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Polarization diversity image-reject homodyne receiver for directional radial

velocity measurements in light detection and ranging (LIDAR) instruments

The present invention relates to an improved method and a LIDAR system
comprising an emitter for emission of a coherent electromagnetic (em) signal and a
transmitting optical arrangement configured to transmit the electromagnetic signal
towards a measurement area. By the method and system, detection and
discrimination of both the polarized and depolarized backscattered EM signal is
obtained: As a result, the invention improves the signal to noise ratio (SNR) in both
continuous wave (CW) and pulsed lidars while providing the possibility to detect
atmospheric depolarization whereby detecting the nature of reflecting particles in the
atmosphere.

Background of the invention

There are generally two approaches to extract the direction of a radial velocity
associated with a target in coherent LIDAR (light detection and ranging) instruments.
The two approaches mainly differ in the employed optical/radio frequency (RF) front-
end architectures. In heterodyne architectures, the received signal (back scatter)
which may have experienced frequency shifting due to Doppler is down-converted to
an intermediate frequency (IF) band. This approach has certain drawbacks such as
costly and sometimes noisy components for frequency shifting as well as wideband
photo detectors.

An alternative approach is to employ a homodyne receiver where 1/Q (in-
phase/quadrature) demodulation of the received signal allows for discrimination of
the radial velocity direction. Homodyne with quadrature demodulation (also known
as image-reject homodyne) makes it feasible to employ single-ended or balanced
photo detectors eliminating the costly frequency shifting components (exhibiting
spurious effects) employed in the heterodyne receivers such as optic modulators,
also known as Brag cells or acoustic optic modulators. This technique is well

established in optical communications.

An electro-optical homodyne receiving circuit used for coherent detection of optical
signals in optical communication and remote sensing, such as LIDAR has been

disclosed previously. Furthermore, polarization separation of received signal (back
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scatter) into two orthogonal polarization states and a local oscillator signal, has also
been shown. Additionally, mixing of a phase shifted receiving signal and a local
oscillator signal and a mixing of a phase shifted local oscillator signal and a

receiving signal, has also been disclosed previously.

The drawback of the above mentioned approach, however, is that these techniques
are not able to detect depolarized backscattered electromagnetic (em) signals, and
thereby, is not able to detect, e.g. clouds or non-spherical particles. Furthermore,
the above mentioned approach, however, is not employed with a smart signal
processing technique and passive components, and thereby, avoiding the need for
costly active components, such as acoustic optic modulators and optical amplifiers

for backscatter signal regeneration.

An object of this invention is to discriminate the light polarization resulting in either
an improved SNR due to polarization diversity as well as detection of atmospheric
features such as presence of clouds through detection of depolarized backscattered
EM signals. Besides, by employing passive components while employing smart
signal processing techniques the need for costly active components such as
acoustic optic modulators for sign detection and optical amplifiers for backscatter

signal regeneration is circumvented.

Summary

It is an object of the present invention to provide a LIiDAR system for detection of
polarized (PB) and de-polarized backscattered (DPB) electromagnetic (em) signals.
The LIDAR system comprises an emitter for emission of a coherent electromagnetic
(em) signal and a transmitting optical arrangement configured to transmit an
electromagnetic signal towards a measurement area.

Additionally, the LIDAR system comprises a receiving optical arrangement for
receiving a backscattered EM signal from the measurement area, and at least a first
and a second polarizing beam splitter. The first polarizing beam splitter is configured
to receive the backscattered EM signal and to split the backscattered EM signal into
a first polarized backscattered EM signal and a second polarized backscattered EM
signal. The second polarizing beam splitter is configured to receive a local oscillator

signal, the local oscillator signal being extracted from the coherent electromagnetic
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signal, and to split the local oscillator signal into a first polarized local oscillator

signal and a second polarized local oscillator signal.

Furthermore, the LIDAR system comprises a first detector and mixer and a third
detector and mixer for receiving a first primary polarized backscattered EM signal
and a first secondary polarized backscattered EM signal, respectively, and a first
primary polarized local oscillator signal and a first secondary local oscillator signal,
respectively. The first detector and mixer and the third detector and mixer are

configured to output a first mixed signal and a third mixed signal.

The LIDAR system also comprises a second detector and mixer and a fourth
detector and mixer for receiving a second primary polarized backscattered EM
signal and a second secondary polarized backscattered EM signal, respectively, and
a second primary polarized local oscillator signal and a second secondary local
oscillator signal. The second primary local oscillator signal and the second
secondary local oscillator signal are phase shifted with respect to the first primary
and the first secondary local oscillator signals. The second detector and mixer and
the fourth detector and mixer are configured to output a second mixed signal and a

fourth mixed signal, respectively.

Furthermore, the LIDAR system comprises a processor configured to receive at
least the first, second, third and fourth mixed signals, and to perform a cross
correlation of the first (MS1)/second (MS2) mixed signal and the third (MS3)/fourth
(MS4) mixed signal to provide an output comprising information from polarized (PB)

and depolarized backscattered (DPB) EM signal.

According to another aspect of the present invention, a LIDAR system for detection
of polarized (PB) and de-polarized backscattered (DPB) electromagnetic (em)
signals is provided. The LIDAR system comprises an emitter for emission of a
coherent electromagnetic (EM) signal and a transmitting optical arrangement

configured to transmit an electromagnetic signal towards a measurement area.

Additionally, the LIDAR system comprises a receiving optical arrangement for
receiving a backscattered EM signal from the measurement area, and at least a first
and a second polarizing beam splitter. The first polarizing beam splitter is configured

to receive the backscattered EM signal and to split the backscattered EM signal into
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a first polarized backscattered EM signal and a second polarized backscattered EM
signal. The second polarizing beam splitter is configured to receive a local oscillator
signal, the local oscillator signal being extracted from the coherent electromagnetic
signal, and to split the local oscillator signal into a first polarized local oscillator

signal and a second polarized local oscillator signal.

Furthermore, the LIDAR system comprises a first detector and mixer and a third
detector and mixer for receiving a first primary polarized backscattered EM signal
and a first secondary polarized backscattered EM signal, respectively, and a first
primary polarized local oscillator signal and a first secondary local oscillator signal,
respectively. The first detector and mixer and the third detector and mixer are

configured to output a first mixed signal and a third mixed signal.

The LIDAR system also comprises a second detector and mixer and a fourth
detector and mixer for receiving a second primary polarized backscattered EM
signal and a second secondary polarized backscattered EM signal, respectively, and
a second primary polarized local oscillator signal and a second secondary local
oscillator signal. The second primary local oscillator signal and the second
secondary local oscillator signal are phase shifted with respect to the first primary
and the first secondary local oscillator signals. The second detector and mixer and
the fourth detector and mixer are configured to output a second mixed signal and a

fourth mixed signal, respectively.

Furthermore, the LIDAR system comprises a processor configured to receive at
least the first, second, third and fourth mixed signals and to process the mixed
signals to provide an output comprising information from polarized and depolarized

backscattered EM signal.

According to a third aspect of the present invention, a LIDAR system for detection of
polarized (PB) and de-polarized backscattered (DPB) electromagnetic (em) signals
is provided. The LIDAR system comprises a front-end which is configured to
transmit an optical transmitter signal to a preferred target or a measurement area,
and the transmitter signal may be either a continuous-wave or a pulsed signal. The
front-end is further configured to receive an optical backscattered EM signal which is

generated due to a collision between the transmitted signal and airborne particles.
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the front-end may be configured to generate a local-oscillator signal.

The received backscattered EM signal and the generated local oscillator signal may
further be transmitted to a polarization splitter being configured to split both signals
into two separate polarizations, and thereby, generating multiple backscattered EM
signals having different polarizations and multiple local oscillator signals having
different polarizations.

The polarized-splitted backscattered EM signals and the polarized-splitted local
oscillator signals may then be received by a mixer, wherein the mixer is configured
to generate for each polarization an in-phase signal based on a backscattered EM
signal and a local oscillator signal having the same polarization. The mixer may
further be configured to generate for each polarization a quadrature-phase signal
based on a backscattered EM signal and a phase shifted local oscillator signal

having the same polarization.

The in-phase signal and the quadrature-phase signals, for each polarization, may be
processed in a signal processing unit so as to extract information from the received

backscattered EM signal being either polarized or de-polarized.

Alternatively, the signal processing unit may be configured to perform cross
correlations between the in-phase signal and the quadrature-phase signal, having
the same polarization, so as to extract information from the received backscattered

EM signal being either polarized or de-polarized.

Thereby, a LIDAR system which is able to detect polarized and depolarized
backscattered EM signals is configured to improve the signal-to-noise ratio, whereby
the previously defined problems with the known technique are overcome. The effect
thereof, is an increased radial velocity measurement range (i.e. detection
bandwidth) for the same sampling frequency, and a more accurate radial velocity
and wind direction estimations of particles, specially for low wind speeds where the
spurious effects of active components such as acoustic optic modulator (AOM) in

heterodyne receivers may mask the signal.
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The advantage of having an increased radial velocity measurement range is an
improved possibility of adjusting a plurality of parameters of a windmill, which

increases the wind-to-energy conversion efficiency.

Additionally, the LIDAR system disclosed herein may be further capable of detecting
the nature of the atmospheric return such as spherical and non-spherical particles
which provides additional information about the atmosphere such as presence of
clouds, rain, mist, etc. for various radial velocity measurement ranges, i.e.,
measurement areas. Furthermore, the LIDAR system disclosed herein may be
further capable of providing information about particle shape and size based on the
amount of depolarization and backscatter signal strength.

