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METHODS AND APPARATUS FOR ARRAY 360 - degree 3D point cloud for use in vehicle navigation . The 
BASED LIDAR SYSTEMS WITH REDUCED disclosed system has two limitations . First , the rotating scan 

INTERFERENCE head makes the unit impractical for widespread use on 
autonomous vehicles and makes it unusable for inclusion in 

FIELD OF THE INVENTION 5 mobile devices like smart phones , wearable devices , smart 
glasses , etc . Second , multiple units cannot work effectively 

The invention relates generally to determining presence in the same relative physical space due to the potential of 
crosstalk . and position in a surrounding space of objects that interact Scanning LiDAR units typically utilize a single laser , or with propagating electromagnetic waves . More particularly , multiple lasers , all operating at the same wavelength . Care the present invention relates to non - scanning LiDAR sys - 10 must be taken to ensure that signals received by the photo tems using an array of emitter detector sets to cover a given receptor are reflected light from the desired emitted source . 

field of view that provides for reduced interference due to Two LiDAR units , call them A and B , operating with lasers 
crosstalk among emitters within a given LiDAR unit and at the same wavelength have the potential to experience 
also among different LiDAR units . crosstalk . Inbound signals at the A detector wavelength of , 

15 for example , 650 nm could be a reflected signal from an 
BACKGROUND OF THE INVENTION emitter for unit A , a reflected signal from unit B , or a signal 

directly from an emitter of unit B . In an application like 
LiDAR ( light detection and ranging ) uses laser technol autonomous vehicle navigation with multiple LiDAR sen 

ogy to make precise distance measurements over short or sors per vehicle on a busy roadway , the potential for 
long distances . LiDAR units have found widespread appli - 20 crosstalk among pulsed - laser LiDAR units is quite high . 
cation in both industry and the research community . Crosstalk interference between individual LiDAR units 

The predecessor technology to current LiDAR units were can be reduced by utilizing time division synchronization 
object detection systems that could sense the presence or between the units wherein the transmit times of one unit do 
absence of objects within the field of view of one or more not overlap with the transmit times of other units . This 
light beams based on phase shift analysis of the reflect light 25 synchronization of individual units will lower the capture 
beam . Examples of these kinds of object detection systems rate for each device and is impractical when the individual 
in the field of vehicle “ blind spot ” warning systems include units are integrated with separate , independently - controlled 
U . S . Pat . Nos . 5 , 122 , 796 , 5 , 418 , 359 , 5 , 831 , 551 , 6 , 150 , 956 , systems . 
and 6 , 377 , 167 . The error mode for crosstalk interference among LiDAR 

Current LiDAR units are typically scanning - type units 30 units will typically be one or more distances being computed 
that emit beams of light in rapid succession , scanning across as lower than the actual distances or failure to find a signal , 
the angular range of the unit in a fan - like pattern . Using a resulting in no value being reported for an individual point . 
time of flight calculation applied to any reflections received , For LiDAR units that utilize signal intensity from the target 
instead of just a phase shift analysis , the LiDAR unit can information , the recording intensity will typically be higher 
obtain range measurements and intensity values along the 35 than the actual intensity of the returned signal . 
singular angular dimension of the scanned beam . LiDAR U . S . Pat . No . 8 , 363 , 511 attempts to overcome the cross 
units typically create the scanning beam by reflecting a talk interference problem in short range object detection 
pulsed source of laser light from a rotating mirror . The systems by emitting and detecting a series of encoded pulses 
mirror also reflects any incoming reflections to the receiving as part of the ultrasonic or microwave waves generated by 
optics and detector ( s ) . 40 the transducers . While this kind of encoding technique has 

Single - axis - scan LiDAR units will typically use a polygo - the potential to reduce some occurrences of crosstalk inter 
nal mirror and a pulsed laser source to emit a sequence of ference , encoding techniques are still not sufficient for 
light pulses at varying angles throughout the linear field of applications that may encounter an unknown and large 
view . Return signals are measured by a bandpass photore - numbers of devices that are simultaneously operating at the 
ceptor that detects the wavelength of light emitted by the 45 same or similar wavelength of emitter energy . 
laser . The field of view of the photoreceptor covers the entire U . S . Pat . No . 7 , 830 , 532 also attempts to address the 
one - dimensional scan area of the laser . Thus , each subse - crosstalk interference problem in the context of short range 
quent emitted pulse of laser light must occur only after the object detection systems using infrared light for fixed loca 
reflected signal has been received for the previous laser tion units such as garage door sensor detectors by various 
pulse . Dual - axis - scan LiDAR units produce distance - mea - 50 combinations of time division , frequency division , encoding 
sured points in two dimensions by using , for instance , a pair and testing modes . While these kinds of solutions might 
of polygonal mirrors . The horizontal scan mirror rotates at a work in the context of limited numbers of fixed object 
faster rate than the vertical scan mirror . detection systems , they are not practical or effective in the 

Flash LiDAR devices like those disclosed in U . S . Pat . No . context of current LiDAR technologies , especially when 
8 , 072 , 581 offer a way to acquire a 3D map of a scene via a 55 used in moving environments . 
solid state or mostly solid state approach . These devices LiDAR units have the potential to be utilized extensively 
illuminate an entire 2D field of view with a blanket of light in applications like autonomous vehicle navigation , mobile 
and measure the return value time for each photoreceptor computing and wearable devices . However , problems 
location in the field of view . These approaches are relegated remain in developing effective LiDAR units that can address 
to very close proximity applications due to the low incident 60 the interference challenges and operate reliably in an envi 
laser power for each location in the field of view . For flash ronment where hundreds or thousands of like devices are 
LiDAR at longer ranges , the usable field of view is typically operating simultaneously . 
too small for applications like autonomous vehicle naviga 
tion without the use of high performance cameras operating SUMMARY OF THE INVENTION 
in the picosecond range for exposure times . 65 

U . S . Pat . No . 7 , 969 , 558 describes a LiDAR device that LiDAR ( light detection and ranging ) systems in accor 
uses multiple lasers and a 360 - degree scan to create a dance with various embodiments of the invention use an 
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array of emitter detector sets to cover a given field of view set . In some embodiments , an array of micro - lens optics 
where each emitter / detector set is configured to receive includes a micro - lens unique for each emitter / detector set . In 
reflected light energy that is on a given coincident axis other embodiments , an array of micro - lens optics includes 
unique for that emitter / detector set and process time of flight more than one micro - lens for each emitter . In other embodi 
information for that received light energy . The combination 5 ments , a macro lens arrangement can be used to establish the 
of an array of emitter / detector sets coupled with the on - unique on - coincident axis associated with each emitter / 
coincident axis approach for each of the emitter / detector sets detector set . In some embodiments , such as the micro - lens 
provides for reduced interference among emitters within a array embodiment , the macro field of view of the LiDAR 
given LiDAR unit and also among different LiDAR units . unit is effectively established upon fabrication of the micro 
LiDAR systems in accordance with various embodiments 10 lens array together with the array of emitter / detector sets . In 

of the invention may use a multi - bit sequence of emitter other embodiments , the macro field of view may be changed 
pulses for each emitter / detector cycle . The multi - bit by a global lensing arrangement that is adjustable . 
sequence is locally unique to each emitter , wherein the bit In various embodiments , each detector in the array - based 
sequence differs from the bit sequences for emitters whose LIDAR unit has a unique angle of coincidence relative to the 
coincident axis / vectors are in close proximity . By selecting 15 optic configuration through which the reflected light energy 
locally unique bit patterns for each emitter , the interference is received . For purposes of the present invention , the angle 
from other emitters and other similar LiDAR devices is of coincidence of a given detector is defined as the center of 
dramatically reduced . The use of multi - bit emitter sequences the area of the light beam received by the detector not 
also results in reduced interference from non - LiDAR including any modifications to the light beam due to optic 
devices that are transmitting or reflecting energy at the target 20 elements internal to the LiDAR unit . In some embodiments , 
detector wavelength . the light energy is emitted and received as collimated or 

In various embodiments , the array comprises a non - coherent electromagnetic energy , such as common laser 
scanning , solid - state device having a multitude of emitter / wavelengths of 650 nm , 905 nm or 1550 nm . In some 
detector sets arranged on a generally planer surface . In some embodiments , the light energy can be in the wavelength 
embodiments , each emitter / detector set is a single pair of an 25 ranges of ultraviolet ( UV ) - 100 - 400 nm , visible - 400 - 700 
emitter and a detector . In other embodiments , a single nm , near infrared ( NIR ) — 700 - 1400 nm , infrared ( IR ) — 
emitter can be optically configured to provide on - coincident 1400 - 8000 nm , long - wavelength IR ( LWIR ) - 8 um - 15 um , 
axis light energy to multiple different detectors , with each or far IR ( FIR ) — 15 um - 1000 um . The various embodiments 
unique on - coincident axis combination of the single emitter of the present invention can provide reduction of interfer 
and a different detector comprising a different emitter / 30 ence at these various wavelengths not only among emitted 
detector set . In some embodiments , the number of emitter and reflected light energy of LiDAR devices , but also 
detector sets can range from a 16x16 array of emitter / emitted and reflected light energy from other ambient 
detector sets up to an array of 4096x4096 emitter / detector sources such as vehicle headlights and the sun that will also 
sets . In other embodiments , the number of emitter / detector be sources of interference for typical LiDAR units . 
sets and the configuration arrangement can be more or less , 35 
and can be planar or non - planar depending upon the specific BRIEF DESCRIPTION OF THE DRAWINGS 
application for which the LiDAR system is designed . 

