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prises a laser generator con?gured to generate an output laser
signal toWard a target area, at least one detector con?gured as

an array of light sensitive elements, the array including a
plurality of roWs and columns of the light sensitive elements,
and at least one Wavelength dispersion element positioned in
a return path of a returning laser signal returning from the
target area. The at least one Wavelength dispersion element is

con?gured to separate Wavelengths of the returning laser
signal onto the plurality of roWs and columns of the array,
Wherein the plurality of columns of the array are associated

With the separated Wavelengths that correspond With a posi
tion along a roW of the array, the position along the roW of the
array corresponding With a spatial position of the target area
along a ?rst axis. Methods for scanning a target area and

obtaining spectral and spatial data are disclosed herein.
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APPARATUS AND METHODS FOR
OBTAINING MULTI-DIMENSIONAL SPATIAL
AND SPECTRAL DATA WITH LIDAR
DETECTION

time. As a result, conventional methods may target a speci?c

Wavelength rather than obtaining a Wide range of spectral
data.
BRIEF SUMMARY

TECHNICAL FIELD
In some embodiments, a LIDAR apparatus comprises a

Embodiments of the present disclosure relate to Light

laser generator con?gured to generate an output laser signal

Detection and Ranging (LIDAR) detection systems, and

toWard a target area, at least one detector con?gured as an

more speci?cally, to an apparatus and methods related to

array of light sensitive elements, the array including a plural
ity of roWs and columns of the light sensitive elements, and at
least one Wavelength dispersion element positioned in a

obtaining a multi-dimensional data set including spatial and
spectral data for a target area of interest.

return path of a returning laser signal returning from the target
BACKGROUND

area. The at least one Wavelength dispersion element is con

?gured to separate Wavelengths of the returning laser signal
Light Detection and Ranging (LIDAR) is an optical remote
sensing technology that measures properties of scattered light

onto the plurality of roWs and columns of the array. The
plurality of columns of the array are associated With the

to ?nd range and other information of a distant target. Like the
similar radar technology, Which uses radio Waves, the range to

a roW of the array. The position along the roW of the array

an object is determined by measuring the time delay betWeen
transmission of a light pulse (e.g., laser) and detection of the
re?ected light signal. The acronym “LADAR” (Laser Detec
tion and Ranging) is often used in military contexts and may
be interchangeable With the term “LIDAR.” The term “laser
radar” may also be interchangeably used even though LIDAR

separated Wavelengths that correspond With a position along
20

corresponds With a spatial position of the target area along a
?rst axis.

In additional embodiments, a method for obtaining hyper
spectral imaging data correlated With spatial data is disclosed.
The method comprises generating a ?rst output laser signal
25

does not employ microWaves or radio Waves, Which is de?
nitional to radar.

toWard a target area, receiving a ?rst returning laser signal
from the target area, and dispersing the ?rst returning laser
signal into a plurality of Wavelengths Within a ?eld of vieW of

LIDAR scanning may be employed to collect point

a array of detector elements, Wherein a column of the array

samples on physical surfaces over large areas. In a LIDAR
scanning process, a LIDAR scanning device transmits a laser
signal across a scene that encompasses the target area of

vieWs the plurality of Wavelengths that correspond to a spatial
30

In additional embodiments, a method for obtaining spatial
and spectral data in a target area is disclosed. The method

interest. The laser signal is re?ected from the scene and cap
tured by a detector in the LIDAR scanning device. As a result,
the LIDAR scanning device measures a large number of
points that lie on surfaces visible in the scene. Each scan point
has a measured location in three-dimensional (3D) space
(Within some measurement error) that may be recorded rela

comprises detecting spectral data by projecting a plurality of
separated Wavelengths of a returning LIDAR signal returning
35

locations in roWs of the LIDAR detector array With a ?rst axis

of a target area, determining a Z-component of the spatial data

LIDAR scanning device. The resulting collection of points is

by correlating a time delay of the returning LIDAR signal
40

the LIDAR detector array With a third axis of the target area.

a pulse of light into the target area and a detector to measure
45

ing the scattering and attenuation experienced by the incident
pulse of light, one can investigate the properties of the objects
located in the target area. The light scattered back to the
detector may result from interactions With objects Within the
target area located at various distances (i.e., ranges) With
respect to the LIDAR apparatus. Because the light takes
longer to return to the receiver from targets located farther
aWay, the time delay of the return may be converted into a

scan steps comprises transmitting an output laser signal along
50

from the target area into a spectrum of a plurality of Wave

lengths, time-gating at least one detector at time intervals

after transmitting the output laser signal, and detecting the
plurality of Wavelengths during the time intervals. The at least
55

one detector receives the spectrum of the plurality of Wave
lengths into columns of an array of detectors of the at least one

detector, and the columns correspond to different locations

at various angles With respect to the ground surface (i.e.,
scanning). A conventional LIDAR apparatus, hoWever, may

along an x-axis of the target area.

scan a target area in a point by point manner. That is, a

detector may form an LIDAR image by scanning point by

In yet another embodiment, a method for scanning a target
area With a LIDAR signal is disclosed. The method comprises
scanning a LIDAR signal over a plurality of scan steps at
different locations along a y-axis of a target area. Each of the

a Z-axis of the target area, dispersing a returning laser signal

distance (range) betWeen the objects and the LIDAR appara
tus based on the speed of light. A conventional LIDAR appa
ratus may point the laser transmitter in various directions and

With a second axis of the target area in a direction of propa

gation for the returning LIDAR signal, and determining a
y-component of the spatial data by correlating a location of

the scanned vieW.
A LIDAR apparatus employs a laser transmitter to transmit

the intensity scattered back from the target area. By measur

from the target area onto columns of a LIDAR detector array,

determining an x-component of spatial data by correlating

tive to a point (x, y, Z) in the local coordinate system of the
typically referred to as one or more point clouds. Each point
cloud can include points that lie on many different surfaces in

location of the target area in a ?rst axis.