A further technical effect may be an increased radial velocity measurement range
and a more accurate way of estimating the radial velocity, wind direction, and nature
of particles, such as shape and size. This can be used for improving the safety of an
airplane, since the accuracy/preciseness of the LIDAR system significantly improves

the long distance detection of turbulences, plums and clouds.

An advantage of performing a cross correlation between the first and the second
mixed signal and between the third and the fourth mixed signal is that an improved
SNR may be obtained due to the elimination of uncorrelated shot-noise and
electronic noise while eliminating the need for additional signal processing, such as
spectral whitening. The LIDAR system may be a Doppler LIDAR, a Rayleigh LIDAR,
a Mie LIDAR, a Raman LIDAR, a Na/Fe/K fluorescence LIDAR, a Differential
Absorption LIDAR (DIAL-LIDAR) or similar. Additionally, the LIDAR system may be

an incoherent LIDAR or a coherent LIDAR detection system.

The LIDAR system may be based on a homodyne technique or an image-reject
homodyne technique. Compared to a LIDAR system based on a heterodyne
techniqgue, a homodyne technique or an image-reject homodyne technique is
advantageous as it allows for a doubling of the radial velocity measurement range
while sustaining an equal bandwidth for a detector and analog-to-digital converter
(ADC) and possible minimization of the cost of the LIDAR system. Furthermore, by
using an image-reject homodyne technique, radial velocity, direction, and

acceleration of one or more individual airborne particle are measureable.
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I/Q modulation, where represents the “in-phase signal” and “Q” represents the

“quadrature signal”.

In the present invention, the first and the third mixed signals are denoted as in-
phase signals, and the second and fourth mixed signals are denoted as quadrature
signals. The quadrature signals may be phase shifted compared to the in-phase
signals, and thereby, when combining the in-phase and the quadrature signals
provides the possibility of extracting the sign of the Doppler shift. Besides, by
performing a cross-correlation analysis between the in-phase and quadrature
components, the uncorrelated noise arising from the two separate detection chains,
ie, photo-detectors and electronic circuitry will be suppressed resulting in an
improved SNR, The emitter may be a single or a multi mode laser source, such as a
gas laser, a NdYAG laser, a chemical laser, a dye laser, a metal-vapor laser, a
solid-state laser, a semiconductor laser, a super continuum laser, a Raman laser, a
fiber laser or any other kind of a laser source. Additionally, the emitter may emit at
least one incoherent or at least one coherent electromagnetic signal. Furthermore,

the emitter may be a continuous wave (CW) or a pulse laser.
The emitter may comprise at least one laser source.

A transmitting optical arrangement may comprise a circulator or an optical insulator

being able to transmit an optical signal of any kind.

A measurement area may comprise a plurality of airborne particles in the air or any
kind of a gas species. Furthermore, the measurement area may also be in a liquid
comprising a plurality of particles. Additionally, the measurement area may comprise

an object of any kind, such as an airplane, a car, a person, a house etc.

The present invention is able to detect polarized or depolarized backscattered EM
signals from an object, and thereby, the LIDAR system comprises an improved way

of detecting size and shape of an object comprising a plurality of particles.

The receiving optical arrangement may be a circulator or an optical insulator being

able to receive an optical signal of any kind.
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The first and a second polarizing beam splitter may be a fiber-based polarization
combiner or splitter. Furthermore, the first and the second polarizing beam splitter
may be a free space polarization combiner or splitter. The first and the second
polarizing beam splitter may be able to receive at least one optical signal and
transmit at least two optical signals, each comprising at least a first polarization and

a second polarization.

The backscattered EM signal may be a polarized or a depolarized signal, being
either single mode or multi mode. Furthermore, the backscattered EM signal may
also be a CW signal or a pulse signal, where the pulse signal may comprise at least
one pulse. Additionally, the backscattered EM signal may comprise at least a first

polarization. The LIDAR system may receive at least one backscattered EM signal.

The local oscillator signal may be a single mode or a multi mode signal.
Furthermore, the local oscillator signal may also be a CW signal or a pulse signal,
where the pulse signal may comprise at least one pulse. Additionally, the local
oscillator signal may comprise at least a first polarization. The LIDAR system may

generate at least one local oscillator signal.

The detector and mixer may be a balanced detector and mixer able to mix at least
two optical signals and transmitting at least one mixed signal. The LIDAR system

may comprise plurality of detector and mixer.

The processor may be a part of a computing device including, for example, a server
computer, a personal computer, workstation, web server, and/or other suitable
computing devices. The processor may perform a cross correlation between the first
and the second mixed signals and also between the third and the fourth mixed

signals.

Between the measurement area and the transmitting optical arrangement a
telescope or a focus lens may be placed to focus and/or parallelize the transmitted

electromagnetic signal towards the measurement area.

Disclosed herein is also a method for detecting a polarized and a depolarized
backscattered EM signals in a LIDAR system. The method comprises the steps of

emitting a coherent electromagnetic signal, and transmitting the electromagnetic
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signal towards a measurement area via a transmitting optical arrangement. The
method further comprises the steps of receiving a backscattered EM signal from the
measurement area by a first polarizing beam splitter, and splitting the backscattered
EM signal into a first polarized backscattered EM signal and a second polarized
backscattered EM signal, and extracting a local oscillator signal from the emitted

coherent electromagnetic signal.

The method also discloses the step of receiving the local oscillator signal by a
second polarizing beam splitter, and splitting the local oscillator signal into a first

polarized local oscillator signal and a second polarized local oscillator signal.

The method also discloses the step of dividing the first and the second polarized
backscattered EM signals into a first and a second primary polarized backscattered
EM signal and a first and a second secondary polarized backscattered EM signal,
respectively, and the step of dividing the first and the second polarized local
oscillator signals into a first and a second primary polarized local oscillator signal

and a first and a second secondary polarized local oscillator signal, respectively,

Disclosed in the method is also detecting and mixing the first primary polarized
backscattered EM signal and the first primary polarized local oscillator signal, and
the first secondary polarized backscattered EM signal and the first secondary local

oscillator signal to provide a first and a third mixed signal, respectively.

The method also discloses the step of detecting and mixing the second primary
polarized backscattered EM signal and the second primary polarized local oscillator
signal, and the second secondary polarized backscattered EM signal and the
second secondary local oscillator signal to provide a second and a fourth mixed
signals, respectively, the second primary local oscillator signal and the second
secondary local oscillator signal being phase shifted with respect to the first primary

and first secondary local oscillator signals.

The method also discloses the steps of receiving at least the first, second, third and
fourth mixed signals in a processor, and processing the mixed signals to provide an
output comprising information from polarized (PB) and depolarized backscattered
EM signal (DPB).
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It is an advantage of detecting and processing the polarized and the depolarized
backscattered EM signals since the SNR increases, and furthermore, the amount

and the quality of received information improve.

In one or more embodiments, the LIDAR system comprises a pulse shaper
configured to receive the coherent electromagnetic signal and transmit a pulsed

coherent electromagnetic signal.

The pulse shaper may be configured to generate at least one pulse having a pulse
width (FW) between 4 ns to 30 ns, or between 10 ns to 60 ns, or between 20 ns to
100 ns, or between 30 ns to 150 ns, or between 50 ns to 300 ns, or between 5 ns to
300 ns. The advantage of the pulse shaper is the possibility of adjusting a range
resolution of the present invention by adjusting the pulse width (FW). By increasing
the pulse width, the range resolution increases. The pulse width (FW) may be

defined as being the width of a pulse at half its maximum intensity.

The pulsed coherent electromagnetic signal may comprise plurality of pulses, and

each pulse may have at least a first polarization.

The advantage of having a pulsed based LIDAR system is an improved
measurement range, insensitive to a measurement area being out of focus, and a
limited average power. The effect thereof is an improved signal-to-noise ratio which
leads to an improved quality/reliability of the information being detected by the

LIDAR system. A further effect thereof, is an improved stability of the LIDAR system

The measurement range may depend on the power of the emitted electromagnetic
signal and with any power of the emitted electromagnetic signal, the measurement
range of the present invention may be improved with a factor of between 1.1 to 4,or

between 1.5 to 3.5, or between 2 to 3, or between 4 to 6 or between 6 to 10.

With any non-scientific laser applications and a regular transmitting optical
arrangement, the measurement range of the present invention may be between 500
m to 15000 m, or between 200 m to 10000 m, or between 500 m to 5000 m, or
between 600 m to 1000 m, or between 5 m to 3000, or between 1 m to 1000 m.



WO 2015/044370 PCT/EP2014/070651

10

15

20

25

11

In one or more embodiments, the LIDAR system comprises a polarization rotator
configured to receive the pulsed coherent electromagnetic signal and transmit a

polarized pulsed coherent electromagnetic signal having at least a first polarization.

The polarization rotator may transmit at least a pulse comprising at least a first and
a second polarization, and the effect thereof is an increased observation time due to
an increased pulse repetition rate (PRR). The advantage of increasing the
observation time is an improved signal-to-noise ratio for the same measurement

range or an increased measurement range for the same SNR.

The LIDAR system is able to switch between a single polarization and a multi
polarization mode by controlling the pulse shaper as well as the polarization rotator
electronically. In the single polarization mode the LIDAR system is emitting a pulse
electromagnetic signal comprising a single polarization, and in the multi polarization
mode, the LIDAR system is emitting pulse electromagnetic signals comprising at

least two polarizations.