In various embodiments , a pulse generation controller is FIG . 1 illustrates a single - axis - scan device according to 
configured to transmit a sequence of pulses from each of the the prior art . 
emitters and a control unit is configured to compute a time 40 FIG . 2 illustrates a dual - axis - scan device according to the 
of flight measurement for radiation received at each of the prior art . 
corresponding on - coincident axis detectors . The control unit FIG . 3 illustrates a functional block diagram of a mea 
that is coupled to the detector output can be a software surement system according to an embodiment . 
processing unit or a hardware circuitry for analyzing the FIG . 4 illustrates the geometry of multiple emitters 
light energy in order to extract information about objects 45 according to an embodiment . 
within the field of view of the array - based LiDAR unit . In FIGS . 5a and 5b illustrate the functional layers of a 
some embodiments , the output of the detector is coupled to vertical emitter with a micro lens according to an embodi 
a microprocessor unit ( MPU ) that is programmed to perform ment . 
the analysis on the received light energy . In other embodi FIG . 6 illustrates the functional layers of vertical emitters 
ments , a pulse detection circuit is configured to analyze an 50 with a device emitter lens according to an embodiment . 
output signal of the detector , such as an associated output FIG . 7 illustrates the beam profiles for emitted light 
signal of a detector shift register . While the timing of the according to an embodiment . 
sequence pulses is known within the LiDAR unit , coorin - FIG . 8 illustrates the geometry of receptors with direc 
dation and advance knowledge of the timing and / or wave - tional waveguides according to an embodiment . 
length of emitted light energy from other LiDAR units is not 55 FIG . 9 illustrates the functional layers of a receptor with 
required as in prior art LiDAR systems in order to reduce a directional waveguide according to an embodiment . 
crosstalk and interference among different LiDAR units . FIG . 10 illustrates the functional layers multiple receptors 

In various embodiments , the field of view of the LiDAR with a device detector lens according to an embodiment . 
unit is predetermined based on the optic configuration FIGS . 11a and 11b illustrates two device layout options 
associated with each of the sets of emitter / detectors for a 60 according to an embodiment . 
unique on - coincident axis . In one embodiment , each emitter / FIG . 12 illustrates a pulse timing sequence for multiple 
detector set includes an optical waveguide through which emitters according to an embodiment . 
the received light energy is directed for the on - coincident FIG . 13 illustrates the timing of a detector signal and how 
axis for that emitter / detector set . In another embodiment , it is compared to the emitted pulse sequence according to an 
each emitter / detector set in an array of emitter / detector sets 65 embodiment . 
includes a micro - lens through which the emitted light energy FIG . 14 illustrates the functional block diagram for the 
is directed for the on - coincident axis for that emitter / detector emitter and detector circuitry according to an embodiment . 
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FIG . 15 illustrates the emitter and detector timing for one can be reduced by utilizing synchronization between the 
measurement sequence according to an embodiment . devices wherein the transmit times of one device do not 

FIG . 16 illustrates the functional block diagram for the overlap with the transmit times of other devices . This 
emitter and detector circuitry for target intensity measure synchronization of individual units will lower the capture 
ments according to an embodiment . 5 rate for each device and is impractical when the individual 

FIG . 17 illustrates the functional block diagram for the devices are integrated with separate , independently - con 
detector circuitry for MPU detector processing . trolled systems . 
FIGS . 18a and 18b illustrate a pattern utilized for emitted Referring to FIG . 3 , a block diagram of an optoelectronic 

ray angle adjustments according to an embodiment . LiDAR device in accordance with an embodiment is 
FIG . 19 illustrates a dense detector array according to an 10 depicted . According to an embodiment , optoelectronic 

embodiment . LiDAR device 300 can comprise an emitter / detector array 
FIG . 20 illustrates an orthogonal dense detector array 10 , a pulse generation circuit 22 , a sampling circuit 12 and 

according to an embodiment . a control unit 20 . Emitter / detector array 10 can comprise a 
FIG . 21 illustrates the operational flowchart of the device plurality of emitter elements 100 and detector elements 200 

according to an embodiment . 15 symmetrically arranged in rows and columns . Each emitter 
FIG . 22 illustrates the use of the device in a vehicle of emitter elements 100 of emitter / detector array 10 can 

navigation application . comprise vertically - constructed laser diodes that can be 
FIG . 23 illustrates the use of the devices in an airborne configured to project beams of light at known angles relative 

data acquisition application . to a vector of the device normal to a plane of the array 10 . 
20 Detector elements 200 of emitter / detector array 10 can 

DETAILED DESCRIPTION OF THE DRAWINGS comprise a bandpass photodetector that can be configured to 
generate waveguides at known angles relative to a vector of 

Single - axis - scan LiDAR ( light detection and ranging ) the device normal to a plane of the array 10 . For each 
units will typically use a polygonal mirror and a pulsed laser emitter / detector set of elements 100 / 200 , the emitter and 
source to emit a sequence of light pulses at varying angles 25 detector vectors are coincident and form a common on 
throughout the linear field of view . Return signals are coincident axis that is at an angle relative to a vector normal 
measured by a bandpass photoreceptor that detects the to the plane of the array that is unique for that emitter / 
wavelength of light emitted by the laser . The field of view of detector set . 
the photoreceptor covers the entire scan area of the laser . For purposes of the present invention , the terminology 
Thus , each subsequent emitted pulse of laser light must 30 “ on - coincident axis ” will be used to refer to the common 
occur only after the reflected signal has been received for the known angle of both the emitted and reflected electromag 
previous laser pulse . FIG . 1 shows some essential elements netic energy for a given set of emitter / detector elements . It 
of a typical single - axis - scan LiDAR unit . The laser source is will be understood that “ on - coincident axis ” includes energy 
pulsed multiple times as each face of the polygonal mirror emitted or reflected on the specific vectors that define the 
rotates past the laser axis . Each rotation of a mirror face 35 coincident axis , as well as energy emitted or reflected at 
corresponds to a single linear scan of locations . For each angles that are relatively close to the same angle , such as 
point of a scan , the distance and angle are recorded . Many angles within the surface area of the received light beam as 
LiDAR applications also include return signal intensity , thus defined by the edges of the light beam entering the LiDAR 
encoding more information about the object that produced unit that will be received at the detector . 
the reflected the return signal . Two dimensional scans of 40 In embodiments , pulse generation circuit 22 can comprise 
objects and / or scenes are created by affixing a single - axis a series of logic devices such as a sequence of shift registers 
scan LiDAR to an object in motion , with the scan axis of the configured to generate an output signal , such as pulse , to 
LiDAR roughly perpendicular to the travel direction of the activate an emitter of emitter elements 100 . Pulse generation 
vehicle . circuit 22 utilizes at least one first clock signal generated by 

Dual - axis - scan LiDAR units produce distance - measured 45 a timer 24 to initiate the propagation of data through each of 
points in two dimensions by using , for instance , a pair of the sequence of shift registers . In some embodiments , each 
polygonal mirrors . The horizontal scan mirror rotates at a individual emitter of emitter elements 100 has a dedicated 
faster rate than the vertical scan mirror . FIG . 2 shows some shift register in the pulse generation circuit 22 . In other 
of the essential elements of a typical dual - axis scan LiDAR embodiments , unique control signals , multiplexed control 
unit . Other methods can be used to achieve laser scans in two 50 signals or control signals received over a parallel or serial 
dimensions . These methods , for the most part , rely on bus connection may be used to initiate the propagation of the 
mechanical or electromagnetic movement of one or more emitter elements . 
objects to achieve the laser scan in two dimensions . In an embodiment , sampling circuit 12 can comprise an 
LiDAR units will utilize a single laser , or will utilize analog - to - digital converter and / or other electronic compo 

multiple lasers all operating at the same wavelength . Care 55 nents such as transistors or capacitors to process an output 
must be taken to ensure that signals received by the photo - signal from each of the plurality of detector elements 200 . 
receptor are reflected light from the desired emitted source . Each detector of detector elements 200 can be configured as 
Two LiDAR units , call them A and B , operating with lasers a photoreceptor such as a photodiode or phototransistor 
at the same wavelength have the potential to experience which converts light into an electrical signal . The electrical 
crosstalk . Inbound signals at the A detector wavelength of , 60 signal is then converted to a discrete - time digital signal ( i . e . , 
for example , 650 nm could be a reflected signal from an sampled ) by sampling circuit 12 , whereby the sampled 
emitter for unit A , a reflected signal from unit B , or a signal digital signals are accumulated ( i . e . , summed or averaged ) 
directly from an emitter of unit B . In an application like and stored by detector shift register 14 or other type of 
autonomous vehicle navigation with multiple LiDAR sen - digital memory element . Detector shift register 14 can 
sors per vehicle on a busy roadway , the potential for 65 utilize a second clock signal generated by timer 24 to trigger 
crosstalk interference among pulsed - laser LiDAR units is accumulation of the digital signals based on an oscillation 
quite high . Crosstalk interference between individual units event of the second clock signal . In embodiments , the 
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N - 1 

frequency of the second clock signal generated by timer 24 UVW ; = [ tan ( FOV horiz * ( 12 – m / ( M - 1 ) ) ) , tan ( FOV yeri * ( 12 – 
for detector shift register 14 should be greater than twice the n / ( N - 1 ) ) ) , 1 ] ( eq . 2 ) 
frequency of the first clock signal generated by timer 24 for where 
the pulse generation circuit 22 : FOV horiz is the horizontal field of view expressed in 

degrees 
fdetector > 2 * femitter FOV vert is the vertical field of view expressed in degrees 

where M is the number of horizontal elements in the emitter 
fdetector = the frequency of the detector shift register clock ; array 
and m signifies the horizontal element number , ranging from 

femitter = the frequency of the pulse generation circuit O to M - 1 
clock . N is the number of vertical elements in the emitter array 

In operation , for example , the detector frequency will be n signifies the vertical element number , ranging from 0 to 
eight to 32 times the emitter frequency when hardware 
detection is used , and will be eight to 128 times the emitter 15 Various other methods are available for the selection of 
frequency when software detection is used . emitter vector 120 for emitter elements 100 . Some device 

