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CLAIMS 

1. A system comprising:

a light detection and ranging (LIDAR) sensor that includes a transmitter and a 

receiver, wherein the transmitter emits light pulses toward an environment of the LIDAR 

sensor, wherein the receiver detects reflections of the emitted light pulses, wherein the 

LIDAR sensor scans the environment based on rotation of the LIDAR sensor about an axis, 

and wherein the rotation  of the LIDAR sensor about the axis adjusts a field-of-view (FOV) of 

the LIDAR sensor; 

a camera configured to detect external light received from within a FOV of the camera 

during a camera exposure time period, wherein the camera includes a plurality of rows of 

sensing elements, wherein each row of sensing elements is aligned with the axis of rotation of 

the LIDAR sensor, and wherein the camera exposure time period includes a respective 

exposure time period for each row of sensing elements; and 

a controller configured to operate the camera such that the camera exposure time 

period includes a time when the FOV of the LIDAR sensor at least partially overlaps the FOV 

of the camera to obtain a sequence of image pixel rows, wherein a first image pixel row in the 

sequence is indicative of a measurement of the external light by a first row of sensing 

elements during a first exposure time period, and wherein a second image pixel row in the 

sequence is indicative of a measurement of the external light by a second row of sensing 

elements during a second exposure time period. 

2. The system of claim 1, wherein each row of sensing elements is substantially

MCSLLP



59 

parallel to the axis of rotation of the LIDAR sensor. 

3. The system of claim 1, wherein the first row of sensing elements is located at a

given distance to the axis of rotation of the LIDAR sensor, and wherein the second row of 

sensing elements is located at the given distance to the axis of rotation. 

4. The system of claim 1, wherein the camera is one of a plurality of cameras

disposed in a substantially circular arrangement around the axis of rotation of the LIDAR 

sensor. 

5. The system of claim 1, wherein the controller aligns a center of the camera

exposure time period with a particular time when the FOV of the LIDAR sensor at least 

partially overlaps a center of the FOV of the camera. 

6. The system of claim 1, wherein the controller determines, based on at least a

direction of the rotation of the LIDAR sensor, an order of respective exposure starting times 

of adjacent rows of sensing elements to the external light, and wherein the controller operates 

the camera based on the determined order. 

7. The system of claim 1, wherein the controller determines a time delay between

a start time of the first exposure time period and a start time of the second exposure time 

period based on at least a rate of rotation of the LIDAR sensor about the axis, and wherein the 
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controller operates the camera based on the determined time delay. 

8. The system of claim 1, wherein the controller determines a start time for the

first exposure time period based on at least one or more emission times of one or more light 

pulses emitted by the LIDAR sensor toward a field-of-view (FOV) of the first row of sensing 

elements, and wherein the controller operates the camera based on the determined start time. 

9. The system of claim 1, wherein the sequence of image pixels is measured

according to a timing configuration determined by the controller, and wherein the controller 

determines the timing configuration based on at least an orientation of the LIDAR sensor 

about the axis. 

10. The system of claim 9, wherein the controller associates data from the LIDAR

sensor with one or more image pixels in the sequence of image pixel rows based on at least 

the timing configuration. 

11. The system of claim 1, wherein the controller associates the first image pixel

row with given data collected by the LIDAR sensor based on at least a comparison of a field-

of-view (FOV) of the first row of sensing elements to a FOV of the LIDAR sensor when the 

given data was collected by the LIDAR sensor. 

12. The system of claim 1, wherein the controller determines a three-dimensional
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(3D) representation of the environment based on data from the LIDAR sensor and the 

sequence of image pixel rows. 

13. The system of claim 1, wherein the controller determines a representation of

the environment based on color information indicated by the sequence of image pixel rows 

and distance information indicated by the LIDAR sensor. 

14. A device comprising:

a light detection and ranging (LIDAR) sensor that emits a plurality of light beams, 

directs the plurality of light beams toward a field-of-view (FOV) defined by a pointing 

direction of the LIDAR sensor, and detects reflections of the emitted light beams; 

an image sensor that detects external light originating from one or more external light 

sources, wherein the image sensor comprises an array of adjacent rows of sensing elements, 

and wherein a given row of sensing elements in the array is arranged according to an 

arrangement of given light beams directed by the LIDAR sensor for a given pointing direction 

of the LIDAR sensor; 

an actuator that rotates the LIDAR sensor about an axis to adjust the pointing direction 

of the LIDAR sensor, wherein an arrangement of the plurality of light beams emitted by the 

LIDAR sensor is based on at least the adjustment of the pointing direction; and 

a controller that operates the image sensor to obtain a sequence of image pixels in a 

particular order that is based on at least the arrangement of the plurality of light beams 

emitted by the LIDAR sensor, wherein the sequence of image pixels is indicative of 
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measurements by respective sensing elements in the array according to respective exposure 

time periods of the respective sensing elements to the external light, and wherein the 

respective exposure time periods are based on at least the particular order. 

15. The device of claim 14, wherein the particular order of the sequence of image

pixels is further based on a direction of the rotation of the LIDAR sensor about the axis. 

16. The device of claim 14, wherein the sequence of image pixels comprises a

plurality of consecutive image pixel rows, wherein the controller operates the image sensor to 

obtain a first image pixel row using a first row of sensing elements in the array, and wherein 

the controller operates the image sensor to obtain a second image pixel row subsequent to the 

first image pixel row in the sequence using a second row of sensing elements adjacent to the 

first row of sensing elements in the array. 

17. The device of claim 14, wherein the controller causes a given exposure time

period of the given row of sensing elements to include a given time when the FOV of the 

LIDAR sensor at least partially overlaps a given FOV of the given row of sensing elements. 

18. A method comprising:

rotating a light detection and ranging (LIDAR) sensor about an axis to scan an 

environment of the LIDAR sensor, wherein the LIDAR sensor emits light pulses toward the 

environment and detects reflections of the emitted light pulses, and wherein rotating the 
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LIDAR sensor about the axis adjusts a field-of-view (FOV) of the LIDAR sensor; and 

while rotating the LIDAR sensor, operating a camera to detect external light received 

from within a FOV of the camera during a camera exposure time period, wherein the camera 

exposure time includes a time when the FOV of the LIDAR sensor at least partially overlaps 

the FOV of the camera, wherein the camera includes a plurality of rows of sensing elements, 

wherein each row of sensing elements is aligned with the axis of rotation of the LIDAR 

sensor, and wherein the camera exposure time period includes a respective exposure time 

period for each row of sensing elements, 

wherein operating the camera to detect external light received from within the FOV of 

the camera during  the camera exposure time period comprises obtaining a sequence of image 

pixel rows, wherein a first image pixel row in the sequence is indicative of a measurement of 

the external light by a first row of sensing elements during a first exposure time period, and 

wherein a second image pixel row in the sequence is indicative of a measurement of the 

external light by a second row of sensing elements during a second exposure time period. 

19. The method of claim 18, further comprising:

determining a timing configuration based on at least one or more rotation 

characteristics of the LIDAR sensor, wherein the timing configuration is indicative of start 

times of respective exposure time periods of respective rows of sensing elements in the 

camera; and 

wherein obtaining the sequence of image pixels comprises obtaining the sequence of 

image pixels according to the determined timing configuration. 
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