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receiving optic; a pixel array comprising at least a first column of pixels and a second column 

of pixels horizontally offset from the first column of pixels, wherein each pixel in the first 

and second columns of pixels is offset from an adjacent pixel in its respective column of 

pixels by a pixel pitch and wherein the second column of pixels is vertically offset from the 

first column of pixels by a vertical pitch such that pixels from the first and second columns of 

pixels project onto a single vertical column of pixels with one pixel per row;  a set of input 

channels interposed between the bulk receiving optic and the pixel array, the set of input 

channels comprising at least a first plurality of input channels and a second plurality of input 

channels, each of the first plurality of input channels configured to communicate one of the 

collected illumination beams from the bulk receiving optic to a corresponding pixel in the 

first column of pixels, each of the second plurality of input channels configured to 

communicate one of the collected illumination beams from the bulk receiving optic to a 

corresponding pixel in the second column of pixels; and an actuator configured to rotate the 

pixel array, the set of input channels and the bulk receiving optic around a vertical axis such 

that each pixel in the pixel array and a corresponding input channel traverses a unique 

circular path parallel to and vertically offset from a unique circular path traversed by every 

other pixel in the pixel array during a single rotation of the rotary actuator. 

 

[0005b] According to a second aspect of the present disclosure, there is provided an 

optical system for performing distance measurements, the optical system including: an optical 

imaging receive module comprising a bulk receiving optic, an aperture layer including a 

plurality of apertures, a lens layer including a plurality of lenses, and a pixel block including 

a plurality of pixels, wherein the aperture layer, lens layer and pixel block are arranged to 

form a plurality of input channels with each input channel in the plurality of input channels 

including an aperture from the plurality of apertures, a lens from the plurality of lenses and a 

pixel from the plurality of pixels and being configured to communicate light incident from 

the bulk receiving optic to the pixel of the input channel; an optical imaging transmit module 

comprising a bulk transmitting optic and an illumination source comprising a plurality of 

lasers, each laser in the plurality of lasers configured to project a discrete illuminating beam 

at an operating wavelength through the bulk transmitting optic; a rotary actuator comprising a 

rotary electric motor operatively coupled to rotate the plurality of input channels and the bulk 

receiving optic about a full 360 degree rotation axis of the systemsuch that each pixel in the 

plurality of pixels and each corresponding input channel traverses a unique circular path 

parallel to and vertically offset from a unique circular path traversed by every other pixel in 

the plurality of pixels during a single rotation of the rotary actuator. 
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[0005c] Disclosed herein is a method of using an optical system to generate an image 

represented by a distance matrix of distance values, wherein the optical system includes a 

pixel array comprising a plurality of pixel columns of pixels, the pixel array configured to 

scan during a scan cycle, the method including: during each of a plurality of sampling periods 

corresponding to different angular sampling positions resulting from a scanning of the pixel 

array: project light from a plurality of illumination sources; generate light data by the pixel 

array by collecting illumination beams reflected from a field outside the optical system; 

calculate distance values for the pixels in the pixel array; and using the distance values at the 

different angular sampling positions to generate the distance matrix of distance columns of 

distance values, wherein generating the distance matrix includes, for each distance column of 

distance values of the distance matrix: using the distances values corresponding to different 

pixel columns at different sampling periods in the distance column, wherein a number of 

distance values in the distance column corresponds to a number of pixels in the pixel array, 

and wherein a number of distance columns in the distance matrix corresponds to a number of 

sampling periods during the scan cycle.  

 

[0005d] In an embodiment of the optical system, the bulk receiving optic has a focal 

length; the pixel array includes a plurality of pixel columns, each of the pixel columns 

including a plurality of pixels configured to generate light data for calculating distance values 

to external surfaces; and the actuator scans the pixel array and the bulk receiving optic 

through a plurality of angular sampling positions over a scan cycle; wherein at least two pixel 

columns in the pixel array are offset by a horizontal pitch angle that corresponds to a 

horizontal distance between pixel columns and the focal length of the bulk receiving optic, 

wherein the horizontal pitch angle and an angular pitch between angular sampling positions 

are such that: a first pixel column at a first angular sampling position and second pixel 

column at a second angular sampling position have fields of view that are vertically aligned 

for a single distance column of the distance matrix. 