In other embodiments , optoelectronic device 300 can applications may require a higher point density at or near the 
further comprise a pulse detection unit 16 that can be center of the field of view and a sparser distribution of points 
configured to analyze the output signal of pulse generation toward the edges of the field of view . 
circuit 22 in comparison to the output signal of detector shift 20 Referring to FIG . 5a a cross section of a side view of an 
register 14 to identify a match between the output signals . emitter of emitter elements 100 fabricated with a semicon 
Pulse detection unit 16 utilizes a third clock signal generated ductor laser is shown according to an embodiment . In 
by timer 24 to determine a time at which a match in the embodiments , emitter elements 100 can be fabricated to 
output signals is detected . In embodiments , pulse detection emit a light beam in the direction of the semiconductor layer 
unit 16 can comprise computer readable media ( not shown ) 25 stack . Utilizing a vertical transmission layer stack allows for 
such as RAM , ROM , or other storage devices to store the small spacing between individual emitters on a device and 
time at which a match was detected for each detector of allows for simpler optics . 
detector elements 200 . At the end of a sampling sequence the The semiconductor laser comprises a substrate 50 , a lower 
control unit 20 will read the match time for each detector of reflector 52 , an active layer 54 , a high - resistance region 56 , 
detector elements 200 and compute the distance to the 30 an upper reflector 58 and an electrode 60 which are sequen 
reflected object based on a time of flight calculation . The tially stacked on the substrate 50 . In an embodiment , each of 
distance for each emitter of emitter elements 100 and the lower reflector 52 and the upper reflector 58 is a 
detector of detector elements 200 is stored in an image distributed Bragg reflector which is formed by alternately 
memory 18 . Each emitter of emitter elements 100 has a stacking material layers having different refractive indexes 
vector associated with it that corresponds to the axis of the 35 and having opposite doping type . 
beam from the emitter of emitter elements 100 relative to the The light emitted from a vertical semiconductor laser will 
normal vector of the device . All emitter element 100 vectors be a diverging beam . An emitter lens 66 is fabricated on the 
are stored in a vector memory 26 . All information is trans - top of the laser stack to create a collimated beam of light 68 . 
ferred to / from the device via the input / output ( I / O ) 28 A directional lens 70 directs the collimated beam of light 68 
connection . 40 along a desired emitter vector 120 . 

Referring to FIG . 4 , an illustration of a perspective view For high - precision applications emitter vector 120 of each 
of emitter unit 102 according to an embodiment is shown . In emitter of emitter elements 100 may require minute adjust 
embodiments , emitter unit 102 can comprise emitter ele m ents . In embodiments , emitter elements 100 can comprise 
ments 100 arranged symmetrically about a top surface of directional lens electrodes 62 , 64 to provide a voltage 
emitter unit 102 . Each emitter of emitter elements 100 is 45 differential laterally across the directional lens 70 . In a 
configured to emit a beam of light 110 . The normal vector is preferred embodiment each directional lens 70 will have an 
shown as the z - axis 134 in the right - hand - rule coordinate electrode pair in both the x - axis and y - axis , with each 
system . The field of view may vary with each optoelectronic electrode pair controlling emitter vector 120 along the x - axis 
device depending upon the application . Along range device , and y - axis . The directional lens electrodes 62 , 64 values are 
for example , will have a narrow field of view for both the 50 addressable and are modified by the control unit 20 . 
horizontal and vertical dimensions . The maximum horizon - One skilled in the art will understand that alternate 
tal field of view for a flat device , measured in alignment with constructions of micro - lenses are possible . In accordance 
an x - axis 130 , is 180 degrees , and the maximum vertical with various embodiments of the invention , such alternate 
field of view for a flat device , measured in alignment with constructions should result in independently - controlled 
a y - axis 132 , is 180 degrees . Fields of view greater than 180 55 emitters that produce beams at known or characterizable 
degrees along both the x - axis and y - axis are achievable by vectors 120 relative to the device ' s normal vector 134 . 
utilizing 3D semiconductor fabrication techniques or by Constructions for adjustable emitter micro lenses can 
including additional optics that allow a flat semiconductor include , but are not limited to , electro - optic materials that 
device to project incident radiation into the negative z - axis change refractive index in response to an electric field , 
space . 60 piezoelectric materials that experience a modification of 

For a device where the angular spacing of successive their shape in response to an electric field , or transparent 
emitter elements 100 is equivalent across the horizontal and encapsulated liquid lenses . FIG . 5b shows the same vertical 
vertical fields of view , each emitter of emitter elements 100 semiconductor laser as FIG . 5a , with the exception of the 
projection angle beam of light 110 is expressed as a emitter emitter lens 66 . The dual directional lens 70 in FIG . 5b has 
vector 120 utilizing uvw nomenclature , where u corresponds 65 two distinct transmission surfaces . Roughly 50 % of the 
to the x - axis 130 , v corresponds to the y - axis 132 , and w collimated beam of light 68 is directed along emitter vector 
corresponds to a z - axis 134 : 120 , while most of the remaining light from beam of light 68 
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is directed along vector 121 . Since both beams are created beam 210 as received by the detector not including any 
from the same emitter of emitter elements 100 , they will modifications to the light beam due to optic elements 
have the same transmitted pulse waveform . Each reflected internal to the LiDAR unit . 
beam , however , will have a different coincident axis and will Referring to FIG . 9 , a cross section of a side view of a 
be detected by a separate waveguide detector or by a 5 detector of detector elements 200 element fabricated with an 
separate detector or group of detectors in the dense detector angular waveguide is shown according to an embodiment . 
array . In an embodiment , the number of distinct transmission The detector of detector elements 200 is fabricated to 
surfaces on a multi - directional lens can vary from two to 64 receive light transmitted substantially opposite to the direc 

tion detector vector 220 of the waveguide axis . The wave provided the coincident axis of each unique surface is 10 guide detector comprises a substrate 50 , a photoreceptor sufficiently different from the coincident axis of the other 224 , a bandpass filter layer 226 , a protective layer 228 and lens surfaces . the waveguide material 215 . A waveguide 222 shall be an air Referring to FIG . 6 , a cross section side view of emitter gap or shall consist of a material that is substantially elements 100 with a macro lens 80 according to an embodi transparent to the wavelength of emitted light . The wave 
ment is shown . In embodiments , each emitter of emitter of emitter 15 guide wall shall consist of a material that is substantially elements 100 and emitter lens 66 produces a converging non - reflective for the wavelength or range of wavelengths of 
beam 84 . The macro lens 80 is configured to diverge to the emitted light . The waveguide 222 geometry is a slightly 
produce a plurality of beams 82 along a multitude of emitter diverging trapezoidal cone . The amount of divergence will 
vectors ( coincident axes ) 120 throughout the device ' s field depend on the minimum range of the device , the lateral 
of view . 20 distance on the device between the detector vector 220 and 

Emitter directional lens electrodes 86 , 88 may be added to the axis of its associated emitter of emitter elements 100 , and 
provide a voltage differential laterally across the macro lens the depth of the waveguide . 
80 . In an embodiment , the macro lens 80 will have an Referring to FIG . 10 a cross section side view of a 
electrode pair in both the x - axis and y - axis , with each detector element with a macro detector lens 230 is shown 
electrode pair controlling emitter vector ( coincident axis ) 25 according to an embodiment . In embodiments , detector 
120 along the x - axis and y - axis . The emitter directional lens elements 200 comprise a substrate 50 , a photoreceptor 224 , 
electrodes 86 , 88 values are addressable and are modified by a bandpass filter layer 226 and a protective layer 228 . In 
the control unit 20 . other embodiments , light can be received from a diverging 

Referring to FIG . 7 , a beam profile for multiple emitters field of view at a macro detector lens 230 that directs 
according to an embodiment is shown . The top diagram 30 in - bound light to the surface of detector elements 200 . 
shows a perfectly collimated beam 92 that produces a round In embodiments , macro detector lens 230 comprises 
spot 94 on the surface of the reflecting object . The beam detector directional lens electrodes 232 , 234 positioned on 
intensity is uniform throughout the round spot 94 , and the the x - axis and y - axis , whereby the electrodes 232 , 234 are 
intensity of the light transitions sharply at the edge of the configured to control a detector vector 220 along the x - axis 
round spot 94 . In precision LiDAR systems , a beam such as 35 and y - axis . The directional lens electrodes can be configured 
collimated beam 92 has advantages . First , a smaller round to provide a voltage differential laterally across macro 
spot 94 size will result in fewer locations within the device detector lens 230 . The directional lens electrode 232 , 234 
field of view being illuminated . Since the goal of LiDAR is values are addressable and are modified by the control unit 
to measure the distance to a point at a known coincident 20 . 
angle , reducing the number of points that generate a return 40 Referring to FIG . 11a , a physical device layout according 
signal will increase the device ' s precision . Second , a smaller to an embodiment is shown . In an embodiment , emitter 
round spot 94 will generally reduce or remove crosstalk with elements 100 and detector elements 200 can be symmetri 
detectors that are near the on - coincident axis matched detec - cally arranged in an electro - optical section 242 of the device 
tor for this emitter 90 . The bottom diagram in FIG . 7 shows 240 . The number of emitter elements 100 can be equal to the 
a more typical beam profile . The beam 96 diverges as it 45 number of detector elements 200 , and each detector of 
travels through space . The spot 98 on the surface of the detector elements 200 is " paired ” with a designated emitter 
reflected object is elliptical in shape . The light intensity is of emitter elements 100 . The pulse sequence transmitted by 
non - uniform throughout the surface of the spot 98 . Depend an emitter of emitter elements 100 will be sensed and 
ing on emitter construction , the spot will typically have a detected only by its paired detector of detector elements 200 . 
two - dimensional Gaussian profile or a second - order profile . 50 In embodiments , a single global lens can be utilized for both 
The point of greatest intensity will not always be the center emitter elements 100 and detector elements 200 . When 
point of the spot 98 . single global lens are used for emitter elements 100 and 

