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Description
Field

[0001] The present invention describes wind vector
field measurement systems and in particular new sys-
tems and methods of flow field measurement for appli-
cation in areas such as renewable energy.

Background

[0002] A wind turbine is well known to someone skilled
in the art. A wind turbine may have a vertical axis or a
horizontal axis of rotation. In this text a wind turbine refers
also to a wind pump or compressor where rotational
torque is employed for purposes of pumping or com-
pressing a fluid. A fluid may be a liquid or a gas. It is
appreciated that a wind turbine may be mounted on land,
referred to as onshore wind turbine, or at sea, referred
to as offshore wind turbine. Offshore wind turbines may
be deployed in inland lakes as well as in shallow or deep
sea water. An offshore wind turbine may have a floating
foundation or a fixed foundation. A floating foundation
may be tethered. Various types of foundation are known
including but not limited to piles driven into the seabed,
gravity foundations, jackets and lattice structures. A tran-
sition piece may connect the foundation with the wind
turbine tower base. Various materials can be used in the
construction including but not limited to steel. A wind tur-
bine may or may not incorporate energy storage. A wind
turbine may export electrical power to a transmission or
distribution network. Alternatively, the power from a wind
turbine may be employed directly within a localised elec-
trical grid, also known as a grid island.

[0003] LIDAR is well known to someone skilled in the
art. SONAR, SODAR and RADAR are also well known
to someone skilled in the art. The Doppler effect and the
method of measuring, estimating or calculating radial ve-
locity components is also well known to someone skilled
in the art.

[0004] A meteorological mast is well known to some-
one skilled in the art. Meteorological masts have been
used in the wind industry for gathering wind data from
point measurement instruments mounted at various
heights. Ground based LIDAR and buoy based LIDAR
has been used as an alternative to deploying a meteor-
ological mast. LIDAR is considered advantageous since
it is easier to achieve measurement at higher heights,
whereas physical meteorological masts employed in the
industry are being outsized by the larger wind turbines.
Instruments mounted on a meteorological mast (also re-
ferred to as "met mast") suffer measurement errors due
to shadowing effects of the mast and its boom structures
whereas LIDAR is considered to be a non-invasive re-
mote sensing measurement technology. However, the
LIDAR used by the wind industry employs diverging
beams, meaning that different velocity components are
combined from different points in space which are widely
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separated, especially at the uppermost heights. There-
fore, the combination of such components into a wind
velocity vector at a given height represents an average
wind velocity over a large volume, or alternatively repre-
sents an assumption of uniform flow across that large
volume.

[0005] Theuseofdiverging LIDAR beams is especially
problematic for characterising turbulence and turbulence
intensity. Wind turbine classification refers to turbulence
intensity as measured by a point-like instrument such as
those typically mounted on a meteorological mast. A ben-
efit of the present invention is to ensure localisation of
the LIDAR measurement volume so that it approaches
a point-like instrument. This enables the localised meas-
urement of turbulence intensity.

[0006] The use of converging beams, aimed to inter-
sect one another at the chosen measurement point, en-
ables many other wind field characteristics to be meas-
ured, such as wind veer and wind shear which are tradi-
tionally derived from mast-mounted point-like anemom-
eter or wind vane instruments.

[0007] US2012/274937 describes processing light in
a ranging system for a wind turbine. The processing in-
volves generating interference patterns from a masked
portion of light, and a portion of light subjected to a me-
dium.

[0008] GB 2 515 578 A discloses a Doppler beam
measurement device which obtains a three-dimensional
wind velocity vector at a measurement point of a beam
intersection.

[0009] WO 2013/092746 A1 discloses a single laser,
all fiber-based optical sensor and switching system for
measuring velocity in atmospheric air flow. The system
has a processor, which time sequentially determines ve-
locity components of tracer particles using coherent de-
tection.

[0010] EP 2 786 175 A1 discloses a motion-stabilized
LIDAR for use on e.g. a boat for measurement of wind
speed. It has a motion detector in a fixed relation to a
probe end, so that the LIDAR is arranged to make wind
speed measurements at one or more remote probe vol-
umes.

Summary of the Invention

[0011] New systems of converging beam Doppler ve-
locity measurement enable advanced control, improved
energy harvesting, advanced protection systems, im-
proved prospecting and improved equipment selection.
[0012] This invention is as defined in the claims and
describes a three-dimensional vector field measurement
system enabling mapping characterisation of complex
field characteristics. The invention enables advanced
control and protective systems. The invention also ena-
bles improved harvesting. The invention also enables im-
proved prospecting. The invention also enables im-
proved equipment selection.

[0013] According to a first aspect of the invention there
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is provided a measurement system for measuring a vec-
tor field at a measurement locale comprising: a floating
buoy; a plurality of beam transceivers mounted on the
floating buoy for emitting beams and receiving reflected
orscattered beams, and being arranged such thatbeams
emitted by the beam transceivers intersect at the meas-
urement locale.

[0014] Said measurement system further comprises:
a control system arranged to change a direction the
beams emitted from the beam transceivers; position
sensing equipment enabling measurement of the dis-
placement of the floating buoy from a nominal operating
position; attitude sensing equipment arranged to meas-
ure an orientation of the floating buoy; and wherein said
position sensing equipment and said attitude sensing
equipment provide readings to the control system to ad-
just the beam steering to take account of motion of the
floating buoy.

[0015] Herein, a buoy can refer to any type of floating
structure. A beam source may in some embodiments
comprise a source that emits a narrow unidirectional flow
of electromagnetic radiation, although it is to be empha-
sized that the invention is not limited to electromagnetic
solutions, encompassing other types of beams such as
SODAR or other acoustic beam sources.

[0016] In the example of a LIDAR beam source, very
accurate milliradian beam steering of lasers is possible
with equipment employing galvanometers, MEMS grat-
ings, micro-mirrors, decentered lens arrays, rotating
wedges or other beam steering systems.

[0017] Optionally, the vector field is a fluid velocity.
[0018] Optionally, the measurement system compris-
es a frame which carries a plurality of beam transceivers.
[0019] Optionally, the floating buoy is provided with or
forms a column structure.

[0020] Optionally, a frame is affixed to the column
structure.

[0021] Optionally, the column structure comprises a
meteorological mast.

[0022] Optionally, one or more ofthe transceivers com-
prises a spatially separated transmitter and receiver.
[0023] Optionally, the system is programmed or cali-
brated with reference position data or reference orienta-
tion data.

[0024] Optionally, the control system selects certain
beams from the plurality of beam transceivers which are
chosen to intersect at the measurement locale.

