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MULTIFUNCTION VEHICLE DETECTION SYSTEM

FIELD OF THE INVENTION

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

detection systems for vehicles.

BACKGROUND OF THE INVENTION

[0002] Vehicles benefit from having detection systems which seek information on a wide

variety of information about the vehicle surroundings. Detection systems can be used for

collision avoidance, self-driving, cruise control, and the like. Detection systems often seek

information such as bearing, range, velocity, reflectivity, and image data on objects within the

surrounding environment. Different technology, including radar, LiDAR, and cameras, for

example, can be employed to help obtain information on the surroundings and provide the

information to the driver or to a computer system within the vehicle. However, none of these

systems can individually obtain all desired information. Therefore vehicle detections systems

often employ multiple systems which leads to increased cost, additional space occupied on the

vehicle, and an inability of the multiple detection systems to accurately share information.

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. Further, there is a need for a single vehicle

detection system which can do the job of numerous detection systems, eliminating the need for

information sharing between multiple systems coming from multiple locations.

[0004] In at least one aspect, the subject technology relates to a detection system for a

vehicle in an environment. The detection system includes a lens within an aperture. A line

camera is configured to receive light passing through the lens from the environment to generate

image data. A LiDAR system is configured to transmit light through the lens to the environment

and receive light passing through the lens from the environment to generate range data. The line

camera can be a time delay integrating line camera. In some embodiments, the LiDAR system is

further configured to transmit light within a set region of the electromagnetic spectrum and the

line camera is configured to receive light within the same set region. In some cases, the set



region is near-infrared and the line camera is near-infrared sensitive. Additionally, in some

embodiments, the detection system includes at least one infrared transmitter to transmit a light

beam within the infrared region of the electromagnetic spectrum into the environment. Further,

in some embodiments, the set region is infrared and the line camera is infrared sensitive. The line

camera can be a red-green-blue (RGB) camera and the image data can include a high resolution

color video stream. In some cases the line camera comprises a plurality of both RGB pixels and

near infrared pixels.

[0005] In some embodiments, the line camera has a plurality of optical receivers

arranged in a column extending along a first axis, each optical receiver configured to receive

light reflected from an object within the environment, the object having a position corresponding

to a position of said optical receiver with respect to the first direction. In some cases, the line

camera has an array of optical receivers with a plurality of columns of optical receivers, each

column extending along a first axis. Further the detection system can be configured to scan by

changing the line of vision of the line camera and LiDAR system along a transverse plane

substantially orthogonal to the first axis. Additionally, the line camera can be a time delay

integrating camera configured to generate high resolution image data based upon: the light

received by the line camera; the position of each optical receiver within the array; and a speed of

the scan. In some embodiments, a light source is configured to distribute light within a set region

of the electromagnetic spectrum to illuminate the environment and the line camera is configured

to receive light within the set region.

[0006] In some embodiments, the LiDAR system has a plurality of transmitters arranged

in a column extending along a first axis and a plurality of receivers arranged in a column

extending along the first axis. Each receiver is configured to receive a reflection of at least one

light beam sent by a transmitter from a shared position with respect to the first axis. The line

camera can include a plurality of optical receivers arranged in a column extending along a first

axis, each optical receiver configured to receive light from a position within the environment

corresponding to the position of said optical receiver with respect to the first axis. Further, the

LiDAR system can have a plurality of transmitters arranged in a column extending along the first

axis and a plurality of receivers arranged in a column along the first axis. Each receiver is

configured to receive a reflection of one light beam sent by a transmitter from a shared position



with respect to the first axis. In some embodiments, a scanning mirror is positioned to direct light

between the outside environment and the lens such that the scanning mirror is rotatable to change

a field of view of the line camera and the LiDAR in a transverse direction, the transverse

direction substantially orthogonal to the first axis. In some embodiments, a controller is

configured to modify data elements of the image data based on data elements of the range data

corresponding to a shared time and location within the environment. Further, the controller can

be configured to modify data elements of the range data based on data elements of the image

data corresponding to a shared time and location within the environment.

[0007] In at least one aspect, the subject technology relates to a detection system for a

vehicle in an environment including a housing defining an aperture. A lens is included within the

aperture. A time delay integrating (TDI) line camera comprising a plurality of optical receivers is

configured to receive light within a set region of the electromagnetic spectrum passing through

the lens from the environment. The system includes a plurality of LiDAR transmitters, each

LiDAR transmitter configured to transmit a light beam through the lens. The system also

includes a plurality of LiDAR receivers, each LiDAR receiver configured to receive a reflected

light beam of a corresponding LiDAR transmitter, the reflected light beams passing through the

lens from the environment after reflecting off an object in the environment.