Referring to FIG . 8 , a top view of detector elements 200 detector elements 200 optics , the distance between the 
geometry on the emitter / detector array 10 surface is shown emitter / detector pair must be minimal . In other embodi 
according to an embodiment . Light 210 is received at each 55 ments , for example , where micro lens are used for emitter 
detector of detector elements 200 . Each detector of detector elements 100 , the distance between each emitter / detector is 
elements 200 has an optimal receive detector vector ( coin - not as important and can vary according to embodiments . 
cident axis ) 220 along which the maximum optical energy Larger distances between micro - lens emitter elements and 
will be transferred . Inbound optical energy that is slightly waveguide detector elements will require slightly larger 
non - parallel to the detector vector 220 will be partially 60 diverging waveguides according to FIG . 9 . Device circuitry 
reduced in intensity due to waveguide blocking or due to the is located in an electronic section 244 of the device 240 . 
macro lens . Inbound optical energy that is more than Referring to FIG . 11b a physical device layout according 
slightly - non - parallel to the receive detector vector ( coinci to an embodiment is shown . In embodiments , emitter ele 
dent axis ) 220 will be substantially blocked by the detector ments 100 can be arranged in an emitter electro - optical 
waveguide or directed elsewhere by the macro lens . For 65 section 248 and detector elements 200 can be arranged in a 
purposes of the present invention , the coincidence axis of a detector electro - optical section 246 of device 240 . The 
given detector is defined as the center of the area of the light number of detector elements 200 can be equal to or greater 
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than the number of emitter elements 100 . In embodiments , Each detector has a dedicated shift register into which the 
for example , each emitter / detector array will comprise K sampled detector states are stored . A " one ” is stored for each 
detector elements 200 for each emitter of emitter elements sampling time where the detector voltage is greater than a 
100 , where K is an integer value from 1 to 25 . threshold value 262 . At each sampling times 266 the bits in 

In other embodiments , each waveguide detector of detec - 5 the shift register are transferred one location to the left 
tor elements 200 is “ paired ” with a designated emitter of according to the shift direction 284 . The control unit clears 
emitter elements 100 , whereby the pulse sequence transmit - all shift registers prior to the start of the emitter pulse 
ted by an emitter of emitter elements 100 will be sensed and sequence 264 . The initial state of the shift register at to 268 
detected only by its paired detector of detector elements 200 . is shown with all bits being set to zero . At to when the 
For global lens detectors the number of detector elements emitter pulse sequence is initiated — the pulse compare cir 
200 will be typically 7 to 25 times the number of emitter cuitry will begin looking for a “ match ” between the emitter 
elements 100 , and the paired detector of detector elements pulse sequence 264 and the sampled sequence . The values 
200 that corresponds to each emitter of emitter elements 100 transmitted in the emitter pulse sequence 264 are stored by 
will be determined during device 240 characterization . For 15 the control unit in the detector compare register 286 for use 
embodiments that utilize waveguide detectors , the larger by the compare circuitry . 
distances between emitter elements 100 and detector ele The compare circuitry performs a comparison at every 
ments 200 will require slightly larger diverging waveguides sampling time . After eleven sampling periods the shift 
according to eq . 3 . Device circuitry is located in the elec - register at tj 270 contains sampled values from the first 
tronic section 244 of the device 240 . 20 portion of the received waveform . At 176 the compare cir 

Electronic section 242 and electro - optical sections 242 , cuitry detects a match 274 for emitter bit 0 , bit 7 and bit nine , 
246 , 248 sections for device 240 in FIGS . 11a and 11b can but does not detect a match 276 for bit 4 . Therefore , the 
be implemented on the same semiconductor die or on sampled waveform does not correspond to the emitted 
separate die that are placed together and interconnected on waveform . At too the compare circuitry detects a match 280 
a common substrate with common packaging . 25 at bit 0 , bit 7 and bit 9 as well as a match 282 at bit 4 . Since 

FIG . 12 illustrates a timing sequence for multiple emit - all of the " ones ” from a compare register 272 have a 
ters . A high level 250 indicates the emitter is energized or corresponding match in the detector shift register 278 , the 
turned on by the emitter control circuitry . The energizing compare circuitry will flag and record the time at which the 
level is shown for six emitters that have coincident axes match occurred . 
similar to one - another . The bit sequences utilize a rotating 30 FIG . 14 illustrates functional blocks used for sending a bit 
primes pulse train and 38 - bit sequences , and the emitter sequence to an emitter of emitter elements 100 and process 
levels are shown for a time period 252 ranging from 0 ing the sensed signal from an associated detector of detector 
through 37 . Since the vectors are similar , emitted energy elements 200 . The timer 24 produces synchronized clocks — 
from one emitter will possibly be received at a detector that an emitter clock that controls the timing of the pulses in the 
is not its pair . To accommodate detection of pulse sequences 35 pulse generation circuit 22 and a detector clock that governs 
from a detector ' s paired emitter the pulse sequences shown the processing of information throughout the detection func 
in FIG . 12 are sparsely populated . The circuitry for each tional blocks . The frequency of the detector clock will 
paired detector is configured to detect the pulse sequence typically be an integer multiple of the emitter clock . The 
from its paired emitter . integer multiple for the detector clock will depend on the bit 

Various methods exist for the selection and detection of 40 sequence encoding scheme . 
pulse sequences that are locally distinct or differentiable and The output bit of the pulse generation circuit 22 produces 
detectable relative to each detector ' s spatial neighbors . Bit the voltage level that will drive an individual emitter of 
encoding schemes that can be utilized include but are not emitter elements 100 . Once the emitter sequence has started , 
limited to unordered list of primes , random numbers , the detector circuitry begins collecting information from the 
pseudo - random numbers , random sequences and pseudo - 45 detector of detector elements 200 . The sampling circuit 12 
random sequences . Bit generation schemes can include any produces a multi - bit value that is continuously compared to 
encoding scheme which produces non - repeating , distinct the value in the threshold register 30 . For sampled values 
values . Potential bit encryption schemes include but are not greater than the value in the threshold register 30 , a thresh 
limited to one time pad , Hash , DES , MD5 , and AES . One old compare circuitry 32 produces a true value or “ 1 ” in a 
skilled in the art can select the bit encoding or bit encryption 50 positive logic system . The output of the threshold compare 
scheme that best fits the computational power of the device circuitry 32 is the input value for the detector shift register 
and the non - repetitiveness requirements . 14 . A new value is shifted into the detector shift register 14 

FIG . 13 illustrates a detector input signal 260 received by on each transition of the detector clock . The detector counter 
a detector of detector elements 200 in response to an emitter 36 is set to zero at the start of the emitter pulse sequence and 
pulse sequence 264 . The detector input signal 260 will 55 will increment its count on each detector clock pulse . 
increase according to reflected light emitted from emitter m , The detector compare register 35 contains the multi - bit 
n and reflected off an object . The detector circuitry and the value for the emitter pulse sequence . This register is typi 
control unit will determine the distance of the object that cally a copy of the initial value loaded into the pulse 
reflected the signal by measuring the time of flight of the generation circuit 22 . A sequence detect circuitry 38 will 
photons in the emitter pulse sequence 264 . 60 continuously compare the results of the detector compare 

The detector input signal 260 will be sampled at a register 35 and the detector shift register 14 . When the 
frequency in accordance with eq . 1 . In practice the sampling sequence detect circuitry 38 detects a match between its 
frequency will be considerably greater and will be a multiple inputs , it signals a detector hit register 42 to record the value 
of the emitter pulse frequency . In FIG . 13 the sampling of the detector counter 36 . This detector hit register 42 value 
frequency for detector m , n is four times the emitter fre - 65 signifies the number of detector clock pulses from the start 
quency and the sampling times 266 are shown for to through of the emitter sequence to the sensing of a proper detection 

sequence . 161 
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Advanced LiDAR systems will sometimes measure sec - registers . The control unit will then activate the read detect 

ondary return signals . For example , light rays will typically hit register signal ( s ) 355 to process the flight time ( s ) for the 
reflect off a closer object otherwise known as the fore - detected pulse sequence ( s ) . 
ground object - and a farther - away object — the background The timing shown in FIG . 15 utilizes synchronous elec 
object — as a result of the same emitter pulse or series of 5 tronics where all components are driven with a common 
pulses . An embodiment of the present invention provides clock source . One skilled in the art could produce control 
multiple detector hit registers 42 to account for multiple circuitry that operates with multiple asynchronous clocks or 
return sequences . After the detector counter 36 value for the in a completely asynchronous fashion . The only element that 
first return sequence has been stored . subsequent matches requires a clock is the counter unit that will mark the time 
detected by the sequence detect circuitry 38 will be recorded erecorded 10 duration between the emitted pulses leaving the emitter and 

the detected pulses arriving at the detector circuitry . in the next detector hit register 42 in the sequence . 
The FIG . 14 blocks represent the circuitry for one emitter Upon completion of the emitter detector sequence and the 

reading of the detector hit registers for element m , n , the and its matched detector . For a device with MXN emitters control unit will compute the time of flight for sequence m , n ; and detectors with all detectors operating simultaneously , 15 
MxN circuits like those represented in FIG . 14 are desired . t ( flight ) mn = hdetector * ( km , n - Km . n ) - temitter - Idetector ( eq . 3 ) In devices where K detectors operate simultaneously , where 
K is less than MxN , there will be K detector circuits desired . where 
Each detector circuit will require mapping circuitry that à detector is the period of the detector clock 
maps a detector output to the appropriate detector circuitry 20 km . n is the detector counter value for detector m , n when 

the detector match circuitry is triggered for element m , n for the current emitter pulse sequence . K is the number of bits in the detector m , n shift register In embodiments , the functional blocks in FIG . 14 are temitter is the delay from the energizing of the emitter clock implemented in dedicated circuitry . One skilled in the art to the energizing of the emitter 
may replace many of the functional blocks in FIG . 14 with t detector is the delay from the photons reaching the detector processes implemented with CPUs , microcontrollers , paral - 25 to the energizing of the circuitry at the input of the 
lel processors , embedded reduced instruction set computing detector shift registers . ( RISC ) machines , programmable logic array , or some other The values of temitter and t detector can be theoretical values 
local computing circuitry that takes the place of many determined from the design of the circuitry or they can be 
dedicated circuit blocks . characterized values based on measurements made with the 