[0025] Optionally, the beam selection is based on data
from position and/or orientation sensors.

[0026] Optionally, the control system comprises beam
steering means or beam switching means.

[0027] Optionally, transmitted and received beam pa-
rameters such as frequency are measured and com-
pared in order to calculate a Doppler shift thereby indi-
cating a relative line of sight velocity component.
[0028] Optionally, the beams are employed to meas-
ure or estimate other characteristics of the probed me-
dium, such as density, turbulence intensity, flow inclina-
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tion angle with respectto any plane such as the horizontal
plane, horizontal wind veer, vertical wind veer, horizontal
wind shear, vertical wind shear, horizontal wind direction,
wind speed (wind velocity magnitude), vertical wind
speed or horizontal wind speed.

[0029] Optionally, successive measurements in time
are combined to measure or estimate rates of change of
parameters of the probed medium.

[0030] Optionally, a plurality of measurements are
combined into a vector field spatial map extending
through a region of space.

[0031] Optionally, a plurality of measurements are
combined into a vector field temporal map extending
through a region of time.

[0032] Optionally, the beams are SODAR beams.
[0033] Optionally, the beams are RADAR beams.
[0034] Optionally, the beams are LIDAR beams.
[0035] Optionally, the beams are Doppler LIDAR
beams

[0036] Optionally, the beams are Continuous Wave
(CW) LIDAR beams or pulsed LIDAR beams.

[0037] Optionally, two or more beams originate from
two or more independent floating buoys where the sys-
tem combines data from the independent buoys in order
to reconstruct parameters of the wind vector field.
[0038] Optionally, wind vector field measurement data
is provided to a wind turbine control system.

[0039] Optionally, wind vector field measurement data
is combined with condition monitoring system data
[0040] Optionally, the control system utilises the meas-
urement data in order to harvest more energy from the
wind.

[0041] Optionally, the control system utilises the meas-
urement data in order to trigger alarms and protective
measures in order to reduce or avoid damage to compo-
nents.

[0042] Optionally, the plurality of beam transceivers
are fixed to the floating buoy or a frame with tension
straps, elastic straps, buckles, ratchet straps, drilling and
bolting, use of glue/bonding agent, use of brackets, use
of magnets, locking joint, etc.

[0043] Optionally, the fixing method is adjustable in
size such that a single product may be fitted to many
types of wind turbine tower, many types of buoy structure
and many types of meteorological mast structure.
[0044] Optionally, the frame structure is conveniently
collapsible, stowable or removeable in order to avoid in-
terference with maintenance actions such as winching
of equipment from above.

[0045] Optionally, the frame is borne on a yaw ring
around the column and may be rotated around the col-
umn by a yaw motor system.

[0046] Optionally, measurements are analysed to de-
rive a fluid density value.

[0047] Optionally, successive velocity measurements
are employed to produce fluid acceleration measure-
ments, or higher time derivatives of vector displacement.
[0048] Optionally, a plurality of beam sources transmit
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at differing frequencies, pulse repetition frequencies or
with different polarisation characteristics.

[0049] Optionally, the measurement data is provided
to a wind turbine condition monitoring system.

[0050] Optionally, the measurement data is provided
to a wind turbine control system.

[0051] Optionally, the beams are encoded by frequen-
¢y, polarisation or pulse chain interval encoding in order
to discriminate between the different beams.

[0052] Optionally, the orientation measured by the at-
titude sensing equipment comprises roll, pitch and yaw
angle data.

[00563] According to a second aspect of the invention
there is provided a method as claimed of measuring a
vector field at a measurement locale comprising: provid-
ing a plurality of beam transceivers at a floating buoy;
the beam transceivers emitting beams and receiving re-
flected or scattered beams.

[0054] The method further comprises measuring the
displacement of the floating buoy from a nominal oper-
ating position; measuring an orientation of the floating
buoy; and wherein changing a direction of the beams
emitted from the beam transceivers based on measured
displacement, roll, pitch, and yaw angle to take account
of the motion of the floating buoy.

Brief Description of Figures
[0055]

Figure 1 shows a wind turbine with four LIDAR heads
mounted on its tower, three of which combine radial
measurements in order to resolve the wind velocity
ata chosen point within a measurement map in front
of the turbine rotor.

Figure 2 shows the combination of numerous vector
measurements in order to build up a map of the var-
iation in wind vector field at different distances in
front of the wind turbine rotor, in order to detect
changing wind conditions before they impact the ro-
tor.

Figure 3 shows that a buoy mounted system can
build up a measurement map in order to measure
the wind conditions which would be witnessed by a
wind turbine if it were located at or near the buoy
location.

Figure 4 shows that the beam steering can be com-
pensated for any position displacement or changes
in orientation of the buoy, so that the wind velocity
measurement can be precisely compensated for the
motion of the buoy, as if it never moved.

Figure 5 shows three buoys, each with a single steer-
able beam, where the three beams cooperate to in-
tersect at a chosen measurement point.

Detailed Description

[0066] The invention covers an intersecting beam
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LIDAR system for making a series of three-dimensional
(3d) wind velocity measurements through mounting op-
tical heads on a frame of known dimensions on a column.
The beams may be steerable or switchable in direction.
The relative positioning of the optical heads may then be
employed in the combination of three or more LIDAR
measurements in order to aim the beams and reconstruct
three-dimensional wind velocity at a chosen measure-
ment location.

[00567] The invention addresses the problem of wind
industry LIDAR systems utilising diverging beams which
results in the combination of LIDAR component meas-
urements from widely separated regions in space. This
is problematic since the wind vector field can vary sub-
stantially between these measurement regions. The in-
vention described here deliberately converges beams at
a single point in space, or a small region around the in-
tended measurement point. Therefore, the components
may be meaningfully combined to provide a measured
wind vector at that location. This is superior to the use of
diverging beams such as in a conical scan where the
action of combining measured components from different
locationsin space effectively averages the velocity meas-
urement over the extended region in space, or errone-
ously assumes that the wind vector field is uniform across
that region.

[0058] In particular, the invention covers a steerable
intersecting beam LIDAR system for making a series of
3d wind velocity measurements where beams are emit-
ted (and/or received) from buoy mounted devices.
[00569] Theinventionalsocovers steerableintersecting
beam LIDAR system for making a series of 3d wind ve-
locity measurements where beams are emitted (and/or
received) from turbine tower mounted devices.

