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The invention relates to a coaxial direct-detection LIDAR 
system for measuring Velocity, temperature and/or particulate 
density. The system comprises a laser source for emitting a 
laser light beam having a lasing center frequency along an 
emission path. The system further comprises an optical deliv 
ery system arranged in the emission path of the laser source, 
the optical delivery system being arranged for delivering the 
laser light beam in a measuring direction, the optical delivery 
system further being configured for collecting a return signal 
backscattered along the measuring direction. Finally, the sys 
tem comprises a detector System arranged to receive the 
return signal from the optical delivery system, the detector 
system comprising a narrowband optical filter and a detector, 
the narrowband optical filter having a filter center frequency 
of a pass-band, wherein the centerlasing frequency and/or the 
center filter frequency may be scanned. The invention further 
relates to an aircraftairspeed measurement device, and a wind 
turbine airspeed measurement device comprising the LIDAR 
system. 
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COAXAL DIRECT-DETECTION 
LIDAR-SYSTEM 

FIELD OF THE INVENTION 

0001. The present invention relates to LIDAR system for 
measuring velocity of remote solid or diffuse targets. More 
specifically, the invention relates to a coaxial direct-detection 
LIDAR system. For diffuse targets such as air-borne particles, 
the LIDAR can also be used to measure temperature and 
particulate density. 

BACKGROUND OF THE INVENTION 

0002 LIDAR systems for measuring wind velocity based 
on Doppler shift are well known in the literature. Generally, 
Such systems employ coherent detection (heterodyne or 
homodyne detection) in order to detect the small wavelength 
shifts associated with the Doppler shift and the weak signals 
backscattered to a detector of the system, by mixing the 
backscattered signals with a reference or local oscillator Sig 
nal, and detecting the mixed signal. 
0003. An example of a transmitter for a coherent Doppler 
LIDAR is disclosed in Marinov, et al., “Using the spectral 
asymmetry of TEA CO2 laser pulses to determine the Dop 
pler-shift sign in coherent lidars with low frequency stabil 
ity”, Applied Optics, 38(12), 1999. 
0004 To use coherent detection, the coherence length of a 
laser source used must be at least equal to a round-trip dis 
tance from the source to a probe volume and back to the 
detector system, often on the order of several hundred meters. 
This is a rather strict requirement, which is typically only met 
by expensive and Sophisticated laser Sources. 
0005. In coherent detection, the weak signal to be detected 

is mixed with a relatively strong reference or local oscillator 
signal, e.g. on the order of 1 m W. While this provides an 
amplification of the signal to be detected, it also induces a 
significant shot-noise contribution to the detected signal. This 
shot-noise is typically the dominant noise source in Such 
systems, and thus limits the obtainable signal-to-noise ratio 
(SNR) 
0006 Another limitation of coherent detection is imposed 
by phase-induced intensity noise (PIIN), also known as beat 
or interference noise, which is caused by beating of unwanted 
internal reflections from the LIDAR system with a local oscil 
lator signal. 
0007. In coherent detection, sign of Doppler shift is not 
determined unless additional means are used (e.g. use of 
acousto-optic modulators), which increases system complex 
ity and cost. 
0008 Hence, an improved LIDAR system would be 
advantageous, and in particular a LIDAR system with an 
improved signal-to-noise ratio (SNR) and ability to readily 
obtain sign of Doppler shift would be advantageous. 

OBJECT OF THE INVENTION 

0009. It is a further object of the present invention to 
provide an alternative to the prior art. 
0010. In particular, it may be seen as an object of the 
present invention to provide a LIDAR system that solves the 
above mentioned problems of the prior art while relaxing the 
previous strict requirements of the laser Source. 