The advantage of having the pulse shaper and the polarization rotator is that the
LIDAR system is able to switch between the single polarization mode and the multi
polarization mode. For example, if the LIDAR system is in the multi polarization
mode emitting pulsed electromagnetic signals, cross-talks would occur if detecting
depolarized backscattered EM signals. Then switching the LIDAR system to the
single polarization mode no cross-talks would occur due to the depolarized

backscattered EM signals.

In one or more embodiments, the LIDAR system comprising a first slow axis of the
first polarizing beam splitter aligning 0° with the slow axis of a first input optical fiber,
and a second slow axis of the second polarizing beam splitter aligning 45° with a

second input optical fiber.

In one or more embodiments, the LIDAR system comprising a first slow axis of the
first polarizing beam splitter aligning 0° with the slow axis of a first input polarization
maintaining optical fiber, and a second slow axis of the second polarizing beam

splitter aligning 45° with a second input optical fiber.
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In one or more embodiments, the LIDAR system comprises a first coupler and a
third coupler configured to divide the first and second polarized backscattered EM
signals into first primary and first secondary polarized backscattered EM signal and
into second primary and second secondary polarized backscattered EM signals,

respectively.

In one or more embodiments, the LIDAR system comprises at least a second and a
fourth coupler configured to divide the first and second polarized local oscillator
signals into first primary and first secondary polarized local oscillator signal and into
second primary and second secondary polarized local oscillator signals,

respectively.

The LIDAR system may comprise at least a first coupler being able to split at least a
first polarized backscattered EM signal into at least a first primary and a first

secondary polarized backscattered EM signal.

In one or more embodiments, the transmitting optical arrangement and the receiving
optical arrangement may be combined in a circulator or an optical insulator
configuring to receive the coherent electromagnetic signal and to transmit the
electromagnetic signal towards a measurement area, and to receive the
backscattered EM signal from the measurement area and transmit the

backscattered EM signal to the first polarizing beam spilitter.

In one or more embodiments, the first, the second, the third and the fourth detector
and mixer may be a first, a second, a third and a fourth balanced detector and

mixer, respectively.
The detectors may be single ended detectors or balanced detectors.

In one or more embodiments, the emitter may comprise a laser, such as a gas laser,
such as a NdYAG laser, a chemical laser, a dye laser, a metal-vapor laser, a solid-
state laser, a semiconductor laser, a super continuum laser, a Raman laser, or a

fiber laser.

The LIDAR system may comprise at least one emitter.
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In one or more embodiments, the LIDAR system comprises polarization maintaining

fibers and polarization maintaining components.

The LIDAR system may comprise a digital signal processing unit configured to
perform a cross correlation of the first/second mixed signal and the third/fourth

mixed signal.

The cross correlation may be a convolution between two functions/signals, a
normalized cross correlation, phase cross correlation, single channel cross

correlation or a multi channel cross correlation.

The advantage of performing a cross correlation between the first and the second
mixed signal and between the third and the fourth mixed signal is an improved SNR
due to the elimination of uncorrelated shot-noise and electronic noise while
eliminating the need for additional signal processing such as spectral whitening.
Besides, due to the SNR improvement, and a further technical effect is the
elimination of complicated optical amplifiers resulting in a more cost efficient LIDAR

system.

In one or more embodiments, the method for detecting the polarized and the
depolarized backscattered EM signals in a LIDAR may comprise the step of pulse
shaping the coherent electromagnetic signal and transmitting a pulsed coherent

electromagnetic signal.

In one or more embodiments, the method may comprise the step of rotating the
polarization of the pulsed electromagnetic signal to provide a polarization diversity

pulsed coherent electromagnetic signal.

The advantage of providing the polarization rotation is the possibility for polarization
diversity measurement, and furthermore, it is an advantage of having at least a 90°
polarization difference between at least a first polarization and a second polarization
of at least one pulse to provide independent measurement of at least the first

polarization and the second polarization.
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In one or more embodiments, the method may comprise a digital signal processing
unit performing a cross correlation of at least the first/second mixed signals and at

least the third/fourth mixed signals.

In one or more embodiments, the LIDAR system comprises a third polarization
beam splitter configured to receive the coherent electromagnetic signal, and to

transmit a first polarized transmitter signal and a second polarized transmitter signal.

Furthermore, the LIDAR system may comprise a first pulse shaper and a second
pulse shaper for receiving the first polarized transmitter signal and the second
polarized transmitter signal, respectively. The first polarized transmitter signal may
be polarized orthogonal relative to the second polarized transmitter signal. The first
pulse shaper is configured for transmitting a first polarized pulsed transmitter signal
and the second pulse shaper is configured to transmit a second polarized pulsed

transmitter signal, respectively.

Additionally, the LIDAR may comprise a first optical amplifier and a second optical
amplifier configured to receive the first polarized pulsed transmitter signal and the
second polarized pulsed transmitter signal, respectively, and to transmit a first and a

second amplified polarized pulsed transmitter signal, respectively.

Furthermore, the LIDAR may comprise a first polarization beam combiner
configured to receive at least the first amplified polarized pulsed transmitter signal,
and to transmit a polarized pulsed coherent electromagnetic signal having at least a

first polarization.

Alternatively, the LIDAR may comprise a first polarization beam combiner configured
to receive the first amplified polarized pulsed transmitter signal and the second
amplified polarized pulsed transmitter signal, and to transmit a polarized pulsed
coherent electromagnetic signal having a first polarization and a second

polarization.

Thus, the LIDAR may be configured to transmit the polarized pulsed coherent
electromagnetic signal via the transmitting optical arrangement towards a

measurement area.
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By dividing or discriminating the polarization state of the transmitted polarized
pulsed coherent electromagnetic signals, which means alternating the orthogonal
polarization states, it may be possible to double the maximum optical output power
by integrating at least two optical amplifiers, one for each polarization state of the
polarized pulsed coherent electromagnetic signal. This is specially important in all-
fiber coherent Doppler lidars (CDL) where the fiber-based optical amplifiers may

have a limited average output power

Dividing or discriminating the polarization of the coherent electromagnetic signal and
the possibility of amplifying the divided polarization states, i.e. the at least first
polarization and/or the at least second polarization, may give the system the
possibility to either operate in a multi-polarization mode, wherein the LIDAR system
emits a polarized pulsed coherent electromagnetic signal comprising plurality of
optical pulses which every second pulse has a second polarization being orthogonal
to a first polarization of a previous pulse, or in a single-polarization mode, wherein
the LIDAR system emits a polarized pulsed coherent electromagnetic signal

comprising plurality of optical pulses having a first polarization.

The LIDAR system may be able to switch between the single-polarization mode and
the multi-polarization mode by switching between operating with one or two optical
amplifiers, respectively. Additionally, the LIDAR system may be able to increase the
pulse-repetition-rate (PRR), such as to double the pulse-repetition-rate (PRR), by

switching from single-polarization mode to multi-polarization mode.

In an ordinary or prior-art pulsed coherent LIDAR system the pulse-repetition rate
may be the limiting factor rather than the available optical power. It is a
disadvantage of such ordinary or prior-art pulsed coherent LIDAR system that when
transmitting multiple pulses, the system has to wait for one pulse to die out before it
can transmit the next pulse., If in such ordinary or prior-art pulsed coherent LIDAR
system, a wait is not provided, the two pulses may interfere to thereby create cross-
talking or cross-talking noise. The waiting time between the pulses thus creates a

limitation to the pulse-repetition rate.

However, the present LIDAR system may be configured to transmit a series of

optical pulses, wherein every second pulse of the series of optical pulses has a
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second polarization being orthogonal to a first polarization of a previous pulse of the
series of optical pulses. Thereby, cross-talking is reduced as no or limited cross-

talking occurs between the optical pulses having different polarizations.

Thereby, the waiting time between the transmitted optical pulses of the plurality of

optical pulses may be reduced to thereby obtain an improved pulse-repetition-rate.

This is specifically useful when the LIDAR system operates in clear air atmosphere.
In clear air atmosphere, the concentration of airborne particles is low and mainly
spherical airborne particles are present in clear air. Due to the low concentrations,
collisions between the spherical airborne particles and transmitted pulses are
reduced, and as a consequence of the reduced number of collisions, the SNR of the

LIDAR system is typically reduced.

It is therefore an advantage of the LIDAR system of the present disclosure that an
increase in the pulse-repetition-rate may improve the SNR of the LIDAR system,
due to an increased number of observations because of the increased number of

optical pulses being transmitted into the clear air.

The optical amplifier implemented into the LIDAR system may be a fibre amplifier, a

doped fibre amplifier, or an Erbium doped fibre amplifier (EDFA),

The polarization beam combiner may be an open space polarization beam splitter

cube which acts both as a polarization splitter and a combiner.

In one or more embodiments, the method may comprise the step of dividing the
coherent electromagnetic signal into a first polarized transmitter signal and a second
polarized transmitter signal, and pulse shaping the first polarized transmitter signal
and the second polarized transmitter signal into a first polarized pulse transmitter

signal and a second polarized pulse transmitter signal, respectively.

The method may also comprise the step of amplifying at least the first polarized
pulse transmitter signal into at least a first amplified polarized pulsed transmitter
signal, and receiving at least the first amplified polarized pulsed transmitter signal

into a first polarized beam combiner. Furthermore, the method may comprise the
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step of transmitting a polarized pulsed coherent electromagnetic signal having at

least a first polarization.