[0060] Theinventionalsocoverssteerableintersecting
beam LIDAR system for making a series of 3d wind ve-
locity measurements where beams are emitted (and/or
received) from meteorological mast mounted devices.
[0061] Itisappreciated that a true point-like instrument
does not exist since a physical anemometer or wind vane
has a spatial extent, but nevertheless the aim and inten-
tion is to achieve measurement at a point. It is also ap-
preciated thatintersecting or converging beams need not
intersect perfectly in order to achieve a localised meas-
urement. It is accepted that beams may have a non-zero
waist or profile. It is accepted that a continuous wave
(CW) laser beam may have a focal extent which is non-
zero. Forinstance, a CW laser may be focused to within
centimetres or metres of an intended measurement lo-
cation. It is accepted that a beam steering system may
not intersect multiple beams perfectly through one an-
other but nevertheless may intersect a measurement lo-
cale surrounding the intended ideal measurement point
within a certain tolerance, such as within some centime-
tres (for example 10 centimetres) or within some metres
(for example 10 metres). It is also accepted that a pulsed
laser LIDAR may have timing gates (also known as
"range gates") within its signal processing which imply a
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spatial extent of measurement range which could extend
over some centimetres (for example 10 centimetres) or
some metres (for example 10 metres). The imperfection
in measurement localisation is acceptable for an inter-
secting beam LIDAR and should be taken into account
when analysing data from such systems. However, mod-
ern wind turbines have grown such that rotor diameters
above 125 metres are now commonplace and therefore
a measurement system capable of resolving or mapping
the wind vector field through measurements within a lo-
cale of some metres (for example ten metres or less) are
beneficial for measuring the variation in wind field across
a large wind turbine rotor area.

[0062] This invention focuses preferably on a LIDAR
(Light Detection and Ranging) measurement system.
The invention relates potentially to other beam measure-
ment systems such as RADAR (Radio Detection and
Ranging) or SODAR (Sonic Detection and Ranging).
[0063] A transceiver consists of a single device includ-
ing both transmitter and receiver. A transceiver may
share optical components, such as telescope, and optical
path between transmitted and received radiation. Alter-
natively, optical components may not be shared. For in-
stance, a transceiver may include a transmit telescope
and areceive telescope, very slightly offset from one an-
other in position and/or angle.

[0064] It is well known that LIDAR can operate on the
basis of substantially co-located transmitter and receiver
(a transceiver), sometimes referred to as monostatic
LIDAR. It is also known that LIDAR can operate on the
basis of spatially separated transmitter and receiver,
sometimes referred to as bistatic LIDAR.

[0065] Itis well known that Doppler LIDAR may meas-
ure the radial component of wind velocity by measuring
the Doppler frequency shift in radiation reflected from
aerosols or other particles carried upon the wind. Such
particles may include but not be limited to sea spray drop-
lets, dust, ash, pollen or molecules.

[0066] It is well known that LIDAR can operate in a
Continuous Wave (CW) mode, where the measurement
range is determined by focus. CW systems are consid-
ered advantageous at short ranges such as 10 metres,
100 metres, or even 200 metres. But, depending on
wavelength and aperture size CW focus may not be so
localised at200 metres and beyond. In this case itis likely
that pulsed LIDAR measurements may be better local-
ised at the intended measurement point.

[0067] It is well known that LIDAR can operate in a
pulsed mode, where the measurement range is deter-
mined by timing gates in the signal processing.

[0068] Itis known that a three-dimensional wind veloc-
ity vector requires measurement of three components.
The directions of three non-parallel beams form a set of
directional basis vectors of the three-dimensional vector
space. LIDAR has been typically used in the wind industry
by employing diverging beams. This has the disadvan-
tage of collecting numerous velocity components at wide-
ly separated points in space, thereby introducing error or
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generally false assumption of uniform wind flow, whereas
in general wind flow is not entirely uniform.

[0069] A LIDAR system employing intersecting beams
aimed to converge at a chosen measurement location is
therefore superior to a LIDAR system which employs di-
verging beams, in the sense that the system is better
designed to resolve the wind velocity vector at the intend-
ed measurementlocation, without any assumption of uni-
form flow and without errors due to the spatial averaging
of a diverging beam system.

[0070] Historically wind farm and wind turbine deploy-
ment locations have been prospected primarily by col-
lection or calculation of data indicating average wind
speed orwind speed and direction distribution at the wind
turbine hub height. Analysis has sometimes been under-
taken to estimate the turbulence intensity.

[0071] Historically wind turbines have been produced
and sold according to a classification system based upon
data such as the average hub height wind speed, the
turbulence intensity and the fifty-year extreme wind
speed.

[0072] However, as wind turbine rotors get larger it is
clear that wind vector field across the rotor area frequent-
ly includes non-standard and non-uniform variations
which can give rise to very high loads.

[0073] Many types of condition monitoring system ex-
ist, such as from but not limited to drive train vibration
sensor data, blade deflection sensor data, blade strain
gauge data, tower deflection sensor data, tower strain
gauge data, foundation deflection sensor data and foun-
dation strain gauge data. Deflection can be spatial dis-
placement and/or angular displacement. Vibration sen-
sors may be accelerometers.

[0074] By combining condition monitoring systems
with 3d wind vector field mapping one can correlate spe-
cific wind signatures or groups of wind signatures and
the largest condition monitoring signals. Therefore, one
can train an alarm and warning system to triggeran alarm
or warning when particular wind signatures are observed
by the LIDAR system. Such alarms and warnings may
be transmitted to a wind turbine control system which
may be programmed to initiate protective actions within
the pitch system, yaw system, generator torque control
or other control parameters, thereby reducing the impact
of the damaging wind signatures in order to protect the
wind turbine components, avoid reduction of overall sys-
tem or component lifetime and to reduce operations and
maintenance (O&M) interventions which may imply man-
power costs, replacement component costs, repair costs,
turbine lost generation due to downtime costs and asso-
ciated equipment hire costs such as crane hire or service
vessel costs.

[0075] Condition monitoring system data may be col-
lected per turbine over a portion of turbine lifetime or the
entire turbine lifetime. This can indicate the extreme
loads as well as the cumulative fatigue loads to which
the turbine is subjected. The proposed LIDAR system
data may equally be collected over a portion of turbine
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lifetime or over the entire turbine lifetime. This can indi-
cate the extreme wind signatures as well as the overall
wind regime to which the turbine is subjected. Therefore,
condition monitoring data and/or LIDAR data can inform
wind turbine design engineers in order to correctly specify
components and optimise cost-benefit. Therefore,
LIDAR data can enable more effective lower cost wind
turbine specification for given wind regime classes. Wind
regime classes need not be specified only in terms of
single point hub height wind speed and single point hub
height turbulence intensity. New wind regime classes
may be introduced to account for the wind characteristics
found to be most relevant to wind turbine loads and bend-
ing moments.

