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(57) Abstract: A user device for determining wind speed comprises a processor,
a memory, an illumination source and an imaging module for capturing image
data. The memory contains instructions executable by the processor to cause the
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related to the capture of the image data.



10

15

20

25

30

35

WO 2019/158222 PCT/EP2018/054049

METHODS AND USER DEVICES FOR DETERMINING WIND SPEED

Technical Field

The disclosure relates to a user device for determining wind speed, a method of
determining wind speed using a user device, a corresponding computer program, and

a corresponding computer program product.

Background
The large number of user devices (e.g. such as phones and tablets) in use today

provide unparalleled opportunities to collect and share data from a wide variety of
locations. One field in which collection of local data may be useful is in weather
reporting and forecasting. Data collection from user devices may be used to improve
weather reporting and to provide meteorological information that might be used to
improve weather forecasting (e.g. by providing improved local boundary conditions for
weather models).

Currently user devices may be adapted to measure wind speed with additional
dedicated hardware. For example anemometers (e.g. cup anemometers or vane
anemometers) may be added to mobile phones or other user devices to enable the
user device to measure wind speed.

Such solutions require dedicated hardware that has to be added to the user
device which does not encourage spontaneous or automated collection of wind data
and may be expensive. Furthermore, the additional hardware required means that very
limited numbers of user devices are currently equipped to measure wind speed and
thus crowd-based wind direction/speed information gathering (e.g. as input to any user-
contributed weather service) is limited to a small user base.

It would therefore be advantageous to develop more user-friendly solutions to

measure wind speed using user devices.

Summary of Invention

It is an object of the invention to provide an improved alternative to the above
techniques and prior art. More specifically, it is an object of the invention to provide
improved solutions for measuring wind speed using user devices.

Therefore, according to a first aspect there is provided a user device for
determining wind speed. The user device comprises a processor, a memory, an
illumination source and an imaging module for capturing image data. The memory

contains instructions executable by the processor to cause the user device to illuminate
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an airborne particle using the illumination source, record, using the imaging module,
image data of the particle whilst the particle is illuminated by the illumination source
and determine a wind speed by calculating a speed of movement of the particle based
on a change of position of the particle in the image data and timing information related
to the capture of the image data.

The inventors herein have realised that imaging modules such as cameras and
videoing equipment found in user devices, such as mobile phones, smartphones,
smartwatches, tablet computers, laptop computers or games consoles may be used in
conjunction with timing information to image an airborne particle and compute the
speed of movement of the airborne particle. In this way, wind speed may be inferred
using a user device without the use of specialised hardware modules.

According to a second aspect there is provided a method of determining wind
speed using a user device. The method comprises illuminating an airborne particle
using an illumination source of the user device and recording, using an imaging module
of the user device, image data of the particle whilst the particle is illuminated by the
illumination source. The method further comprises determining a wind speed by
calculating a speed of movement of the particle based on a change of position of the
particle in the image data and timing information related to the capture of the image
data.

According to a third aspect there is provided a computer program comprising
instructions which, when executed on at least one processor, cause the at least one
processor to carry out the method of the second aspect.

According to a fourth aspect there is provided a computer program product
comprising a computer-readable medium with the computer program of the third
aspect.

In this way, the solutions herein provide low-cost, easily deployable ways to
measure wind speed using a user device. The solutions herein therefore facilitate
crowd-based measurements of wind-speed that can be used to improve meteorological

data collection.

Brief description of the drawings

For a better understanding and to show more clearly how embodiments herein
may be carried into effect, reference will now be made, by way of example only, to the
accompanying drawings, in which:

Figure 1 shows an example user device for determining wind speed according to

some embodiments herein;
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Figures 2a and 2b illustrate how a user device may be used to determine wind
speed according to some embodiments herein;

Figure 3 shows a schematic illustrating how a user device may be used to
determine wind speed according to some embodiments herein; and

Figure 4 shows a method for determining wind speed according to some

embodiments herein.

Detailed Description

As described above, many user devices are currently unable to measure wind
speed without the installation of additional dedicated hardware.

Figure 1 shows an example user device 100 for determining wind speed
according to embodiments herein. The user device 100 comprises a processor 102, a
memory 104, an illumination source 106 and an imaging module 108 for capturing
image data. The memory contains instructions executable by the processor to cause
the user device to illuminate an airborne particle using the illumination source 106 and
record, using the imaging module 108, image data of the particle whilst the particle is
illuminated by the illumination source 106. The instructions when executed by the
processor further cause the user device 100 to determine a wind speed by calculating
a speed of movement of the particle based on a change of position of the particle in the
image data and timing information related to the capture of the image data.