Referring to FIG . 15 illustrates a timing diagram of manufactured circuitry from known distances . 
elements depicted in the functional blocks of the detector The distance to the target that provided the reflected return 
circuitry according to an embodiment . A detector clock 310 signal for element m , n is : 
frequency is four times the emitter clock 302 frequency . The 
load pulse generation circuit signal 315 initiates the loading 35 
of the shift register of pulse generation circuit 22 with the bit Vlight * 1 ( flight ) m . n ( eq . 4 ) 

dm , n = = sequence to be transmitted from the emitter . Incoming bits 
will be stored in the detector shift register , so this register 
must be cleared prior to the detector being enabled . The clear where Vlight is the velocity of light in the medium ( atmo 
detector shift register signal 320 sets all of the detector shift 40 sphere , water , oceans , space , etc . ) 
register bits to zero . where the device is used 

The detector counter will serve as the timing sequence LiDAR systems will utilize time of flight to determine the 
throughout the detection cycle . The counter must be cleared distance to the object that reflected the light . These systems 
prior to the start of the detector sequence . The clear detector will typically report a distance at a known angle for every 
counter signal 325 sets the all of the detector counter bits to 45 data point . Advanced LiDAR systems will also report an 
zero . The detector hit registers will store the detector counter intensity value for each data point , whereby the intensity 
values at which the primary and any secondary detected value conveys information about the object creating the 
pulses are sensed . A zero value in these registers signifies reflected signal . FIG . 16 illustrates a functional diagram of 
that a match sequence was not detected , so these registers a preferred embodiment of the present invention where 
must be cleared prior to the start of the detector sequence . 50 signal intensity is collected and reported . 
The clear detector hit register signal 330 sets all of the bits Referring to FIG . 16 , a functional block used for sending 
in all of the detector hit registers to zero . a bit sequence to an emitter of emitter elements 100 and 

The output from each emitter 345 is enabled by a logic processing the sensed signal from an associated detector of 
one appearing at the output of the pulse generation circuit 22 detector elements 200 is depicted according to an embodi 
only when the emitter enable signal 335 is active . The 55 ment . In embodiments , the timer 24 produces synchronized 
detector enable signal 340 will activate at the same time as clocks — an emitter clock that controls the timing of the 
the emitter enable signal 335 . The detector enable signal 340 pulses in the pulse generation circuit 22 and a detector clock 
will activate the detector counter , the detector shift register that governs the processing of information throughout the 
and the sequence detect circuitry . detection functional blocks . The frequency of the detector 
Upon completion of the shifting of all of the sequence bits 60 clock will typically be an integer multiple of the emitter 

out of the pulse generation circuit 22 , the emitter enable clock . The integer multiple for the detector clock will 
signal 335 is deactivated , signifying the end of the emitting depend on the bit sequence encoding scheme . 
portion of the emitter / detector sequence . At the end of the The output bit of the pulse generation circuit 22 produces 
detector sequence the detector enable signal 340 will be the voltage level that will drive the individual emitter . Once 
deactivated , which in turn will discontinue the incrementing 65 the emitter sequence has started , the detector circuitry begins 
of the detector counter , disable the sequence detect circuitry , collecting information from the detector of detector ele 
and disable any further capturing of data in the detector hit m ents 200 . The sampling circuit 12 produces a multi - bit 
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value that is captured in the intensity shift register 44 . Each captures a new multi - bit intensity value on the leading edge 
subsequent transition of the detector clock will capture a of the detector clock . Values are shifted into the intensity 
new value from the sampling circuit 12 , with all previous shift registers 44 throughout the entire detection cycle . At 
values being shifted to the right by one location . For the end of the detection cycle each MPU will begin pro 
sampled values greater than the value in the threshold 5 cessing the captured and presented information to determine 
register 30 , the threshold compare circuitry 32 produces a the clock sequences at which valid reflected signals were 
true value or “ 1 ” in a positive logic system . The output of the received . All activated intensity shift registers 44 are clocked 
threshold compare circuitry 32 is the input value for the for the same number of clock cycles throughout the detec 
detector shift register 14 . A new value is shifted into the tion cycle . 
detector shift register 14 on each transition of the detector 10 The timer 24 will control the clocking of data into all of 
clock . A detector counter 36 is set to zero at the start of the the intensity shift registers 44 . Each element in the detector 
emitter pulse sequence and will increment its count on each shift registers is a multi - bit value , and the number of 
detector clock pulse . required elements in each intensity shift register will depend 

The detector compare register 35 contains the multi - bit on the range of the device , the desired accuracy of the 
value for the emitter pulse sequence . This register is typi - 15 distance measurements , the number of bits in each emitter 
cally a copy of the initial value loaded into the pulse sequence , and the rate multiplier of the detector clock to the 
generation circuit 22 40 . The sequence detect circuitry 38 emitter clock . The number of elements for each detector 
will continuously compare the results of the detector com - shift register elements is : 
pare register 35 and the detector shift register 14 . When the 
sequence detect circuitry 38 detects a match between its 20 # of detector shift register elements > E * L + 
inputs , it signals the detector hit register 42 to record the ( 2 * R * femitter * L ) / Vlight ( eq . 5 ) 
value of the detector counter 36 . This detector hit register 42 where 
value signifies the number of detector clock pulses from the E is the number bits in each emitter shift register 
start of the emitter sequence to the sensing of a proper L is the clock multiplier signifying L detector clock pulses 
detection sequence . 25 for each emitter clock pulse 

The functional blocks in FIG . 16 support two methods for R is the specified range of the device , signifying the 
sequence detection . The first method is based on the output maximum distance that can be measured 
of the sequence detect circuitry 38 , which compares the femitter is the frequency of the emitter clock 
binary values generated by the threshold compare circuitry Vlight is the velocity of light in the medium ( atmosphere , 
32 to the detector compare register 35 . The second method 30 water , oceans , space , etc . ) where the device is used 
ignores the hardware threshold value in the threshold reg - The circuitry blocks for MPU m , n 450 are shown in FIG . 
ister 30 and does not utilize the detector hit register ( s ) 42 . 17 . The intensity shift registers 44 are addressable and 
This second method analyzes all of the data in the intensity readable over the intensity shift register bus 452 by the 
shift register 44 to determine the time at which the first controller 20 and by each MPU . Upon the completion of the 
return pulse train was received . This circuitry can utilize 35 detection cycle , MPU m , n 450 reads the value from 
noise cancellation techniques to extract secondary pulse intensity shift register m , n 454 and the value from the 
times and intensity values for all detected pulse sequences . detector compare register m , n 456 . For algorithms that 

In FIG . 16 , a block diagram of circuitry for an emitter utilize only single detector information , these two lone data 
element and its matched detector is shown according to an elements are used by the MPU to process the received 
embodiment . In embodiments , an optoelectronic device 40 waveform and determine how many return signals were 
comprising MxN emitters and detectors with all detectors detected and the associated intensity for each return signal . 
operating simultaneously , MXN circuits like those repre - The number of elapsed clock pulses for each detected signal 
sented in FIG . 16 are desired . In optoelectronic devices is stored by MPU m , n 450 in the detector hit registers m , n 
where K detectors operate simultaneously , where K is less 458 , and their associated intensities are stored in the inten 
than MxN , there will be K detector circuits desired . Each 45 sity registers m , n 460 . 
detector circuit will require mapping circuitry that maps a Many algorithms for signal analysis and detection utilize 
detector output to the appropriate detector circuitry for the information from neighboring detectors and / or emitters . The 
current emitter pulse sequence . In embodiments , the func - detector bus 452 allows each MPU to access captured return 
tional blocks in FIG . 16 can be implemented in dedicated signals from neighboring detectors . In addition , each MPU 
circuitry . In other embodiments , the functional blocks in 50 can access the detector compare register 456 for every 
FIG . 16 with processes can be implemented with CPUs , detector via the detector bus to determine if an on - coincident 
microcontrollers , parallel processors , embedded reduced axis emitter was activated for that detector during the 
instruction set computing ( RISC ) machines , programmable previous emitter sequence . A null value in a neighboring 
logic arrays , or some other local computing circuitry that detector compare register 456 will signify to other MPUS 
takes the place of many dedicated circuit blocks . 55 that an on - coincident axis emitter was not active during the 

FIG . 17 shows detector circuitry wherein each detector previous emitter cycle . 
utilizes a microprocessor unit ( MPU ) to determine the times FIG . 17 shows two other MPUs in the detector circuitry 
at which reflected signals are received and the associated MPU 0 , 0 462 and MPU M - 1 , N - 1 464 . For a device that has 
intensities of the reflected signals . FIG . 17 depicts detector MxN detectors , there will be MXN MPUs , with each MPU 
circuitry for an MxN array of detectors , where individual 60 having its own dedicated detector hit registers and intensity 
detectors are denoted as m , n where m varies from 0 to M - 1 registers , and having access to all intensity shift registers and 
and n varies from 0 to N - 1 . The number of detectors can be all detector compare registers via the detector bus . 
equal to the number of emitters , or can be many times The device MPUs are dedicated microcontroller units that 
greater than the number of emitters . have reduced instruction sets specifically tailored to signal 

The input signal from each detector is digitized by an A / D 65 processing . Each MPU contains a dedicated ALU ( arithme 
converter 12 and the digitized signal is presented to the tic logic unit ) , control store , processing registers , instruction 
intensity shift register 44 . Every intensity shift register 44 memory , and configuration memory . Upon power up of the 
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device , each MPU is configured to establish its associated form noise suppression and / or noise cancellation on the 
on - coincident axis emitter . According to an embodiment , not primary waveform . Detectors in the second concentric ring 
every MPU will be associated with an on - coincident axis surrounding the primary detector 292 can be designated as 
emitter . a tertiary detector 296 . 