Mar. 24, 2016 

SUMMARY OF THE INVENTION 

0011 Thus, the above-described object and several other 
objects are intended to be obtained in a first aspect of the 
invention by providing a coaxial direct-detection LIDAR sys 
tem for measuring Velocity, temperature and/or particulate 
density. The system comprises a laser source for emitting a 
laser light beam having a lasing center frequency along an 
emission path. The system further comprises an optical deliv 
ery system arranged in the emission path of the laser source, 
the optical delivery system being arranged for delivering the 
laser light beam in a measuring direction, the optical delivery 
system further being configured for collecting a return signal 
backscattered along the measuring direction. Finally, the sys 
tem comprises a detector System arranged to receive the 
return signal from the optical delivery system, the detector 
system comprising a narrowband optical filter and a detector, 
the narrowband optical filter having a filter center frequency 
of a pass-band, wherein the centerlasing frequency and/or the 
center filter frequency may be scanned. In this way, a particu 
larly simple and compact LIDAR system may beachieved for 
measuring a Doppler shift and thus Velocity, temperature 
and/or particulate density. Furthermore, an improved signal 
to noise ratio (SNR) may be achieved, as the detrimental 
effect of optical shot noise as observed in Systems using 
coherent detection is substantially eliminated. The require 
ment on coherence length of the laser source which applies to 
coherent detection systems is relaxed in the LIDAR system of 
the present invention. Thus, the requirement on coherence 
length in this system is dependent on the configuration of the 
detector system used. If, e.g. one or more Fabry-Perot inter 
ferometers (FPIs) are employed, the coherence length should 
be sufficiently long to span multiple round-trips of the FPI(s), 
typically on the order of a few meters or a few tens of meters. 
This is typically significantly shorter than from the Source to 
the probe Volume and back to the detector, as e.g. required in 
coherent detection. A further advantage of using direct-de 
tection, is that the sign of speed is easily obtained, as the 
wavelength of the Doppler shifted signal is directly mea 
Sured, and the sign results in the Doppler shifted signal being 
either longer or shorter in wavelength compared to the emit 
ted laser wavelength. 
0012. In the context of the present patent application, a 
“coaxial LIDAR system is to be understood as a LIDAR 
system in which the emission path of the laser Source coin 
cides with the path of the backscattered light through at least 
a part of the LIDAR system. In other words, the optical 
delivery system used to emit the laser light is also used to 
collect the backscattered light. Coaxial LIDAR systems are 
also sometime referred to as "monostatic'. Important advan 
tages of using a coaxial configuration as compared to a 
biaxial/bistatic include: A higher receiver efficiency for the 
backscattered signal; Fewer optical components (transmitter 
is also the receiver—or the optical transceiver); No need for 
complex and tedious alignment. In a biaxial/bistatic configu 
ration, optimum alignment requires the receiver optics to 
image the focus of the transmitted beam onto the detector. 
0013. In comparison, the Marinov reference, as cited 
above, only shows the transmitterpart in the figures, and does 
therefore not disclose a coaxial LIDAR system. 
0014 Furthermore, the reference concerns coherent 
LIDARS, and does therefore not disclose a direct-detection 
LIDAR 
0015 Using the inventive LIDAR system as described 
here results in a direct measurement of the frequency shift 
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associated with e.g. the Doppler shift due to a relative velocity 
difference between the target and the system. If the shift is 
Small, compared to the spectral width of the reference signal 
peak, there may be a spectral overlap between the reference 
signal peak and the backscattered signal peak. In this case, it 
is envisioned, that the response arising from the reference 
signal may be subtracted by data processing from the com 
bined signal by exploiting the knowledge that the reference 
peak will have a substantially Lorentzian profile. 
0016 Embodiments of the inventive LIDAR system can 
also measure the profile of the Doppler shifted spectrum 
(typically, Gigahertz wide) associated with Rayleigh back 
scatter from molecules in the probed volume of air or liquid 
medium. The width of the spectrum associated with Rayleigh 
backscatter increases with temperature and thus can be used 
to determine the temperature of the probe volume in a remote 
manner. Furthermore, density or concentration of particles, or 
the molecular-to-aerosol backscatter ratio in the probe Vol 
ume can also be deduced from the relative strengths of the 
broad (Gigahertz wide) molecular signal and the narrow 
(Megahertz wide) aerosol signal. The advantage of the inven 
tive system over coherent detection LIDARs is the ability to 
measure the Gigahertz, wide spectrum without the need for 
high speed detector with a few Gigahertz of bandwidth. 
0017. In the context of the specification, the term “narrow 
band' is to be understood as the filter having a pass-band with 
a narrow frequency/spectral width, relative to the center fre 
quency/wavelength. 
0018. In an embodiment of the invention, a ratio of the 
frequency width of the pass-band to the center frequency is 
less than about 10, such as less than about 10, or even less 
than about 107. 
0019. In an embodiment of the invention, the frequency 
width of the pass-band is in the range 0.1 MHZ-100 MHz, 
such as in the range 0.4 MHZ-50 MHz, or even in the range 0.8 
MHZ-10 MHZ. 
0020. In an embodiment of the invention, the frequency 
width of the pass-band, Af, is selected for a given lasing center 
wavelength, W, to result in a line-of-sight Velocity resolution, 
AV, as calculated with the formula: Av=/2. Af, in the range 
0.1-10 m/s, such as 0.5-8 m/s, or even 0.7-5 m/s. 
0021. In an embodiment of the invention, the optical nar 
rowband filter comprises a scanning Fabry-Perot interferom 
eter. 