Alternatively, the method may comprise the step of amplifying at least the first
polarized pulse transmitter signal and the second polarized pulse transmitter signal
into at least a first amplified polarized pulsed transmitter signal and a first amplified
polarized pulsed transmitter signal, respectively, and receiving at least the first
amplified polarized pulsed transmitter signal and the second amplified polarized
pulsed transmitter signal into a polarized beam combiner. Furthermore, the method
may comprise the step of transmitting a polarized pulsed coherent electromagnetic

signal having at least a first polarization and a second polarization.

Brief Description of Drawings

Embodiments of the invention will be described in the figures, whereon:

Fig. 1A illustrates an example of a LIDAR system transmitting an electromagnetic

signal towards a measurement area comprising plurality of airborne particles,

Fig. 1B illustrates an example of a LIDAR system comprising a DIAL-LIDAR
configured to emit multi wavelength electromagnetic signal towards a measurement

area comprising plurality of airborne particles,

Fig. 2A schematically illustrates an example of an electromagnetic signal emitted
from a LIDAR system and reflected from a measurement area generating a

polarized backscattered EM signal,

Fig. 2B schematically illustrates an example of an electromagnetic signal emitted
from a LIDAR system and reflected from a measurement area generating a

depolarized backscattered EM signal,

Fig. 3 schematically illustrates an exemplary LIDAR system according to the

invention emitting an electromagnetic signal being a continuous wave signal,

Fig. 4 schematically illustrates an exemplary LIDAR system according to the
invention emitting an electromagnetic signal being a continuous wave signal,

wherein the LIDAR system comprises a digital processing unit.



WO 2015/044370 PCT/EP2014/070651

10

15

20

25

18

Fig. 5 schematically illustrates an exemplary LIDAR system according to the
invention emitting a pulse electromagnetic signal being a pulse signal, wherein the

LIDAR system comprises a digital processing unit.

Fig. 6A illustrates a schematically exemplary of a LIDAR system emitting an
electromagnetic signal, being a single mode continuous wave signal, towards a
measurement area comprising a low concentration of airborne particles and the

weather condition is clear sky and no wind,

Fig. 6B illustrates a schematically exemplary of a LIDAR system emitting an
electromagnetic signal, being a single mode continuous wave signal, towards a
measurement area comprising a high concentration of airborne particles and the

weather condition is harsh,

Fig. 7A illustrates a schematically exemplary of a LIDAR system emitting a pulsed
electromagnetic signal, being a single mode continuous wave signal, towards a
measurement area comprising a low concentration of airborne particles being a mix
of spherical and non-spherical particles, with a significant presence of non-spherical

particles,

Fig. 7B illustrates a schematically exemplary of a LIDAR system emitting a pulse
electromagnetic signal, being a single mode continuous wave signal, towards a
measurement area comprising a high concentration of airborne particles being a
mix of spherical and non-spherical particles, with a significant presence of non-

spherical particles,

Fig. 8A illustrates a schematically exemplary of a LIDAR system emitting a pulse
electromagnetic signal towards a measurement area and receiving pulsed

backscattered EM signal comprising plurality of dispersed pulses and depolarization,

Fig. 8B illustrates a schematically exemplary of a LIDAR system emitting a pulse
electromagnetic signal towards a measurement area and receiving pulsed
backscattered EM signal comprising plurality of dispersed pulses and no cross-

talking,
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Fig. 9 illustrates a method for detecting at least a polarized and at least a

depolarized backscattered EM signals,

Fig. 10 schematically illustrates an exemplary LIDAR system according to the
invention emitting a polarized pulsed coherent electromagnetic signal being a pulse

signal, wherein the LIDAR system comprises a digital processing unit,

Fig. 11 illustrates a method for transmitting a polarized pulsed coherent

electromagnetic signal being a pulse signal.

Detailed Description of the Invention

Fig. 1A and 1B schematically illustrates an exemplary LIDAR system 1 according to
the invention, emitting an electromagnetic signal, being either a CW signal or a
Pulse signal, towards a measurement area. Based on different the nature of the
backscatter, the LIDAR system 1 may be a Doppler LIDAR, a Rayleigh LIDAR, Mie
LIDAR, Raman LIDAR, Na/Fe/K fluorescence LIDAR or a Differential Absorption
LIDAR (DIAL-LIDAR) etc. Additionally, the LIDAR system 1 may be an incoherent
LIDAR or a coherent LIDAR detection system.

The LIDAR system 1 may be a continuous wave (CW) or a pulse LIDAR system
emitting an electromagnetic signal being either a CW signal or a pulse signal and
single mode or multi mode. The LIDAR system 1 then receives a backscattered EM
signal 14 being either a CW signal or a pulse signal and comprising at least one
wavelength and at least a first polarization 34. Fig. 1A illustrates an example of a
LIDAR system 1 transmitting an electromagnetic signal 16 towards a measurement
area 18 comprising plurality of airborne particles 44, wherein the electromagnetic
signal 16 comprises a single mode CW signal having a first polarization 34. The
LIDAR system 1 detects a backscattered signal 14 comprising at least one polarized
backscattered EM signal PB and at least one depolarized backscattered EM signal
DPB both being a single mode CW signal. The polarized backscattered EM signal
PB comprises a first polarization 34 and the depolarized backscattered EM signal

comprises a first and/or a second polarization 35.
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Fig. 1B illustrates an example of a LIDAR system 1 including a DIAL-LIDAR
configured to emit multi wavelength electromagnetic signal 16B towards a
measurement area 18 comprising a plurality of airborne particles 44 and receiving at
least a first wavelength backscattered EM signal 14A and at least a second
wavelength backscattered EM signal 14B from the measurement area 18. The at
least first wavelength backscattered EM signal 14A and the at least second
wavelength backscattered EM signal 14B may both comprise at least a polarized
backscattered EM signal PB and/or at least a depolarized backscattered EM signal
DPB.

Fig. 2A and 2B schematically illustrate an example of an electromagnetic signal 16
emitted from a LIDAR system 1 and reflected from a measurement area 18
comprising an airborne particle 44 generating a polarized backscattered EM signal
PB or a depolarized backscattered EM signal DPB, respectively. Fig. 2A the
electromagnetic signal 16, having a first polarization 34, is reflected from the
measurement area 18, comprising an airborne particle 44 being a spherical particle,
creating a polarized backscattered signal PB having a first polarization 34 parallel to
the first 34 polarization of the electromagnetic signal 16. Fig. 2B the electromagnetic
signal 16, having a first polarization 34, is reflected from the measurement area 18,
comprising an airborne particle 44 being a non-spherical particle, creating a
depolarized backscattered signal DPB comprising a first 34 and a second

polarization 35 not parallel to the polarization of the electromagnetic signal 16.

Fig.3 schematically illustrates an exemplary LIDAR system 1 according to the
invention, comprising an emitter 2 being a single or a multi mode laser source, such
as a gas laser, a NdYAG laser, a chemical laser, a dye laser, a metal-vapor laser, a
solid-state laser, a semiconductor laser, a super continuum laser, a Raman laser, a
fiber laser or any other kind of a light source. The emitter 2 may emit an incoherent
or a coherent electromagnetic signal, and in this particular example the emitter emits
a coherent electromagnetic signal 17 being a CW signal and single mode. The
coherent electromagnetic signal 17 is divided by an emitter splitter 24 into an
electromagnetic signal 16 and a local oscillator signal 12. The electromagnetic

signal 16 is amplified by an optical amplifier 32.
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A transmitting optical arrangement 4 is configured to receive the electromagnetic
signal 16 and to transmit the electromagnetic signal 16 towards a measurement
area 18. A receiving optical arrangement 6 is configured to receive a backscattered
EM signal 14 from the measurement area 18 and to forwarding the backscattered
EM signal 14 towards at least a first polarization beam splitter 8. At least a second

polarization beam splitter 10 receives the local oscillator signal 12.

The transmitting optical arrangement 4 and the receiving optical arrangement 6 are
combined in a circulator 47 or an optical insulator 48. The circulator 47 and the

optical insulator 48 are not shown Fig. 3.

The first polarization beam splitter 8 and the second polarization beam splitter 10
may be a polarization fiber splitter, a polarization beam splitter or a 50/50 splitter
combined with a phase retarder. The first polarization beam splitter 8 and the
second polarization beam splitter 10 may be configured to split at least one

incoming signal into at least two signals.

A first slow axis of the first polarization beam splitter 8 is aligned 0° with the
respective slow axis of a first input optical fiber 45 going in to the first polarization
beam splitter 8. The first polarizing beam splitter 8 is configured to receive the
backscattered EM signal 14 and to split the backscattered EM signal 14 into a first
polarized backscattered EM signal PB1 and a second polarized backscattered EM
signal PB2. In this particular example, the first polarized backscattered EM signal
PB1 comprises at least a first polarization 34 and the second polarized

backscattered EM signal PB2 comprises at least a second polarization 35.

A second slow axis of a second polarization beam splitter 10 is aligned 45° with a
second input optical fiber 46. The second polarization beam splitter 10 is configured
to receive the local oscillator signal 12 and to split the local oscillator signal 12 into a
first polarized local oscillator signal PL1 and a second polarized local oscillator
signal PL2. In this particular example, the first polarized local oscillator signal PL1
comprises at least a first polarization 34 and the second polarized local oscillator

signal PL2 comprises at least a second polarization 35.