High - speed applications require one MPU for each detec - 5 In embodiments , each primary detector 292 in FIG . 19 
tor . One skilled in the art will understand that conventional can comprise three or more tertiary detectors 296 . The 
multiplexing techniques can be applied to devise a system tertiary detectors can be utilized to sample data to enhance wherein one MPU could service multiple detectors . The the signal strength of the primary waveform . In other functionality of all of the MPUs could be replaced by a embodiments , sampled waveforms from the tertiary detec controller 20 with sufficient resources . 10 tors can be utilized in a post - processed mode to perform Referring to FIG . 18a , a grid 365 showing an ideal noise suppression and / or noise cancellation on the primary location 370 for emitted beams is depicted according to an waveform . In addition to noise suppression and noise can embodiment . Such a grid could be used for device charac cellation , the primary , secondary and in some cases tertiary terization , whereby the transmission vector of each emitter 
is determined and stored in the vector memory . Prior to 15 detector information can be utilized to perform one or more 
characterization , micro lenses can be modified for more of the following techniques including but not limited to time 
precise aiming . A misaligned emitter beam 360 misses the domain methods like FFT , DFT and largest common point , 
ideal location 370 on the grid 365 in both the horizontal and statistical methods like least squares , gradient following , 
vertical dimensions . FIG . 18b depicts an expanded view of projection kernels and Bayesian , and pattern matching tech 
a beam aligned on grid 365 and a misaligned emitter beam 20 niques like Boyer - Moore , Kuth - Morris - Pratt , finite state 
360 . The horizontal offset 375 is reduced by making changes neural networks and Graham ' s . In operation , for example , 
to the voltages to the horizontal lens control for the lens that the optical center of the inbound signal may not coincide 
corresponds to this emitter . The vertical offset 380 is reduced precisely with the center of a detector . For each emitter , 
by making changes to the vertical lens control for the lens floating point values can be used to designate a primary 
that corresponds to this emitter . The voltages used to align 25 detector . By expressing the row and column of the primary 
each micro lens are stored in the vector memory . These detector as floating point numbers , the neighboring detectors 
voltage values are saved during power down of the device . can be weighted accordingly when multiple detectors are 
During the power up sequence , the control unit will load the used to receive incoming sampled waveforms . 
values for the micro lenses into the lens control circuitry for FIG . 20 portrays an orthogonal detector layout for a dense 
each micro lens . 30 array in a preferred embodiment . A detector designated as a 

The grid 365 shown in FIG . 18a can also be used for primary detector 292 is shown near four secondary detectors 
device characterization . For each emitter , the as - built emitter 294 and four tertiary detectors 296 . 
vector ( coincident axis ) must be determined . In embodi - Referring to FIG . 21 , a functional flowchart for the 
ments , characterization includes measuring the point at operation of the optoelectronic device according to an 
which each emitter beam contacts the grid 365 and deter - 35 embodiment is shown . Upon power up at 400 , the control 
mining the vector of the beam , where the beam vector is unit 20 will determine the type of device 240 . When the 
described relative to a known vector on the device . A typical device 240 has micro lens emitters , the control unit 20 at 404 
way of expressing the emitter vector is to utilize uvw vector will read the lens voltages from vector memory and store the 
nomenclature where the vector is relative to the normal appropriate values in the lens control circuitry foe each 
vector of the device . The characterized vector for each 40 micro lens . Circuitry used for transmission and receipt of 
emitter is stored in the vector memory and saved when the light are cleared , including sampling circuit 12 at 406 and 
device is powered off . detector shift registers 14 at 408 . These operations are 

Referring to FIG . 19 a dense detector array 290 according performed on emitter elements 100 and detector elements 
to an embodiment is depicted . In embodiments , dense detec 200 on the device 240 . 
tor array 290 comprises a plurality of detector elements for 45 When the device 240 is enabled at 410 , the control unit 20 
each emitter element . The dense detector array 290 can be determines the pulse patterns for each emitter of emitter 
utilized with waveguide detectors or with macro lens detec - elements 100 and will load shift registers of the pulse 
tors . When used with macro lens detectors , the detector generation circuit 22 at 412 , clear detector counters at 414 
characterization is performed after the macro lens is perma and enable emitter elements 100 and detector elements 200 
nently attached to the device , thus accounting for any 50 at 416 that will be utilized in the ensuing emitter / detector 
alignment tolerances between the dense detector array 290 sequence . At the completion of the detector sequence at 418 , 
and the lens . Characterization of dense detector array 290 the resultant values are retrieved for each detector of detec 
can be used to determine which detector element has the tor elements 200 that was activated for the sequence . At 420 , 
greatest signal strength for each emitter element . In FIG . 19 , for devices that utilize hardware matches , the detector hit 
primary detector 292 has been established as the best 55 register 4 and intensity registers are read for each enabled 
on - coincident axis match for an emitter . Characterization detector . For devices that utilize software matches the inten 
information for detectors can be saved in vector memory sity shift registers are read for each primary , secondary and 

In embodiments , detector elements in a first concentric tertiary shift register at 426 . 
ring surrounding a primary detector 292 are designated as Having collected the appropriate information for all 
secondary detectors 294 . In some embodiments , secondary 60 enabled detectors , the control unit will compute flight times 
detectors 294 are adjacent neighboring detectors that form a t 428 , write the vectors at 430 to image memory , write a 
the first concentric ring . Each primary detector 292 in FIG . distance at 432 to image memory , and write the time stamp 
19 can comprise three or more secondary detectors 294 . The at 434 to image memory that marks the beginning of the 
secondary detectors can be utilized to sample data to emitter transmission for each emitter of emitter elements 
enhance the signal strength of the primary waveform . In 65 100 . Upon completion of the computations and storage for 
embodiments , sampled waveforms from the secondary all detectors , the contents of image memory are transmitted 
detectors can be utilized in a post - processed mode to per via the I / O interface at 436 to the upstream control unit 20 . 
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FIG . 22 depicts the use of a group of LiDAR units in trated in any individual embodiment described above . The 

accordance with one embodiment of the present invention . embodiments described herein are not meant to be an 
A passenger vehicle 470 has a long - range device 472 used exhaustive presentation of the ways in which the various 
for real - time mapping and forward obstacle identification . features of the invention may be combined . Accordingly , the 
Two shorter - range , wider - field - of - view front - facing devices 5 embodiments are not mutually exclusive combinations of 
474 are used for mapping of adjacent lanes , road edges , and features ; rather , the invention can comprise a combination of 
connector roadways in addition to the identification of different individual features selected from different indi 
obstacles not aligned with the direction of travel . Each side vidual embodiments , as understood by persons of ordinary 
of the vehicle 470 has two wide - angle devices 476 used for skill in the art . Moreover , elements described with respect to 
object identification and velocity determination of neighbor - 10 one embodiment can be implemented in other embodiments 
ing vehicles . Two outboard rear - facing devices 478 are used even when not described in such embodiments unless oth 
for blind spot detection in human - operated vehicles or for erwise noted . Although a dependent claim may refer in the 
object identification in autonomous vehicles . A rear - facing claims to a specific combination with one or more other 
device 480 is used for object identification and velocity claims , other embodiments can also include a combination 
determination of approaching vehicles . All of the devices 15 of the dependent claim with the subject matter of each other 
472 , 474 , 476 , 478 , 480 can be identical devices with a dependent claim or a combination of one or more features 
single field of view , or they can be application specific , each with other dependent or independent claims . Such combi 
with a separate field of view , emitter / detector wavelength , nations are proposed herein unless it is stated that a specific 
detection and measurement distance operating range , and combination is not intended . Furthermore , it is intended also 
number of emitters . 20 to include features of a claim in any other independent claim 

FIG . 23 depicts the use of a group of LiDAR units in even if this claim is not directly made dependent to the 
accordance with another embodiment of the present inven - independent claim . 
tion . A data acquisition aircraft 484 utilizes a single wide Any incorporation by reference of documents above is 
field - of - view device 486 for terrain 496 mapping , pixel limited such that no subject matter is incorporated that is 
depth acquisition , or remote sensing . Alternately , the aircraft 25 contrary to the explicit disclosure herein . Any incorporation 
484 implements a higher - resolution , wider - field - of - view by reference of documents above is further limited such that 
apparatus 488 that utilizes multiple devices 492 . The no claims included in the documents are incorporated by 
exploded view 490 of the apparatus 488 depicts devices 492 reference herein . Any incorporation by reference of docu 
oriented in a geodesic pattern so the combined fields - of - ments above is yet further limited such that any definitions 
view 494 for all devices 492 yields a higher - resolution 30 provided in the documents are not incorporated by reference 
acquisition path than could be realized with a single device herein unless expressly included herein . 
492 . For purposes of interpreting the claims for the present 