0022. In an embodiment of the invention, the scanning 
Fabry-Perot interferometer is a fiber scanning Fabry-Perot 
interferometer. 
0023. One example of a suitable fiber scanning Fabry 
Perot interferometer is available from Micron Optics (http:// 
www.micronoptics.com/) under the model name FFP-SI. 
0024. In an embodiment of the invention, the detector 
system further comprises an optical Small signal pre-ampli 
fier. In this way, the need for laser power is minimized, while 
maintaining a desired SNR. Reducing the laser power needed 
has several advantages, e.g. reduced power consumption, 
wider selection of laser sources available, relaxed eye-safety 
requirements, and generally improved reliability of the laser 
SOUC. 

0025. In one embodiment, an amplified signal from the 
optical Small signal pre-amplifier is Subsequently filtered 
with a bandpass filter. In this way, a significant portion of the 
wideband amplified spontaneous emission (ASE) noise may 
be suppressed, before the signal is detected by the detector. 
Further noise Suppression stages may be achieved by an 
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optional static FPI (e.g. etalon) and the final scanning FPI 
(static FPI is used instead of scanning FPI if laser frequency 
is tunable). 
0026. In an embodiment of the invention, the detector is or 
comprises a photon-counting device. In this way, the SNR 
may be even further improved, thus allowing for the detection 
of even Smaller signals. 
0027. In an embodiment of the invention, the laser source 
is tunable and the narrowband optical filter is static. In this 
way, instead of mechanically scanning the FPI, the same 
Doppler measurement principle is possible with a static FPI 
when the laser center frequency is tuned. This avoids or 
alleviates mechanical stability, and wear and tear issues asso 
ciated with use of scanning FPIs. Tunable lasers are readily 
commercially available. Frequency tuning of a tunable laser 
may be faster than common piezoelectric scanning of FPIs. 
0028. In an embodiment of the invention, the laser source 
is adapted for emitting infrared light with a wavelength of 
about 1.3 um to about 1.8 um, Such as about 1.4 um to about 
1.7 Lim, or even Such as about 1.5um to about 1.6 Lum. Laser 
Sources in this range are readily available, due to their wide 
spread use in the field of telecommunication. Furthermore, 
laser light in these wavelength ranges is generally considered 
to be "eye-safe', in that such wavelengths are strongly 
absorbed in the cornea and lens of the eye, and thereby to a 
large extend prevented from damaging the retina. For this 
reason, handling, operation and installation of the LIDAR 
system operating in these wavelength ranges requires much 
less strict safety precautions. 
0029. In an embodiment of the invention, the laser source 
is adapted for emitting light with a wavelength of about 300 
nm to about 1500 nm, such as about 350 nm to about 1200 nm, 
or even such as about 400 nm to about 900 nm. The inventive 
LIDAR system has surprisingly been found to facilitate low 
ering the emitted laser power while maintaining a suitable 
SNR. Therefore, laser wavelengths which are not commonly 
considered “eye-safe' may be used without danger. 
0030. In another embodiment of the invention, the laser 
Source is adapted for emitting light with a wavelength of 
about 2 um to about 10um. In this way, a LIDAR system may 
be realized with improved light penetration into fog or rain, 
when compared to operating at shorter wavelengths. The 
wavelength may be selected to correspond to molecular reso 
nances in target molecules, to enable measurement of specific 
gas species. 
