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LIDAR SENSOR ASSEMBLY

TECHNICAL FIELD
[0001] The technical field relates generally to an assembly for housing a lidar

sensor and particularly to an assembly for housing a flash lidar sensor.

BACKGROUND
[0002] With the rise in autonomous vehicles and advanced driver assistance
systems, lidar sensors are increasingly being used to survey the region around a vehicle.
Such lidar sensors typically use laser-generated light and one or more photodetectors
to sense shapes, distances, etc. of objects and markings around the vehicle. However,
laser light is often hazardous to human vision when not properly masked and/or filtered.
[0003] As such, it is desirable to present a lidar sensor assembly that provides
protection for unfiltered emissions of laser light. In addition, other desirable features
and characteristics will become apparent from the subsequent summary and detailed
description, and the appended claims, taken in conjunction with the accompanying

drawings and this background.

BRIEF SUMMARY
[0004] In one exemplary embodiment, a lidar sensor assembly includes a light
source producing infrared light. The assembly also includes a holder supporting the
light source. The assembly further includes a front cover coupled to the holder. The
front cover includes a window comprising a plastic allowing passage of infrared light.
[0005] In another exemplary embodiment, a lidar sensor assembly includes a light
source and a lens barrel having at least one lens. The assembly further includes a
detector array. At least one printed circuit board (“PCB”) supports the light source and
the detector array. The assembly further includes a holder supporting the lens barrel
and the at least one printed circuit board. The holder includes a base and a wall
extending from the base to define a cavity. The holder further includes a protuberance
extending from the base and defining a channel for accommodating at least a portion of
the lens barrel and a duct for accommodating at least a portion of the light source. A
front cover has a base and a wall extending from the base to define a void. The front

cover further includes a protuberance extending from the base and defining a housing
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for accommodating the protuberance of the holder. A back cover is coupled with the

front cover such that the at least one PCB and the holder are sandwiched therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Other advantages of the disclosed subject matter will be readily appreciated,
as the same becomes better understood by reference to the following detailed
description when considered in connection with the accompanying drawings wherein:
[0007] Figure 1 is a front perspective view of a lidar sensor assembly according to
an exemplary embodiment;
[0008] Figure 2 is an exploded perspective view of the lidar sensor assembly
according to an exemplary embodiment;
[0009] Figure 3 is a rear perspective view of a holder of the lidar sensor assembly
according to an exemplary embodiment;
[0010] Figure 4 is a rear perspective view of the lidar sensor assembly showing a
heat sync on a back cover according to an exemplary embodiment;
[0011] Figure 5 is a front perspective view of the lidar sensor assembly showing a
conductor of a light source shutoff circuit according to an exemplary embodiment; and
[0012] Figure 6 is an electrical schematic diagram of the light source shutoff circuit

according to an exemplary embodiment.

DETAILED DESCRIPTION
[0013] Referring to the Figures, wherein like numerals indicate like parts
throughout the several views, a lidar sensor assembly 100 is shown and described herein.
[0014] Referring to Figure 2, the lidar sensor assembly 100 of the exemplary
embodiment includes a light source 200. In the exemplary embodiment, the light source
200 includes a laser transmitter (not separately shown) configured to produce a pulsed
laser light output. The pulsed laser light output, in the exemplary embodiment, has a
wavelength in the infrared range. More particularly, the pulsed laser light output has a
wavelength of about 1064 nanometers (“nm”). The light source 200 may also include a
diffusion optics (not separately shown) to diffuse the pulsed laser light output produced
by the laser transmitter. The diffused, pulsed laser light output of the exemplary
embodiment allows for the lidar sensor assembly 100 to operate without moving the

light source 200, e.g., rotating, as is often typical in prior art lidar sensors.
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[0015] The lidar sensor assembly 100 of the exemplary embodiment also includes
a lens barrel 202. The lens barrel 202 includes a frame 203 supporting at least one lens
204. Of course, the lens barrel 202 may include multiple lenses 202, commonly known
as “elements”. The at least one lens 204 of the lens barrel 202 are configured to receive
infrared light that is produced by the light source 200 and reflected off one or more
objects (not shown). In the exemplary embodiment, the frame 203 has a generally
cylindrical shape with threads (not separately numbered) on an exterior thereof. In the
exemplary embodiment, the frame 203 is formed at least partially of aluminum.
However, it should be appreciated that other materials may be utilized to form the frame
203.