[0076] Therefore, LIDAR sensor systems which are
capable of resolving the wind characteristics found to be
most relevant to wind turbine loads and bending mo-
ments may be deployed during the wind farm prospecting
phase of project planning and development. This will en-
able wind farm developers to better assess lifetime fa-
tigue loads and lifetime extreme loads, and thereby select
the most appropriate wind turbine classification for a giv-
en site.

[0077] It has been appreciated that there is a problem
of over-specifying and over-engineering of wind turbines
because they are being engineered to operate under
wind conditions which are not sufficiently specified in or-
der to avoid the worst loads, and that a more compre-
hensive wind measurement system could be used in or-
dertomeasure and characterise the mostdamaging wind
signatures. Combining the wind vector field measure-
ment system with condition monitoring sensor informa-
tion enables the identification of complex wind vector field
patterns which are associated or correlated with the larg-
est and worst loads measured by the condition monitor-
ing sensors.

[0078] Once we have identified the complex wind vec-
tor field patterns which are correlated with the largest
loads then this information can be used at a wind farm
prospecting site by checking for the frequency of such
damaging wind signatures. Therefore, it would be possi-
ble to collect wind vector field data over an extended time
period such as one year and extrapolate the complex
wind conditions over a wind turbine or wind farm lifetime
for the given location. This information can be used to
characterise, rank or compare numerous prospective
wind turbine or wind farm locations. Therefore, this in-
vention enables more effective wind farm prospecting,
allowing the avoidance of complex wind vector fields
which tend to damage wind turbines.

[0079] Additionally, this information can be used in or-
der to select better suited wind turbine classifications for
agiven site, in case such engineering classifications take
account of the relevant wind vector field signatures. This
could reduce probability of failure and reduce mainte-
nance costs over the lifetime of a wind turbine or wind
farm.

[0080] Another problem solved is to describe a device
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which can easily be deployed on any wind turbine with a
column or tower since a suitable frame may be conven-
iently attached to the tower. This can be fitted to both
onshore and offshore wind turbines but is particularly
useful at an offshore wind turbine where it is impossible
to deploy such LIDAR devices on the ground.

[0081] Apart from offering measurement information
on the frequency of damaging wind signatures a system
which is outside the scope of the present invention, when
mounted on the column or tower of an operational wind
turbine allows for the look-ahead advance measurement
of incoming wind conditions. This can be beneficial for
the wind turbine control system which may use the infor-
mation in order to harvest more energy from the incoming
wind, or may use the information in orderto trigger alarms
and protective measures which may alleviate loads on
wind turbine components.

[0082] For instance, detection of imminent incoming
extreme gusts could trigger and alarm signal which would
in turn initiate an adjustment to blade pitch control to pre-
pare the turbine for the imminent gust in such a way as
to alleviate the loads.

[0083] For instance, by utilising the wind direction in-
formation across the entire rotor the control system could
apply yaw commands which steer the wind turbine more
effectively into the wind, thereby harvesting the maximum
possible power.

[0084] It will be appreciated that there are many ways
in which the wind turbine control system could respond
advantageously to the wind vector field data from this
invention.

[0085] Once a wind turbine manufacturer was confi-
dentthatwarnings and alarms from such a LIDAR system
could be used to initiate protective actions for the wind
turbine in order to avoid large loads and reduce average
loads, such as through blade pitch control, then it could
be possible for the wind turbine manufacturer to incor-
porate smaller safety factors and engineer the turbine to
withstand lower lifetime loads, fatigue loads or critical
loads. This could substantially lower the cost of manu-
facture of wind turbines, thereby reducing the cost of wind
energy.

[0086] An alternative deployment in the offshore envi-
ronment is achievable by the proposed invention by use
of one or more buoy-mounted LIDAR systems. This type
of deployment can be beneficial for offshore wind pros-
pecting.

[0087] It will be appreciated that there are many pos-
sible variations in shape and design of a LIDAR buoy but
that the essential aspect is that the buoy serves as a
floating supporting column to which is attached a frame
or arms extending to support a plurality of LIDAR optical
heads whose beams are arranged to intersect or con-
verge at chosen measurement locations.

[0088] The buoy may be deployed to float in a fluid
such as sea water or lake water. The buoy may include
power generation devices such as solar panels, wind tur-
bines, fuel cells, batteries, etc. These power sources may
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be used to power the LIDAR system. The buoy may be
anchored or tethered to the sea bed.

[0089] The advantage of such a system is that it ena-
bles three-dimensional wind vector measurement at a
chosen location, in the absence of a land-based mount-
ing location. In case that the beams are steerable or
switchable in direction then it can be possible to produce
three-dimensional maps of the wind vector field which
can be of benefit to the offshore wind industry as de-
scribed elsewhere within this document.

[0090] Abuoymay include position sensing equipment
such as Global Positioning System (GPS), differential
GPS, or other position sensors. Position sensing equip-
ment enables measurement of displacement of the sys-
tem from a nominal operating position (such as heave,
sway and surge parameters). A buoy may be equipped
with attitude sensing equipment in order to measure its
roll, pitch and yaw angle. Therefore, itis possible to sup-
ply sufficient data (including the shape and dimensions
of the buoy and its optical heads) in order to correct the
beam steering for any motion of the buoy. The relative
position of individual sensors with regard to the buoy’s
centre of mass may also be taken into account. There-
fore, the wind vector measurements can be made despite
any motion of a buoy.

[0091] In one embodiment three buoys are employed,
each having its own position and orientation sensor sys-
tem, and each having a beam steering system to enable
all three buoys to aim their beams to intersect ata chosen
measurement location. Many such measurements may
be combined into vector field map. The buoys may be
tethered to one or more fixing points. The advantage of
such asystemwould be to enable large baseline distance
between the beam steering systems in order to ensure
that the beams have substantial angle between them.
Ensuring a substantial angle between the beams enables
the resolution of all three orthogonal vector components.
[0092] Instead of employing one or more buoys as a
platform for the intersecting beam LIDAR system it would
be possible to employ one or more vehicles floating on
water such as boats or remotely operated vehicles which
float on water. Such vehicles may be manned or un-
manned.

[0093] It is clear that a meteorological mast or a wind
turbine can be mounted on a floating foundation and that
itis possible to tether or anchor such floating foundations
to suitable locations, possibly at the sea bed.

[0094] It will be appreciated that by sensing the overall
average wind direction, or rotor averaged wind direction,
in the absence of any wind turbine, it is nevertheless pos-
sible to arrange to gather wind vector field data at the set
of locations (or rotor area region) where a proposed wind
turbine rotor would be and on the basis that its rotor plane
were generally oriented normal to the average wind di-
rection, and given that the wind turbine deployment lo-
cation and size is known.