60

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

point along a roW, similar to raster scan technology. Other

liable. Conventional methods may also be limited as to the

While the speci?cation concludes With claims particularly
pointing out and distinctly claiming What are regarded as
embodiments of the invention, advantages of the invention
can be more readily ascertained from the folloWing detailed
description of some embodiments of the invention, When read

number of spectral Wavelengths that are detected at a single

in conjunction With the accompanying draWings in Which:

conventional LIDAR apparatus may employ obtaining a
volumetric assessment of a target area by obtaining multiple
data sets from a variety of different directions. Such conven

tional methods may be relatively sloW, expensive, and unre

65
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FIG. 1 is a schematic representation of a multi-dimensional

It should be further appreciated and understood that the

spatial and spectral data acquisition system according to an
embodiment of the present invention;

various illustrative logical blocks, modules, circuits, and
algorithm acts described in connection with embodiments
disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illus
trate this interchangeability of hardware and software, vari
ous illustrative components, blocks, modules, circuits, and
steps are described generally in terms of their functionality.
Whether such functionality is implemented as hardware or

FIG. 2 is a schematic of a LIDAR apparatus according to an

embodiment of the present invention;
FIG. 3 is a schematic representation of a detector employed
in a LIDAR apparatus according to an embodiment of the

present invention;
FIG. 4 is a schematic representation of data obtained by a
LIDAR apparatus according to an embodiment of the present

software depends upon the particular application and design

invention;

constraints imposed on the overall system. Skilled artisans

FIG. 5 is a schematic representation of data obtained by a

may implement the described functionality in varying ways
for each particular application, but such implementation deci

multi-dimensional spatial and spectral data acquisition sys
tem according to an embodiment of the present invention;
FIG. 6 is a ?owchart illustrating a method for obtaining

sions should not be interpreted as causing a departure from
the scope of the embodiments of the invention described
herein.

hyper-spectral imaging data correlated with spatial data;
FIG. 7 is a ?owchart illustrating a method for obtaining
spatial and spectral data in a target area; and
FIG. 8 is a ?owchart illustrating another method of scan
ning a LIDAR signal over a target area.

The various illustrative logical blocks, modules, and cir
20

cuits described in connection with the embodiments dis
closed herein may be implemented or performed with a gen
eral purpose processor, a special purpose processor, a Digital

DETAILED DESCRIPTION

Signal Processor (DSP), an Application Speci?c Integrated

In the following detailed description, reference is made to
the accompanying drawings which form a part hereof and, in
which is shown by way of illustration, speci?c embodiments
in which the invention may be practiced. These embodiments

Circuit (ASIC), a Field Programmable Gate Array (FPGA) or
other programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A
general purpose processor may be a microprocessor, but in
the alternative, the processor may be any conventional pro

25

are described in suf?cient detail to enable those of ordinary
skill in the art to practice the invention. It is to be understood

that other embodiments may be utiliZed, and that structural,
logical, and electrical changes may be made within the scope
of the disclosure.

cessor, controller, microcontroller, or state machine. A pro
30

puting devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other

In this description, speci?c implementations shown and

such con?guration.

described are only examples and should not be construed as

the only way to implement the present invention unless speci

cessor may also be implemented as a combination of com

35

It should be understood that any reference to an element

?ed otherwise herein. It will be readily apparent to one of
ordinary skill in the art that the various embodiments of the

herein using a designation such as “?rst,” “second,” and so
forth does not limit the quantity or order of those elements,

present invention may be practiced by numerous other parti
tioning solutions. For the most part, details concerning timing

unless such limitation is explicitly stated. Rather, these des

considerations and the like have been omitted where such
details are not necessary to obtain a complete understanding
of the present invention and are within the abilities of persons
of ordinary skill in the relevant art.

Referring in general to the following description and
accompanying drawings, various embodiments of the present

ignations may be used herein as a convenient method of
40

mean that only two elements may be employed there or that
the ?rst element must precede the second element in some
manner. Also, unless stated otherwise a set of elements may
45 comprise one or more elements.

There is reference in this disclosure to spectral data and
spatial data. Spectral data refers to data that relates to char

invention are illustrated to show its structure and method of

operation. Common elements of the illustrated embodiments
may be designated with similar reference numerals. It should
be understood that the ?gures presented are not meant to be
illustrative of actual views of any particular portion of an
actual structure or method, but are merely idealiZed represen

distinguishing between two or more elements or instances of
an element. A reference to ?rst and second elements does not

50

acteristics of a signal, including wavelengths, frequency,
intensity, etc. Spatial data refers to three-dimensional (3D)
positional data. At times, the terms “x-axis,” “y-axis,”

“Z-axis,” “x/y plane,

tations employed to more clearly and fully depict the present
invention de?ned by the claims below.

x-component,” “y-component” or

different technologies and techniques. For example, data,

“Z-component” may be used, which terms are intended to be
merely labels that are relative to each other, and are not
intended to indicate any particular direction within a target
area. The x-axis, y-axis, and Z-axis may be used to describe
the 3D spatial data of a multi-dimensional data cube, such as

instructions, commands, information, signals, bits, symbols,

describing the width, height, and depth of the data cube.

and chips that may be referenced throughout the above

While it is not intended as a limitation, throughout this

It should be appreciated and understood that information
and signals may be represented using any of a variety of

55

description may be represented by voltages, currents, elec
tromagnetic waves, magnetic ?elds or particles, optical ?elds

description, the x-axis refers to an axis in a direction of a row
60

or particles, or any combination thereof. Some drawings may

illustrate signals as a single signal for clarity of presentation
and description. It will be understood by a person of ordinary
skill in the art that the signal may represent a bus of signals,
wherein the bus may have a variety of bit widths and the
present invention may be implemented on any number of data

signals including a single data signal.