[0016] The lidar sensor assembly 100 of the exemplary embodiment further
includes a detector array 206 of light detecting elements (not individually shown). The
detector array 206 receives infrared light focused by the at least one lens 204. The
detector array 206 may be coupled to an integrated circuit (not shown), such as a readout
integrated circuit (“ROIC”).

[0017] The lidar sensor assembly 100 of the exemplary embodiment also includes
at least one printed circuit board (“PCB”) 208, 210. More particularly, the exemplary
embodiment includes a first PCB 208 and a second PCB 210. The first PCB 208
supports the light source 200 while the second PCB 210 supports the detector array 206.
[0018] The lidar sensor assembly 100 further includes a holder 212. The holder 212
supports the lens barrel 202 and the at least one printed circuit board 208, 210. In the
exemplary embodiment, the holder 212 includes a base 214 and a wall 216 extending
from the base 214 to define a cavity 300, as shown in FIG. 3. The cavity 300 may be
configured to accommodate the at least one PCB 208, 210.

[0019] Referring again to FIG. 2, the holder 212 further including a protuberance
218 extending from the base 214 and defining a channel 220. The channel 220 may
accommodate at least a portion of the lens barrel 202. In the exemplary embodiment,
the channel 220 defines a cylindrical shape to generally match the shape of the lens
barrel 202. The protuberance 218 may include threads (not numbered) such that the
threads of the frame 203 of the lens barrel 202 may be secured and supported in the
channel 220.

[0020] In the exemplary embodiment, the protuberance 218 also defines a duct 222.
The duct 222 is configured to accommodate at least a portion of the light source 200.

In the exemplary embodiment, the duct 222 has a generally rectangular cross-section.
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However, it should be appreciated that the duct 222 may be formed in any suitable
shape.

[0021] Referring again to FIGS. 1 and 2, the lidar sensor assembly 100 also includes
a front cover 102. The front cover 102 includes a base 104 and a wall 106 extending
from the base 104 to define a void (not specifically shown). The void of the front cover
102 is configured to accommodate at least a portion of the holder 212, as described in
greater detail below. In the exemplary embodiment, the front cover 102 comprises a
plastic. That is, the front cover 102 is formed at least partially from plastic.

[0022] The front cover 102 further includes a protuberance 108 extending from the
base 104 and defining a housing (not specifically shown). The housing is configured to
accommodate the protuberance 218 of the holder 212. That is, at least a portion of the
protuberance 218 of the holder 212 may fit inside the housing 102 defined by the
protuberance 108 of the front cover 102. Accordingly, at least a portion of the lens
barrel 202 and at least a portion of the detector array 206 may be disposed within the
protuberance 108 of the front cover 102.

[0023] The lidar sensor assembly 100 further includes a back cover 232. The back
cover 232 may be coupled with the front cover 102. As such, the at least one PCB 208,
210 and the holder 212 are sandwiched between the back cover 232 and the front cover
102. Likewise, the detector array 206 and the lens barrel 202 are also disposed between
the back cover 232 and the front cover 102.

[0024] The lidar sensor assembly 100 may include a heat sync 234. In the
exemplary embodiment, the heat sync 234 is disposed on the back cover 232, as best
seen in FIG. 4. More particularly, the heat sync 234 of the exemplary embodiment
includes a plurality of frustoconical projections 236 extending from an outside surface
(not numbered) of the back cover 232. However, it should be appreciated that the heat
sync 234 may comprise elements having different shapes (e.g., fins) and be disposed at
various regions of the assembly 100.