0031. In an embodiment of the invention, the laser source 
is or comprises a laser diode configured for directly emitting 
the laser light beam. Such laser diodes for operation in the 
infrared range are readily available due to their widespread 
use in the field of telecommunications and are attractive as 
economical laser sources for industrial products. However, a 
beam quality of such lasers diode is generally not sufficiently 
high for use in prior art LIDAR systems. Surprisingly, how 
ever, the present inventors have realized that by employing 
direct detection, i.e. no coherent detection, laser diodes may 
nevertheless be adequate for measuring wind Velocities with 
a suitable SNR. Thus, these laser sources offer adequate per 
formance at relatively low cost. Furthermore, such laser 
diodes have been optimized to yield a long life time, resistant 
to mechanical vibrations, and are maintenance free. 
0032. In an embodiment of the invention, the laser source 
is adapted for generating laser light with an optical power 
from about 1 mW to about 500 mW, such as about 5 mW to 
about 100 mW, or even such as about 8 mW to about 20 mW. 
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Due to the use of a highly sensitive detector system, a Sur 
prisingly low laser power is required to obtain a suitable SNR. 
This has a number of advantages, such as low power con 
Sumption, potentially long lifetime, improved eye safety, etc. 
0033. In an embodiment of the invention, the laser source 
is pulsed. In this way, a detrimental effect of unwanted reflec 
tions from the optical delivery system may be suppressed, i.e. 
by ensuring that the temporal pulse length is less than a transit 
time of the pulse from the source to the probe volume and 
back to the detector. In this way, any internal reflections from 
the outgoing pulse will have vanished before the return signal 
re-enters the LIDAR system, so as to not influence the detec 
tor. On the other hand, the pulses should be long enough to 
build up the interference signal from multiple round-trips in 
the Fabry-Perot interferometer. 
0034. In one embodiment of the invention, the laser source 
is configured to emit laser pulses with a temporal pulse length 
from about 0.1 us to about 5us, such as from about 0.3 us to 
about 3 lum, or even from about 0.5 us to about 1.5 Lum. 
0035. In an embodiment of the invention, the laser source 
is continuous wave, CW. Thus, a particularly simple laser 
source may be used, due to the generally lower cost of CW 
laser Sources and the less complicated electronics and signal 
processing associated therewith. 
0036. In an embodiment of the invention, the Fabry-Perot 
interferometer has a free spectral range FSR in the range from 
about 0.5 GHZ to about 10.0 GHZ, such as from about 0.8 
GHZ to about 6.0 GHZ, or even from about 1.0 GHz to about 
4.0 GHz. 
0037. In an embodiment of the invention, the Fabry-Perot 
interferometer has a finesse F in the range from about 50 to 
about 5000, such as from about 100 to about 1000, or even 
from about 200 to about 600. The measurement resolution of 
wind velocity is directly given by the resolution of the Fabry 
Perot interferometer, e.g. as specified by the full-width half 
maximum (FWHM) of a resonance peak measured in the 
frequency domain. This FWHM is again determined as a ratio 
of the FSR and the finesse of the interferometer. By config 
uring the Fabry-Perot interferometer to have a finesse in the 
abovementioned ranges, the resolution of the Fabry-Perot 
interferometer may be made sufficient high to give suitable 
wind speed measurement precision for most applications. 
0038 According to a second aspect, the invention is par 