[0095] Furthermore, it will be appreciated that by
densely sampling a region of space the wind vector field
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across various prospective wind turbine rotors could be
calculated and characterised instantaneously or over an
extended time period. Therefore, this invention further
enables advanced wind prospecting by providing a
means to estimate and compare the expected output
from different turbine types, as well as characterising and
predicting the loads to be expected on the different tur-
bines.

[0096] Itis noted that different turbines may have var-
ying dimensions such as rotor size and tower or hub
height. It is also noted that different turbines may have
different material properties such as structural stiffness
of tower and blades.

[0097] Three or more structural arms extending radi-
ally from a column can be used to bear three or more
LIDAR beam units or optical heads and that power cables
and/or optical fibres could be fed to the optical heads
along the arms from a central control unit and optical unit.
Any measurement position outside a plane defined by
the three optical head positions could have its wind ve-
locity resolved by intersecting three radial Doppler meas-
urement beams, aimed from each of the optical heads
towards the chosen measurement position, and correctly
combining the three corresponding radial velocity com-
ponents.

[0098] Where the mounting column is of substantial
size, such as a wind turbine tower, then such a meas-
urement system may have blind spots where the intend-
ed measurement location is behind the tower, or behind
a blade, or behind a rotor hub, or behind a nacelle, with
respect to one or more of the optical heads. From this
perspective it can be advantageous to employ more than
three arms with optical heads, such as four or six.
[0099] In case of a wind turbine mounted system with
more than three optical heads then beams can be se-
lected on the basis of which optical heads have an un-
impeded or unobstructed line of sight to the intended
measurement position. Such calculation may take into
account the tower size and position, wind turbine blades
size and position, and other known obstacles as appro-
priate. Rotor position sensor, encoder data and other da-
ta may be employed by the optical head selection algo-
rithm.

[0100] In case of a wind turbine mounted system with
six optical heads then three may be aimed to a meas-
urement point upwind whilstthe otherthree may be aimed
at a measurement point in the wake of the turbine, or
elsewhere as required.

[0101] Itwillbe appreciated thatthere are various ways
in which the LIDAR frame may be attached to the column,
including use of tension straps, use of elastic straps, use
of buckles, use of ratchet straps, drilling and bolting, use
of glue/bonding agent, use of brackets, use of magnets,
locking joint, etc.

[0102] A conveniently adjustable fixing method may be
offered in order that a single LIDAR product could be
fixed to many different types of wind turbine, many dif-
ferent types of buoy and many types of met mast.



13 EP 3 347 723 B1 14

[0103] A mechanical means by which to raise or lower
the arms of the LIDAR frame, or to conveniently remove
the frame entirely, can be offered in order to avoid inter-
fering with winching operations or other service actions.
An automatic remote control signal could initiate the
stowing process.

[0104] It could be possible that the LIDAR frame is
borne on a type of yaw ring which could automatically
rotate around the tower by employing yaw motorisation.
Such motion could be accurately controlled by use of a
yaw position encoder.

[0105] In case of a wind turbine it is noted that a wind
turbine tower may support a vertical axis wind turbine or
a horizontal axis wind turbine. In case of a vertical axis
wind turbine it is possible that a tower can extend above
the rotating turbine as well as below the rotating turbine.
In case of a horizontal axis wind turbine it is noted that
the lower tower section includes a range of heights which
would be below the rotor sweep of the blades and yet
substantially above sea level so as not to interfere with
the normal passage of vehicles, personnel, equipment
or service vessels. For the purpose of this invention the
term wind turbine is also meant to cover wind pumps.
[0106] The main aim of this invention is for the wind
industry but the equipment could be applied when mod-
ified appropriately for fluid velocity vector field measure-
ment in other industries or environments, such as for tur-
bulence or otherwind measurementatand around airport
runways.

[0107] It is appreciated that different methods of cali-
bration of the beam system are possible. Calibration can
cover wind velocity measurement accuracy as well as
beam steering angular accuracy, and other parameters
of the system.

[0108] This measurement system can characterise
many different wind parameters such as flow inclination,
horizontal and vertical wind shear, horizontal and vertical
wind veer, turbulence intensity, gusts and general vector
fields.

[0109] This measurement system can measure rotor
averaged wind speed, rotor averaged wind direction, ro-
tor averaged turbulence intensity, rotor averaged yaw
error and other rotor averaged wind statistics.

[0110] Apart from measuring wind fields this beam
measurement system could be arranged in order to
measure other vector fields or flow fields such as hydrau-
lic velocity field, tidal flow or gas flow field. For instance,
one embodiment could be a buoy mounted system which
simultaneously offers measurement of offshore wind
vector field using 3d LIDAR above water and tidal flow
field using 3d SONAR intersecting beams underwater.
[0111] The systems described here may alternate the
operation of three beams in order to collect data without
interference from another beam. Alternatively, all three
beams may operate simultaneously on the basis that in-
terference between the different beams is minimal. Al-
ternatively, the beams may be encoded by frequency,
polarisation or pulse chain interval encoding in order to
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discriminate between the different beams.

[0112] In this text it is considered that a system which
enables measurement of a parameter, equally enables
estimation of the parameter, and equally enables calcu-
lation of the parameter. In this text a measurement of a
parameter can be taken as an estimate of the parameter
and vice versa, and a measurement of a parameter can
be taken as a calculation of the parameter and vice versa.
[0113] The invention is also illustrated in the accom-
panying figures. Figure 1 shows a wind turbine including
tower 70, nacelle 72, rotor hub 74 and blades 76. A meas-
urement region in front of the rotor is made up of a map
of measurement locations including 50, 51, 52, 53 and
54. Attached to the column of the tower is a frame includ-
ing arms 15 bearing a LIDAR optical head 5. This figure
depicts second, third and fourth LIDAR optical heads (6,
7, 8) similarly mounted. Three of the LIDAR optical heads
6, 7 and 8 are selected such that their beams 21, 22 and
23 respectively converge ata chosen measurement point
50.

[0114] Figure 2 is as Figure 1 butincludes a further set
of measurement locations, where wind velocity vector
may be locally resolved by the convergence of three
beams, including points 60,61, 62,63 and 64. The arrows
indicate wind velocity vectors and the Figure depicts a
changing wind field such as may occur when a sudden
damaging gust is incoming towards the rotor.