More generally, the user device is operative, configured or adapted to perform
the steps described above.

The user device 100 may comprise any type of user device, such as a consumer
electronics device, or portable electronics device. In some embodiments, the user
device 100 may comprise a mobile phone, smartphone, smartwatch, tablet computer,
laptop computer or games console. In some embodiments, the user device 100 may
comprise an unmanned aerial vehicle (UAV) such as a drone. In some embodiments,
the user device 100 may comprise a vehicular console such as an electronic console in
a car or lorry. More generally the user device 100 may comprise any electronic user
equipment comprising an imaging module 108 and an illumination source 106.

The memory 104 may comprise instruction data representing instructions. The
processor 102 may be configured to communicate with the memory 104 and to execute
the instructions. The instructions when executed by the processor may cause the
processor to send instructions to the illumination source 106 and/or the imaging
module 108. The instructions when executed by the processor may also cause the

processor to determine, calculate, or process in any other way, data related to the
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methods and processes here. In this way, the user device 100 may perform any of the
embodiments of the methods described below, such as the method 400. The

memory 104 may be configured to store the instruction data in the form of program
code that can be executed by the processor 102.

In some implementations, the instruction data can comprise a plurality of
software and/or hardware modules that are each configured to perform, or are for
performing, individual or multiple steps of the method described herein. In some
embodiments all modules described herein are implemented as hardware and in others
all of them are implemented through software. In some embodiments, the memory 104
may be part of a device that also comprises one or more other components of the user
device 100 (for example, the processor 102 and/or one or more other components of
the user device 100). In alternative embodiments, the memory 104 may be part of a
separate device to the other components of the user device 100.

In some embodiments, the memory 104 may comprise a plurality of sub-
memories, each sub-memory being capable of storing a piece of instruction data. In
some embodiments where the memory 104 comprises a plurality of sub-memories,
instruction data representing the instructions may be stored at a single sub-memory. In
other embodiments where the memory 104 comprises a plurality of sub-memories,
instruction data representing the instructions may be stored at multiple sub-memories.
Thus, according to some embodiments, the instruction data representing different
instructions may be stored at one or more different locations in the user device 100. In
some embodiments, the memory 104 may be used to store information, such as image
data or other data relevant to determinations made by the processor 102 of the user
device 100 or from any other components of the user device 100.

The processor 102 can comprise one or more processors, processing units,
multi-core processors and/or modules that are configured or programmed to control the
user device 100 in the manner described herein. In some implementations, for
example, the processor 102 may comprise a plurality of (for example, interoperated)
processors, processing units, multi-core processors and/or modules configured for
distributed processing. It will be appreciated by a person skilled in the art that such
processors, processing units, multi-core processors and/or modules may be located in
different locations and may perform different steps and/or different parts of a single
step of the method described herein.

The illumination source 106 may comprise any source of electromagnetic
radiation. For example, the illumination source may comprise a light-emitting diode

(LED), light bulb, laser, infrared (IR) diode or any other light source. The illumination
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source 106 may emit optical electromagnetic radiation, infrared electromagnetic
radiation, or electromagnetic radiation at any other frequency or in any other frequency
band that can be used to illuminate an airborne particle.

The illumination source 106 may provide periodic illumination or illumination for a
fixed duration of time. For example, in embodiments where the illumination source 106
comprises an LED, the LED may comprise a pulse-width-modulation LED. Pulse-width-
modulation LEDs operate at high frequency (e.g. repeatedly turn on and off), the
frequency being high enough so that human eye cannot resolve the inherent flicker.

Generally the illumination source may provide periodic illumination (e.g. turn on
and off) at a frequency, v, the periodic illumination comprising pulses having a pulse
duration dtium.

The imaging module 108 may comprise a camera, video equipment or any other
equipment suitable for recording (e.g. taking or acquiring) image data. In this sense,
image data may comprise, for example, visual images, sequences of visual images,
video recordings and/or live images (e.g. picture-movie mixtures, holding 10-100 ms of
frames that can be used as a short animation) of an airborne particle. Generally, the
imaging module 108 is suitable for recording images of particles at the wavelength of
electromagnetic radiation emitted by the illumination source 106.