ticularly, but not exclusively, advantageous for obtaining an 
aircraft airspeed measurement device, comprising the 
LIDAR system according to any one of the abovementioned 
embodiments. In this way, the hitherto used pitot tubes may 
be replaced and/or Supplemented with the device according to 
the invention. Pitot tubes are prone to being clogged or freez 
ing, thus giving rise to false measurements. This has been 
linked to several security incidents or even crashes of aircrafts 
resulting in loss of life. Application of the inventive LIDAR 
system for this use has the benefit when compared with other 
LIDAR systems of providing a particularly robust system, 
with an increased vibration tolerance and low requirements 
for maintenance, while comprising relatively few compo 
nents. The low component count and applicability of low cost 
laser diode sources has the potential to provide a cost attrac 
tive LIDAR system. The inventive LIDAR system is particu 
larly advantageous for aircraftairspeed measurements, due to 
the very high sensitivity resulting from the large reduction in 
shot noise as explained above. This is due to the fact that 
concentrations of aerosols in typical aircraft cruising altitudes 
are orders of magnitude Smaller than the concentration near 
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the earth Surface. Backscattering caused by aerosols is a sig 
nificant contributor to the total received signal in LIDAR 
systems operating near the Surface. 
0039. Furthermore, according to a third aspect, the inven 
tion is particularly, but not exclusively, advantageous for 
obtaining a wind turbine airspeed measurement device, com 
prising the LIDAR system according to any one of the above 
mentioned embodiments. For wind turbines, steadily increas 
ing in size, reliable wind speed measurements of the 
approaching wind field are becoming more and more impor 
tant. Traditionally, wind turbines have been operated based on 
wind data from cup anemometers located behind the rotor 
plane of the turbine, i.e. being a reactive control, or alterna 
tively from a centrally located anemometer providing data to 
a field of turbines. However, such a system is not able to 
control the individual wind turbine in response to local varia 
tions in the wind field ahead of the turbine. The abovemen 
tioned advantages relating to the aircraft airspeed measure 
ment device also applies to the wind turbine airspeed 
measurement device, namely the robust, low cost system 
requiring little or no human intervention. 
0040. The first, second and third aspect of the present 
invention may each be combined with any of the other 
aspects. These and other aspects of the invention will be 
apparent from and elucidated with reference to the embodi 
ments described hereinafter. 

BRIEF DESCRIPTION OF THE FIGURES 

0041. The LIDAR system according to the invention will 
now be described in more detail with regard to the accompa 
nying figures. The figures show one way of implementing the 
present invention and is not to be construed as being limiting 
to other possible embodiments falling within the scope of the 
attached claim set. 
0042 FIG. 1 illustrates an embodiment of the inventive 
system, 
0043 FIG. 2 shows experimental data from the inventive 
system, and 
0044 FIG. 3 illustrates another embodiment of the inven 
tive system. 