[0115] Figure 3 illustrates the fact that a buoy mounted
system may be employed to measure the wind field which
would have been experienced by a wind turbine had the
wind turbine rotor been located at the position where the
measurements are collected. A buoy 10 has a frame at-
tached including arms 15 which bear LIDAR optical
heads 5. Further optical heads 6, 7 and 8 are depicted
to aim their beams 21, 22 and 23 respectively such that
they converge at a measurement location.

[0116] Figure 4 depicts the buoy 10 of Figure 3 but
illustrates the fact that the buoy position and orientation
may move over time. By incorporating sensors, the sys-
tem can adjust the beam steering such that the beam 21
from optical head 6 remains well aimed at the measure-
ment point 50 despite roll, pitch and yaw of the buoy
whose centre of mass may have moved from a first po-
sition 94 to a second position 95. Therefore, the buoy
mounted system can reconstruct a measurement map
including a plurality of measurement points despite the
buoy’s motion.

[0117] Figure 5 shows a system of three buoys 11, 12
and 13 bearing LIDAR optical heads 6, 7 and 8 respec-
tively whose respective beams 21, 22 and 23 are aimed
to converge at a measurement point 69 which may be
one of many measurement points within a measurement
map or measurement region. One buoy 13 is shown to
be held in place by one or more tethers 33.
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Claims

A measurement system for measuring a wind vector
field at a measurement locale (50) comprising:

at least one floating structure (10) which floats
on water; said floating structure having a nomi-
nal operating position;

a plurality of beam transceivers (6, 7, 8) for emit-
ting beams (21, 22, 23) and receiving reflected
or scattered beams, said plurality of beam trans-
ceivers (6, 7, 8) being mounted on either a single
floating structure (10) or on a plurality of floating
structures;

a control system arranged to change a direction
ofthe beams (21, 22, 23) emitted from the beam
transceivers (6, 7, 8);

position sensing equipment enabling measure-
ment of the displacement of the or each floating
structure (10) from its nominal operating posi-
tion;

attitude sensing equipment arranged to meas-
ure an orientation of the or each floating struc-
ture (10); and

wherein

the plurality of beam transceivers are arranged
such that beams (21, 22, 23) emitted by the
beam transceivers intersect at the measure-
ment locale (50); and wherein

said position sensing equipment and said atti-
tude sensing equipment provide readings of the
sensed position and attitude to the control sys-
tem to adjust the beam steering to take account
of motion of the or each floating structure (10).

The measurement system of claim 1, wherein the
wind vector field is a three dimensional wind velocity
field.

The measurement system of any preceding claim,
wherein the floating structure (10) is provided with
or forms a meteorological mast or other column
structure.

The measurement system of any preceding claim,
wherein one or more of the transceivers (6, 7, 8)
comprises a spatially separated transmitter and re-
ceiver.

The measurement system of any preceding claim,
wherein the system is programmed or calibrated with
reference position data or reference orientation data.

The measurement system of any preceding claim,
wherein the control system selects certain beams
(21, 22, 23) from the plurality of beam transceivers
(8, 7, 8) which are chosen to intersect at the meas-
urement locale (50).
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The measurement system of any preceding claim,
wherein the control system comprises beam steering
means or beam switching means.

The measurement system of any preceding claim,
wherein transmitted and received beam parameters
such as frequency are measured and compared in
order to calculate a Doppler shift thereby indicating
a relative line of sight velocity component.

The measurement system of any preceding claim,
wherein the beams (21, 22, 23) are employed to
measure or estimate other characteristics of a
probed medium, such as density, turbulence inten-
sity, flow inclination angle with respect to any plane
such as the horizontal plane, horizontal wind veer,
vertical wind veer, horizontal wind shear, vertical
wind shear, horizontal wind direction, wind speed,
wind velocity magnitude, vertical wind speed or hor-
izontal wind speed.

The measurement system of any preceding claim,
wherein successive measurements in time are com-
bined to measure or estimate rates of change of pa-
rameters of the probed medium and/or wherein
measurements are analysed to derive a fluid density
value and/or wherein successive velocity measure-
ments are employed to produce fluid acceleration
measurements, or higher time derivatives of vector
displacement.

The measurement system of any preceding claim,
wherein a plurality of measurements are combined
into a vector field spatial map extending through a
region of space or a vector field temporal map ex-
tending through a region of time.

The measurement system of any preceding claim,
wherein the beams (21, 22, 23) comprise one or
more of. SODAR beams; RADAR beams; LIDAR
beams; Doppler LIDAR beams; Continuous Wave
LIDAR beams or pulsed LIDAR beams.

The measurement system of any preceding claim,
wherein two or more beams (21, 22, 23) originate
from two or more independent floating structures
(10) where the system combines data from the in-
dependent floating structures in order to reconstruct
parameters of the vector field.

The measurement system of any preceding claim,
wherein the orientation measured by the attitude
sensing equipment comprises roll, pitch and yaw an-
gle data.

A method of measuring a vector field at a measure-
ment locale (50) comprising:
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providing a plurality of beam transceivers (6, 7,
8);

emitting beams (21, 22, 23) and receiving re-
flected or scattered beams, said plurality of
beam transceivers (6, 7, 8) being mounted on
either a single floating structure (10) or on a plu-
rality of floating structures, wherein the or each
floating structure floats on water; and the oreach
floating structure has a nominal operating posi-
tion; the method further comprising the steps of
measuring a displacement ofthe oreach floating
structure (10) from its or their respective nominal
operating position;

measuring an orientation of the or each floating
structure (10); and the method further includes
that the beams (21, 22, 23) emitted by the beam
transceivers (6, 7, 8) intersect at the measure-
ment locale (50); and the method includes:
changing a direction of the beams (21, 22, 23)
emitted from the beam transceivers (6, 7, 8)
based on measured displacement, roll, pitch,
and yaw angle to take account of the motion of
the or each floating structure (10).

