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Vehicle with multiple light detection and ranging devices (LIDARS) 7|
M| Abe
Z7IAE us s S5
EHHT US15-714326 =YY 2017-09-25
SEHZ US10120079B2 sEY 2018-11-06
z 13 ¢
=90 Ht Gaetan Pennecot, Zachary Morriss,
ga¢ WAYMO =8x Samuel Lenius, lonut lordache, Daniel
Gruver, Pierre-Yves Droz ...
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USRE4BAITET, USREABS03ET, GO1S17/42, GO1517/66, GO1517/86
USRE48504E1, USRE48688E1 ... ! !
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A vehicle is provided that includes one or more wheels positioned at a bottom side of the
vehicle. The vehicle also includes a first light detection and ranging device (LIDAR) positioned
at a top side of the vehicle opposite to the bottom side. The first LIDAR is configured to scan
an environment around the vehicle based on rotation of the first LIDAR about an axis. The first
29 LIDAR has a first resolution. The vehicle also includes a second LIDAR configured to scan a
field-of-view of the environment that extends away from the vehicle along a viewing direction
of the second LIDAR. The second LIDAR has a second resolution. The vehicle also includes a
controller configured to operate the vehicle based on the scans of the environment by the first
LIDAR and the second LIDAR.

E 873

Fo2 £H

1. A vehicle comprising:

one or more wheels disposed along a first side of
the vehicle oriented toward a driving surface, the
one or more wheels configured to rotate to cause
the vehicle to travel along the driving surface a
control system configured to control operation of
the one or more wheels a sensor unit housing
disposed along a second side of the vehicle
opposite the first side a first light detection and
ranging device (LIDAR) arranged within the sensor
unit housing and being operatively coupled to the
control system, the first LIDAR having a first field of
view about a given axis, and the first LIDAR having
a first refresh rate ..
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Controlling vehicle sensors based on dynamic objects 7|
MR A
i us 3M/55 5=
e kel US16-176473 =Y 2018-10-31
SEHS UsS10627521B2 s8¢ 2020-04-21
53¢
2 LUMINAR TECHNOLOGIES INC 2Hxt Benjamin Englard, Eric C. Danziger,
Austin K. Russell
s d 510 A
ol KR100759757B1, US20100026982A1, o Ua| E3 US10768304B2, US10473788B2,
=° US20100182199A1, US20120310466A1, === US10509127B2, US10754037B2,
US9933522B2, US9761002B2 ... US10984257B2, US10514462B2 ...
s 18 o = 66 21
molg US20190179317A1, US10754037B2, CPC G01S17/89, GO6N5/003,
=° US10768304B2, US10984257B2, B60W30/18145, GO5D1/0231,
US11391844B2, US11802945B2 ... G05D1/0094, B60W2720/125 ...
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A method for controlling at least a first vehicle sensor includes receiving sensor data generated
by one or more vehicle sensors that are configured to sense an environment through which
29 the vehicle is moving and identifying based on the received sensor data one or more current
and/or predicted positions of one or more dynamic objects that are currently moving or are
capable of movement within the environment. The method also includes causing ...

E 873
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1. A method for controlling a lidar device of a
vehicle the method comprising:

receiving sensor data generated by one or more
sensors of the vehicle wherein the one or more
sensors are configured to sense an environment
through which the vehicle is moving identifying by
one or more processors and based on the received
sensor data one or more current and one or more
predicted positions of one or more dynamic objects
that
movement