[0008] In some embodiments, the system includes a first support member having a first

surface forming a first plane facing the lens, the LiDAR receivers coupled to the first surface of

the first support member. Further, a second support member can be positioned between the first

support member and the lens, the second support having a first surface facing the lens and a

second surface facing the first support member, the second support member defining holes

matching the size and position of the LiDAR transmitters and receivers to allow the reflected

light beams to pass therethrough for receipt by the LiDAR receivers. In some embodiments, the

system includes a third support member having a first surface forming a second plane orthogonal

to the first plane, the LiDAR transmitters coupled to the first surface of the third support member

to transmit the light beams parallel to a first axis orthogonal to the second plane. Further, a beam

splitter can be disposed between the lens and the second support member. The beam splitter can

be configured to deflect the transmitted light beams along a second axis orthogonal to the first

axis and allow the reflected light beams to pass therethrough. Further, the TDI line camera can



be coupled to the first surface of the second support member. In some embodiments, the LiDAR

transmitters are coupled to the first surface of the second member.

[0009] In some embodiments, the system includes a third support member having a first

surface forming a second plane orthogonal to the first plane and a TDI line camera is coupled to

the third support member. A first beam splitter can be positioned between the lens and the first

surface of the second support member. The first beam splitter can be configured to deflect the

transmitted light beams from a first axis orthogonal to the second plane to a second axis

orthogonal to the first axis and passing through the lens while allowing the reflected light beams

to pass therethrough. A second beam splitter can be positioned between the first beam splitter

and the lens. The second beam splitter can be configured to deflect light within the set region of

the electromagnetic spectrum from the second axis to a direction parallel to the first axis and into

the TDI line camera. Further, the second beam splitter can allow the transmitted light beams to

pass therethrough while allowing the reflected light beams to pass therethrough. In some

embodiments the detection system is configured such that the transmitted light beams, the

reflected light beams, and the light within the set region of the electromagnetic spectrum

received by the TDI line camera pass through the lens substantially along the second axis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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.

[001 1] FIG. 1A is an overhead view of a detection system for a vehicle in accordance

with the subject technology.

[0012] FIG. IB is a front view of the second support member of the detection system of

FIG. 1A.

[0013] FIG. 2A is an overhead view of a detection system for a vehicle in accordance

with the subject technology.



[0014] FIG. 2B is a front view of the second support member of the detection system of

FIG. 2A.

[0015] FIG. 3A is an overhead view of a detection system for a vehicle in accordance

with the subject technology.

[0016] FIG. 3B is a front view of the second support member of the detection system of

FIG. 3A.

[0017] FIGs. 4A - 4D are overhead views showing various orientations of components of

detection systems which can be applied in accordance with the detection systems shown in FIGs.

1A-3B.

DETAILED DESCRIPTION

[0018] The subject technology overcomes many of the prior art problems associated with

vehicle detection systems. In brief summary, the subject technology provides detection system

with a combined LiDAR system and line camera. 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, 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).

[0019] Further, beam splitters, support members and other features describe herein which are

numbered only to facilitate a discussion of those features with respect to one another. The numbers of

each component do not refer to any particular order (e.g. where one must be before two) and in

various embodiments any component can switch numbers with another numbered component. For

example, if a first and second support member are described, the second support member could just

as appropriately be deemed the first support member and vice versa.



[0020] Referring now to FIGs. 1A, IB, 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 LiDAR system

(comprised of LiDAR transmitters 102 and LiDAR receivers 104) and a line camera 106 which share

a lens 108 within an aperture 110. While all components are shown in a single housing 112 in the

embodiment of system 100, separate housings may be employed for one or more of the components.

The LiDAR system and line camera 106 can be placed in separate individual housings while still

being directed through a shared aperture 110 and shared lens 108. Further, the term "lens" is used

throughout and it should be understood that a lens may be comprised of several pieces of glass of

differing shapes, thickness, and/or curvature mounted within an aperture 110. The term "lens" is not

limited to a single piece of glass. In general, the lens 108 can work to improve signal to noise ratio

by optically filtering of the light before receipt by the LiDAR receivers 104 and/or line camera

106. Additionally, while the LiDAR system and line camera 106 are often shown as different

components, they may also be combined as a single chip sensor (e.g. the single chip sensor

combining LiDAR functionality with the capabilities of the various embodiments of line cameras

discussed below).

