping towards the rotational axis at a slope angle different
than the slope angle of at least one of the others of the reflective sides;

a plurality of LiDAR systems including at least one light transmitter and at least
one light receiver, each LIDAR system interacting with a different one of the reflective sides to
scan the environment.

2. A detection system for a vehicle in an environment, comprising:

a reflective member having a rotational axis and a plurality of reflective sides,
each of the reflective sides sloping towards the rotational axis at a slope angle different than the
slope angle of at least one of the others of the reflective sides;

a first LIDAR system including at least one first light transmitter and at least one
first light receiver, the first LIDAR system configured to interact with a first active side of the
plurality of reflective sides;

a second LiDAR system including at least one second light transmitter and at least
one second light receiver, the second LiDAR system configured to interact with a second active
side of the plurality of reflective sides; and

an actuator configured to rotate the reflective member to change: the first active
reflective side to a first different one of the plurality of reflective sides; and the second active
reflective side to a second different one of the plurality of reflective sides.

3. The detection system of Claim 2 wherein:

the first LIDAR system is configured to interact with the first active side to scan,
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in azimuth, a first zone and a second zone, the first zone being at least partially to a first side of
the vehicle and the second zone being at least partially in front of the vehicle; and
the second LiDAR system is configured to interact with the second active side to
scan, in azimuth, the second zone and a third zone, the third zone being at least partially to a
second side of the vehicle.
4. The detection system of Claim 2 wherein:
the vehicle includes a windshield having an upper portion, a central portion, and a
lower portion; and
the reflective member is positioned proximate to the upper portion.
5. The detection system of Claim 4 wherein the first LIDAR system and the second
LiDAR system are positioned proximate to the upper portion.
6. The detection system of Claim 5 further comprising:
a first upper reflective mirror coupled to the upper portion of the windshield; and
a first lower reflective mirror offset from the windshield,
wherein:
the first upper reflective mirror directs a field of view of the first LIDAR system
between the reflective member and first lower reflective mirror; and
the first lower reflective mirror directs the field of view of the first LIDAR system
between the first upper reflective mirror and the environment.
7. The detection system of Claim 6 further comprising:
a second upper reflective mirror coupled to the upper portion of the windshield,;
and

a second lower reflective mirror offset from the windshield,
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wherein:

the second upper reflective mirror directs a field of view of the second LIDAR
system between the second upper reflective mirror and the second lower reflective mirror; and

the second lower reflective mirror directs the field of view of the second LiDAR
system between the second upper reflective mirror and the environment.

8. The detection system of Claim 5 further comprising:

an upper reflective mirror coupled, and parallel, to the upper portion of the
windshield; and

a lower reflective mirror coupled to, and offset from, the windshield,

wherein:

the upper reflective mirror directs a field of view of the first and second LiDAR
systems between the reflective member and the lower reflective mirror; and

the lower reflective mirror directs the field of view of the first and second LiDAR
systems between the upper reflective mirror and the environment.

0. The detection system of Claim 8 wherein the light transmitters of the first LIDAR
system and the second LiDAR system transmit p-polarized light beams, the lower reflective
mirror directing the light beams from the first and second LiDAR systems to pass through the
windshield.

10.  The detection system of Claim 8 wherein light beams from the first LIDAR
system and the second LiDAR system are directed through the windshield within 10 degrees of a

Brewster angle for the windshield.
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11. The detection system of Claim 5 further comprising:

a prism positioned on an inside of the upper portion of the windshield, the prism
configured to direct p-polarized transmitted light beams from at least one of the first and second
LiDAR systems through the windshield and into the environment.

12. The detection system of Claim 11 wherein the prism is further configured such
that the transmitted light beams are directed through the windshield within 10 degrees of a
Brewster angle for the windshield.

13.  The detection system of Claim 2 wherein the slope of each reflective side differs
incrementally by between 2 and 8 degrees.

14.  The detection system of Claim 2 wherein the slope of each reflective side differs
incrementally by between .2 and .4 degrees.

15.  The detection system of Claim 2 wherein the slope of each reflective side differs
from the slope of one directly adjacent reflective sides by substantially the same degree.

16.  The detection system of Claim 2 wherein the reflective member includes 5 or 6
reflective sides.

17.  The detection system of Claim 2 wherein the at least one first light transmitter
includes an array of light transmitters configured to transmit light beams to the first active side in
a column parallel to the rotational axis.

18. The detection system of Claim 2 wherein the slope angle of each of the reflective
sides is different than the slope angle of each of the others of the reflective sides.

19. A detection system for a vehicle in an environment, comprising:

a first reflective member having a first rotational axis, the first reflective member

having a plurality of reflective sides, each of the reflective sides sloping towards the first
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rotational axis at a slope angle different than the slope angle of at least one of the others of the
reflective sides of the first reflective member;

a second reflective member having a second rotational axis offset from the first
rotational axis, the second reflective member having a plurality of reflective sides, each of the
reflective sides sloping towards the second rotational axis at a slope angle different than the
slope angle of at least one of the others of the reflective sides of the second reflective member;

a first LIDAR system including at least one first light transmitter and at least one
first light receiver, the first LIDAR system configured to interact with an active side of the
plurality of reflective sides of the first reflective member;

a second LiDAR system including at least one second light transmitter and at least
one second light receiver, the second LiDAR system configured to interact with an active side of
the plurality of reflective sides of the second reflective member; and

at least one actuator configured to rotate the reflective members to change the
active reflective side of each reflective member to a different one of the plurality of reflective
sides.

20. The detection system of Claim 19 wherein the first LIDAR system is positioned
on a first half of the vehicle and the second LiDAR system is positioned on a second half of the
vehicle.

21. The detection system of Claim 20 wherein the first LIDAR system is positioned
proximate to a first headlight of the vehicle and the second LiDAR system is positioned

proximate to a second headlight of the vehicle.
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22. The detection system of Claim 19 wherein:

the first LIDAR system is configured to interact with the active side of the first
reflective member to scan, in azimuth, a first zone and a second zone, the first zone being to the
first side of the vehicle and the second zone being in front of the vehicle;

the second LiDAR system is configured to interact with the active side of the
second reflective member to scan, in azimuth, the second zone and a third zone, the third zone
being at least partially to the second side of the vehicle; and

the first LIDAR system and the second LiDAR system have an overlapping field

of view in the second zone.
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