DETAILED DESCRIPTION OF AN 
EMBODIMENT 

004.5 FIG. 1 illustrates one embodiment of the LIDAR 
system 100 according to the invention. A laser 102, such as a 
laser diode, generates an outgoing laser light beam 104. 
which is emitted along an emission path 106. The laser light 
beam 104 passes through a polarizing beam splitter 108, a 
quarter-wave plate 110, and a partial reflector 112 for provid 
ing a reference beam. Then the beam is focused by an optical 
delivery system, here shown as a telescope setup 114 into a 
measurement Volume (outside the figure). Along the emission 
path, the beam is scattered, e.g. by Mie scattering of aerosols 
and Rayleigh scattering of atmospheric gas particles. Light 
scattered back along the emission path within the measure 
ment volume is then collected by the telescope 114, and 
analysed by a narrowband optical filter in the form of a 
scanning Fabry-Perot interferometer (FPI) 116 before being 
detected by the detector 118. The return path 120 of the 
backscattered beam is seen to coincide with the emission 
path, until the beam splitter 108. Thus, the LIDAR system 100 
is coaxial. A Small part of the outgoing laser light beam 104 is 
reflected within the LIDAR system back along the return path 
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120 as a reference beam, to provide easy calibration of the 
measurements. In the figure, the backreflection of the refer 
ence beam is provided by a dedicated, partial reflector 112. 
However, in some embodiments, the partial reflector 112 can 
be removed if other optical element(s) in the system (e.g. the 
quarter-wave plate 110, or the lenses of the telescope 114) 
provide a sufficiently large reflection to form the reference 
beam. The scanning FPI 116 comprises two reflective sur 
faces with a well-defined but adjustable distance in between. 
It is here illustrated as two plane reflectors, but may also be 
provided in other configuration, i.e. Such as a confocal FPI, or 
a fiber-based FPI. The Doppler shift of the backscattered 
signal is directly measured with the scanning FPI 116, i.e. by 
scanning the distance between the two reflectors and thus 
scanning a resonance condition of the FPI. The line-of-sight 
Velocity may be calculated as V=/2Af, where w is a lasing 
center wavelength, corresponding to the lasing center fre 
quency, and f, is the Doppler shift as measured. 
0046. In coherent detection LIDAR systems, increasing 
the size of the exit telescope lens 114 (keeping the focal 
length and incident beam profile constant) in an attempt of 
increasing collection efficiency of backscatter light does not 
improve the SNR. This may be explained by the fact that only 
the “useful' backscatter fields that are spatially mode 
matched to an optical local oscillator contribute to the coher 
ent detection SNR. In the inventive system using direct-de 
tection however, spatial mode-matching is not required. 
Therefore, the increase in collected power ofbackscatter light 
that goes with the increase in lens diameter improves the SNR 
(see e.g. “Heterodyne Doppler 1-um lidar measurement of 
reduced effective telescope aperture due to atmospheric tur 
bulence”, Applied Optics 30(18), pp. 26.17-2627, 1991). 

EXAMPLE1 

0047. In an example relating to the embodiment shown in 
FIG. 1, the scanning FPI 116 has a free-spectral range (FSR) 
of 1 GHZ, and a finesse of about 500. The full-width half 
maximum (FWHM) of the FPI peak is about 2 MHz. Peak 
transmission of the FPI at a wavelength of 1575 nm is about 
14%. The laser emits at a wavelength of 1575 nm, and a 
femtowatt photoreceiver acts as the detector. 
0048 FIG. 2 shows an experimental scan 200 acquired 
with the system of example 1. The voltage values on the 
ordinate axis correspond to optical intensity measured by the 
detector 118, and the time values on the abscissa axis corre 
spond to peak frequencies of the scanning FPI 116. The plot 
shows two scans, producing two sets of peaks 202a/204a and 
202b/204b, respectively. The largest peaks 202a and 202b 
show the reference signal, i.e. indicating no Doppler shift. 
The smaller peaks 204a and 204b show the backscattered 
signal. The target used is a rotating disk, giving rise to a 
Doppler shift of approximately 10 MHz, corresponding to a 
radial speed of 7.9 m/s. It is seen that the inclusion of the 
reference signal 202 allows for a convenient calibration of the 
frequency shift axis, and thus for a simple data processing. 
0049 FIG. 3 illustrates another embodiment of the 
LIDAR system according to the invention. This embodiment 
relates to the embodiment shown in FIG. 1, where same 
reference numerals refer to identical or similar parts. There 
fore, only the differences between the two embodiments are 
discussed here. This embodiment only differs in the detection 
part, not in the emission path. In this embodiment, the return 
part 120 also comprises an optical Small-signal pre-amplifier 
122. In this way, the SNR of the received signal may be 
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significantly improved before detection, without compromis 
ing the eye-safe operation of the LIDAR system. As the 
pre-amplifier 122 will introduce noise contributions at other 
wavelengths than the return signal, the amplified signal is 
band-pass filtered, here using an optical filter 124, and a static 
FPI (e.g. etalon) 126. A wide selection of optical filters 124 
may be envisioned, such as a volume Bragg grating, or a 
combination of a diffraction grating and a spatial filter (e.g. 
single-mode fiber). The optical filter 124 acts to suppress a 
majority of the broadband "daylight/ambient' background 
and/or the ASE noise inherent from amplifier 122. Also 
embodiments of the LIDAR system without a pre-amplifier 
122 (such as the embodiment of FIG. 1), may benefit from 
including the optical filter 124 to block background daylight. 
The return signal may pass further optical components, e.g. a 
polarizer (not shown). After the filtering, the signal is analy 
sed using the scanning FPI 116 and a detector 118, as dis 
cussed for the embodiment of FIG. 1. The optical filter 124, 
the solid FPI 126, and the scanning FPI 116 together form a 
narrowband optical filter 128, which in this embodiment is 
tunable. 