[0021] The LiDAR system includes the necessary components for target detection using

LiDAR as are found in typical LiDAR systems known in the art. The LiDAR system includes a

plurality of LiDAR transmitters 102 each configured to transmit a light beam 114 through the lens

108. The LiDAR transmitters 102 are emitters of optical radiation such as laser diodes configured to

generate pulsed lasers or light beams 114 for reflection off objects within the environment (not

distinctly shown, but generally the area outside the housing and/or surrounding the vehicle). The light

beams 114 transmitted by the LiDAR transmitters 102 can be one, or a combination of,

red/green/blue, infrared, and/or near infrared led, for example. After reflecting off an object within

the environment, the laser pulse or light beam 114 is returned through the lens 108 and the reflected

beam 116 is received by a LiDAR receivers 104. The LiDAR receivers 104 are optical detection

devices configured in a column or array to receive the reflected light beams 116 and convert the

reflected light beams 116 into 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 system generates data regarding 3D range data on objects within the

environment.

[0022] Meanwhile the line 106 camera seeks to generate high resolution image data,

particularly in the visible or near infrared region of the electromagnetic spectrum. The line camera

106 can be a time delay integrating (TDI) line camera 106 arranged to scan along a plurality of

optical receivers 118 arranged in a column or array. The optical receivers 118 are configured to

receive light which is reflected off objects within the environment and passed through the lens 108.

As will be discussed in more detail below, the optical receivers 118 can be configured to receive light

within a different region of the electromagnetic spectrum as compared to the LiDAR receivers 104.

Alternatively, there can be overlap between the chosen regions of the electromagnetic spectrum for

the LiDAR receivers 104 and optical receivers 118. The exposure time for each optical receiver 118

within a column is very short which allows for high resolution in the scanning direction of the line

camera 106. Processing circuitry (not shown) then applies time delay integration to the data obtained

by the optical receivers 118 to generate high resolution image data. Further, when an array of optical

receivers 118 is used (e.g. as seen in FIG. IB), the processing circuitry can match the exposures of

the optical receivers 118 based on the scan speed and timing to generate high resolution data with a

good signal to noise ratio.

[0023] More particularly, using a TDI line camera 106 allows for the capture of images of

moving objects at low light levels with improved signal to noise ratio. One image strip or column of

a moving scene or object can be captured by the line camera 106, particularly for a scene or object

moving at a right angle with respect to the line camera 106. This is done by arranging the optical

receivers 118 in several columns and shifting the partial measurements of each optical receiver 118

to adjacent rows synchronously with the motion of the image across the array of optical receivers

118. One example of a typical TDI line camera 106 that can be used in accordance with the subject

technology would be a line camera with 2048 total optical receivers and 128 optical receivers per

TDI line (i.e. per column).

[0024] Typically, the line camera 106 will be designed to receive light within a set region of

the electromagnetic spectrum. For example, the line camera 106 can be a red, green, blue pixelated

(RGB) line camera 106 with optical receives 118 calibrated to receive light within the visible light



spectrum. The RGB camera 106 can then generate a high resolution color video stream (with the

help of the processing circuitry) which can then be provided to a driver via a display within the

vehicle or used for automatic image processing for the detection of areas or obj ects of interest in the

surrounding environment. Additionally, or alternatively, some or all of the optical receivers 118 can

receive and detect light from/in an infrared or near infrared region of the electromagnetic spectrum,

resulting in night vision capabilities for the line camera 106 even when no ambient light is provided.

In some cases, one or more separate light sources (or optical transmitters such as the LiDAR

transmitters 102) can also transmit light within the same region of the electromagnetic spectrum

within which the line camera 106 is configured to receive light such that objects in the environment

are illuminated for the line camera 106. For example, if some of the optical receivers 118 of the line

camera 106 are configured to receive light in the infrared or near infrared spectrum, LiDAR

transmitters 102 can transmit light within the infrared or near infrared spectrum to illuminate objects

for the line camera 106. The processing circuitry can then gate the information to improve image

quality and gather range information. Alternatively, when the light source is separate from the