[0025] Referring again to FIG. 1, the front cover 102 includes at least one window
110, 112. More particularly, in the exemplary embodiment, the protuberance 108 of the
front cover 102 includes a first window 110 and a second window 112. The windows
110, 112 each comprise a plastic allowing passage of infrared light. For example, the
windows 110, 112 may be transparent. However, in other embodiments, one or more

of the windows 110, 112 may be formed of glass.
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[0026] The first window 110 is situated adjacent the at least one lens 204 for
allowing light to travel therethrough. Similarly, the second window 112 is situated
adjacent an output (not numbered) of the light source 200, to allow light to travel
therethrough.

[0027] In one exemplary embodiment, the front cover 102 is formed through an
injection molding process utilizing two different plastic materials. A first material (not
shown) forms the transparent plastic to form the first and/or second windows 110, 112.
A second material (not shown) forms other portions of the front cover 102 which are
not transparent. In other exemplary embodiments, the front cover 102 and/or portions
of the front cover 102 may be formed of a metal.

[0028] The lidar sensor assembly 100 may include a fluid hose 114. The fluid hose
114 defines an opening (not numbered) for allowing a fluid to flow therefrom. For
instance, the fluid may be a cleaning fluid. The opening, in the exemplary embodiment,
is disposed adjacent the windows 110, 112. As such, fluid may flow out of the fluid
hose 114 and onto the windows 110, 112 for cleaning the windows 110, 112. The fluid
hose 114 may be connected to another hose (not shown) and/or a reservoir in which the
fluid is stored.

[0029] Referring now to FIGS. 5 and 6, the lidar sensor assembly 100 may include
a multi-function circuit 500. The multi-function circuit 500 is configured, as described
in greater detail below, to prevent illumination of the light source 200 in response to a
crack detected in the front cover 102 and/or removal of the front cover 102 from the
assembly 100.

[0030] The multi-function circuit 500 includes a conductor 502 disposed at least
partially within the front cover 102. In the exemplary embodiment, at least a portion of
the conductor 502 is disposed in contact with the protuberance 108 of the front holder
102. The conductor 502 may be formed of any suitable conductive material, including,
but not limited to, a wire and/or conductive paint.

[0031] The circuit 500 may be utilized to provide heat to the front cover 102. In the
exemplary embodiment, the circuit 500 includes one or more resistive elements 600
electrically connected to the conductor 502, as shown in FIG. 6. The conductor 502 is
also electrically connected to a power supply 602 configured to provide power to the
circuit 500 and the resistive element 600. The resistive elements 600 emit heat when an
electrical current is applied thereto. The resistive elements 600 may be formed of any

suitable material, including, but not limited to, conductive paint. In the exemplary
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embodiment, the resistive elements 600 are disposed proximate to at least one of the
windows 110, 112. As such, the circuit 500 may be utilized to remove moisture,
condensation, snow, ice, etc. from the windows 110, 112, thus allowing less obstructed
passage of light through the windows 110, 112.

[0032] The circuit 500 may also be utilized to detect cracks in the front cover 102
and/or removal of the front cover 102. Still referring to FIG. 6, the circuit 500 also
includes a sensor 606. The sensor 606 of the exemplary embodiment measures voltage
at a point between the power supply 602 and the resistive elements 600. A processor
608 is in communication with the sensor 606 and configured to receive data from the
sensor 606. The processor 608 is also in communication with the light source 200 and
is configured to selectively deactivate the light source 200.

[0033] When the circuit 500 is interrupted, e.g., when a crack has occurred in the
front cover 102 and breaks the conductor 502, the voltage at the sensor 606 will change,
e.g., increase. The processor 608 is then notified of the change in voltage by sensing
the change in voltage at the sensor 606. In response to the change in voltage, the
processor 608 may deactivate the light source 200. As such, laser light from the light
source 200 is not inadvertently projected through any cracks in the front cover 102.
[0034] In the exemplary embodiment, the circuit 500 also includes at least one
contact 604 for electrically connecting the power source 602 to the portion (not labeled)
of the conductor 502 disposed on the front cover 102 and the resistive elements 600.
When the front cover 102 is removed from its connection with the holder 212 or other
structure component of the assembly 100, the contact 604 will break the circuit 500,
thus changing the voltage at the sensor 606. The processor 608 may then deactivate the
light source 200 based on this change in voltage.