EXAMPLE 2 

0050. In an example relating to the embodiment shown in 
FIG. 3, the optical filter 124 is an optical reflection grating 
with a wavelength resolution of 0.2 nm. The solid FPI 126 is 
a 2 mm etalon with a finesse of 100. The combined tunable 
band-pass filter 128 has a resolution of about 2 MHz. 

EXAMPLE 3 

0051. In an example relating to the embodiment shown in 
FIG. 3, the narrowband optical filter 128 suppresses the very 
broadband background light (and possibly ASE) by bandpass 
filtering in three-stages: First optical filter 124 will limit the 
band to about 0.2 nm or a 25 GHz band. Then Static FPI 126 
further reduces the band to say 100 MHz (enough to cover 
speeds from -40 to +40 m/s). Further noise filtering is done by 
the final FPI (scanning or static if the laser frequency is 
tunable). 
0.052 Although the present invention has been described 
in connection with the specified embodiments, it should not 
be construed as being in any way limited to the presented 
examples. For instance, the invention has been illustrated 
with embodiments implemented with a scanning Fabry-Perot 
interferometer. However, embodiments of the invention may 
also be implemented using a static optical filter (such as a 
Fabry-Perot etalon) together with a wavelength sweepable 
laser source The scope of the present invention is set out by 
the accompanying claim set. In the context of the claims, the 
terms “comprising or “comprises’ do not exclude other pos 
sible elements or steps. Also, the mentioning of references 
such as “a” or “an etc. should not be construed as excluding 
a plurality. The use of reference signs in the claims with 
respect to elements indicated in the figures shall also not be 
construed as limiting the scope of the invention. Furthermore, 
individual features mentioned in different claims, may pos 
sibly be advantageously combined, and the mentioning of 
these features in different claims does not exclude that a 
combination of features is not possible and advantageous. 

1. A coaxial direct-detection LIDAR system for measuring 
Velocity, temperature and/or particulate density, the system 
comprising: 
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a laser source for emitting a laser light beam having alasing 
center frequency along an emission path, 

an optical delivery system arranged in the emission path of 
the laser source, the optical delivery system being 
arranged for delivering the laser light beam in a measur 
ing direction, the optical delivery system further being 
configured for collecting a return signal backscattered 
along the measuring direction, and 

a detector system arranged to receive the return signal from 
the optical delivery system, the detector System com 
prising a narrowband optical filter and a detector, 
wherein the narrowband optical filter has a filter center 
frequency of a pass-band, and wherein the center filter 
frequency may be scanned. 

2-15. (canceled) 
16. The LIDAR system according to claim 1, wherein the 

optical narrowband filter comprises a scanning Fabry-Perot 
interferometer. 

17. The LIDAR system according to claim 1, wherein the 
detector system further comprises an optical Small signal 
pre-amplifier. 