LiDAR system (e.g. a headlight or floodlight), the light source can transmit light having a

wavelength that is in a region of the electromagnetic spectrum outside of the region of the LiDAR

transmitters 102 to avoid potential disturbances. For example, if the LiDAR transmitters 102 are

designed to transmit between a wavelength of 905 nm and 940 nm, the separate transmitter can

transmit at a wavelength of 860 nm. The separation in wavelength of between 45 nm and 80 nm is

effective in avoiding interference between the LiDAR system and the line camera 106. In some

cases, the line camera 106 can include both RGB pixels and near infrared pixels, allowing the line

camera 106 to generate a high quality color video stream when the environment is well lit (e.g.

daytime) while still allowing useful data to be gathered by light within the near infrared spectrum in

times of low ambient light (e.g. nighttime). The processing circuitry for the LiDAR system and line

camera 106 can either be incorporated within the LiDAR system and line camera 106, or can be

provided as separate components.

[0025] Still referring to FIGs. 1A, IB, in the embodiment shown three support members 120,

122, 124 are included within the housing 112. The first support member 120 has a first surface 126

forming a first plane facing the lens 108 (i.e. along the x-z axes), the LiDAR receivers 104 are

coupled to the first surface 126 of the first support member 120. A second support member 122

is positioned between the first support member 120 and the lens 108. The second support



member 122 also forms a plane along the x-z axes. A first surface 128 of the second support

member 122 faces the lens 108 while a second surface 130 faces the first support member 120.

[0026] The second member 122 defines a plurality of holes 132 which match the size and

position of the LiDAR transmitters 102 and receivers 104 to allow the reflected light beams to

pass therethrough for receipt by the LiDAR receivers 104. For example, in some cases the

LiDAR transmitters 102 and receivers 104 are arranged in columns, each transmitter 102 having

a corresponding receiver 104 at a shared elevation or position along the z axis. Similarly a

column of holes 132 can be provided, one hole 132 for each corresponding LiDAR transmitter

102/receiver 104 pairing, at a position along the z axis which corresponds to the position of the

transmitter 102/receiver 104 and a size which allows the LiDAR light beam to pass therethrough.

The holes 132 act to filter unwanted ambient light while still allowing the reflected beam of a

corresponding LiDAR transmitter 102 to pass into a corresponding receiver 104. Reducing

ambient light provides increased accuracy while allowing for a large detector, such as a silicon

photomultiplier (SiPM).

[0027] A third support member 124 has a first surface 134 forming a second plane along the

y-z axes, the second plane being orthogonal to the plane of the first and second support members

120, 122. The LiDAR transmitters 102 are coupled to the first surface 134 of the third support

member 124 to transmit light beams 114 parallel to the x-axis (i.e. orthogonal to the second plane).

While the x-axis does not pass through the lens 108, a beam splitter 136 is disposed between the lens

108 and the second support member 122. The beam splitter 136 can be one of the many types of

known beam splitters, such as wavelength dependent or polarized. As shown, the beam splitter 136 is

configured to redirect some light while allowing other light to pass through. In some embodiments,

whether the light is reflected or allowed to pass through the beam splitter 136 can be based on a

certain property of the light, such as wavelength. In other cases, the beam splitter 136 can simply

reflect a portion of all light that hits it while allowing a portion of the light to pass through. In the

particular embodiment shown, the beam splitter 136 deflects at least some of the transmitter light

beams 114 which originate from the LiDAR transmitters 102 and redirects the light beams 114 along

the y axis (orthogonal to the x-z plane) such that the redirected light beams 138 are directed through

the lens 108 and into the environment. When the light beams return through the lens 108 after

reflecting off an object within the environment (e.g. along the same path as redirected light beams



138), the beam splitter 136 allows at least some of the reflected light beams 116 to pass therethrough

without deflection. As a result, the reflected light beams 116 travel through the beam splitter 136 for

receipt by the LiDAR receivers 104, which are positioned behind the beam splitter 136 with respect

to the lens 108.

[0028] The optical receivers 118 of the line camera 106 are positioned adjacent to the holes

132 through the second support member 122 to share a line of vision through the lens 108 with the

LiDAR system. The optical receivers 118 can be positioned wide enough along the second support

member 122 such that they have direct line of vision through the lens 108. Therefore the light

received by the optical receivers 118 can pass through the lens 108 and into the receivers 118 without

ever passing through the beam splitter 136. Alternatively, the receivers 118 can be positioned closer

to the holes 132 and the beam splitter 136 can be configured to allow at least some light to pass

therethrough. In the case where the optical receivers 118 are configured to receive light in a set

region of the electromagnetic spectrum that is different from that of the LiDAR system, the beam

splitter 136 can be configured to a allow all (or a majority of) light with a wavelength within the set

region to pass therethrough.