65

within an array of light sensitive elements of a LIDAR detec
tor, the y-axis is orthogonal to the x-axis and refers to an axis
in the direction of movement of a LIDAR apparatus, and the

Z-axis is orthogonal to the x-axis and the y-axis and refers to
an axis in a direction of propagation for the output laser
signal. An x-, y-, or Z-component refers to a location (i.e.,

position, cell, etc.) along the respective axis. Likewise, a
“horizontal axis” and a “vertical axis” are intended as labels

US 8,599,367 B2
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and relative directions and are not intended to be limited to
any speci?c con?guration or location Within a target area.
In this disclosure, a laser signal may be referred to as

The ?rst LIDAR detector 220 and the second LIDAR detector
225 may be coupled to each other through sync line 222.
In operation, the laser transmitter 210 generates and trans
mits an output laser signal 212 toWard a target area 250 (i.e.,

having certain characteristics such as Wavelength and fre
quency. It is recogniZed that the relationship betWeen Wave

scene). The output laser signal 212 may be a suf?ciently

length (7») and frequency (f) is Kai/f, Where V is the velocity

intense and mode-controlled laser beam. The laser transmitter

of the Wave, Which is the speed of light in the case of a laser

210 may generate laser pulses With a Wavelength correspond
ing to a desired application. For example, the output laser
signal 212 may exhibit a Wavelength in the near-infrared
spectrum; hoWever, other ranges of Wavelengths are contem
plated. The output laser signal 212 may interact With objects
Within the target area 250 and may experience frequency
shifts due to Raman scattering. Frequency shifts may also be
due to ?uorescence, photo-induced chemical frequency shifts

signal. As a result, shifting the frequency also shifts the Wave

length. Additionally, separating a signal into individual fre
quencies also separates the signal into individual Wave

lengths.
FIG. 1 is a schematic representation of a multi-dimensional

spatial and spectral data acquisition (MSSDA) system 100
according to an embodiment of the present invention.
MSSDA system 100 includes a LIDAR apparatus 110, pro
cessor 120, memory 130, and display 140. The processor 120

may be coupled With the LIDAR apparatus 110, memory 130,
and display 140. The processor 120 may include control logic
con?gured to control the operations of the LIDAR apparatus
110, memory 130, and display 140, and to control the related

and light-induced frequency shifts. The output laser signal
212 may also potentially experience Rayleigh scattering,
dependent upon the particle siZe, particle density, and atmo
spheric aerosol densities. As a result, the output laser signal
212 may be one or more of re?ected, refracted, scattered, and

operations of data acquisition, data processing, data analysis,

?uoresced, in order to generate the returning laser signal 214.
As a result, the total spectrum of the returning laser signal 214

data storage, and display of data.

may include contributions that are frequency shifted due to

In operation, LIDAR apparatus 110 transmits an output
laser signal 112 toWard a target area 150 about Which spatial
and spectral information may be desirable. The output laser

Wavelength of the output laser signal 212 due to Rayleigh

20

Raman scattering and contributions that are at or near the
25

signal 112 may interact With objects (e.g., trees, buildings,

The returning laser signal 214 may enter optics 230. The
optics 230 may be con?gured to generate a relatively high

molecules, aerosols, etc.) Within the target area 150. The
interaction of output laser signal 112 With such objects may
generate a returning laser signal 114 that may include, for

example, re?ected light, refracted light, scattered light, ?uo
resced light, and combinations thereof. The LIDAR apparatus
110 detects and receives the returning laser signal 114.
Once detected, the data received from the returning laser
signal 114 may be processed, analyzed, stored, or combina
tions thereof. For example, the data may be stored in the

scattering.
reproducibility laser signal With a relatively high spectral

30

resolution in order to increase the amount of light captured by
the ?rst and second LIDAR detectors 220, 225. For example,
the optics 230 may include one or more imaging re?ectors

such as parabolic re?ectors or re?ector telescopes, other light
collecting devices, or combinations thereof. Of course, the

amount of light captured by the ?rst and second LIDAR
35

detectors 220, 225 may also be increased additionally, or

memory device 130. The analysis may occur off-line (i.e., not

alternatively, by increasing the magnitude of the output laser

in real time). As another example, the data may be processed
and analyZed on-line (i.e., in real time). The raW, processed, or

signal 212 in order to increase the amount of light re?ected
and scattered to form returning laser signal 214. The optics

analyZed data may also be output (e.g., displayed) by display
140 or by some other appropriate peripheral output device

40

(e. g., printer).
The MSSDA system 100 may be associated With terres

trial-, airbome-, and space-based platforms using either a
moving platform or scanner mounting. The MSSDA system
100 may be employed in the detection of pollution sources,

45

military and other vehicles, personnel hidden from vieW, mis

sive devices, potential biological Warfare agents, chemical

that disperses (e.g., separates, splits, etc.) light by the fre

Warfare agents, identi?cation of spacecraft emissions for
50

environmental compliance, real-time automotive emissions
testing, and other applications in Which detection of spatial
and spectral data of an object may be desirable.
FIG. 2 is a schematic of a LIDAR apparatus 200 according
to an embodiment of the present invention. For example,
LIDAR apparatus 200 may be employed as the LIDAR appa
ratus 110 in the MSSDA system 100 of FIG. 1. The LIDAR
apparatus 200 includes a laser transmitter (Tx) 210, a ?rst

55

dispersion element 240 may be con?gured to separate the
returning laser signal 214 into a Raman signal 242 and a

Rayleigh signal 244. In other Words, the ?rst Wavelength
dispersion element 240 splits the Rayleigh signal 244 (i.e., at
the original laser frequency) from the Raman signal 242 (i.e.,
the frequency-shifted laser frequencies). The ?rst Wavelength
dispersion element 240 may also separate the spectrum (e. g.,
through diffraction) of the Raman signal 242 into individual

may be located in a return path of the ?rst and second LIDAR

detectors 220, 225, respectively. The ?rst Wavelength disper
245 may be associated With the second LIDAR detector 225.

individual Wavelengths or groups of Wavelengths depending
on the resolution. The ?rst and second Wavelength dispersion
elements 240, 245 may include other light dispersing ele
ments, such as a prism. As a result, the ?rst Wavelength

Wavelength dispersion element 245. The optics 230 and the
?rst and second Wavelength dispersion elements 240, 245
sion element 240 may be associated With the ?rst LIDAR

quency of the light. For example, the ?rst and second Wave
length dispersion elements 240, 245 may each include a dif

fraction grating including slits that disperse light signals into

LIDAR detector 220, a second LIDAR detector 225, optics
230, a ?rst Wavelength dispersion element 240, and a second

detector 220 and the second Wavelength dispersion element

may be focused into a linear form of a distribution of light.