are currently moving or are
the

identifying a predicted position of at least one of

capable of

within environment  wherein
the dynamic objects is based at least in part on
applying ...
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Calibrating sensors mounted on an autonomous vehicle ]
ME| AL
71aE Us M55 s2
EHHT US16-161035 =YY 2018-10-15
SEHS US10436885B2 s8¢ 2019-10-08
= 5 o
EXTL) Hio S 2t
g2 DEEPMAP INC 23Rt Mark Damon Wheeler, Lin Yang
Z14 4 =14 A
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£95 2%
A system calibrates one or more sensors mounted to an autonomous vehicle. From the one or
more sensors the system identifies a primary sensor and a secondary sensor. The system
29f determines a reference angle for the primary sensor and based on that reference angle for the
primary sensor a scan-start time representing a start of a scan and a scan-end time
representing an end of a scan. The system receives ..
HE Y7e F8 £
1. A non-transitory computer readable storage
medium having instructions for calibrating light i L
detection and ranging (LIDAR) sensors mounted on A - - =l
~_ 1221
an autonomous vehicle encoded thereon that, when i ’
executed by a processor, cause the processor to: s — Primary Sensor
identify from a plurality of LIDAR sensors mounted Secondary Sensor e .
0 : o
on the autonomous vehicle, a primary LIDAR sensor 123 i
and a secondary LIDAR sensor determine a reference - \,\ . W\\
angle for the primary LIDAR sensor determine, based 9" oy NE P
on the reference angle of the primary LIDAR sensor, y AN uo 1i9°
a scan-start time representing a start of a scan and |  Reneeof Motion forsecondary Range of Motion for Primary
. . 1260 Sensor
a scan-end time representing an end of a scan .. 1250
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A light detection and ranging device with dynamically adjustable angular resolution for use as
a sensor providing environmental information for navigating an autonomous vehicle is
disclosed. A first region of a scanning zone is scanned while emitting light pulses at a first
pulse rate and a second region of the scanning zone is scanned while emitting light pulses at
a second pulse rate different from the first pulse rate. Information from the LIDAR device
indicative of the time delays between the emission of the light pulses and the reception of the
corresponding returning light pulses is received. A three dimensional point map is generated
where the resolution of the point map in the first region is based on the first pulse rate and

is based on the second pulse rate in the second region.
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1. A method comprising:

scanning a light detection and ranging (LIDAR)
device through a first range of orientations directed
to a first region of a scanning zone while emitting
light pulses from the LIDAR device at a first pulse
rate scanning the LIDAR device through a second
range of orientations directed to a second region of
the scanning zone while emitting light pulses from
the LIDAR device at a second pulse rate that is
different from the first pulse rate receiving returning
light pulses corresponding to the light pulses
emitted from the LIDAR device ..
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SCAN A LIDAR SENSOR THROUGH A SCANNING ZONE

]

GENERATE 3-D POINT CLOUD DATA BASED ON
INFORMATION FROM LIDAR SYSTEM

l 506

IDENTIFY REGION(S) IN 3-D POINT CLOUD FOR STUDY AT
ENHANCED RESOLUTION

l &
INCREASE PULSE RATE OF LIDAR SYSTEM WHILE
SCANNING IDENTIFIED REGION(S)
| 3
GENERATE 3-D POINT CLOUD DATA WITH NON-UNIFORM
ANGULAR RESOLUTION BASED ON INFORMATION FROM
THE LIDAR SYSTEM
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A system performs calibration of sensors mounted on a vehicle for example lidar and camera
sensors mounted on a vehicle for example an autonomous vehicle. The system receives a lidar
scan and camera image of a view and determines a lidar-to-camera transform based on the
29 lidar scan and the camera image. The system may use a pattern for example a checkerboard
pattern in the view for calibration. The pattern is placed close to the vehicle to determine an
approximate lidar-to-camera transform and then placed at a distance from the vehicle to
determine an accurate lidar-to-camera transform. Alternatively ...
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1. A non-transitory computer readable storage
medium  storing instructions  for  performing | e Ve Sy
calibration of sensors of a vehicle, wherein the “ -

instructions when executed by a processor, cause
the processor to perform the steps including:
receiving a first lidar scan of a first view

comprising a pattern, the first lidar scan captured by
a lidar mounted on an autonomous vehicle, wherein
the pattern is positioned less that a first threshold
distance from the autonomous vehicle receiving a
first camera image of the first view, the first camera
image captured by a camera mounted on the

autonomous vehicle ...
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The present invention provides an IMU/LIDAR extrinsic parameter online estimation method
based on factor graph, which belongs to the field of sensor extrinsic parameter calibration,
29 including: according to the trajectory measured by IMU at multiple timesAnd the trajectory
solved by LIDAR odometer, construct a nonlinear least squares problem, the nonlinear least
squares problem is solved to obtainandThe initial estimate of

e 87

1. An IMU/LIDAR external parameter online estimation method based on factor graph is characterized in
that:

the method comprises the following steps:

Step S1 according to the tracks measured by the IMU in a plurality of moments Trajectory calculated with
LIDAR odometerConstruction of nonlinear least squares problemSolving the nonlinear least square problem
to obtainAndWherein among other thingsRepresenting the lever arm between IMU to LIDARA rotation
matrix representing the initial time frame to the navigation coordinate systemRepresenting the position of
the IMU solution at time k ..
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A method for generating a dense light detection and ranging (LiDAR) representation by a
vision system of a vehicle includes generating at a depth estimation network a depth estimate
29 of an environment depicted in an image captured by an image capturing sensor integrated
with the vehicle. The method also includes generating via a sparse depth network one or more
sparse depth estimates of the environment ...
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1. A method for generating a dense light detection
and ranging (LiDAR) representation by a vision

system of a vehicle, comprising:
generating, at a depth estimation network, a depth
estimate of an environment depicted in an image

captured by an image capturing sensor integrated

with the vehicle generating, via a sparse depth
network, one or more sparse depth estimates of the
environment, each sparse depth estimate associated
with a respective sparse representation of one or

more sparse representations generating the dense

LIDAR representation based on a dense depth
estimate that is generated based on the depth

estimate and the one or more sparse depth

estimates ...
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An autonomous vehicle includes a LIDAR system that includes a waveguide array a collimator
configured to receive a plurality of beams from the waveguide array and output a plurality of
collimated beams and a scanner configured to adjust a direction of the plurality of collimated
29f beams. The vehicle also includes one or more processors configured to determine a range to
an object based on a return signal received from reflection or scattering of the plurality of
collimated beams by the object and to control operation of at least one of a steering system
or the braking system based on the range.
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1. A light detection and ranging (LIDAR)
the LIDAR sensor

sensor

system for a vehicle, system
comprising:

a laser source configured to generate a beam one
or more optics configured to receive the beam and
output a plurality of beams having an angular
spread in a first plane and a scanner configured to
and direct the

plurality of beams from the first plane into a second

receive the plurality of beams

plane different from the first plane.
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Techniques for estimating a ground profile including a ground height (e.g. elevation) and
ground roll for an environment associated with a vehicle are described herein. Sensor data
29 associated with a vehicle may be used to determine sensor data points associated with a path
of the vehicle. Based on an upper bound slope and lower bound slope such as a maximum
and/or minimum rate of ground roll change ...
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1. A system comprising:

one Or more processors and one or more

media
that,
more processors to

non-transitory  computer-readable storing

computer  executable instructions when

executed, cause the one or
perform operations comprising:
receiving a path associated with controlling an
autonomous vehicle through an environmentreceiving
lidar data the

autonomous vehicleassociating the lidar data with a

from a sensor associated with
bin at a distance along the pathdetermining a lower
bound slope and an upper bound slope associated
with the binidentifying, as a subset of data, a
portion of the lidar data associated with the bin
that falls within the lower bound slope and the

upper bound slope ...
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The invention discloses an intelligent driving-based environment sensing system which relates
to the technical field of intelligent driving and is characterized in that environment data are
29 acquired in real time through sensors such as a radar a laser radar and the like a SLAM
technology is utilized to compare with a basic environment model a false signal area is
identified the system further analyzes through signal intensity and path complexity ...
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1. An environment perception system based on intelligent driving, characterized by:

comprising a signal acquisition module, a comparison analysis module, a signal strength analysis module, a
signal path complexity evaluation module, an interference level classification module, an interference
processing module and a path optimization moduleSignal acquisition module:

The autonomous driving system uses several radar and lidar sensors installed on the vehicle to obtain
reflected signals from different directions during the vehicle's driving process ...
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