[0029] The detection system 100 also includes a scanning mirror 140 formed from reflective

metal or other reflective material (e.g. thin film coatings) to redirect light between the environment

and the LiDAR system and line camera 106. While the exemplary scanning mirror 140 has a single

flat reflective surface 142 (the surface 142 which extends along the z axis), the scanning mirror 140

may be any type of reflective means which can be manipulated to change the field of view of the

LiDAR system and line camera 106 (e.g. a rotating prism or oscillating mirror). The scanning mirror

140 can be mounted within a shared housing 112, or can be mounted separately onto the vehicle

while still being visible to the LiDAR system and line camera 106 through the lens 108. The

scanning mirror 140 rotates about the z-axis, changing the field of view of the detection system 100

along the x-y plane without requiring movement of the other parts. While the scanning mirror 140

enlarges field of view by scanning the x-y plane, LiDAR system and line camera 106 can have

receivers 104, 118 (and transmitters 102 of the LiDAR system) arranged in a column extending

along the z axis. In this way, the numerous transmitters 102 and receivers 104, 118 allow the LiDAR

system and line camera 106 to gain a large field of view along the z axis while the scanning mirror

140 allows increased field of view across the x-y axes. Therefore the column arrangement of the



transmitters 102 and receivers 104, 118 combined with the scanning mirror 140 effectively provides

vision across all three axes x, y, z .

[0030] To that end, the line camera 106 is shown with an array of optical receivers 118

formed from four adjacent columns of optical receivers 118, each column extending along (i.e.

parallel to) the z-axis. With many optical receivers 118 located at different positions along the z-axis,

the line camera 106 is able to receive light deflected off an object at different points along the z-axis.

This both expands the range of vision of the line camera 106 along the z-axis and allows for time

delay integration (TDI) when the object is moving. While in some embodiments, only a single

column of optical receivers 118 is used, providing multiple columns of optical receivers in an array

of optical receivers 118 provides additional benefits, such as expanded field of view and improved

ability to identify and account for object movement. When an array of optical receivers 118 is used

and the line camera 106 is a TDI line camera 106, the corresponding processing circuitry can be

configured to adjust the high resolution image data generated based upon further upon the position of

each optical receiver 118 and the speed of the scan across the array of receivers 118. For example,

adjacent rows within the array can shift partial measurements to account for scan speed and object

movement speed.

[003 1] Similarly to the optical receivers 118 of the line camera 106 (while not distinctly

shown in FIGs. 1A, IB) the LiDAR transmitters 102 and receivers 104 can be arranged in a single

column extending along the z-axis or in an array extending along the z-axis (e.g. adjacent columns of

transmitters 102 and/or receivers 104 parallel to the z-axis). For example, a column of LiDAR

receivers 104 can be provided to correspond to the holes 132 within the second support member 122,

the holes 132 allowing reflected transmitted light beams 116 to pass through the second support

member 122 for receipt by the LiDAR receivers 104. In most cases each LiDAR receiver 104 will be

positioned at a shared location on the z-axis as one of the LiDAR transmitters 102 to receive the

reflected light beam 116 originally generated by that LiDAR transmitter 102. Since the LiDAR

transmitters 102 and receivers 104, like the line camera 106, are generally positioned in columns

along the z-axis, scanning in the x-y direction by the scanning mirror 140 results in broad vision

along the x, y, and z axes.



[0032] Since the LiDAR system and line camera 106 are in very close proximity and utilize

a shared lens 108, the LiDAR system can modify the data it obtains based on data obtained by the

line camera 106 and vice versa. In some cases, as will be discussed more below, the LiDAR system

and line camera 106 can even share the same optical axis. Range data obtained through the LiDAR

system and image data obtained through the line camera 106 can be merged for simultaneous signal

processing. Additionally, in some cases the LiDAR system and line camera 106 can be set to receive

light within different regions of the electromagnetic spectrum. As such, objects illuminated to one

system (LiDAR system or line camera 106) will not necessarily be completely illuminated by the

other system. To that end, small gaps in data elements representing a certain time and location within

the environment for one system (LiDAR system or line camera 106) can be filled in based on the

data generated by the other. Further, using information from high resolution RGB or near infrared

images can be used to interpolate 3D range data, for example, improving edge detection in low

resolution 3D imaging.