The imaging module may record (or take) image data for a predefined period of
time. For example, the image module may have a shutter speed and the imaging
module may record image data of the airborne particle during a duration of time dtrecord
associated with the shutter speed.

The skilled person will appreciate that the user device 100 may further comprise
additional components to those listed here. For example, the user device 100 may
comprise a communications interface, for example, for sending or receiving information
over a wireless or wired connection, e.g., a cellular communications network, for
example, such as a 2G, 3G, 4G or 5G cellular network, or a wireless local area network
(WLAN)/Wi-Fi network. The user device may further comprise one or more user
interfaces for receiving user input and/or displaying information to a user. For example,
the user device 100 may further comprise a keyboard, mouse, microphone, display
screen, touchscreen, and/or speakers. Examples of other components that may be
comprised in the user device 100 include a power source such as a battery or mains
power connection.

As briefly noted above, the instructions when executed by the processor cause
the user device 100 to illuminate an airborne particle using the illumination source 106

(e.g. the instructions when executed by the processor may cause the processor to



10

15

20

25

30

WO 2019/158222 PCT/EP2018/054049

send an instruction to the illumination source to cause the illumination source to begin
illuminating).

As used herein, an airborne particle may comprise any airborne particle small
enough such that the speed of the airborne particle as it moves through the air is
approximately equal to the wind speed (e.g. the airborne particle should generally
follow the fluid flow dynamics of the air in which it is moving). Examples of airborne
particles that might be imaged by the user device 100 include mist, water
drops/droplets (e.g. rain), sand particles, snowflakes, ice crystals (e.g. hail), pollen,
leaves, pine needles, or small insects such as gnats.

The user device 100 may therefore be operative to illuminate (e.g. shine a light
on) such an airborne particle, as described above.

The instructions when executed by the processor further cause the user
device 100 to record, using the imaging module 108, image data of the particle whilst
the particle is illuminated by the illumination source 106 (e.g. the instructions may
cause the processor to send an instruction to the imaging module instructing the
imaging module to begin recording). The instructions when executed by the processor
further cause the user device 100 to determine a wind speed by calculating a speed of
movement of the particle based on a change of position (e.g. the trajectory) of the
particle in the image data and timing information related to the capture of the image
data.

Generally, the timing information may relate to a duration of time during which the
change of position of the particle in the image data occurred. For example, the timing
information may comprise timing information relating to a duration of time in which the
particle was recorded and/or a duration of time during which the particle was
illuminated (such as the durations dtijum Or dtrecora above). The timing information may
comprise timing information associated with a (e.g. mechanical) function of the user
device, for example, a shutter speed or exposure time of the imaging module as
described below.

The distance travelled by the particle (e.g. the physical or actual distance) may
be determined from the change of position of the particle in the image (e.g. the particle
trajectory in the image) as will be described below. The speed of the particle may be
calculated, for example, from the relationship:

speed = (distance travelled as indicated by the change of position of the particle

in the image data)/(duration of time indicated or derived from the timing information).
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Generally, therefore, a speed may be calculated based on a change of position of
the particle which is captured in the image data and a period of time during which the
change of position is captured.

The skilled person will appreciate that speed is a scalar quantity that describes
how quickly a particle is moving. Velocity is a vector quantity that describes both how
fast a particle is moving and the direction of travel. The directional aspect of velocity
may be captured by the direction of the velocity vector in the vector space. The speed
may be calculated from the velocity vector as the length or norm (e.g. magnitude) of
the velocity vector.

In more detail, the timing information may comprise, for example, one or more of:
i) a shutter speed or exposure time of the imaging module, ii) a duration of time during
which the particle is recorded by the imaging module, and iii) a duration of time during
which the particle is illuminated by the illumination source.

As an example, in some embodiments, the user device may comprise an
illumination source in the form of an LED (e.g. such as the LED on a mobile phone). In
such embodiments, the LED light may be switched on and off with a frequency, v, and
consequently illuminate the particle during a duration of time tium corresponding to 1/v.
In such embodiments, the imaging module on the user device may record image data
during the interval tuum. The processor may determine a distance travelled by the
particle based on a change in position of the particle in the image data (as will be
described below) and calculate the speed of movement of the particle according to
speed=distance travelled/tiym.