The returning laser signal 214 may also interact With the
?rst Wavelength dispersion element 240. The ?rst and second
Wavelength dispersion elements 240, 245 may be any element

siles, rockets, rocket-propelled grenades, improvised explo
identi?cation of potential composition, HaZMat detection,

230 may also convert the returning laser signal 214 into a
different form. For example, a linear parabolic re?ector (e. g.,
lens) may be con?gured to convert the returning laser signal
214 from a one form (e.g., circular, spherical, etc.) of a dis
tribution of light to a different form (e.g., linear) of a distri
bution of light. In other Words, the returning laser signal 214

65

frequencies for detection by the ?rst LIDAR detector 220. As
a result, the non-diffracted portion of the returning laser sig
nal 214 may be the Rayleigh signal 244, and the primary

US 8,599,367 B2
7

8

portion of the diffracted returning laser signal 214 may be the
Raman signal 242. The Raman signal 242 may be frequency

able for the data to be taken concurrently or at least substan
tially concurrently over a same target area. The ?rst LIDAR
detector 220 and the second LIDAR detector 225 may be

shifted relative to the output laser signal 212 due to Raman

scattering, ?uorescence, photo-induced chemical and light

operably coupled via sync line 222. The sync line 222 may

induced frequency shifts. The Rayleigh signal 244 may be
due to re?ection and refraction of the light, dependent upon

enable the ?rst LIDAR detector 220 and the second LIDAR

detector 225 to vieW the respective portions (e. g., Raman

the particle siZe, particle density, and atmospheric aerosol

signal 242, Rayleigh signal 244) of the returning laser signal

densities. The second Wavelength dispersion element 245
may also separate the spectrum (e.g., through diffraction) of
the Rayleigh signal 244 into individual frequencies for detec
tion by the second LIDAR detector 225.

214 at least substantially at the same time.

The LIDAR apparatus 200 may be employed for the deter
mination of the chemical and particle compositions of a target
area 250 in a 3D manner While being mounted on a stationary

or moving platform from terrestrial, airborne and spaceborne

The ?rst LIDAR detector 220 receives the Raman signal
242 and the second LIDAR detector 225 receives the Ray
leigh signal 244. Of course, it is contemplated that the ?rst

locations. Obtaining such data may alloW the determination
of source locations and drift patterns of the gases of interest

Wavelength dispersion element 242 may be con?gured to

and the particles of interest, depending upon the Raman scat

direct a Rayleigh signal to the ?rst LIDAR detector 220 and
direct a Raman signal to the second LIDAR detector 225. The
?rst and second LIDAR detectors 220, 225 may include an

tering ef?ciencies and Rayleigh scattering of the target mol
ecules. Appropriate laser frequency and intensity selection

avalanche photodiode array With appropriate detection elec
tronics (e.g., Flash LIDAR detectors). For example, such a

20

Flash LIDAR detector is available from Advanced Scienti?c

Concepts, Inc. of Santa Barbara, Calif.
While the LIDAR apparatus 200 is shoWn as having only
tWo Wavelength dispersion elements 240, 245, more or feWer
Wavelength dispersion elements may be employed. For
example, in one embodiment only one of the Raman signal
242 and the Rayleigh signal 244 may be obtained and
detected by a LIDAR detector. In another embodiment, addi
tional Wavelength dispersion may be desired for one or both
of the Raman signal 242 or the Rayleigh signal 244, Which

25

(i.e., cells, pixels, etc.). For example, cells (e.g., 301, 302,
roWs (e.g., Rl-RN). Speci?cally, FIG. 3 illustrates obtaining
30

A conventional use of a LIDAR detector 300 With an array

oflight sensitive elements (e.g., cells 301,302, etc.) may be to
obtain a full 3D spatial image of the target area 250 (FIG.2),
35

one or more additional Wavelength dispersion elements (not

?eld of vieW of the target area 250 in a one-to-one manner. As
40

The LIDAR apparatus 200 may be con?gured to obtain 3D

spatial data that includes additional spectral data for objects
Within the target area 250. In other Words, a higher dimen
sional data cube may be formulated that includes chemical

spectral data in addition to spatial data. As previously dis
50

55
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the Rayleigh data. Depending on Wavelength dispersion and
the different data received through embodiments of the
present invention, other higher dimensional data cubes may
be formulated.
For the data from the ?rst LIDAR detector 220 and the
second LIDAR detector 225 to be combined, it may be desir

cussed With reference to the components of FIG. 2, When the

returning laser signal 214 passes through optics 230 and the
?rst Wavelength dispersion element 240, the resulting Raman

corresponds to spatial points in a 3D space of the target area
250. A second data set may include particulate siZe data

(derived from the Rayleigh signal 244) that corresponds to

in cell 302 represents the data With x- and y-components in
the upper left portion of the target image, and so on.

In contrast, in embodiments of the present invention,
LIDAR detector 300 may be employed in order to obtain

composition data (derived from the Raman signal 242) that

spatial points in the 3D space of the target area 250. The
higher dimensional data cube may be formulated by combin
ing the data sets. For example, a four-dimensional (4D) data
cube may include the 3D spatial data and either the Raman
data or the Rayleigh data. A ?ve-dimensional (5D) data cube
may include the 3D spatial data and both the Raman data or

a result, the LIDAR detector 300 takes a picture of the target
area 250 and the array of light sensitive elements (e.g., cells
301, 302, etc.) have an x-component and a y-component
according to a location Within the array. In other Words, the
data in cell 301 represents the data With x- and y-components

in the bottom left portion the target image. Likewise, the data
45

siZe data (from Rayleigh signal 244) that correspond to a 3D
spatial point for a particular target area 250. With the Raman
signal 242 being directed to the ?rst LIDAR detector 220 and
the Rayleigh signal 244 being directed to the second LIDAR
detector 225, a plurality of data sets may be obtained by the
LIDAR apparatus 200. A ?rst data set may include chemical

such that the data in each cell (e.g., 301, 302) represents only
spatial data. That is, the entire image detected by the LIDAR
detector 300 correlates With the entire target image for the

shoWn) may be employed to increase the resolution (i.e.,
Wavelength dispersion) of the Rayleigh data. More or feWer
LIDAR detectors may also be employed depending on the

compositional data (from Raman signal 242) and particulate

the spectral data as Well as obtaining the x-component of 3D

spatial data.