[0033] Referring now to FIGs. 2A, 2B, another embodiment of a detection system in

accordance with the subject technology is shown generally at 200. The system 200 is generally

similar to the system 100 as described above, the major differences being shown and described

herein. In particular, the system 200 has no third member 124, has a different arrangement of LiDAR

transmitters 202, and uses a different beam splitter 236.

[0034] In the system 200, the LiDAR transmitters 202 are positioned along the first surface

128 of the second support member 122. The LiDAR transmitters 202 are transmitter to transmit a

light beam 214 parallel to the first surface 128 of the second support member 122 (i.e. along the x-y

plane). The LiDAR transmitters 202 are arranged in a column along the z-axis and corresponding

LiDAR receivers 104 are arranged to receive reflected light beams 116 that have passed through the

beam splitter 236. While the location of the beam splitter 236 is different in system 200 as compared

to the beam splitter 136 of system 100, the beam splitter 236 is configured to act similarly to the

beam splitter 136. That is, the beam splitter 236 is configured to deflect transmitted light beams 214

from the x-axis to the y-axis and through the lens 108. The beam splitter 236 then allows the

reflected light beams 116, which have returned after reflecting off an object within the environment,

to pass therethrough for receipt by the LiDAR receivers 104. Notably, the beam splitter 236 is

positioned close to, or even attached to, the first surface 128 of the second support member 122. This



allows the optical receivers 118 of the line camera 106 to directly receive light passing through the

lens 108 from the environment without requiring the light to pass through the beam splitter 236.

[0035] Referring now to FIGs. 3A-3B another embodiment of a detection system in

accordance with the subject technology is shown generally at 300. The system 300 is generally

similar to the system 100 as described above, the major differences being shown and discussed

herein. The system 300 includes LiDAR transmitters 202 and a beam splitter 236 configured

similarly to those seen the system 200. The system 300 has a line camera 306 which is positioned

differently than the line camera 106 and includes a second beam splitter 336, as will be discussed in

more detail herein.

[0036] The system 300 includes the third support member 124 as seen in system 100 which

forms a plane along the y-z axes. However, instead of LiDAR transmitters 102, a line camera 306 is

coupled to the first surface 134 of the third support member 124. The line camera 306 can be

configured to function in accordance with any of the line cameras described herein. As with system

200, a beam splitter 236 is positioned between the lens 108 and the first surface 128 of the second

support member 122. Likewise, the LiDAR transmitters 202 are coupled to the first surface 128 of

the second support member 122, each LiDAR transmitter 202 configured to transmit a light beam

214 along the x-axis. The beam splitter 236 deflects the transmitted light beams 214 to the y-axis, the

deflected light beams passing through the lens 108 along line 338. Further, when the reflected light

beams 116 return, they pass through the beam splitter 236 (and optionally through holes 132 as seen

in FIG. 1A) for receipt by the LiDAR receivers 104.

[0037] In the system 300, a second beam splitter 336 is positioned between the first beam

splitter 236 and the lens 108. The second beam splitter 336 deflects light traveling through the lens

along the y axis (e.g. down line 338) towards the line camera 306 (e.g. along the x-axis). In

particular, if the line camera 306 is configured to receive light within a set region of the

electromagnetic spectrum, the beam splitter 336 can be configured to deflect light within that same

region along the x-axis and towards the line camera 306, allowing light outside of that region to pass

through. Alternatively, the beam splitter 336 can be further configured to ensure that light beams pass

through when the light beams are within a region of the electromagnetic spectrum within which the

LiDAR system operates. In any case, the second beam splitter 336 should allow the transmitted light



beams and reflected light beams to pass therethrough while deflecting some or all of the light

incoming from the environment to the line camera 306. The types of beam splitters 236, 336 used

can be in accordance with any of the types discussed above or known in the art. The configuration of

system 300 results in the transmitted light beams 214, the reflected light beams 116, and the light

received by the line camera passing along a shared optical axis (i.e. along line 338) through the lens

108. This primarily coaxial arrangement allows for smaller components (e.g. a small shared lens 108)

and easy information sharing between the LiDAR system and line camera 306 since the LiDAR

receivers 104 receive reflected light from the same area of the environment as the optical receivers of

the line camera 306.