 

[0005e] An example optical system for collecting distance information comprises a 

first transmitting optic configured to collect illumination beams of a plurality of illumination 

sources reflected from a field outside the optical system; a pixel array comprising at least a 

first column of pixels and a second column of pixels, each pixel in the first column of pixels 

being offset from an adjacent pixel in the first column of pixels by a first pixel pitch, the 

second column of pixels being horizontally offset from the first column of pixels by the first 

pixel pitch, the second column of pixels being vertically offset from the first column of pixels 

by a first vertical pitch; and a set of input channels interposed between the first transmitting 
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CLAIMS

1. An optical system for collecting distance information, the optical system 

comprising: 

a bulk receiving optic; 

a pixel array comprising at least a first column of pixels and a second column of 

pixels horizontally offset from the first column of pixels, wherein each pixel in the first and 

second columns of pixels is offset from an adjacent pixel in its respective column of pixels by a 

pixel pitch and wherein the second column of pixels is vertically offset from the first column of 

pixels by a vertical pitch such that pixels from the first and second columns of pixels project onto 

a single vertical column of pixels with one pixel per row;  

a set of input channels interposed between the bulk receiving optic and the pixel 

array, the set of input channels comprising at least a first plurality of input channels and a second 

plurality of input channels, each of the first plurality of input channels configured to 

communicate one of the collected illumination beams from the bulk receiving optic to a 

corresponding pixel in the first column of pixels, each of the second plurality of input channels 

configured to communicate one of the collected illumination beams from the bulk receiving optic 

to a corresponding pixel in the second column of pixels; and 

an actuator configured to rotate the pixel array, the set of input channels and the 

bulk receiving optic around a vertical axis such that each pixel in the pixel array and a 

corresponding input channel traverses a unique circular path parallel to and vertically offset from 

a unique circular path traversed by every other pixel in the pixel array during a single rotation of 

the rotary actuator. 

 

2. The optical system of claim 1 wherein: 

the bulk receiving optic has a first focal length and defines a focal plane opposite 

the field; 

the set of input channels comprises an aperture layer disposed substantially 

coincident the focal plane and comprising at least a first plurality of apertures and a second 

plurality of apertures, a lens layer comprising at least a first plurality of lenses and a second 

plurality of lenses, and an optical filter layer spanning the plurality of lenses and configured to 
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pass light incident on the optical filter at an angle of 90 degrees in a narrow band and reject light 

outside the narrow band; and 

each input channel in the first plurality of input channels comprises an aperture 

from the first plurality of apertures, a lens from the first plurality of lenses and an optical filter 

from the optical filter layer and each input channel in the second plurality of input channels 

comprises an aperture from the second plurality of apertures, a lens from the second plurality of 

lenses and an optical filter from the optical filter layer. 

 

3. The optical system of claim 2 wherein each input channel in the set of 

input channels is coaxial with a corresponding pixel in the pixel array such that the set of input 

channels is positioned in a skewed grid array substantially similar to the pixel array and wherein 

each input channel in the set of input channels comprises a lens in the set of lenses and a 

corresponding aperture in the set of apertures, the lens being substantially aligned with the 

corresponding aperture. 

 

4. The optical system set forth in claim 1 wherein the vertical pitch is less 

than the pixel pitch. 

 

5. The optical system set forth in claim 1 wherein the pixel array comprises n 

columns of pixels with each of the n columns of pixels being vertically offset from an adjacent 

column of pixels by a vertical pitch equal to the pixel pitch/n such that pixels from the n columns 

project onto a single vertical column of pixels with one pixel per row. 

 

6. The optical system of claim 1 further comprising a bulk transmitting optic 

and an illumination source positioned along a focal plane of the bulk transmitting optic and 

comprising a plurality of lasers, each laser in the plurality of lasers configured to project a 

discrete illuminating beam at an operating wavelength through the bulk transmitting optic into a 

field external to the optical system; and 

wherein each input channel includes a filter configured to pass incident light 

within a narrow band that includes the operating wavelength of the plurality of lasers. 
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7. The optical system of claim 6 wherein an illumination pattern of the 

plurality of lasers substantially matches in size and geometry, across a range of distances from 

the optical system, fields of view of the set of input channels. 

 

8. The optical system of claim 6 wherein the actuator is a rotary actuator 

comprising a rotary electric motor operatively coupled to rotate the set of input channels and the 

bulk receiving optic about a full 360 degree rotation axis of the system; and 

wherein the system is configured to execute one sampling period at each of a 

plurality of different arcuate sampling positions per single rotation of the pixel array. 

 

9. The optical system of any of claims 6 to 8 wherein each pixel in the 

plurality of pixels comprises a plurality of single-photon avalanche diode (SPAD) detectors and 

wherein each laser in the plurality of lasers comprises a vertical-cavity surface-emitting laser 

(VCSEL). 