Within a narroW frequency band at or near the frequency of the

application.

FIG. 3 is a schematic representation of a LIDAR detector
300 employed in a LIDAR apparatus according to an embodi
ment of the present invention. For example, LIDAR detector
300 may be employed as one of the LIDAR detectors 220, 225
in the LIDAR apparatus 200 of FIG. 2. The LIDAR detector
300 may be con?gured as an array of light sensitive elements

etc.) may be arranged in an array of columns (e.g., C 1 -CN) and

additional Wavelength dispersion may be accomplished by
increasing the number of Wavelength dispersion elements
employed. For example, Rayleigh scattering may be present
output laser signal 212. Depending on the desired application,

may alloW enhancement of the detection capabilities of the
LIDAR apparatus 200, resulting in a keying in of the system
for a speci?c application.
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signal 242 may be converted to a line as to the spatial data
along the vertical axis of the LIDAR detector 300. As a result,
the horiZontal axis correlates to the locations along the x-axis
of the target area 250. The spectral data for each x-component
may be converted to a perpendicular line in the vertical axis of
the LIDAR detector 300. The horizontal axis of the LIDAR
detector 300 is labeled in FIG. 3 as the “Horizontal Spatial
Axis” and the vertical axis is labeled as the “Spectral Disper
sion Data.”

As a result, each cell (e.g., 301, 302, etc.) of the LIDAR
detector 300 may not necessarily detect data that corresponds
to a spatial point in the x/y plane of the image of the target area
250. Instead, the horiZontal axis of the LIDAR detector 300
array may still represent a spatial location of the target area
250 for one of the axes (e. g., the horiZontal x-axis); hoWever,
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the vertical axis of the LIDAR detector 300 array may detect

and spatial data represented by data line 420 Was obtained at

data that represents the dispersed spectral data for the x-com
ponent corresponding to that particular column. In other

time t2:40 ns, the interaction that generated the returning
laser signal 214 may have occurred at approximately 20 feet
from the LIDAR detectors 220, 225. The time gating may

Words, the data for the y-axis for the target area 250 may not
be seen by the LIDAR detector 300 at this time. As an

continue for instances of time t3-tN for a su?icient amount of
time in order to obtain a desired total depth into the target
area. The time intervals may be determined by a desired depth

example, column C 1 (Which includes cells 301, 302) may still

provide information regarding a spatial point in the x-axis, but

resolution for the spacing betWeen readings. The time inter
vals tl -tN may be uniformly separated; hoWever, it is contem
plated that the time intervals tl-tN be enabled according to
other desired time-gating schemes. For these examples, it is
assumed that light travels approximately 1 foot/ns according
to the speed of light. Thus, light that is detected by the LIDAR

the data Within the cells includes spectral data that has been

separated into individual frequencies. In other Words, each
roW (RI-RN) may correspond to a different frequency of the

total spectrum corresponding to the spatial point in the x-axis.
The number of Wavelengths (i.e., sub-colors) that are sepa
rated may be relatively high depending on the resolution of
the LIDAR detector 300 and resolution of the Wavelength

detectors 220, 225 after 20 ns corresponds to light that Was
re?ected at about 10 feet aWay (20 feet round trip) from the
LIDAR detectors 220, 225.
At the end of the time-gated time intervals (i.e., tN), a scan
step (e.g., S1) may be completed. In other Words, a scan step

separation. For example, as many as hundreds or thousands of

separated Wavelengths are contemplated. As a result, a plu
rality of Wavelengths may be separated in order to obtain a
hyper-spectral image in a 3D space.
Thus, the cell 302 no longer vieWs data that corresponds to

the spatial point in the upper left portion of the target image,

(e.g., S1) represents spatial and spectral data retrieval for a
20

but one of the many frequencies separated from the total

and Z-axis. In order to obtain more than one reading in the

spectrum corresponding to the particular x-component. The
spatial point along the y-axis may be determined as described
With reference to FIG. 5.
FIG. 4 is a schematic representation of data 400 obtained
by a LIDAR apparatus 200 according to an embodiment of

spatial direction of the y-axis, the LIDAR apparatus 200 may

25

FIG. 5 is a schematic representation of data obtained by a
MSSDA system 500 according to an embodiment of the
present invention. MSSDA system 500 includes the LIDAR
30

from a target area 550. Speci?cally, FIG. 5 illustrates obtain

410-430 also includes its oWn corresponding spectral data as

described With reference to FIG. 3; hoWever, the spectral data
35

detail. During a single scan step (e.g., scan step S1) the
LIDAR apparatus 200 transmits an output laser signal 212.As
previously described, the output laser signal 212 may be a
pulsed beam at a desired frequency. As the output laser signal

212 propagates along the Z-axis, the output laser signal 212

oWn spectral data as described in reference to FIG. 3. Like

40

be enabled to detect the returning laser signal 214 generated

sion of Z-component data). One could imagine, hoWever, that
?gure and represent the spatial and spectral data at different
45

(e.g., S1).
50

LIDAR apparatus 200 obtains data as previously dis
cussed. Each roW represents a scan step S l-SN of the target
area 550. A scan step Sl-SN may include the spectral data for
each position on the x-axis at time-gated intervals as the

output laser signal 212 (FIG. 2 and 4) propagates along the
55

result, the corresponding spectral and spatial data detected by
the LIDAR detectors 220, 225 may be converted to a corre

sponding distance from the LIDAR detectors 220, 225 in
60

further example, if the spectral and spatial data represented by
data line 410 Was obtained at time tl:20 nanoseconds (ns),

the interaction that generated the returning laser signal 214
may have occurred at approximately 10 feet from the LIDAR
detectors 220, 225. At time t2, the LIDAR detectors 220, 225
may again be enabled to detect light interactions at a further
distance from the LIDAR detectors 220, 225. If the spectral

distances along the Z-axis and are shoWn and further dis
cussed With reference to FIG. 4. Thus, the roWs (e.g., data line
410) shoWn in FIG. 5 may correspond to the ?rst roW (e.g.,

data line 410) detected at time tl (FIG. 4) for a given scan step

by an interaction at a spatial point Within the target area. As a

order to obtain the Z-component of the 3D spatial data. As a

data sets are also not shoWn in FIG. 5 (see FIG. 4 for discus

additional data sets exist behind each scan step labeled S l-SN.
The additional data sets behind roWs may extend into the

be separated and directed to different LIDAR detectors as

such that at a discrete time interval (e.g., time t l-tN) the
LIDAR detectors 220, 225 are enabled and detect the light
projected thereon. At a knoWn time instance after the pulse of
the output laser signal 212, a distance along the Z-axis can be
determined, Which distance corresponds to the distance from
the LIDAR detectors 220, 225 that a given interaction
occurred in order to generate the returning laser signal 214.
For example, at time t l the LIDAR detectors 220, 225 may

in order to not obscure FIG. 5 With unnecessary detail. It is
noted, hoWever, that each cell (represented in FIG. 5 as a
sub-box of the scan step roWs labeled S l-SN) also includes its