In some embodiments, the instructions when executed by the processor may
additionally or alternatively further cause the user device 100 to determine the wind
speed based on a focal length of the imaging module used for recording the image
data (e.g. the distance from the user device at which objects (such as particles) appear
in focus.) For example, the actual distance travelled by the particle, as indicated by the
change of position of the particle in the image data may be determined using the focal
length of the image data.

In some embodiments, the focal length of the imaging module 108 may be set to
a fixed focal length. This may enable particles at a specific distance from the camera
lens (i.e. particles at the fixed focal length) to be considered. For example, a fixed focal
length may be selected in a range where the optical system of the imaging module
provides optimal distance resolution. In the far field limit where focus length

approaches infinity, the distance resolution may become relatively poor; hence in some
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embodiments, a focal length may be selected in a range where the imaging
module 108 has the best depth granularity.

Alternatively or additionally, a focal length may be selected (e.g. automatically) by
the imaging module 108 of the user device 100. This may enable an “optimal” focal
length to be selected by the imaging module 108, based on ambient conditions. It will
be understood that this approach may comprise a standard camera operation
procedure e.g. whereby a button is pressed, the camera estimates optima focal length
and executes image caption. Generally, auto-focus of a user device may be achieved
using processes such as Contrast Detection, Laser Autofocus, or Phase Detection.

The focal length of an imaging module, e.g. the distance from the user device at
which objects (such as particles) appear in focus, may generally be determined, for
example, using known commands on a user device. As an example, the
getFocusDistances(float[] output) call available on some Android user devices may be
used, which gets the distances from the camera to where an object appears to be in
focus.

Figure 2a shows a schematic illustrating how an example user device may be
used to calculate wind speed according to some embodiments herein and illustrates
some of the principles described above. Figure 2a shows a user device 100 comprising
an imaging module 108 and an illumination source 106. In use, the imaging
module 108 captures image data within a field of view indicated by the arrow 202. The
imaging module has a focal length 203 and a corresponding focal plane 204. The focal
plane is defined as the plane in which an imaged particle (or any object) may be
recorded by the imaging module in focus (e.g. a plane defined by the fact that all points
in the plane lie at a distance from the imaging module corresponding to the focal
length). When the illumination module 106 illuminates the field of view 202, the imaging
module 108 records image data of a particle 206 passing through the focal plane 204
(defined by the focal length 203) in a direction 208. The skilled person will appreciate
that many airborne particles may pass through the field of view 202 of the imaging
module 108, however only those particle(s) 206 passing through the focal plane 204
will be in focus and therefore visible in the image data recorded by the imaging
module 108. As such, it may be assumed that an illuminated particle captured by the
imaging module resides in the focal plane of the image data.

A processor (not illustrated in Figure 2a) in the user device 100 may process the
recorded image data and determine a change of position of the particle in the image
data. The skilled person will be familiar with image processing tools that may be used

to determine the location of a particle in an image. For example, open source libraries
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such as the Open Source Computer Vision Library (OpenCV) software development
kit, suitable for use in Android, comprise commands such as SimpleBlobDetector()
which may be used to detect ‘blobs’ or groups of connected pixels such as the particles
herein.

The skilled person will be further familiar with methods to convert a distance
travelled by a particle in an image into a physical distance travelled by the particle. For
example, camera control software may be used to determine how many pixels a
particle trace consists of. Combined with the focal length, the physical length of the
particle trajectory, (e.g. the actual distance travelled) may be determined. (Note: the
actual distance travelled may be determined in a similar manner to the methodology
used by known applications that implement automatic size measurement by measuring
the number of pixels given a certain focal length, and given camera’s lens system,
calculate object’s physical size. An example of such an application is, for example, the
“Smart Measure" app by Smart Tools®).

The skilled person will be familiar with trigonometric principles that may be used
to determine a distance travelled from a change in position in an image and a focal
length. As an example, the distance travelled by the particle may be computed from the
focal length 203 and angle 8, as illustrated in Figure 2a.

Timing information, such as the duration of illumination of the particle 206 by the
illumination source 106 or the duration of the recording made by the imaging
module 108 (e.g. such as the length of a video recording or a shutter speed used by
the imaging module) may be used in conjunction with the determined distance travelled
by the particle to determine the speed of the particle. In this way, the speed of an
airborne particle may be used to determine wind speed.