A first 20 and a third 22 splitter receive the first polarized backscattered EM signal

PB1 and the second polarized backscattered EM signal PB2, respectively. The first
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splitter 20 is configured to split the first polarized backscattered EM signal PB1 into
a first primary polarized backscattered EM signal PB11 and a second primary
polarized backscattered EM signal PB12. The third splitter 22 is configured to split
the second polarized backscattered EM signal PB2 into a first secondary polarized
backscattered EM signal PB21 and a second secondary polarized backscattered
EM signal PB22.

A second 21 and a fourth 23 splitter receive the first polarized local oscillator signal
PL1 and the second polarized local oscillator signal PL2, respectively. The second
splitter 21 is configured to split the first polarized local oscillator signal PL1 into at
least a first primary polarized local oscillator signal PL11 and a second primary
polarized local oscillator signal PL12 being phase shifted by a first phase shifter 27.
The fourth splitter 23 is configured to split the second polarized local oscillator signal
PL2 into a first secondary polarized local oscillator signal PL21 and a second
secondary polarized local oscillator signal PL22 being phase shifted by a second

phase shifter 28.

The first 20, second 21, third 22 and fourth 23 splitter may be configured to receive
at least one incoming signal and transmitting at least two signals having a power
ratio of 50/50, 40/60, 30/70, 20/80 or 10/90. Furthermore, the first 20, second 21,
third 22 and fourth splitter 23 may be a first coupler 20A, a second coupler 21A, a
third coupler 22A and a fourth coupler 23A, respectively. The couplers are not

shown in Fig. 3.

The first detector and mixer DM1 receives the first primary polarized backscattered
EM signal PB11 and the first primary polarized local oscillator signal PL11, and the
first detector and mixer DM1 is configured to output a first mixed signal MS1 having
a first polarization 34. The second detector and mixer DM2 receives the second
primary polarized backscattered EM signal PB12 and the phase shifted second
primary polarized local oscillator signal PL12, and the second detector and mixer
DM2 is configured to output a second mixed signal MS2 having a first polarization
34. The third detector and mixer DM3 receives the first secondary polarized
backscattered EM signal PB21 and the first secondary polarized local oscillator
signal PL21, the third detector and mixer DM3 is configured to output a third mixed

signal MS3 having a second polarization 35. The fourth detector and mixer DM4
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receives the second secondary polarized backscattered EM signal PB22 and the
phase shifted second secondary polarized local oscillator signal PL22, the fourth
detector and mixer DM4 is configured to output a fourth mixed signal MS4 having a

second polarization 35.

The first DM1, the second DM2, the third DM3 and the fourth DM4 detector and
mixer, respectively, may be a first BDM1, a second BDM2, a third BDM3 and a
fourth BDM4 balanced detector and mixer. The plurality of balanced detectors and

mixers are not shown in Fig. 3.

A processor 30 is configured to receive at least the first mixed signal MS1, the
second mixed signal MS2, the third mixed signal MS3 and the fourth MS4 mixed
signal and to perform a cross correlation between the first MS1 and the second
mixed signals MS2 and between the third MS3 and the fourth MS4 mixed signals in
order to extract information from the polarized backscattered EM signal PB and the
depolarized backscattered EM signal DPB. The information may comprise a
measurement of particle shape, size, radial velocity and direction, detection of gas
species, detection of plumes and/or clouds. Furthermore, the LIDAR system 1 is
also able of predicting turbulences by extracting the turbulence intensity from the
radial velocity. Since the LIDAR system 1 is able to detect both the polarized PB and
the depolarized backscattered EM signals DPB, the LIDAR system 1 is ideal for
short and, specially, long range detection because of an improved signal-to-noise
ratio (SNR).

Fig. 4 schematically illustrates an exemplary LIDAR system 1 according to the
invention, wherein the LIDAR system 1 comprises at least a first 36, a second 37, a
third 38 and a fourth 39 analog-to-digital processing components each comprising a
low-pass filter, an RF amplifier and an analog-to-digital converter. The analog-to-
digital processing component is configured for filtering, amplifying and converting an
analog signal into a digital signal. The first 36 and the second 37 analog-to-digital
processing components are configured for receiving and processing the first MS1
and the second MS2 mixed signals, respectively. The processed mixed signals
(MS1 and MS2), having the same polarization, is added together by a first adder 40
generating a first 1/Q signal. The first 1/Q signal is feed into a digital signal

processing unit 30A. The third 38 and the fourth 39 analog-to-digital processing
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components are configured for receiving and processing the third MS3 and the
fourth MS4 mixed signals into a digital signal, respectively. The processed mixed
signals (MS3 and MS4), having the same polarization, are added together by a
second adder 41 generating a second 1/Q signal. The second 1/Q signal is fed into

the digital signal processing unit 30A.

The digital signal processing unit 30A is configured to perform a cross correlation
between the first MS1 and the second MS2 mixed signals and between the third
MS3 and the fourth MS4 mixed signals in order to extract information from the
polarized backscattered EM signal PB and the depolarized backscattered EM signal
DPB, respectively. The information may comprise measuring of particle shape, size,
radial velocity and direction, EDR, detection of gas species, detection of plumes

and/or clouds.

Fig 5 schematically illustrates an exemplary LIDAR system 1 according to the
invention, wherein the LIDAR system 1 is configured to emit a pulse electromagnetic
signal 16A and to receive a pulsed backscattered EM signal 15 comprising at least a
polarized backscattered EM signal PB and/or at least a depolarized backscattered
EM signal DPB. The LIDAR system 1 comprises an emitter 2 generating a coherent
electromagnetic signal 17 which is divided by an emitter splitter 24 into an
electromagnetic signal 16 and a local oscillator signal 12. The electromagnetic
signal 16 is fed into a pulse shaper 33 configured to generate a pulsed coherent
electromagnetic signal 19. The local oscillator signal 12 is fed into a second

polarization beam splitter 10.

In another embodiment the emitted coherent electromagnetic signal 17 is fed into
the pulse shaper 33 generating a pulsed coherent electromagnetic signal 19 which
is divided by an emitter splitter 24 into a pulsed coherent electromagnetic signal 19
and a pulsed local oscillator signal 13. The pulsed local oscillator signal 13 is fed

into a second polarization beam splitter 10.

The pulsed coherent electromagnetic signal 19 is then amplified by an optical
amplifier 32, and the amplified pulsed coherent electromagnetic signal 19 is then fed

into a polarization rotator 29. The polarization rotator 29 is configured to emit a
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polarized pulsed coherent electromagnetic signal 31 to the transmitting optical

arrangement 4 having at least a first polarization.

The combination of the pulse shaper 33 and the polarization rotator 29 makes it
possible for the LIDAR system to operate in a single polarization mode and/or a

multi polarization mode.

Then if the LIDAR system is switched to a single polarization mode, the transmitting
optical arrangement 4 may be configured to transmit the pulsed electromagnetic
signal 16A towards a measurement area 18, wherein the pulsed electromagnetic
signal 16A comprises plurality of pulses 25 each having a first polarization 34. The
LIDAR system 1 comprises a receiving optical arrangement 6 for receiving a pulsed
backscattered signal 15 and to forward the pulsed backscattered signal 15 to a first

polarization beam splitter 8.

Then if the LIDAR system is switched into a multi polarization mode, the transmitting
optical arrangement 4 may be configured to transmit the pulsed electromagnetic
signal 16A towards a measurement area, wherein the pulsed electromagnetic signal
16A comprises plurality of pulses 25 each having at least a first polarization 34

and/or at least a second polarization 35.

Fig. 5 the LIDAR system 1 comprising a processing of the local oscillator signal 12
or the pulsed local oscillator signal 13 and the pulsed backscattered EM signal 15
which is identical to the processing of the local oscillator signal 12 and the

backscattered signal 14, shown in Fig. 3 and Fig. 4.

The signals in the LIDAR system 1 may be guided by air or optical fibers, such as a
single mode fiber, multi mode fiber being either polarization maintainable or none-
polarization maintainable. The components being optical or non-optical in the LIDAR
system 1 may be polarization maintainable or none-polarization maintainable. In this
particular example the signals in the LIDAR system 1 are guided by polarization
maintainable optical fibers between polarization maintainable components, such as
an emitter 2, an optical emitter 32, a pulse shaper 33, a polarization rotator 29, a
transmitting optical arrangement 4, a receiving optical arrangement 6, a first/second
polarization beam spliter 8/10, splitters 20, 21, 22, 23, phase shifters 27, 28 and/or
detector and mixers DM1, DM2, DM3, DM4.
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Fig. 6A and 6B illustrate a schematically exemplary of a LIDAR system 1 emitting an
electromagnetic signal 16 towards a measurement area 18 being a single mode
continuous wave signal. Furthermore, the electromagnetic signal 16 comprises a
first polarization 34. In Fig. 6A the weather condition of the measurement area 18 is
clear sky and no wind, and thereby, the measurement area 18 obtains a low
concentration of airborne particles 44 which are spherical. The LIDAR system 1
receives at least one backscattered EM signal 14 generated due to the reflection of
the emitted electromagnetic signal 16 from the airborne particles 44. The
backscattered EM signal 14 comprises polarized backscattered EM signals PB and
no depolarized backscattered EM signals DPB. The backscattered EM signal 14
comprises a first polarization 34. In Fig. 6B the weather condition of the
measurement area 18 has changed and the wind speed has increased. The
concentration of airborne particles 44 within the measurement area 18 has
increased so has the shape and nature of particles, and the backscattered EM
signal 14 may comprise a plurality of polarized backscattered EM signals PB and a
plurality of depolarized backscattered EM signals DPB. Then the backscattered EM

signal 14 comprises at least a first 34and a second 35 polarization.