In various embodiments of the present invention the invention , it is expressly intended that the provisions of 
emitters are constructed using 650 nanometer lasers . One Section 112 , sixth paragraph of 35 U . S . C . are not to be 
skilled in the art can utilize other wavelengths for emitter 35 invoked unless the specific terms “ means for " or " step for " 
and detector construction as long as the emitted radiation are recited in a claim . 
maintains its directionality while transmitting though the The invention claimed is : 
medium and as long as the selected wavelength is not highly 1 . An array - based light detection and ranging ( LiDAR ) 
absorptive by the objects contained in the medium . In some unit comprising : 
embodiments , the light energy is emitted and received as 40 an array of at least one emitter / detector sets configured to 
collimated or coherent electromagnetic energy , such as cover a field of view for the unit , each emitter / detector 
common laser wavelengths of 650 nm , 905 nm or 1550 nm . set configured to emit and receive light energy on a 
In some embodiments , the light energy can be in the specific coincident axis unique for that emitter / detector 
wavelength ranges of ultraviolet ( UV ) - 100 - 400 nm , vis set ; and 
ible _ 400 - 700 nm , near infrared ( NIR ) — 700 - 1400 nm , 45 a control system coupled to the array of emitter / detector 
infrared ( IR ) — 1400 - 8000 nm , long - wavelength IR sets to control initiation of light energy for a time of 
( LWIR ) - 8 um - 15 um , or far IR ( FIR ) - 15 um - 1000 um . flight measurement from each emitter as an encoded 
The various embodiments of the present invention can sequence of at least three emitted pulses and to process 
provide reduction of interference at these various wave time of flight information for light energy received on 
lengths not only among emitted and reflected light energy of 50 the coincident axis by one or more corresponding 
LiDAR devices , but also emitted and reflected light energy detectors for the emitter / detector set only if the encoded 
from other ambient sources such as vehicle headlights and sequence is detected in the light energy received and 
the sun that will also be sources of interference for typical computing the time of flight measurement based on the 
LiDAR units . encoded sequence , 

Various embodiments of devices and methods have been 55 wherein time of flight information for light energy cor 
described herein . These embodiments are given only by way responding to the array of emitter / detector sets provides 
of example and are not intended to limit the scope of the imaging information corresponding to the field of view 
invention . It should be appreciated , moreover , that the for the unit , 
various features of the embodiments that have been wherein the encoded sequence is a multi - bit sequence of 
described may be combined in various ways to produce 60 emitted pulses generated by the LiDAR unit that is 
numerous additional embodiments . Moreover , while various distinct for the at least one emitter / detector sets for that 
materials , dimensions , shapes , configurations and locations , LiDAR unit and is used by the control system to reduce 
etc . have been described for use with disclosed embodi interference from other LiDAR devices that are trans 
ments , others besides those disclosed may be utilized with mitting or reflecting energy at a target wavelength of 
out exceeding the scope of the invention . 65 the LiDAR unit . 

Persons of ordinary skill in the relevant arts will recognize 2 . An array - based light detection and ranging ( LiDAR ) 
that the invention may comprise fewer features than illus - unit comprising : 
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an array of at least one emitter / detector sets configured to control system further comprises a processor coupled to 
cover a field of view for the unit , each emitter / detector each MPU to analyze information from the array of emitter / 
set configured to emit and receive light energy on a detector sets . 
specific coincident axis unique for that emitter / detector 11 . The array - based LiDAR unit of claim 7 , wherein there 
set ; and 5 is a unique on - coincident axis combination of the single 

a control system coupled to the array of emitter / detector emitter and one micro - lens for that emitter and a plurality of 
sets to control initiation of light energy for a time of different detectors each associated with a different detector 
flight measurement from each emitter as an encoded micro - lens , each common emitter and unique detector com 
sequence of at least three emitted pulses and to process prising a different emitter / detector set . 

time of flight information for light energy received on 10 12 . The array - based LiDAR unit of claim 1 , wherein a 
macro field of view of the LiDAR unit is predetermined the coincident axis by one or more corresponding based on an optic configuration associated with each of the detectors for the emitter / detector set only if the encoded at least one of the sets of emitter / detectors . sequence is detected in the light energy received and 13 . The array - based LiDAR unit of claim 12 , wherein the 

computing the time of flight measurement based on the 1 ed on the 15 macro field of view of the LiDAR unit is established upon encoded sequence , fabrication of a micro - lens array together with the array of wherein time of flight information for light energy cor emitter / detector sets comprising a non - scanning , solid - state 
responding to the array of emitter / detector sets provides device having a multitude of emitter / detector sets arranged 
imaging information corresponding to the field of view on a generally planer surface to establish the unique on 
for the unit , and 20 coincident axis associated with each emitter / detector set . 

wherein the array includes a plurality of emitter / detector 14 . The array - based LiDAR unit of claim 12 , wherein the 
sets and the encoded sequence is a multi - bit sequence macro field of view is established by a global lensing 
of emitted pulses that is distinct for each emitter in the arrangement that is adjustable and optically coupled with a 
array such that interference among light energy corre - non - scanning , solid - state device having a multitude of emit 
sponding to an emitter of the specific coincident axis of 25 ter / detector sets arranged on a generally planer surface . 
an emitter / detector set is reduced with respect to detec 15 . The array - based LiDAR unit of claim 12 , wherein 
tors in the LiDAR unit other than the at least one each emitter / detector set includes an optical waveguide 
detector of the emitter / detector set corresponding to the through which the light energy received for the on - coinci 
specific coincident axis . dent axis is directed to that emitter / detector set . 

3 . The array - based LiDAR unit of claim 1 , wherein the 30 the 30 16 . The array - based LiDAR unit of claim 1 , wherein the 
light energy is emitted as collimated electromagnetic energy . control system controls initiation of light energy correspond 17 . The array - based LiDAR unit of claim 1 , wherein the ing to multiple time of flight measurements and the encoded light energy is selected from the wavelength ranges of : sequence is distinct for each time of flight measurement . ultraviolet ( UV ) - 100 - 400 nm , visible _ 400 - 700 nm , near 4 . The array - based LiDAR unit of claim 1 , wherein the 25 erein the 35 infrared ( NIR ) - 700 - 1400 nm , infrared ( IR ) — 1400 - 8000 array comprises a non - scanning , solid - state device having a nm , long - wavelength IR ( LWIR ) - 8 um - 15 um , or far IR 

multitude of emitter / detector sets arranged on a generally ( FIR15 um 1000 um 
planer surface . 18 . The array - based LiDAR unit of claim 1 , wherein the 

5 . The array - based LiDAR unit of claim 4 , wherein a array of the at least one of emitter / detector sets comprises a 
number of emitter / detector sets ranges from a 16x16 array of 40 non - scanning , solid - state device having a multitude of emit 
emitter / detector sets to an array of 4096x4096 emitter / ter / detector sets arranged on a generally planer surface and 
detector sets . each emitter / detector set has a unique microprocessor unit 

6 . The array - based LiDAR unit of claim 1 , wherein each ( MPU ) coupled to an output of at least one detector of the 
of the at least one emitter / detector sets is a single pair of an emitter / detector set and the MPU is configured to analyze 
emitter and a detector . 45 the light energy based on an output of the at least one 

7 . The array - based LiDAR unit of claim 1 , wherein a detector of a given emitter / detector set and at least one 
single emitter is optically configured to provide on - coinci - secondary detector corresponding to the given emitter / de 
dent axis light energy to multiple different detectors in the at t ector set . 
least one emitter / detector sets . 19 . The array - based LiDAR unit of claim 18 , wherein the 

8 . The array - based LiDAR unit of claim 1 , wherein the 50 at least one secondary detector includes a plurality of 
control system comprises : detectors in a concentric ring surrounding the given emitter / 

a pulse generation controller configured to transmit the detector set in the array . 
encoded sequence of pulses from each emitter ; and 20 . The array - based LiDAR unit of claim 19 , wherein the 

a control unit configured to compute a time of flight MPU is further configured to analyze the light energy based 
measurement for light energy received at each of the 55 on an output of at least a plurality of tertiary detectors 
corresponding on - coincident axis detectors only if the corresponding to detectors in a second concentric ring 
encoded sequence is detected in the light energy surrounding the concentric ring formed by the at least one 
received and corresponding to the time of flight mea secondary detector . 
surement . 21 . The array - based LiDAR unit of claim 8 , wherein the 

9 . The array - based LiDAR unit of claim 8 , wherein the 60 pulse generation circuit initiates generation of the encoded 
control unit includes a microprocessor unit ( MPU ) coupled sequence as a pulse train for each emitter corresponding to 
to an output of at least one detector , the MPU being each of the time of flight measurements of each of the at least 
configured to analyze the light energy based on the output of one of the emitter / detector sets . 
the at least one detector . 22 . The array - based LiDAR unit of claim 21 wherein the 

10 . The array based LiDAR unit of claim 9 , wherein each 65 pulse generation circuit includes at least one emitter shift 
of the at least one emitter / detector sets has a corresponding register coupled to an input of each emitter , the emitter shift 
MPU unique to the emitter / detector set , and wherein the register being configured to activate at least one emitter 
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based on an output of the at least one emitter shift register device having a multitude of emitter / detector sets arranged 
in response to an emitter clocking signal and a bit pattern on a generally planer surface . 
representing the encoded sequence . 27 . The LiDAR system of claim 26 , wherein the field of 

23 . The array - based LiDAR unit of claim 22 wherein at view of each LiDAR unit is predetermined based on the 
least one detector shift register coupled to an output of each 5 optic configuration associated with each of the sets of 
detector , the detector shift register being configured to be emitter / detectors for that LiDAR unit and a macro field of 
read by the control unit in response to a detector clocking view of the LiDAR unit is established upon fabrication of a 
signal . micro - lens array together with the array of emitter / detector 