Patentanspriiche

Messsystem zum Messen eines Windvektorfelds bei
einer Messstelle (50), umfassend:

mindestens eine Schwimmstruktur (10), die auf
Wasser schwimmt; wobei die Schwimmstruktur
eine nominale Betriebsposition aufweist;

eine Vielzahl von Strahlen-Sendeempfangern
(6, 7, 8), um Strahlen (21, 22, 23) auszustrahlen
und reflektierte oder gestreute Strahlen zu emp-
fangen, wobei die Vielzahl von Strahlen-Sende-
empféngern (6, 7, 8) entweder auf einer einzel-
nen Schwimmstruktur (10) oder auf einer Viel-
zahl von Schwimmstrukturen befestigt ist;

ein Steuersystem, das eingerichtet ist, um eine
Richtung der Strahlen (21, 22, 23) zu &ndern,
die von den Strahlen-Sendeempfangern (6, 7,
8) ausgestrahlt werden;
Positionserfassungsausrustung, die eine Mes-
sung der Verschiebung der oder jeder
Schwimmstruktur (10) aus ihrer nominalen Be-
triebsposition erméglicht;
Hoéhenerfassungsausristung, die eingerichtet
ist, um eine Ausrichtung der oder jeder
Schwimmstruktur (10) zu messen; und

wobei die Vielzahl von Strahlen-Sendeempfén-
gern so eingerichtet ist, dass Strahlen (21, 22,
23), die von den Strahlen-Sendeempfangern
ausgestrahltwerden, einander bei der Messstel-
le (50) schneiden; und wobei

die Positionserfassungsausriistung und die H6-
henerfassungsausriistung Messwerte der er-
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fassten Position und Héhe an das Steuersystem
bereitstellen, um die Strahllenkung so anzupas-
sen, dass Bewegung der oder jeder Schwimm-
struktur (10) berucksichtigt wird.

Messsystem nach Anspruch 1, wobei das Windvek-
torfeld ein dreidimensionales Windvektorfeld ist.

Messsystem nach einem vorstehenden Anspruch,
wobei die Schwimmstruktur (10) mit einem Wetter-
masten oder einer anderen Saulenstruktur bereitge-
stellt ist oder diese bildet.

Messsystem nach einem vorstehenden Anspruch,
wobei einer oder mehrere der Sendeempfanger (6,
7, 8) einen raumlich voneinander getrennten Sender
und Empfanger umfassen.

Messsystem nach einem vorstehenden Anspruch,
wobei das System in Bezug auf Positionsdaten oder
Referenzausrichtungsdaten programmiert oder ka-
libriert ist.

Messsystem nach einem vorstehenden Anspruch,
wobei das Steuersystem bestimmte Strahlen (21,
22, 23) aus der Vielzahl von Strahlen-Sendeemp-
fangern (6, 7, 8) auswahlt, die ausgesucht sind, ein-
ander bei der Messtelle (50) zu schneiden.

Messsystem nach einem vorstehenden Anspruch,
wobei das Steuersystem Strahllenkmittel oder
Strahlschaltmittel umfasst.

Messsystem nach einem vorstehenden Anspruch,
wobei gesendete und empfangene Strahlparameter,
wie Frequenz, gemessen und verglichen werden,
um eine Doppler-Verschiebung zu berechnen, wo-
durch eine relative Sichtliniengeschwindigkeitskom-
ponente angegeben wird.

Messsystem nach einem vorstehenden Anspruch,
wobei die Strahlen (21, 22, 23) eingesetzt werden,
um andere Eigenschaften eines abgetasteten Medi-
ums zu messen oder schatzen, wie Dichte, Verwir-
belungsintensitat, Stromungsneigungswinkel in Be-
zug auf eine beliebige Ebene, wie etwa die horizon-
tale Ebene, horizontales Windabdrehen, vertikales
Windabdrehen, horizontale Windscherung, vertikale
Windscherung, horizontale Windrichtung, Windge-
schwindigkeit, vektorielle Windgeschwindigkeits-
grofRe, vertikale Windgeschwindigkeit oder horizon-
tale Windgeschwindigkeit.

Messsystem nach einem vorstehenden Anspruch,
wobei aufeinanderfolgende Zeitmessungen kombi-
niert werden, um Anderungsraten von Parametern
des abgetasteten Mediums zu messen oder schat-
zen und/oder wobei Messungen analysiert werden,
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um einen Fluiddichtewert abzuleiten und/oder wobei
aufeinanderfolgende Geschwindigkeitsmessungen
eingesetzt werden, um Fluidbeschleunigungsmes-
sungen oder héhere Zeitableitungen von Vektorver-
schiebung zu erstellen.

Messsystem nach einem vorstehenden Anspruch,
wobei eine Vielzahl von Messungen in eine raumli-
che Vektorfeldkarte, die sich durch einen Raumbe-
reich erstreckt, oder eine zeitliche Vektorfeldkarte,
die sich durch einen Zeitbereich erstreckt, kombi-
niert werden.

Messsystem nach einem vorstehenden Anspruch,
wobei die Strahlen (21, 22, 23) eines oder mehreres
des Folgenden umfassen: SODAR-Strahlen; RA-
DAR-Strahlen; LIDAR-Strahlen; Doppler-LIDAR-
Strahlen; Dauerstrich-LIDAR-Strahlen oder gepuls-
te LIDAR-Strahlen.

Messsystem nach einem vorstehenden Anspruch,
wobeizweioder mehr Strahlen (21,22, 23) zwei oder
mehr unabhangigen Schwimmstrukturen (10) ent-
springen, wobei das System Daten von den unab-
hangigen Schwimmstrukturen kombiniert, um Para-
meter des Vektorfelds zu rekonstruieren.

Messsystem nach einem vorstehenden Anspruch,
wobei die Ausrichtung, die von der Hohenerfas-
sungsausrustung gemessen wird, Roll-, Nick- und
Gierwinkeldaten umfasst.

Verfahren zum Messen eines Vektorfelds bei einer
Messstelle (50), umfassend:

Bereitstellen einer Vielzahl von Strahlen-Sen-
deempfangern (6, 7, 8);

Ausstrahlen von Strahlen (21, 22, 23) und Emp-
fangen von reflektierten oder gestreuten Strah-
len, wobeidie Vielzahl von Strahlen-Sendeemp-
fangern (6, 7, 8) entweder auf einer einzelnen
Schwimmstruktur (10) oder auf einer Vielzahl
von Schwimmestrukturen befestigt ist, wobei die
oder jede Schwimmstruktur auf Wasser-
schwimmt; und die oder jede Schwimmstruktur
eine nominale Betriebsposition aufweist, wobei
das Verfahren weiter die Folgenden Schritte
umfasst

Messen einer Verschiebung der oder jeder
Schwimmstruktur (10) von ihrer oder deren je-
weiliger nominalen Betriebsposition;

Messen einer Ausrichtung der oder jeder
Schwimmstruktur (10); und

das Verfahren weiter beinhaltet, dass

die Strahlen (21, 22, 23), die von den Strahlen-
Sendeempfangern (6, 7, 8) ausgestrahlt wer-
den, einander bei der Messstelle (50) schnei-
den; und das Verfahren beinhaltet:
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Andern einer Richtung der Strahlen (21, 22, 23),
die von den Strahlen-Sendeempfangern (6, 7,
8) ausgestrahlt werden, basierend auf gemes-
sener Verschiebung, Roll-, Nick- und Gierwin-
kel, um die Bewegung der oder jeder Schwimm-
struktur (10) zu berucksichtigen.