Turning back to Figure 1, in some embodiments, the user device may further
(e.g. alternatively or additionally) comprise a module for determining the inclination of
the user device 100, such as an accelerometer and/or gyroscope. The inclination may
be determined relative to any defined surface or plane, for example, relative to a
horizontal plane (e.g. the ground), a vertical plane, relative to the forward pointing
direction or focal plane of the imaging module 108.

The instructions when executed by the processor may additionally or alternatively
further cause the user device 100 to determine an angle of inclination of the user
device and determine a wind velocity based on the determined wind speed and the
determined angle of inclination of the user device. In this way, directional information is
obtained and this allows a velocity to be determined (e.g. a vector quantity describing

both the speed and direction of the airborne particle).
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In some embodiments, additionally or alternatively to the options above, the user
device 100 may comprise a compass module. The compass module may be configured
to determine the orientation of the user device (e.g. which direction the user device,
and thus the imaging module of the user device, is facing relative to the geographic
directions, north, south, east or west). The compass module 110 may determine the
orientation of the user device 100 using any appropriate method, for example, the
compass module may comprise a magnetic compass. Alternatively or additionally, the
compass module may comprise a global positioning system (GPS) and/or an
accelerometer and the compass module may be operative to determine the orientation
of the user device 110 based on a combination of acquired GPS data and
accelerometer data.

The user device 100 may therefore be operative to determine, using such a
compass module 110, an orientation of the user device, and determine a wind velocity
based on the determined wind speed and the determined orientation of the user
device.

This is illustrated in Figure 2b which illustrates the same user device 100 as
shown in Figure 2a, further comprising a compass module 110. The compass
module 110 determines the orientation of the user device 100 (e.g. the direction in
which the user device 100 is facing relative to due north) and thus is able to determine
a velocity (or velocity component) of the particle.

The skilled person will appreciate that the details described above are merely
examples and that other factors may be used in addition or alternatively to those listed
above, for example, the instructions when executed by the processor may additionally
or alternatively further cause the user device 100 to determine wind speed based on a
magnification setting of the imaging module used to record the image data.

Generally, the speed of movement of the particle (and thus the wind speed),
determined as described above, will reflect the “true” speed of the particle if the particle
is moving in direction perpendicular to the imaging direction of the imaging module 108
(e.g. if the particle is moving through the focal plane 204 in Figure 2a). In the case that
the particle is moving at an angle to the focal plane 204, then the determined speed of
movement of the particle may comprise a projection of the “true” speed onto the focal
plane 204 (e.g. the measured speed may reflect the component of the speed in the
focal plane 204). In order to determine the “true” speed, ideally, the user device may
need to be oriented such that the recorded particles move within the focal plane of the

imaging module.
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Therefore, in some embodiments, alternatively or additionally to the options
described above, the instructions when executed by the processor may further cause
the user device 100 to record a first portion of image data of a first particle and record a
second portion of image data of a second particle. The instructions when executed by
the processor may then cause the user device 100 to determine a speed of movement
of the first particle and a speed of movement of the second particle, and determine the
wind speed based on the determined speeds of movement of the first and second
particles.

For example, the first portion of image data may be recorded in a first direction
and the second portion of image data may be recorded in a second direction (e.g. the
imaging module/user device may be pointing in a first direction when the first portion of
image data is recorded and a second direction when the second portion of image data
is recorded. For example, a user may have rotated the user device 100 between the
recordings of the first portion of image data and the second portion of image data). In
this way, (for example, in conjunction with orientation information as described above
with respect to the compass module) a velocity field may be mapped, describing the
wind speed (e.g. the projection of the true wind speed onto the focal plane of the
imaging module) in multiple directions.

This is illustrated in Figure 3 which shows a top view of a user device facing in
two different orientations, illustrated by the boxes 100a and 100b respectively, in a
wind field indicated by the arrows 302. In this embodiment, a first portion of image data
comprising a first particle is recorded whilst the user device 100 is pointing towards the
direction “a”, as illustrated by device 100a, and a second portion of image data
comprising a second particle is recorded whilst the user device 100 is pointing towards
the direction “b”, as illustrated by device 100b. The device may be rotated (e.g. by a
user) through the illustrated positions 100a and 100b. The measured speeds in the
directions “a” and “b” may thus be combined to determine a more accurate wind speed.