Since the LIDAR system 1 in present invention discriminates the polarization of the
backscattered 14 the LIDAR system 1 is able to detect polarized PB and
depolarized backscattered EM signals DPB, which also leads to an improved SNR.
The possibility to perform a cross correlation (or cross spectral analysis) between
the mixed signals MS1, MS2, MS3, and MS4 also contributes to the improvement of
the SNR.

Fig 7A and 7B illustrate a schematically exemplary of a LIDAR system 1 emitting a
pulsed electromagnetic signal 16A comprising plurality of pulses 25. In Fig. 7A the
weather condition of the measurement area 18 is harsh, and the measurement area
18 comprises a high concentration of airborne particles 44 being a mix of spherical
and non-spherical particles. The pulsed electromagnetic signal 16A comprises
multiple pulses 25 having a first polarization 34 colliding with the airborne particles
44 which then generates a pulsed backscattered EM signal 15 having plurality of
dispersed pulses 25A being either a polarized backscattered EM signal PB or a

depolarized backscattered EM signal DPB. The pulsed backscattered EM signal 15
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comprises plurality of dispersed pulses 25A having at least a first polarized 34 or at

least a second polarized 35.

Again, since the LIDAR system 1 in present invention splits the polarization of a
pulsed backscattered EM signal 15 and a local oscillator signal 12 or a pulsed local
oscillator signal 13 and/or performing a cross correlation between the mixed signals
MS1, MS 2. MS3, MS4, the LIDAR system 1 is able to detect polarized PB and
depolarized backscattered EM signals DPB, which also leads to an improved signal-
to-noise ratio (SNR) and an improved radial velocity measurement range which is
denoted as being the distance from the LIDAR system 1 to the radial velocity
measurement area 18. The radial velocity measurement range may depend on the
power of the emitted electromagnetic signal and with any power of the emitted
electromagnetic signal, the radial velocity measurement range of the present
invention may be improved with a factor of between 1.1 to 3,or between 1.1 t0 2.5 or

between 2 to 3.

With any non-scientific laser applications and a regular transmitting optical
arrangement, the radial velocity measurement range of the present invention may
be between 500 m to 10000 m, or between 200 m to 5000 m, or between 500 m to
2500 m, or between 600 m to 1000 m, or between 5 m to 2000, or between 1 m to
500 m.

Fig 7B illustrates a schematically exemplary of a LIDAR system 1 emitting a pulsed
electromagnetic signal 16A comprising plurality of pulses 25 each having at least a
first polarization 34 and a second polarization 35 generated by a polarization rotator
29. The polarization rotator may rotate a first or a second polarization of a pulse 25
between 0° and 180°, or between 45° and 90°, or between 0° to 45° or between 90°
to 180°. Thereby, by generating at least two pulses 25 separated by polarization the

pulse repetition rate (PRR) would increase.

By increasing the PRR the number of measurements for a specific range does also
increase, and which leads to an increased signal-to-noise (SNR). By increasing the
SNR the LIDAR system 1 is able to perform long distance detection, wherein with
any non-scientific laser applications and a regular transmitting optical arrangement,

the radial velocity measurement range of the present invention may be between 500
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m to 15000 m, or between 200 m to 10000 m, or between 500 m to 2500 m, or
between 600 m to 5000 m, or between 5 m to 2000, or between 1 m to 500 m.

The pulsed electromagnetic signal 16A may comprise at least one wavelength, and

at least one pulse 25 having at least one first polarization 34.

In this particular example the pulsed electromagnetic signal 16A comprises a single
wavelength, plurality of pulses 25 each having a first 34 and a second polarization
35. The weather condition of the measurement area 18 is clear sky and no wind,
and thereby, the measurement area 18 obtains a low concentration of airborne
particles 44. The LIDAR system 1 transmits the pulsed electromagnetic signal 16A
towards the measurement area 18 and receives a pulsed backscattered EM signal
15 comprising plurality of dispersed pulses 25A each having a first 34 and a second
35 polarization. Due to the weather condition the pulsed backscattered EM signal 15
comprises plurality of dispersed pulses 25 being polarized backscattered EM signals
PB.

Fig 8A and 8B schematically illustrate an exemplary of a LIDAR system 1 emitting a
pulsed electromagnetic signal 16A towards a measurement area 18. Fig 8a the
LIDAR system is operating in a multi polarization mode, wherein a pulsed
electromagnetic signal 16A comprising plurality of pulses 25 each having at least a
first polarization 34 and at least a second polarization 35. This particular example is
an illustration of a situation where the weather condition is harsh, and thereby, the
measurement area 18 has a high concentration of airborne particles 44 being a mix
of spherical and non-spherical particles. The LIDAR system 1 receives a pulsed
backscattered EM signal 15 comprising plurality of dispersed pulses 25A being
either a polarized backscattered EM signal PB or a depolarized backscattered EM
signal DPB. Because of the non-spherical particles depolarization of the pulses
occurs creating several cross-talks between the polarized backscattered EM signals

and the depolarized backscattered EM signals.

Fig 8B schematically illustrates an exemplary of a LIDAR system 1 in a similar
situation as in Fig. 8A, but this time the LIDAR system is operating in a single
polarization mode. A pulsed electromagnetic signal 16A comprising pulses each

having a first polarization emitted towards a measurement area 18. The
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measurement area 18 comprises airborne particles 44 being a mix of spherical and
non-spherical particles, with a significant presence of non-spherical particles. A
pulsed backscattered EM signal 15 is received comprising no cross talking between
the dispersed pulses 25A, although, the pulsed backscattered EM signal 15

comprises polarized PB and depolarized DPB backscattered EM signals.

Thus, when the LIDAR system operates in the multi polarization mode and detecting
cross-talk between the pulses in the pulsed backscattered EM signal 15, the LIDAR

system may be switched to the single polarization mode to prevent cross-talking.

Fig. 9 illustrates a method for detecting at least a polarized PB and at least a
depolarized DPB backscattered EM signals, comprising the steps of: emitting a
coherent electromagnetic signal 17 or a pulsed coherent electromagnetic signal 19
(step S1); forming an electromagnetic signal 16 or a pulsed electromagnetic signal
16A, and transmitting the electromagnetic signal 16 or the pulsed electromagnetic
signal 16A towards a measurement area 18 (step S2). If (49) emitting a pulsed
coherent electromagnetic signal (17) at least one pulse 25 may be rotated to provide

a polarized pulsed coherent electromagnetic signal 31, as illustrated in step S3.

The method further comprises a step of extracting the local oscillator signal 12 or
pulsed local oscillator signal 13 (step S4), while a backscattered EM signal 14 or a

pulsed backscattered EM signal 15 is received (step S5).

Further step include dividing/splitting the local oscillator signal 12 or the pulsed local
oscillator signal 13 by a second polarization beam splitter 10 (step S6), and dividing
the backscattered EM signal or the pulsed backscattered EM signal 15 by a first

polarization beam splitter 8 (step S7).

The method also comprises the steps of dividing/splitting the first PL1 and the
second PL2 polarized local oscillator signals, respectively, into first PL11 and
second PL12 primary polarized local oscillator signals and first PL21 and second

PL22 secondary polarized local oscillator signal (steps S8 and S9).

Afterwards, the method comprises dividing/splitting the first PB1 and the second

PB2 polarized backscattered EM signals, respectively, into first PB11 and second
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PB12 primary polarized backscattered EM signals and first PB21 and second PB22
secondary polarized backscattered EM signal (steps S10 and S11).

The method also comprises the steps of detecting and mixing the first primary
polarized backscattered EM signal PB11 and the first primary polarized local
oscillator signal PL11, the first secondary polarized backscattered EM signal PB21
and the first secondary local oscillator signal PL21 to provide a first MS1 and a third
MS3 mixed signal MS3, respectively (steps S12 and $13)

After steps 12 and 13, the method comprises the steps of detecting and mixing the
second primary polarized backscattered EM signal PB12 and the second primary
polarized local oscillator signal PL12, and the second secondary polarized
backscattered EM signal PB22 and the second secondary local oscillator signal
PL22, the second primary local oscillator signal PL12 and the second secondary
local oscillator signal PL22 being phase shifted 26 with respect to the first primary
PL11 and first secondary local oscillator signals PL21, to provide a second MS2 and

a fourth MS4 mixed signals, respectively (steps S14 and S15).

The methods may further comprise the steps of performing a cross correlation of at
least the first (MS1) /second (MS2) mixed signals and at least the third (MS3) /fourth
(MS4) mixed signals by a digital signal processing unit (30A) (step S16), and
processing the mixed signals (MS1 - MS4) to provide an output comprising
information from polarized (PB) and depolarized backscattered EM signal (DPB)
(step S17).

Fig 10 schematically illustrates an exemplary LIDAR system 1 according to the
invention, wherein the LIDAR system 1 is configured to emit a pulsed
electromagnetic signal 16A and to receive a pulsed backscattered EM signal 15
comprising at least a polarized backscattered EM signal PB and/or at least a
depolarized backscattered EM signal DPB. The LIDAR system 1 comprises an
emitter 2 generating a coherent electromagnetic signal 17 which is divided by an

emitter splitter 24 extracting a local oscillator signal 12.