18. The LIDAR system according to claim 1, wherein the 
detector is or comprises a photon-counting device. 

19. The LIDAR system according to claim 1, wherein the 
laser source is adapted for emitting infrared light with a 
wavelength of about 1.3 um to about 1.8 um, about 1.4 um to 
about 1.7 um, or about 1.5 um to about 1.6 um. 

20. The LIDAR system according to claim 1, wherein the 
laser source is adapted for emitting light with a wavelength of 
about 300 nm to about 1500 nm, about 350 nm to about 1200 
nm, or about 400 nm to about 900 nm. 

21. The LIDAR system according to claim 1, wherein the 
laser source is or comprises a laser diode configured for 
directly emitting the laser light beam. 

22. The LIDAR system according to claim 1, wherein the 
laser source is adapted for generating laser light with an 
optical power from about 1 mW to about 500 mW, about 5 
mW to about 100 mW, or about 8 mW to about 20 mW. 

23. The LIDAR system according to claim 1, wherein the 
laser source is pulsed. 

24. The LIDAR system according to claim 1, wherein the 
laser source is continuous wave, CW. 

25. The LIDAR system according to claim 16, wherein the 
Fabry-Perot interferometer has a free spectral range FSR in 
the range from about 0.5 GHz to about 10.0 GHz, about 0.8 
GHZ to about 6.0 GHz, or about 1.0 GHz to about 4.0 GHz. 

26. The LIDAR system according to claim 16, wherein the 
Fabry-Perot interferometer has a finesse F in the range from 
about 50 to about 5000, from about 100 to about 1000, or 
about 200 to about 600. 
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27. An aircraft airspeed measurement device, the device 
comprising the LIDAR system according to claim 1. 

28. A wind turbine airspeed measurement device, the 
device comprising the LIDAR system according to claim 1. 

29. A coaxial direct-detection LIDAR system for measur 
ing Velocity, temperature and/or particulate density, the sys 
tem comprising: 

a laser source for emitting a laser light beam having alasing 
center frequency along an emission path, 

an optical delivery system arranged in the emission path of 
the laser source, the optical delivery system being 
arranged for delivering the laser light beam in a measur 
ing direction, the optical delivery system further being 
configured for collecting a return signal backscattered 
along the measuring direction, and 

a detector system arranged to receive the return signal from 
the optical delivery system, the detector System com 
prising a narrowband optical filter and a detector, 
wherein the narrowband optical filter has a filter center 
frequency of a pass-band, and wherein the center lasing 
frequency may be scanned. 

30. The LIDAR system according to claim 29, wherein the 
detector system further comprises an optical Small signal 
pre-amplifier. 

31. The LIDAR system according to claim 29, wherein the 
detector is or comprises a photon-counting device. 

32. The LIDAR system according to claim 29, wherein the 
laser source is tunable and the narrowband optical filter is 
Static. 

33. The LIDAR system according to claim 29, wherein the 
laser source is adapted for emitting infrared light with a 
wavelength of about 1.3 um to about 1.8 um, about 1.4 um to 
about 1.7 um, or about 1.5 um to about 1.6 um. 

34. The LIDAR system according to claim 29, wherein the 
laser source is adapted for emitting light with a wavelength of 
about 300 nm to about 1500 nm, about 350 nm to about 1200 
nm, or about 400 nm to about 900 nm. 

35. The LIDAR system according to claim 29, wherein the 
laser source is or comprises a laser diode configured for 
directly emitting the laser light beam. 

36. The LIDAR system according to claim 29, wherein the 
laser source is adapted for generating laser light with an 
optical power from about 1 mW to about 500 mW, about 5 
mW to about 100 mW, or about 8 mW to about 20 mW. 

37. The LIDAR system according to claim 29, wherein the 
laser Source is pulsed. 

38. The LIDAR system according to claim 29, wherein the 
laser source is continuous wave, CW. 
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