24 . The array - based LiDAR unit of claim 23 , wherein the sets of the solid - state device . 
array comprises a non - scanning , solid - state device having 28 . The LiDAR system of claim 25 , wherein the control 
mxn emitter / detector sets , and wherein the control unit will system initiates a multi - bit sequence of emitted pulses 
compute the time of flight measurement for a given encoded unique for each emitter in the LiDAR unit that is used by the 
sequence corresponding to element m , n of the emitter control system to reduce interference from other devices that 
detector sets upon completion of a cycle of emitting and care transmitting or reflecting energy at a target wavelength 
detecting the pulse train and reading of the shift registers for 
element myn , as ; 29 . The LiDAR system of claim 28 , wherein the control 

system of each LiDAR unit includes a pulse generation 
t ( flight ) m . m = r detector * ( km , n - Km , n ) - temitter - t detector controller configured to transmit the multi - bit sequence of 

emitted pulses and a microprocessor unit ( MPU ) coupled to where an output of at least one detector configured to compute at à detector is the period of the detector clocking signal 
km . n is a detector counter value for detector m , n when least a time of flight measurement for light energy received 

a detector match circuitry is triggered for element at each of the corresponding on - coincident axis detectors , 
m , n wherein each emitter / detector set has a corresponding MPU 

K is a number of bits in the detector shift register for 25 un or a unique to the emitter / detector set , and wherein the control 
element m , n system further comprises a processor coupled to each MPU 

to analyze information from the array of emitter / detector temitter is a delay from energizing of the emitter clocking 
signal to energizing of the emitter sets for that LiDAR unit . 

30 . The LiDAR system of claim 29 , wherein , the pulse t detector is a delay from light energy reaching the detec 
tor to energizing of the circuitry at an input of the 30 8 generation circuit initiates generation of the emitted light 
detector shift register . energy as a pulse train for each emitter of the emitter / 

25 . A light detection and ranging ( LiDAR ) system for use detector sets of that LiDAR unit and includes at least one 
with a vehicle comprising : emitter shift register coupled to an input of each emitter , the 

at least four array - based light detection and ranging emitter shift register being configured to activate at least one 
emitter based on an output of the at least one emitter shift ( LiDAR ) units , each LiDAR unit including : 

an array of emitter / detector sets configured to cover a register in response to an emitter clocking signal corre 
field of view for the LiDAR unit , each emitter / sponding to the time of flight measurement , and at least one 
detector set configured to emit and receive light detector shift register coupled to an output of each detector , 

the detector shift register being configured to be read by the energy on a specific coincident axis unique for that MPU in response to a detector clocking signal . emitter / detector set ; and 40 
31 . The LiDAR system of claim 30 , wherein each MPU a control system coupled to the array of emitter / 

detector sets to control initiation of light energy from compute the time of flight measurement for a given encoded 
each emitter and to process time of flight information sequence corresponding to element m , n of the emitter / 
for light energy received on the coincident axis by detector sets upon completion of a cycle of emitting and 

detecting the pulse train and reading of the shift registers for the corresponding detector for the emitter / detector 45 
element m , n , as ; set , 

wherein time of flight information for light energy 
corresponding to the array of emitter / detector sets t ( flight ) m » = Ndetector * ( km , n - Km . n ) - temitter - Idetector 
provides imaging information corresponding to the where 
field of view for the LiDAR unit and interference 50 à detector is the period of the detector clocking signal 
with light energy other than that corresponding to an km . , is a detector counter value for detector m , n when 
emitter of the specific coincident axis of an emitter / a detector match circuitry is triggered for element 
detector set is reduced , m , n 

wherein at least one LiDAR unit is configured as a K is a number of bits in the detector shift register for 
long - range device having a narrower field of view 55 element m , n 
configured for forward mapping and object identifica temitter is a delay from energizing of the emitter clocking 
tion in a direction of travel , at least one LiDAR unit is signal to energizing of the emitter 
configured as a long - range device having a narrower tdetector is a delay from light energy reaching the detec 
field of view configured for backward mapping and tor to energizing of the circuitry at an input of the 
object identification in the direction of travel , and at 60 detector shift register . 
least two LiDAR units are configured as short - range 32 . A method of automatically operating a light detection 
devices having a wider field of view configured for and ranging ( LiDAR ) device , the LiDAR device comprised 
sideways mapping of adjacent roadway information of at least one emitter / detector sets configured to cover a 
and object identification and determination of obstacles field of view for the LiDAR device , comprising : 
and vehicles not within the direction of travel . 65 for each emitter / detector set , using a control system to : 

26 . The LiDAR system of claim 25 , wherein the array of control initiation of light energy for a time of flight 
each LiDAR unit comprises a non - scanning , solid - state measurement from the emitter as an encoded 
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and 

sequence of at least three emitted pulses on a specific microprocessor unit ( MPU ) unique to that emitter / detector 
coincident axis unique for that emitter / detector set ; set in response to a detector clocking signal for each time of 
and flight measurement . 

process time of flight information for light energy 35 . The method of claim 34 , wherein each MPU computes 
received on the coincident axis by one or more 5 the time of flight measurement for a given encoded sequence 
corresponding detectors for the emitter / detector set corresponding to element m , n of the emitter / detector sets 
only if the encoded sequence is detected in the light upon completion of a cycle of emitting and detecting the 
energy received and compute the time of flight pulse train and reading of the shift registers for element m , n , 
measurement based on the encoded sequence , as ; 

wherein time of flight information for light energy cor - 10 t ( flight ) m . n = detector * ( km , n - Km . n ) - temitter - I detector responding to the at least one emitter / detector sets 
provides imaging information corresponding to the where 
field of view for the LiDAR device , à detector is the period of the detector clocking signal 

wherein the control system controls initiation of the kmn is a detector counter value for detector m , n when 
encoded sequence as a multi - bit sequence of emitted 15 a detector match circuitry is triggered for element 
pulses generated by the LiDAR device that is distinct m , n 
for the emitter / detector sets for that LiDAR device and K is a number of bits in the detector shift register for 
is used by the control system to reduce interference element m , n 
from other LiDAR devices that are transmitting or temitter is a delay from energizing of the emitter clocking 
reflecting energy at a target wavelength of that LiDAR 20 signal to energizing of the emitter 
device . tdetector is a delay from light energy reaching the detec 

33 . A method of automatically operating a light detection tor to energizing of the circuitry at an input of the 
and ranging ( LiDAR ) device , the LiDAR device comprised detector shift register . 
of at least one emitter / detector sets configured to cover a 36 . A light detection and ranging ( LiDAR ) unit compris 
field of view for the LiDAR device , comprising : 25 " 

for each emitter / detector set , using a control system to : at least one emitter / detector sets arranged on a generally 
control initiation of light energy for a time of flight planer surface as a non - scanning , solid - state device 
measurement from the emitter as an encoded configured to cover a field of view , each emitter / 
sequence of at least three emitted pulses on a specific detector set including at least one emitter configured to 
coincident axis unique for that emitter / detector set ; 30 emit light energy as a sequence of pulses and at least 

one detector configured to detect light energy on a 
process time of flight information for light energy specific coincident axis unique for that emitter / detector 

received on the coincident axis by one or more set ; and 
corresponding detectors for the emitter / detector set a control system coupled to the at least one emitter / 
only if the encoded sequence is detected in the light 35 detector sets including : 
energy received and compute the time of flight a pulse generation controller system configured to 
measurement based on the encoded sequence , control each emitter to emit for each of a time of 

wherein the control system controls initiation of the flight measurement a sequence of pulses as a multi 
encoded sequence as a multi - bit sequence of emitted bit encoded sequence that is distinct ; and 
pulses generated by the LiDAR device that is distinct 40 a control unit configured to compute the time of flight 
for the emitter / detector sets for that LiDAR device and measurement for each sequence of pulses from 
is used by the control system to reduce interference which imaging information corresponding to the 
from other LiDAR devices that are transmitting or field of view is generated only if the multi - bit 
reflecting energy at a target wavelength of that LiDAR encoded sequence is detected in the light energy 
device , and 45 received during a period corresponding to the 

wherein time of flight information for light energy cor sequence of pulses by the at least one detector of the 
responding to the at least one emitter / detector sets corresponding emitter / detector , 

wherein the multi - bit encoded sequences for the time of provides imaging information corresponding to the 
field of view for the LiDAR device , wherein the control flight measurements for successive sequences of 
system transmits the multi - bit sequence of emitted 50 pulses are different bit patterns ; 
pulses such that the emitted pulses are distinct for the wherein the control system controls initiation of the 
specific coincident axis for each emitter / detector set encoded sequence as a multi - bit sequence of emitted 
and computes at least the time of flight measurement pulses generated by the LiDAR device that is distinct 
for light energy received at each corresponding on for the emitter / detector sets for that LiDAR device 
coincident axis detector . 55 and is used by the control system to reduce interfer 

34 . The method of claim 33 , wherein , the control system ence from other LiDAR devices that are transmitting 
initiates generation of the emitted light energy as a pulse or reflecting energy at a target wavelength of that 
train for each time of flight measurement of each emitter of LiDAR device . 
the emitter / detector sets and includes at least one emitter 37 . The LiDAR unit of claim 36 , wherein the at least one 
shift register coupled to an input of each emitter , the emitter 60 60 emitter / detector sets comprise a multitude of emitter / detec 
shift register being configured to activate at least one emitter tor sets and each emitter / detector set has a unique a micro 
based on an output of the at least one emitter shift register processor unit ( MPU ) coupled to an output of at least one 
in response to an emitter clocking signal and a bit pattern detector of the emitter / detector set and the MPU is config 
representing the encoded sequence , and at least one detector ured to analyze the light energy based on an output of the at 
shift register coupled to an output of each detector , the 65 led he 65 least one detector of a given emitter / detector set . 
detector shift register being configured to be read by a * * * * * 
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