The LIDAR system 1 comprises a third polarization beam splitter 50 configured to
receive the coherent electromagnetic signal 17 and to divide the coherent

electromagnetic signal 17 into a first polarized transmitter signal 52A and a second
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polarized transmitter signal 52B. The first polarized transmitter signal 52A comprises
an optical continuous wave having a first polarization 34 being perpendicular to a
second polarization 35 of an optical continuous wave of the second polarized

transmitter signal 52B.

A first pulse shaper 53A and a second pulse shaper 53B receive the first polarized
transmitter signal 52A and the second polarized transmitter signal 52B, respectively.
Both pulse shapers (53A, 53B) convert the optical continuous waves of the first and
the second polarized transmitter signal 52B into multiple pulses. Thereby, the first
pulse shaper 53A is configured for transmitting a first polarized pulsed transmitter
signal 54A and the second pulse shaper 53B is configured to transmit a second

polarized pulsed transmitter signal 54B, respectively.

The first polarized pulsed transmitter signal 54A comprises multiple pulses with first
polarization 34 and the second polarized pulsed transmitter signal 54B comprises

multiple pulses with second polarization 35.

The first polarized pulsed transmitter signal 54A and the second polarized pulsed
transmitter signal 54B are transmitted into a first optical amplifier 55A and a second
optical amplifier 55B, respectively. The first and the second optical amplifier (55A,
55B) are configured to amplify and transmit the first and the second polarized pulsed
transmitter signal (54A, 54B), respectively, into a first polarization beam combiner
57. The time delay between the two polarized pulses are fine tuned by the pulse
shaper such that the pulses at the output of the polarization beam slitter are

interleaved where the state of polarization alternates from pulse to pulse.

The first polarization beam combiner is configured to receive at least the first
amplified polarized pulsed transmitter signal, and to transmit a polarized pulsed

coherent electromagnetic signal 31 having at least a first polarization 34.

Alternatively, the first polarization beam combiner 57 is configured to receive the first
amplified polarized pulsed transmitter signal 56A and the second amplified polarized
pulsed transmitter signal 56B, and to transmit a polarized pulsed coherent
electromagnetic signal 31 having a first polarization 34 and a second polarization
35.
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In one or more embodiments, the first polarization beam combiner 57 is configured
to receive the first amplified polarized pulsed transmitter signal 56A and/or the
second amplified polarized pulsed transmitter signal 56B, and to transmit a polarized
pulsed coherent electromagnetic signal 31 having a first polarization 34 and/or a

second polarization 35.

A transmitting optical arrangement 4 receives the polarized pulsed coherent
electromagnetic signal 31 and transmit a pulsed electromagnetic signal 16A

comprising the polarized pulsed coherent electromagnetic signal 31.

A receiving optical arrangement 6 receives a pulsed backscattered signal 15
generated by the collision between airborne particles and the multiple pulses from
the pulsed electromagnetic signal 16A. The receiving optical arrangement 6 is
configured to forward the pulsed backscattered signal 15 to a first polarization beam
splitter 8.

Fig. 10 the LIDAR system 1 comprising a processing of the local oscillator signal 12
and the pulsed backscattered EM signal 15 which is identical to the processing of

the local oscillator signal 12 and pulsed backscattered signal 14, shown in Fig. 3.

Alternatively, the LIDAR system 1 comprising a processing of the local oscillator
signal 12 and the pulsed backscattered EM signal 15 which is identical to the
processing of the local oscillator signal 12 and pulsed backscattered signal 14,
shown in Fig. 4 and Fig. 5.

Fig. 11 illustrates a method for detecting at least a polarized PB and at least a
depolarized DPB backscattered EM signals, comprising the steps of: dividing S1A
the coherent electromagnetic signal 17 into a first polarized transmitter signal 52A
and a second polarized transmitter signal 52B, and pulse shaping (S1B, S1B’) the
first polarized transmitter signal 52A and the second polarized transmitter signal 52B
into a first polarized pulse transmitter signal 54A and a second polarized pulse

transmitter signal 54B, respectively.

Furthermore, the method comprises the step of amplifying S1C at least the first
polarized pulse transmitter signal 54A into at least a first amplified polarized pulsed

transmitter signal 56A, and receiving S1D at least the first amplified polarized pulsed
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transmitter signal 56A into a first polarized beam combiner §7. Furthermore, the
method may comprise the step of transmitting S1E a polarized pulsed coherent

electromagnetic 31 signal having at least a first polarization 34.

Alternatively, the method may comprise the step of amplifying S1C’ at least the
second polarized pulse transmitter signal 54B into at least a second amplified
polarized pulsed transmitter signal 56B, respectively, and receiving S1D’ at least the
second amplified polarized pulsed transmitter signal 56B into a first polarized beam
combiner 57. Furthermore, the method may comprise the step of transmitting S1E’ a
polarized pulsed coherent electromagnetic signal 31 having at least a first

polarization 34 and a second polarization 35.

Items

1 LIDAR system

2 Emitter

4 Transmitting optical arrangement

6 Receiving optical arrangement

8 First polarization beam splitter

10 Second polarization beam splitter

12 Local oscillator signal

13 Pulsed local oscillator signal

14 Backscattered EM signal

14A First wavelength backscattered EM signal
14B Second wavelength backscattered EM signal
15 Pulsed backscattered EM signal

16 Electromagnetic signal

16A pulsed electromagnetic signal

16B multi wavelengths electromagnetic signal
17 Coherent electromagnetic signal

18 Measurement area

19 Pulsed coherent electromagnetic signal

20 First splitter
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20A First coupler
21 second splitter
21A Second coupler
22 third splitter
22A Third coupler
23 Fourth splitter
23A Fourth coupler
24 Emitter splitter
25 Pulse
25A Dispersed pulse
26 Phase shifter
27 First phase shifter
28 Second phase shifter
29 Polarization rotator
30 Processor
30A Digital signal processing unit
31 Polarized pulsed coherent electromagnetic signal
32 Optical amplifier
33 Pulse shaper
34 First polarization
35 Second polarization
36 First analog-to-digital processing component
37 Second analog-to-digital processing component
38 Third analog-to-digital processing component
39 Fourth analog-to-digital processing component
40 First adder
41 Second adder
43 Pulse period
44 Airborne particles
45 First input optical fiber
46 Second input optical fiber
47 Circulator
48 Optical insulator
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49 If transmitting a pulsed coherent elec. signal 16A

50 Third polarization beam splitter

52A First polarized transmitter signal

52B Second polarized transmitter signal

53A First pulse shaper

53B Second pulse shaper

54A First polarized pulsed transmitter signal

54B Second polarized pulsed transmitter signal

55A First optical amplifier

55B Second optical amplifier

56A First amplified polarized pulsed transmitter signal

56B Second amplified polarized pulsed transmitter signal

57 First polarization beam combiner

S1A Dividing the coherent electromagnetic

S1B Pulse shaping the first polarized transmitter signal.

S1C Amplifying at least the first polarized pulse transmitter signal into at least
a first amplified polarized pulsed transmitter signal, respectively

S1D Receiving at least the first amplified polarized pulsed transmitter signal

S1E Transmitting a polarized pulsed coherent electromagnetic signal having
at least a first polarization

S1B’ Pulse shaping the second polarized transmitter signal

sS1C Amplifying at least the second polarized pulse transmitter signal into at
least a second amplified polarized pulsed transmitter signal, respectively

S1D’ Receiving at least the second amplified polarized pulsed transmitter
signal

S1E’ Transmitting a polarized pulsed coherent electromagnetic signal having
at least a first polarization and at least a second polarization

FW Pulse width

DPB Depolarized backscattered EM signal

PB Polarized backscattered EM signal

PB1 First polarized backscattered EM signal

PB2 Second polarized backscattered EM signal

PB11 First primary polarized backscattered EM signal
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PB12 Second primary polarized backscattered EM signal
PB21 First secondary polarized backscattered EM signal
PB22 Second secondary polarized backscattered EM signal
PL Polarized local oscillator signal
PLA1 First polarized local oscillator signal
PL2 Second polarized local oscillator signal
PL11 First primary polarized local oscillator signal
PL12 Second primary polarized local oscillator signal
PL21 First secondary polarized local oscillator signal
PL22 Second secondary polarized local oscillator signal
DM1 First detector and mixer
DM2 Second detector and mixer
DM3 Third detector and mixer
DM4 Fourth detector and mixer
BDM1 | First balanced detector and mixer
BDM2 | Second balanced detector and mixer
BDM3 | Third balanced detector and mixer
BDM4 | Fourth balanced detector and mixer
MS1 First mixed signal
MS2 Second mixed signal
MS3 Third mixed signal
MS4 Fourth mixed signal
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CLAIMS
1. A LIDAR system (1) for detection of polarized (PB) and de-polarized
backscattered (DPB) electromagnetic (EM) signals, the LIDAR system (1)

comprising:
an emitter (2) for emission of a coherent EM signal (17);

a transmitting optical arrangement (4) configured to transmit an EM signal (16)

towards a measurement area (18);

a receiving optical arrangement (6) for receiving a backscattered EM signal

(14) from the measurement area (18), and
at least a first (8) and a second (10) polarizing beam splitter,

the first polarizing beam splitter (8) being configured to receive the backscattered
EM signal (14) and to split the backscattered EM signal (14) into a first polarized
backscattered EM signal (PB1), and a second polarized backscattered EM signal
(PB2),