Wise, the scan steps (SI-SN) may also include additional data
sets for the Z-components of the spatial data, Which additional

may interact With objects in the target area, Which interaction
may generate a returning laser signal 214. The returning laser
signal 214 may include Raman and Rayleigh data, Which may

previously described herein.
The LIDAR detectors 220, 225 (FIG. 2) are time gated,

apparatus 200 of FIG. 2 that receives spatial and spectral data

ing the y-component of the 3D spatial data. As FIG. 5 is
intended to shoW spatial data, the spectral data is not depicted

location for the 3D spatial data. Each cell in each data line
is not shoWn so as not to obscure the ?gure With unnecessary

be displaced to a neW position along a direction of the y-axis.
At a neW position along the y axis, an additional scan step may
be performed in order to obtain a more full vieW of the target
area, as Will be shoWn in FIG. 5.

the present invention. Speci?cally, FIG. 4 represents obtain
ing the Z-component of the 3D spatial data. Each of data lines
410-430 (and so on) are part ofan individual scan step S1, as
Will be further described With reference to FIG. 5. Each cell in
each data line 410-430 corresponds to a speci?c x-component

single y-component over all recorded values along the x-axis

65

Z-axis. For example, data in scan step S 1 may have been the
?rst data set collected by the LIDAR apparatus 200. At the
conclusion of scan step S1, the LIDAR apparatus 200 may be
displaced to a neW location in the y-axis (indicated by arroW
520), and an additional set (e. g., scan step S2) of spectral and
spatial data are obtained as described With reference to FIGS.

2-4. Thus, data obtained in scan step S2 may have been the
second data set collected by the LIDAR apparatus 200. In
order to obtain the y-component of the 3D spatial data, the
LIDAR apparatus 200 may be displaced in a direction per
pendicular to the x-axis direction as de?ned by the orientation
of the LIDAR detectors 220, 225 of the LIDAR apparatus
200. Such a perpendicular direction may also be referred to as
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a “push broom” direction across the target area 550. The

generating additional output laser signals toward the target

LIDAR apparatus 200 may be displaced in the push broom
direction by being mounted upon a movable platform (e.g.,
gimbal, scanner, etc.), by being mounted upon a stationary
platform of a moving object (e. g., aircraft, spacecraft, etc.), or

area at different locations along the y-axis of the target area.

Additional returning laser signals may be generated through
interactions of the additional output laser signals, and the
additional returning laser signals received and dispersed as
previously stated. As a result, locations of spectral data can be
determined along the y-axis of the target area as multiple data
sets are obtained based, at least in part by, determining a
relative location of generating output laser signals relative to
each other.
With the spectral data and the spatial data, a multi-dimen
sional data cube may be arranged in which the spectral data
includes data corresponding to the plurality of wavelengths
detected by the array of detector elements, and the spatial data
includes data corresponding to locations on the x-axis, y-axis,
and Z-axis of the target area where the respective spectral data

a combination thereof. As a result of knowing a position of the

LIDAR apparatus 200, a y-component for the 3D spatial data
may be determined.
In summary, as the LIDAR apparatus 200 is displaced

along the y-axis the spectral data may be obtained across the
target area 550 along with the 3D spatial data. The x-compo
nent may be determined according to the known positions in
the direction of the data line detected by the LIDAR detectors
220, 225 (FIGS. 2 and 4). The Z-component may be obtained
for the different data sets in the time domain and converted to

a distance along the Z-axis (indicated by arrow 510). The
y-component may be determined according to the known
position of the LIDAR apparatus 200 as the LIDAR apparatus
is displaced to view the target area 550. As previously
described with reference to FIG. 3, the cells (e.g., 501, 511) in

was detected.

FIG. 7 is a ?owchart 700 illustrating a method for obtaining
20

spatial and spectral data in a target area. At operation 710, the
spectral data may be detected. The spectral data may be

the nominal vertical direction on the LIDAR detector 300

detected by projecting a plurality of separated wavelengths of

itself are employed to detect the spectral distribution from the
either the Raman or Rayleigh signals. For embodiments that
have a plurality of LIDAR detectors to obtain both Raman and
Rayleigh data, the Raman and Rayleigh data may be com
bined to generate a higher-level data cube that includes 3D

a returning LIDAR signal onto columns of a LIDAR detector

array. At operation 720, the x-component of the spatial data
may be determined. For example, the x-component of the
25

spatial data along with both Raman and Rayleigh data. A
multi-dimensional data cube that includes both 3D spatial and
spectral data may be obtained by scanning a target area from

a single face (i.e., direction) rather than a point by point

30

evaluation of the target area from multiple faces to get a

unique solution. The relatively reduced level of scanning may
35

hyper-spectral imaging data correlated with spatial data. At
operation 61 0, an output laser signal may be generated toward
a target area. Generating the output laser signal toward the
target area may include transmitting a pulsed laser in a direc
tion of the target area along the Z-axis.
At operation 620, a returning laser signal may be received
from the target area. The returning laser signal may include
information that can used to determine chemical composi
tion, particle siZe, and other similar information related to
objects within the target area. For example, the returning laser
signal may be split into different components such as a

40

intensity. At operation 83 0, the returning laser signal from the
45

wavelengths. The returning laser signal may include informa
ticle siZe, and other similar information related to objects
within the target area. For example, the returning laser signal
50

returning laser signal may also be dispersed into a plurality of
55

to detect light projected thereon at desired time instances.
Time gating may further include synchronizing a plurality of
detectors within the LIDAR apparatus if such a plurality of
detectors is present for the particular embodiment. The time