[0035] Referring again to FIG. 1, the lidar sensor assembly 100 of the exemplary
embodiment also includes a connector 116. The connector 116 includes a hood 118
projecting from the front cover 102. The hood 118 is configured to mate with another
connector (not shown), e.g., of a cable. The hood 118 also protects electrical contacts,
including the contacts 604 described above. It should be appreciated, however, that the
lidar sensor assembly 100 may be constructed without the connector 116.

[0036] The lidar sensory assembly 100 also includes a plurality of mounting tabs
120 for attaching the assembly 100 to a vehicle. In the exemplary embodiment, the
assembly 100 includes four mounting tabs 120, one tab 120 extending from each corner

(not numbered) of the holder 212.
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[0037] The present invention has been described herein in an illustrative manner,
and it is to be understood that the terminology which has been used is intended to be in
the nature of words of description rather than of limitation. Obviously, many
modifications and variations of the invention are possible in light of the above teachings.
The invention may be practiced otherwise than as specifically described within the

scope of the appended claims.
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CLAIMS
What is claimed is:
1. A lidar sensor assembly comprising:
a light source producing infrared light;
a holder supporting said light source; and
a front cover coupled to said holder and including a window comprising a plastic

allowing passage of infrared light.

2. The lidar sensor assembly as set forth in claim 1, further comprising a
shutoff circuit configured to deactivate said light source in response to a predetermined

condition.

3. The lidar sensor assembly as set forth in claim 2, wherein the

predetermined condition comprises a crack in said front cover.

4. The lidar sensor assembly as set forth in claim 3, wherein said shutoff circuit

comprises a conductor disposed at least partially within said front cover.

5. The lidar sensor assembly as set forth in claim 4, wherein said conductor

comprises a heating element disposed around at least part of a periphery of said window.

6. The lidar sensor assembly as set forth in claim 4, wherein said shutoff circuit

comprises a voltage sensor configured to sense a voltage on said conductor.

7. The lidar sensor assembly as set forth in claim 4, wherein said shutoff circuit
includes a connector in-line with said conductor and connecting said front cover and said

holder.

8. The lidar sensor assembly as set forth in claim 1, further comprising a fluid

hose defining an opening adjacent said window.
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9. The lidar sensor assembly as set forth in claim 1, wherein said front cover

includes a base and a proturberance extending from said base.

10. The lidar sensor assembly as set forth in claim 9, wherein said protuberance

of said front cover includes said window.

11. A lidar sensor assembly comprising:

a light source;

a lens barrel having at least one lens;

a detector array;

at least one printed circuit board (“PCB”) supporting said light source and said
detector array;

a holder supporting said lens barrel and said at least one printed circuit board;

said holder having a base and a wall extending from said base to define a cavity;

said holder further including a protuberance extending from said base and defining
a channel for accommodating at least a portion of said lens barrel and a duct for
accommodating at least a portion of said light source;

a front cover having a base and a wall extending from said base to define a void;

said front cover further including a proturberance extending from said base and
defining a housing for accommodating said protuberance of said holder;

a back cover coupled with said front cover such that said at least one PCB and said

holder are sandwiched therebetween.

12. The lidar sensor assembly as set forth in claim 11, wherein said

protuberance of said front cover includes a window.

13. The lidar sensor assembly as set forth in claim 11, further comprising a
shutoff circuit configured to deactivate said light source in response to a predetermined

condition.
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14. The lidar sensor assembly as set forth in claim 13, wherein said shutoff

circuit comprises a conductor disposed at least partially within said front cover.

15. The lidar sensor assembly as set forth in claim 14, wherein said conductor

comprises a heating element disposed around at least part of a periphery of said window.

16. The lidar sensor assembly as set forth in claim 14, wherein said shutoff

circuit comprises a voltage sensor configured to sense a voltage on said conductor.

17. The lidar sensor assembly as set forth in claim 14, further comprising a

connector in-line with said conductor and connecting said front cover and said holder.

18. The lidar sensor assembly as set forth in claim 12, wherein said window

comprises a plastic allowing passage of infrared light.

19. The lidar sensor assembly as set forth in claim 11, further comprising a fluid

hose defining an opening adjacent said window.

10
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