the second polarizing beam splitter (10) being configured to receive a local oscillator
signal (12), the local oscillator signal (12) being extracted from the coherent
electromagnetic signal 17, and to split the local oscillator signal (12) into a first
polarized local oscillator signal (PL1) and a second polarized local oscillator
signal(PL2),

the LIDAR system further comprising:

a first detector and mixer (DM1) and a third detector and mixer (DM3) for receiving a
first primary polarized backscattered EM signal (PB11) and a first secondary
polarized backscattered EM signal (PB21), respectively, and a first primary polarized
local oscillator signal (PL11) and a first secondary local oscillator signal (PL21),
respectively, the first detector and mixer (DM1) and the third detector and mixer
(DM3) being configured to output a first mixed signal (MS1) and the third mixed
signal (MS3), respectively,
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a second detector and mixer (DM2) and a fourth detector and mixer (DM4) for
receiving a second primary polarized backscattered EM signal (PB12) and a second
secondary polarized backscattered EM signal (PB22), respectively, and a second
primary polarized local oscillator signal (PL12) and a second secondary local
oscillator signal (PL22), the second primary local oscillator signal (PL12) and the
second secondary local oscillator signal (PL22) being phase shifted with respect to
the first primary and first secondary local oscillator signals (PL11 and PL21), the
second detector and mixer (DM2) and the fourth detector and mixer (DM4) being
configured to output a second (MS2) mixed signal and a fourth mixed (MS4) signal,

respectively,

a processor (30) configured to receive at least the first (MS1), second (MS2), third
(MS3) and fourth (MS4) mixed signal, and to perform a cross correlation of the first
(MS1)/second (MS2) mixed signal and the third (MS3)/fourth (MS4) mixed signal to
provide an output comprising information from polarized (PB) and depolarized
backscattered (DPB) EM signal.

2. The LIDAR system (1) according to claim 1, wherein the LIDAR system (1)
comprises a pulse shaper (33) configured to receive the coherent electromagnetic

signal (17) and transmit a pulsed coherent electromagnetic signal (19).

3. The LIDAR system (1) according to claim 2, wherein the LIDAR system (1)
comprises a polarization rotator (29) configured to receive the pulsed coherent
electromagnetic signal (19) and transmit a polarized pulsed coherent

electromagnetic signal (31) having at least a first polarization (34).

4. The LIDAR system (1) according to claim 1, wherein the LIDAR system (1)

comprises:

a third polarization beam splitter configured to receive the coherent electromagnetic
signal (17), and to transmit a first polarized transmitter signal (52A) and a second

polarized transmitter signal (562B),
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a first pulse shaper (563A) and a second pulse shaper (53B) for receiving the first
polarized transmitter signal (62A) and the second polarized transmitter signal (52B),
respectively, and for transmitting a first polarized pulsed transmitter signal (54A) and

a second polarized pulsed transmitter signal (54B), respectively,

a first optical amplifier (55A) and a second optical amplifier (55B) configured to
receive the first polarized pulsed transmitter signal (54A) and the second polarized
pulsed transmitter signal (54B), respectively, and to transmit of a first (56A) and a

second amplified polarized pulsed transmitter signal (56B), respectively,

a first polarization beam combiner (57) configured to receive at least the first
amplified polarized pulsed transmitter signal (56A), and to transmit a polarized

pulsed coherent electromagnetic signal (31) having at least a first polarization (34).

5. The LIDAR system (1) according to any of the preceding claims, wherein a first
slow axis of the first polarizing beam splitter (8) is aligned 0° with the slow axis of a
first input optical fiber (45), and a second slow axis of the second polarizing beam

splitter (10) is aligned 45° with a second input optical fiber (46).

6. The LIDAR system (1) according to any of the preceding claims, wherein the
LIDAR system (1) comprises a first coupler (20A) and a third coupler (22A)
configured to divide the first (PB1) and second (PB2) polarized backscattered EM
signals into first primary (PB11) and first secondary (PB21) polarized backscattered
EM signal and into second primary (PB12) and second secondary (PB22) polarized

backscattered EM signals, respectively.

7. The LIDAR system (1) according to any of the preceding claims, wherein the
LIDAR system (1) comprises at least a second (21A) and a fourth coupler (23A)
configured to divide the first (PL1) and second (PL2) polarized local oscillator
signals into first primary (PL11) and first secondary (PL21) polarized local oscillator
signal and into second primary (PL12) and second secondary (PL22) polarized local

oscillator signals, respectively.

8. The LIDAR system (1) according to any of the preceding claims, wherein the
transmitting optical arrangement (4) and the receiving optical arrangement (6) are

combined in a circulator (47) or an optical insulator (48) configuring to receive the
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coherent electromagnetic signal (17) and to transmit the electromagnetic signal (16)
towards a measurement area (18), and to receive the backscattered EM signal (14)
from the measurement area (18) and transmit the backscattered EM signal (14) to

the first polarizing beam splitter (8).

9. The LIDAR system (1) according to any of the preceding claims, wherein the first
(DM1), the second (DM2), the third (DM3) and the fourth detector and mixer (DM4),
respectively, may be a first (BDM1), a second (BDM2), a third (BDM3) and a fourth

(BDM4) balanced detector and mixer.

10. The LIDAR system (1) according to any of the preceding claims, wherein the
emitter (2) comprises a laser, such as a gas laser, a NdYAG laser, a chemical laser,
a dye laser, a metal-vapor laser, a solid-state laser, a semiconductor laser, a super

continuum laser, a Raman laser, or a fiber laser.

11. The LIDAR system (1) according to any of the preceding claims, wherein the
LIDAR system (1) comprises polarization maintaining fibers and polarization

maintaining components.

12. A method for detecting polarized (PB) and depolarized DPB backscattered EM

signals in a LIDAR system (1), the method comprising:
emitting (S1) a coherent electromagnetic signal (17),

transmitting (S2) the electromagnetic signal (16) towards a measurement area (18)

via a transmitting optical arrangement (4),

receiving (S5) a backscattered EM signal (14) from the measurement area (18) by a
first polarizing beam splitter (8), and splitting (S7) the backscattered EM signal (14)
into a first polarized backscattered EM signal (PB1) and a second polarized
backscattered EM signal (PB2),

extracting (S4)a local oscillator signal (12) from the emitted coherent

electromagnetic signal (17),
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receiving the local oscillator signal (12) by a second polarizing beam splitter (10),
and splitting (S6) the local oscillator signal (12) into a first polarized local oscillator

signal (PL1) and a second polarized local oscillator signal (PL2),

dividing (S10, S11) the first (PB1) and the second (PB2) polarized backscattered
EM signals into a first (PB11) and a second primary (PB12) polarized backscattered
EM signal and a first (PB21) and a second secondary (PB22) polarized

backscattered EM signal, respectively,

dividing (S8, S9) the first (PL1) and the second (PL2) polarized local oscillator
signals into a first (PL11) and a second (PL12) primary polarized local oscillator
signal and a first (PL21) and a second (PL22) secondary polarized local oscillator

signal, respectively,

detecting and mixing (S12,513) the first primary polarized backscattered EM signal
(PB11) and the first primary polarized local oscillator signal (PL11), and the first
secondary polarized backscattered EM signal (PB21) and the first secondary local
oscillator signal (PL21) to provide a first (MS1) and a third mixed signal (MS3),

respectively,

detecting and mixing (S14, S15) the second primary polarized backscattered EM
signal (PB12) and the second primary polarized local oscillator signal (PL12), and
the second secondary polarized backscattered EM signal (PB22) and the second
secondary local oscillator signal (PL22) to provide a second (MS2) and a fourth
(MS4) mixed signals, respectively, the second primary local oscillator signal (PL12)
and the second secondary local oscillator signal (PL22) being phase shifted with

respect to the first primary (PL11) and first secondary local oscillator signals (PL21),

receiving at least the first (MS1), second (MS2), third (MS3) and fourth (MS4) mixed

signals in a processor (30), and

performing a cross correlation (S16) of at least the first (MS1) /second (MS2) mixed
signals and at least the third (MS3) /fourth (MS4) mixed signals to provide an output
comprising information from polarized (PB) and depolarized backscattered EM
signal (DPB).
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13. The method according to claim 12, further comprising the step of pulse shaping
(S2) the coherent electromagnetic signal (17) and transmitting a pulsed coherent

electromagnetic signal (19) by a pulse shaper (33).

14. The method according to any of claims 12 to 13, further comprising the step of
rotating the polarization (S3) of the pulsed electromagnetic signal (16A) to provide a

polarized pulsed coherent electromagnetic signal (31) by a polarization rotator (29).
15. The method according to claim 12, further comprising the step of:

dividing the coherent electromagnetic signal into a first polarized transmitter signal
(62A, S1A) and a second polarized transmitter signal (62B, S1A),

pulse shaping the first polarized transmitter signal (52A, S1B) and the second
polarized transmitter signal (52B, S1B’) into a first polarized pulse transmitter signal
(54A, S1B) and a second polarized pulse transmitter signal (54B, S1B’),

respectively,

amplifying at least the first polarized pulse transmitter signal (54A, S1C) into at least

a first amplified polarized pulsed transmitter signal (56A, S1C), respectively,

receiving at least the first amplified polarized pulsed transmitter signal (56A, S1D)

into a first polarized beam combiner (57, S1D), and

transmitting a polarized pulsed coherent electromagnetic signal (31, S1E) having at

least a first polarization (34).
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