Revendications

Systéme de mesure pour mesurer un champ de vec-
teur vent a un lieu de mesure (50) comprenant :

au moins une structure flottante (10) qui flotte
sur l'eau ; ladite structure flottante présentant
une position nominale de fonctionnement ;

une pluralité d’émetteurs-récepteurs de fais-
ceau (6, 7, 8) pour émettre des faisceaux (21,
22, 23) et recevoir des faisceaux réfléchis ou
diffusés, ladite pluralité d’émetteurs-récepteurs
de faisceau (6, 7, 8) étant montés soit sur une
unique structure flottante (10), soit sur une plu-
ralité de structures flottantes ;

un systéme de commande agencé pour modifier
une direction des faisceaux (21, 22, 23) émis
par les émetteurs-récepteurs de faisceau (6, 7,
8);

un équipement de détection de position permet-
tant de mesurer le déplacement de la ou de cha-
que structure flottante (10) a partir de sa position
nominale de fonctionnement ;

un équipement de détection d'attitude agencé
pour mesurer une orientation de la ou de chaque
structure flottante (10) ; et

dans lequel

la pluralité d’émetteurs-récepteurs de faisceau
sont agencés de telle sorte que les faisceaux
(21, 22, 23) émis par les émetteurs-récepteurs
de faisceau se croisent au niveau du lieu de me-
sure (50) ; et dans lequel

leditéquipement de détection de position et ledit
équipement de détection d’attitude fournissent
des lectures de la position et de 'attitude détec-
tées au systéme de commande pour ajuster la
direction du faisceau pour prendre en compte le
mouvement de la ou de chaque structure flot-
tante (10).

Systéme de mesure selon la revendication 1, dans
lequel le champ de vecteur vent est un champ de
vitesse de vent tridimensionnel.

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel la structure flottante
(10) est fournie avec ou forme un mat météorologi-
que ou une autre structure en colonne.

4. Systeéme de mesure selon une quelconque revendi-
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cation précédente, dans lequel un ou plusieurs des
émetteurs-récepteurs (6, 7, 8) comprennent un
émetteur et un récepteur séparés spatialement.

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel le systéme est pro-
grammeé ou étalonné avec des données de position
de référence ou des données d’orientation de réfé-
rence.

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel le systéme de com-
mande sélectionne certains faisceaux (21, 22, 23)
parmi la pluralité d’émetteurs-récepteurs de fais-
ceau (6, 7, 8) qui sont choisis pour se croiser au
niveau du lieu de mesure (50).

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel le systéme de com-
mande comprend un moyen d’orientation de fais-
ceau ou un moyen de commutation de faisceau.

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel des paramétres de
faisceau émis et regus, tels qu’'une fréquence, sont
mesurés et comparés afin de calculer un décalage
Doppler, en indiquant ainsi une composante de vi-
tesse de ligne de visée relative.

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel les faisceaux (21, 22,
23) sont utilisés pour mesurer ou estimer d’autres
caractéristiques d'un milieu sondé, telles qu'une
densité, une intensité de turbulences, un angle d’in-
clinaison d’écoulement par rapport a n’importe quel
plan tel que le plan horizontal, un virage horizontal
du vent, un virage vertical du vent, un cisaillement
horizontal du vent, un cisaillement vertical du vent,
une direction horizontale du vent, une vitesse du
vent, une amplitude de la vitesse du vent, une vitesse
verticale du vent ou une vitesse horizontale du vent.

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel des mesures suc-
cessives dans le temps sont combinées pour mesu-
rer ou estimer des taux de changement de parame-
tres du milieu sondé et/ou dans lequel des mesures
sont analysées pour dériver une valeur de densité
de fluide et/ou dans lequel des mesures de vitesse
successives sont utilisées pour produire des mesu-
res d’'accélération de fluide, ou des dérivées de
temps plus élevé de déplacement vectoriel.

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel une pluralité de me-
sures sont combinées en une carte spatiale de
champ de vecteur s’étendant a travers une région
de I'espace ou une carte temporelle de champ de
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22
vecteur s'étendant a travers une région de temps.

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel les faisceaux (21, 22,
23) comprennent un ou plusieurs parmi : des fais-
ceaux SODAR ; des faisceaux RADAR ; des fais-
ceaux LIDAR ; des faisceaux LIDAR Doppler ; des
faisceaux LIDAR a onde continue ou des faisceaux
LIDAR puisés.

Systéme de mesure selon une quelconque revendi-
cation précédente, dans lequel deux faisceaux (21,
22, 23) ou plus proviennent de deux ou plus de deux
structures flottantes (10) indépendantes ou le sys-
téme combine des données provenant des structu-
res flottantes indépendantes afin de reconstruire des
paramétres du champ de vecteur.

Systéme de mesure selon une quelconque revendi-
cation précédente, danslequel'orientation mesurée
par I'équipement de détection d’attitude comprend
des données de roulis, de tangage et d’'angle de la-
cet.

Procédé de mesure d’'un champ de vecteur a un lieu
de mesure (50) comprenant :

la fourniture d’une pluralité d’émetteurs-récep-
teurs de faisceau (6, 7, 8) ;

I'émission de faisceaux (21, 22, 23) et la récep-
tion de faisceaux réfléchis ou diffusés, ladite plu-
ralité d’émetteurs-récepteurs de faisceau (6, 7,
8) étant montés soit sur une unique structure
flottante (10), soit sur une pluralité de structures
flottantes, dans lequel la ou chaque structure
flottante flotte sur I'eau ; et la ou chaque struc-
ture flottante présente une position nominale de
fonctionnement ; le procédé comprenant en
outre les étapes consistant a

mesurer un déplacement de la ou de chaque
structure flottante (10) a partir de sa ou de leur
position  nominale de  fonctionnement
respective ;

mesurer une orientation de la ou de chaque
structure flottante (10) ; et

le procédé inclut en outre que les faisceaux (21,
22, 23) émis par les émetteurs-récepteurs de
faisceau (6, 7, 8) se croisent au niveau du lieu
de mesure (50) ; et le procédé inclut :

la modification d’'une direction des faisceaux
(21, 22, 23) émis par les émetteurs-récepteurs
de faisceau (6, 7, 8) sur la base d'un déplace-
ment, d'un roulis, d’un tangage et d’'un angle de
lacet mesurés pour prendre en compte le mou-
vement de la ou de chaque structure flottante
(10).
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