 

10. An optical system for performing distance measurements, the optical 

system comprising: 

an optical imaging receive module comprising a bulk receiving optic, an aperture 

layer including a plurality of apertures, a lens layer including a plurality of lenses, and a pixel 

block including a plurality of pixels, wherein the aperture layer, lens layer and pixel block are 

arranged to form a plurality of input channels with each input channel in the plurality of input 

channels including an aperture from the plurality of apertures, a lens from the plurality of lenses 

and a pixel from the plurality of pixels and being configured to communicate light incident from 

the bulk receiving optic to the pixel of the input channel; 

an optical imaging transmit module comprising a bulk transmitting optic and an 

illumination source comprising a plurality of lasers, each laser in the plurality of lasers 

configured to project a discrete illuminating beam at an operating wavelength through the bulk 

transmitting optic; 

a rotary actuator comprising a rotary electric motor operatively coupled to rotate 

the plurality of input channels and the bulk receiving optic about a full 360 degree rotation axis 

of the system such that each pixel in the plurality of pixels and each corresponding input channel 
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traverses a unique circular path parallel to and vertically offset from a unique circular path 

traversed by every other pixel in the plurality of pixels during a single rotation of the rotary 

actuator. 

 

11. The optical system of claim 10 wherein the rotary actuator further 

comprises an optical encoder and wherein the system further comprises circuitry coupled to the 

rotary actuator to control a rotational speed of the rotary electric motor based on outputs of the 

optical encoder. 

 

12. The optical system of claim 10 wherein the optical system is configured to 

execute a plurality of sampling periods during each rotation of the rotary actuator in which the 

optical imaging transmit module activates the illumination source to project light through the 

bulk transmitting optic into fields of view of the input channels, where each sampling period in 

the plurality of sampling periods is taken at a different arcuate sampling position; and wherein 

the system is configured to, during operation, collect three-dimensional distance data over each 

of a sequence of scan cycles that can be reconstructed into a virtual three-dimensional 

representation of a volume occupied by the system. 

 

13. The optical system of claim 10 further comprising an optical filter 

between the bulk receiving optic and the pixel block, the optical filter configured to pass a 

narrow band of radiation that includes the operating wavelength of the plurality of lasers to the 

plurality of pixels while blocking radiation outside the band. 

 

14. The optical system of claim 13 wherein the plurality of pixels in the pixel 

block are arranged in a plurality of columns of pixels with each pixel in a given column being 

offset from an adjacent pixel in the given column by a pixel pitch and wherein each column of 

pixels is horizontally offset from an adjacent column of pixels and vertically offset from the 

adjacent column by a vertical pitch. 
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15. The optical system of any of claims 10 to 14 wherein: 

wherein the bulk receiving optic is characterized by a focal plane opposite the 

field, the aperture layer comprises a thin opaque structure coincident the focal plane, and each 

lens in the plurality of lenses is a collimating lens characterized by a lens focal length and offset 

from the focal plane of the bulk receiving optic by the lens focal length; and  

the illumination source is arranged along a focal plane of the bulk transmitting 

optic such that each illuminating beam projected from the bulk transmitting optic into the field 

ahead of the system is substantially the same size and geometry as the field of view of a 

corresponding input channel at distances from the system. 

 

16. The optical system of any of claims 10 to 14 wherein each of the lasers in 

the plurality of lasers comprises a vertical-cavity surface-emitting laser (VCSEL) and each of the 

plurality of pixels comprises a plurality of single-photon avalanche diode (SPAD) detectors 

configured to receive light from a corresponding one of the plurality of lasers. 

 

17. The optical system of claim 10, wherein:  

the bulk receiving optic has a focal length;  

the pixel array includes a plurality of pixel columns, each of the pixel columns 

including a plurality of pixels configured to generate light data for calculating distance values to 

external surfaces; and  

the actuator  scans the pixel array and the bulk receiving optic through a plurality 

of angular sampling positions over a scan cycle; 

wherein at least two pixel columns in the pixel array are offset by a horizontal 

pitch angle that corresponds to a horizontal distance between pixel columns and the focal length 

of the bulk receiving optic, wherein the horizontal pitch angle and an angular pitch between 

angular sampling positions are such that: 

a first pixel column at a first angular sampling position and second pixel 

column at a second angular sampling position have fields of view that are vertically aligned 

for a single distance column of the distance matrix. 
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18. The optical system of claim 17 further comprising:

circuitry configured to store the distance values from a scan cycle in a distance 

matrix that represents a scene with a horizontal resolution equal to a number of arcuate sampling 

positions of the scan cycle; and 

wherein the circuitry is further configured to populate each row of the distance 

matrix one distance value at a time for a scan cycle and calculate a position of a surface that 

reflected illumination beams by merging one or more distance values in the distance matrix with 

one or more angular offset values in a correction matrix; and wherein a number of distance 

values in a distance column of the distance matrix corresponds to a number of pixels in the pixel 

array and each distance column of the distance matrix includes distance values corresponding to 

different pixel columns at different sampling periods. 

 