[0038] Referring now to FIGs. 4A - 4D overhead views of additional orientations of

components for detection systems 400a, 400b, 400c, 400d (generally 400) are shown. The systems

400 contain all of the other necessary components for a detection system as described herein and

known in the art, such as the systems 100, 200, 300. However, limited components are shown for the

systems 400 for brevity, it being understood that the components shown in the systems 400 will be

used in conjunction with the other necessary components of detections systems as described herein.

The components shown in the systems 400 are generally limited to some combination of LiDAR

transmitters 402 and receivers 404, a line camera 406, beam splitters 436, support members 422, and

select light beams 418. It should be understood that all components shown within the systems 400

can be configured like, or function similar to, like components found within the other systems 100.

[0039] All of the systems 400 have differences in the arrangement of the components. The

system 400a in FIG. 4A includes two columns or arrays of LiDAR transmitters 402 which transmit

light beams 418 for deflection off beam splitters 436a, 436b. The light beams 418 reflect off objects

within the surrounding environment and can return through holes 432 in a support member 422 for

receipt by the LiDAR receivers. A line camera 406 is positioned to receive light from the

environment passing through one of the beam splitters 436b.



[0040] The system 400b in FIG. 4B has a single column or array of LiDAR transmitters 402

transmitting light beams 418. The light beams passing through a first beam splitter 436a and are

deflected by a second beam splitter 436b. The first beam splitter 436a allows reflected light beams to

pass therethrough such that the reflected light beams can pass through the holes 432 in the support

member 422 for receipt by the LiDAR receivers. The second beam splitter 436b allows light from the

environment to pass therethrough for receipt by the line camera 406.

[0041] The system 400c in FIG. 4C has two columns or arrays of LiDAR transmitters 402a,

402b transmitting light beams. A first beam splitter 436a reflects light beams 418a from the first

transmitter 402a into the environment where the light beams 418 reflect off objects. Reflected light

beams can then return to pass through the first beam splitter 436a and through holes 432 for receipt

by LiDAR receivers. Meanwhile the second beam splitter 436b reflects light beams 418b from the

second column or array of LiDAR transmitters 402b. In some cases, the second column or array of

LiDAR transmitters 402b can transmit light in a region of the electromagnetic spectrum that overlaps

with, or is the same as, a region within which the line camera 406 will receive light. At least some of

the returning light within the region of the electromagnetic spectrum of the line camera 406 will then

pass through the second beam splitter 436b for receipt by the line camera 406.

[0042] The system 400d in FIG. 4D includes an ambient or visible light source 450

specifically to illuminate objects for the line camera 406. The light source sends light 452 through the

support member 422, through the beam splitter 436a, and into the environment. The light 452 then

reflects off objects within the environment. The beam splitter 436a deflects the returning light

towards a second beam splitter 436b (or reflective mirror) which directs the returning light into the

line camera 406.

[0043] 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. processors, circuits, detectors, transmitters, receivers, and the

like) shown as distinct for purposes of illustration may be incorporated within other functional

elements in a particular implementation.



[0044] 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.



WHAT IS CLAIMED IS:

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

a lens within an aperture;

a line camera configured to receive light passing through the lens from the

environment to generate image data; and

a LiDAR system configured to transmit light through the lens to the environment

and receive light passing through the lens from the environment to generate range data.

2 . The detection system of Claim 1 wherein the line camera is a time delay

integrating line camera.

3 . The detection system of Claim 1 wherein the LiDAR system is further configured

to transmit light within a set region of the electromagnetic spectrum; and

the line camera is configured to receive light within the set region.

4 . The detection system of Claim 3 wherein the set region is near-infrared and the

line camera is near-infrared sensitive.

5 . The detection system of Claim 4 further comprising at least one infrared

transmitter configured to transmit a light beam within the infrared region of the electromagnetic

spectrum into the environment.

6 . The detection system of Claim 3 wherein the set region is infrared and the line

camera is infrared sensitive.

7 . The detection system of Claim 1 wherein:

the line camera is an RGB camera;

and the image data comprises a high resolution color video stream.



8 . The detection system of Claim 1 wherein the line camera comprises a plurality of

RGB pixels and near infrared pixels.

9 . The detection system of Claim 1 wherein the line camera comprises a plurality of

optical receivers arranged in a column extending along a first axis, each optical receiver

configured to receive light reflected from an object within the environment, the object having a

position corresponding to a position of said optical receiver with respect to the first direction.

10. The detection system of Claim 1 wherein the line camera comprises an array of

optical receivers comprising a plurality of columns of optical receivers, each column extending

along a first axis.