60

Z-axis of the target area by converting the timing into a dis
tance that the laser has propagated along the Z-axis. At opera

gating may contribute to determining spatial data along the
tion 850, the plurality of wavelengths may be detected by the
plurality of detectors during the time intervals. In order for

target area in the Z-axis may be determined through a conver

sion of a time delay between generating the output laser signal
Although one output laser signal is described as being
generated, embodiments of the present invention may include

may be split into different components such as a Raman

signal and a Rayleigh signal.
At operation 840, detectors of the LIDAR apparatus may
be time-gated at time intervals after transmitting the output
laser signal. Time gating may include enabling the detectors

verted from one form to a linear distribution of light. The

and receiving the returning laser signal.

target area may be dispersed into a spectrum of a plurality of
tion that can used to determine chemical composition, par

elements. The returning laser signal may be optically con

plurality of wavelengths corresponding to a spatial location
along the x-axis of the target area. The number of wavelengths
in the plurality may be relatively large in order to produce a
hyper- spectral image of the target area. In addition to receiv
ing spectral data by dispersing the wavelengths of the retum
ing laser signal, further information related to the spatial data
may be received. For example, the spatial location of the

scanning a LIDAR signal over a target area. At operation 810
a ?rst of a plurality of scan steps may be initiated. The plu
rality of scan steps may occur at different locations along a
y-axis of a target area. Each scan step may include a plurality

of operations. At operation 820, an output laser signal may be

persed into a plurality of wavelengths within a ?eld of view of

wavelengths such that each column of the array may view the

may be determined by correlating a location of the LIDAR
detector array with a y-axis of the target area.
FIG. 8 is a ?owchart 800 illustrating another method of

transmitted along a Z-axis of the target area. The output laser
signal may be a pulsed laser of a desired wavelength and

Raman signal and a Rayleigh signal.
At operation 630, the returning laser signal may be dis
an array of detector elements. The array of detector elements
may have a plurality of columns and rows of light sensitive

target area. At operation 730, the Z-component of the spatial
data may be determined. For example, the Z-component of the
spatial data may be determined by correlating a time delay of
the returning LIDAR signal with the Z-axis of the target area
in a direction of propagation for the returning LIDAR signal.

At operation 740, the y-component of spatial data may be
determined. For example, the y-component of spatial data

reduce the cost, increase durability, and increase accuracy,
among other advantages.
FIG. 6 is a ?owchart 600 illustrating a method for obtaining

spatial data may be determined by correlating locations
within rows of the LIDAR detector array with an x-axis of a
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detection to occur, the plurality of detectors may receive the
spectrum of the plurality of wavelengths into columns of an
array of detector elements of each detector, wherein the col
umns correspond to different locations along an x-axis of the

US 8,599,367 B2
14

13
target area. Additional scan steps may be initiated at operation

one additional Wavelength dispersion element is con?g

810. The additional scan steps may occur at different loca

ured to separate the returning laser signal into a column
of separated Wavelengths associated With a position of a

tions of the detectors in the y-direction of the target area. For
example, the detectors may be mounted on a movable plat
form, on a stationary platform Within a moving object, or a
combination thereof. The movement of the detectors may be
in the y-direction of the target area, Which may contribute to

roW in a direction perpendicular to a direction of the at
least one additional detector.

5. A Light Detection and Ranging (LIDAR) apparatus,

comprising:

determining spatial data along the y-axis.

a laser generator con?gured to generate an output laser
signal toWard a target area;
at least one detector con?gured as an array of light sensitive
elements, the array including a plurality of roWs and

While the invention may be susceptible to various modi?

cations and alternative forms, speci?c embodiments have
been shoWn by Way of example in the draWings and have been
described in detail herein. HoWever, it should be understood

columns of light sensitive elements;

that the invention is not intended to be limited to the particular
forms disclosed. Rather, the invention is to cover all modi?

at least one Wavelength dispersion element positioned in a

return path of a returning laser signal returning from the

cations, equivalents, and alternatives falling Within the scope
of the invention as de?ned by the folloWing appended claims
and their legal equivalents. For example, elements and fea

target area, the at least one Wavelength dispersion ele
ment con?gured to separate Wavelengths of the retum
ing laser signal onto the plurality of roWs and columns of
the array, Wherein the columns of the plurality of col

tures disclosed in relation to one embodiment may be com

bined With elements and features disclosed in relation to other
embodiments of the present invention.
What is claimed is:

20

Wavelengths that correspond With a position along a roW
of the array, the position along the roW of the array
corresponding With a spatial position of the target area
along a ?rst axis;

1. A Light Detection and Ranging (LIDAR) apparatus,

comprising:
a laser generator con?gured to generate an output laser
signal toWard a target area;
at least one detector con?gured as an array of light sensitive
elements, the array including a plurality of roWs and

25

including a plurality of additional roWs and columns of

light sensitive elements; and

at least one Wavelength dispersion element positioned in a
30

target area, the at least one Wavelength dispersion ele

Wavelengths that correspond With a position along a roW
of the array, the position along the roW of the array
corresponding With a spatial position of the target area
along a ?rst axis; and
a processor including control logic con?gured to calculate
three-dimensional (3D) spatial data and combine the 3D

ment is con?gured to separate the returning laser signal
into a column of separated Wavelengths associated With
35
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one additional detector.

6. The LIDAR apparatus of claim 4, Wherein the at least
one detector and the at least one additional detector are Flash
45

on a position in a direction of movement of the at least

one detector; and
data associated With a third axis based, at least in part, on
a time conversion of a time interval betWeen reception

one diffraction grating.
50

2. The LIDAR apparatus of claim 1, Wherein the roWs of the

9. The LIDAR apparatus of claim 8, Wherein the optics
55

include a parabolic re?ector.