11. The detection system of Claim 10 wherein:

the detection system is configured to scan by changing the line of vision of the

line camera and LiDAR system along a transverse plane substantially orthogonal to the first axis;

and

the line camera is a time delay integrating camera configured to generate high

resolution image data based upon: the light received by the line camera; the position of each

optical receiver within the array; and a speed of the scan.

12. The detection system of Claim 1 further comprising:

a light source configured to distribute light within a set region of the

electromagnetic spectrum to illuminate the environment,

wherein the line camera is configured to receive light within the set region.

13. The detection system of Claim 1 wherein:

the LiDAR system comprises: a plurality of transmitters arranged in a column

extending along a first axis; and a plurality of receivers arranged in a column extending along the



first axis, each receiver configured to receive a reflection of at least one light beam sent by a

transmitter from a shared position with respect to the first axis.

14. The detection system of Claim 1 wherein:

the line camera comprises a plurality of optical receivers arranged in a column

extending along a first axis, each optical receiver configured to receive light from a position

within the environment corresponding to the position of said optical receiver with respect to the

first axis; and

the LiDAR system comprises: a plurality of transmitters arranged in a column

extending along the first axis; and a plurality of receivers arranged in a column along the first

axis, each receiver configured to receive a reflection of one light beam sent by a transmitter from

a shared position with respect to the first axis.

15. The detection system of Claim 1 further comprising a scanning mirror positioned

to direct light between the outside environment and the lens such that the scanning mirror is

rotatable to change a field of view of the line camera and the LiDAR system in a transverse

direction, the transverse direction substantially orthogonal to the first axis.

16. The detection system of Claim 1 further comprising a controller configured to:

modify data elements of the image data based on data elements of the range data

corresponding to a shared time and location within the environment; and

modify data elements of the range data based on data elements of the image data

corresponding to a shared time and location within the environment.

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

a housing defining an aperture;

a lens within the aperture;



a time delay integrating (TDI) line camera comprising a plurality of optical

receivers configured to receive light within a set region of the electromagnetic spectrum passing

through the lens from the environment;

a plurality of LiDAR transmitters, each LiDAR transmitter configured to transmit

a light beam through the lens; and

a plurality of LiDAR receivers, each LiDAR receiver configured to receive a

reflected light beam of a corresponding LiDAR transmitter, the reflected light beams passing

through the lens from the environment after reflecting off an object in the environment.

18. The detection system of Claim 17 further comprising:

a first support member having a first surface forming a first plane facing the lens,

the LiDAR receivers coupled to the first surface of the first support member; and

a second support member positioned between the first support member and the

lens and having a first surface facing the lens and a second surface facing the first support

member, the second support member defining holes matching the size and position of the LiDAR

transmitters and receivers to allow the reflected light beams to pass therethrough for receipt by

the LiDAR receivers.

19. The detection system of Claim 18 further comprising:

a third support member having a first surface forming a second plane orthogonal

to the first plane, the LiDAR transmitters coupled to the first surface of the third support member

to transmit the light beams parallel to a first axis orthogonal to the second plane; and

a beam splitter disposed between the lens and the second support member, the

beam splitter configured to: deflect the transmitted light beams along a second axis orthogonal to

the first axis; and allow the reflected light beams to pass therethrough,



wherein the TDI line camera is coupled to the first surface of the second support

member.

20. The detection system of Claim 18 wherein the LiDAR transmitters are coupled to

the first surface of the second member.

2 1. The detection system of Claim 20 further comprising:

a third support member having a first surface forming a second plane orthogonal

to the first plane, the TDI line camera coupled to the third support member;

a first beam splitter positioned between the lens and the first surface of the second

support member, the first beam splitter configured to: deflect the transmitted light beams from a

first axis orthogonal to the second plane to a second axis orthogonal to the first axis and passing

through the lens; allow the reflected light beams to pass therethrough; and

a second beam splitter positioned between the first beam splitter and the lens, the

second beam splitter configured to: deflect light within the set region of the electromagnetic

spectrum from the second axis to a direction parallel to the first axis and into the TDI line

camera; allow the transmitted light beams to pass therethrough; and allow the reflected light

beams to pass therethrough.

22. The detection system of Claim 2 1 wherein the detection system is configured such

that the transmitted light beams, the reflected light beams, and the light within the set region of

the electromagnetic spectrum received by the TDI line camera pass through the lens substantially

along the second axis.
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