10. A method for obtaining hyper-spectral imaging data
correlated With spatial data, the method comprising:
generating, With a laser generator, a ?rst output laser signal
toWard a target area;

receiving, With at least one detector, a ?rst returning laser

signal from the target area;
dispersing, With at least one Wavelength dispersion ele
ment, the ?rst returning laser signal into a plurality of

at least one additional detector con?gured as an additional

array of light sensitive elements, the additional array
including a plurality of additional roWs and columns of
at least one additional Wavelength dispersion element asso
ciated With the at least one detector, Wherein the at least

8. The LIDAR apparatus of claim 1, further comprising
optics con?gured to convert the returning laser signal from
one form to a linear distribution of light.

Raleigh data obtained from the returning laser signal.
4. The LIDAR apparatus of claim 1, further comprising:

light sensitive elements; and

LIDAR detectors.
7. The LIDAR apparatus of claim 4, Wherein the at least
one Wavelength dispersion element and the at least one addi

tional Wavelength dispersion element each includes at least

plurality of roWs of the array are oriented in a direction
orthogonal to a direction of movement of the at least one

detector.
3. The LIDAR apparatus of claim 1, Wherein the at least
one Wavelength dispersion element is con?gured to pass one
of Raman data and Rayleigh data to the at least one detector
and the spectral data includes at least one of Raman data and

Wavelength dispersion element is con?gured to pass the
other one of Raman data and Rayleigh data to the at least

Wavelengths, Wherein the 3D spatial data includes:
data associated With the ?rst axis;

of the returning laser signal and generation of the
output laser signal.

a position of a roW in a direction perpendicular to a

direction of the at least one additional detector;
Wherein the at least one Wavelength dispersion element is
con?gured to pass one of Raman data and Rayleigh data
to the at least one detector, and the at least one additional

spatial data With spectral data including the separated
data associated With a second axis based, at least in part,

at least one additional Wavelength dispersion element asso
ciated With the at least one additional detector, Wherein

the at least one additional Wavelength dispersion ele

ment con?gured to separate Wavelengths of the retum
ing laser signal onto the plurality of roWs and columns of
the array, Wherein the columns of the plurality of col
umns of the array are associated With the separated

at least one additional detector con?gured as an additional

array of light sensitive elements, the additional array

columns of light sensitive elements;
return path of a returning laser signal returning from the

umns of the array are associated With the separated
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Wavelengths Within a ?eld of vieW of an array of detector
elements to be detected thereby, Wherein a column of the

array vieWs the plurality of Wavelengths that correspond
to a spatial location of the target area in a ?rst axis; and
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determining a y-component of the spatial location by cor

calculating, With a processor, three-dimensional (3D) spa

relating a location of the LIDAR detector array With the
second axis of the target area.

tial data and combining the 3D spatial data With spectral
data including the separated Wavelengths, Wherein the
3D spatial data includes:
data associated With the ?rst axis;

16. The method of claim 10, further comprising scanning
the target area With the ?rst output laser signal over a plurality
of scan steps at different locations along the second axis of the

data associated With a second axis based, at least in part,

target area, Wherein each of the generating the ?rst output

on a position in a direction of movement of the at least

laser signal, the receiving the ?rst returning laser signal, and

one detector; and
data associated With a third axis based, at least in part, on
a time conversion of a time interval betWeen reception

the dispersing the ?rst returning laser signal are included in
each scan step of the plurality of scan steps.
17. The method of claim 16, Wherein generating a ?rst

of the returning laser signal and generation of the
output laser signal.
11. The method of claim 10, further comprising:

output laser signal toWard the target area comprises generat
ing the ?rst output laser signal toWard the target area by
transmitting the ?rst laser output signal along the third axis of

generating at least one second output laser signal toWard

the target area.

the target area at a different location from the ?rst output

18. A method for obtaining hyper-spectral imaging data
correlated With spatial data, the method comprising:

laser signal;
receiving at least one second returning laser signal from the
target area; and
dispersing the at least one second returning laser signal into
a plurality of Wavelengths Within the ?eld of vieW of the

generating, With a laser generator, a ?rst output laser signal
toWard a target area;
20

signal from the target area;
dispersing, With at least one Wavelength dispersion ele
ment, the ?rst returning laser signal into a plurality of

array of detector elements, Wherein a column of the

array vieWs the plurality of Wavelengths that correspond
to a spatial location of the target area in the ?rst axis.

12. The method of claim 10, further comprising arranging
data as a multi-dimensional data cube including spectral data

25

to a spatial location of the target area in a ?rst axis; and

responding to the plurality of Wavelengths detected by the

scanning the target area With the ?rst output laser signal
over a plurality of scan steps at different locations along
30

ing laser signal, and the dispersing the ?rst returning
of scan steps;
35
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for the returning laser signal; and

Wherein generating a ?rst output laser signal toWard the
target area comprises generating the ?rst output laser
signal toWard the target area by transmitting the ?rst
laser output signal along a Z-axis of the target area; and
Wherein each scan step further includes:
time-gating at least one detector at time intervals after

transmitting the output laser signal; and
detecting the plurality of Wavelengths during the time
intervals, Wherein the at least one detector receives a

correlating locations in roWs of the array of detector
elements With the ?rst axis of the target area;

third axis of the target area in a direction of propagation

a y-axis of the target area, Wherein each of the generating
the ?rst output laser signal, the receiving the ?rst retum
laser signal are included in each scan step of the plurality

spatial data includes:
determining an x-component of the spatial location by
determining a Z-component of the spatial location by cor
relating a time delay of the returning laser signal With the

Wavelengths Within a ?eld of vieW of an array of detector
elements to be detected thereby, Wherein a column of the

array vieWs the plurality of Wavelengths that correspond

and spatial data, Wherein the spectral data includes data cor
array of detector elements, and the spatial data includes data
corresponding to locations on the ?rst axis, the second axis,
and the third axis When the respective spectral data is
detected.
13. The method of claim 10, further comprising directing a
Raman component of the ?rst returning laser signal to the
array of detector elements and directing a Rayleigh compo
nent of the ?rst returning laser signal to another array of
detector elements.
14. The method of claim 10, further comprising optically
converting the ?rst returning laser signal from one form to a
linear distribution of light.
15. The method of claim 10, Wherein calculating the 3D

receiving, With at least one detector, a ?rst returning laser

spectrum of the plurality of Wavelengths into columns
45

of an array of detectors of the at least one detector, the

columns corresponding to different locations along an
x-axis of the target area.
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