The skilled person will appreciate that more than two portions of image data may
be recorded, for example, the user device may record third or subsequent portions of
image data (for example in the directions ¢ and d shown in Figure 3) and determine the
wind speed (or a wind vector field) based on the determined speeds of movement of
particles in the first, second, third and subsequent portions of image data.

In some embodiments, the largest determined wind speed may be assumed to
be representative of the actual wind speed e.g. it may be assumed that the largest

determined wind speed was measured in a direction whereby the focal plane of the
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imaging module coincides with (e.g. is parallel or approximately parallel with) the
direction of the wind.

In examples where the user device is turned through a full turn (360 degrees)
and where a plurality of image data is recorded, each piece of image data comprising a
different particle, the particle direction can be deducted uniquely. In combination with a
compass module on the user device (or similar input from external device or server), a
full wind vector comprising the wind speed and direction (e.g. with respect to North-
East-South-West) may be determined.

In some embodiments, alternatively or additionally, the first and or second
portions of image data may be portions of data recorded in the same direction (e.g.
orientation. Determined speeds of movement of the first and second particles may then
be combined to improve the accuracy of the determination of the wind speed. For
example, generally, the determined speeds of movement of the first and second
particles may be averaged to determine a more accurate measure of the wind speed.
In some examples, such an average may be improved, for example, by removing
outlying speed determinations before determining an average speed.

For example, the average particle wind speed/direction vector fields of different
particles in each portion of image data may be calculated (e.g. the processor 102 may
calculate the average speed of a plurality of particles in the same image).

As another example, an average particle wind speed/direction vector field over a
plurality of portions of image data using the same focal length may be determined (e.g.
the processor 102 may calculate the average speed of a plurality of particles in
different images).

As another example, an average particle wind speed/direction vector field may be
determined over a plurality of portions of image data recorded at different focal lengths
(e.g. the processor 102 may calculate the average speed of a plurality of particles
recorded in different images, each image being recorded at a different focal length).

Turning now to other embodiments, in some embodiments the instructions when
executed by the processor may additionally or alternatively further cause the user
device 100 to determine a speed of movement of the user device and determine a wind
speed based on the calculated speed of movement of the particle and the determined
speed of movement of the user device. For example, if the user device 100 is moving,
then the wind speed (or velocity) may be determined by subtracting the speed (or
velocity) of the user device from the determined speed of movement (or determined

velocity) of the airborne particle.
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This may be useful, for example, in embodiments where the user device 100
comprises a UAV or comprises part of a moving vehicle (such as a console of a vehicle
such as a car or lorry). Such user devices may comprise a plurality of imaging
modules 108, pointing in different directions. As such, first, second and subsequent
portions of image data (as described above) may be recorded simultaneously, each
portion being recorded by a different one of the plurality of imaging modules. In this
way, the wind speed/wind velocity vector may be determined as described above,
without the need for rotation of the user device.

As will be familiar to the skilled person, moving objects such as moving vehicles
may distort surrounding air as they pass though. Therefore, in some embodiments, the
instructions when executed by the processor may additionally or alternatively further
cause the user device 100 to set a focal length of the imaging module based on the
determined speed of movement of the user device.

For example, the user device may set a deeper focal length when the user device
is travelling at a first speed and a shallower focal length when the user device is
travelling at second speed, the first speed being faster than the second speed. In other
words, the focal length of the imaging module of the user device 100 may be set so as
to record more distant particles when the user device is moving at higher speeds and
closer particles when the user device is moving at lower speeds. The focal length may
thus be tuned to image the closest (and thus most clearly resolvable) particles, whilst
ensuring that particles in near-body regions are avoided.

As another example, more generally the focal length may be characterised as a
function of the speed of the user device 100 (e.g. focal length = f(speed of user
device). The focal length may be set, for example, according to the speed of the user

device 100 according to a relationship such as:

i. (User device speed < thr_stationary)
- Apply focal length sequence LOW

ii. (User device speed > thr_stationary) OR (Vehicle speed >
thr_intermediate_speed)
- Apply focal length sequence INTERM

iii. (User device > thr_high_speed)
- Apply focal length sequence HIGH

wherein thr_stationary, thr_intermediate_speed and thr_high_speed comprise
threshold speeds indicating when the device is stationary, travelling at medium speed

or high speed respectively. “focal length sequence LOW” may comprise, for example,
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recording image data sequence of different relatively shallow (e.g. nearfield) focal
lengths. “focal length sequence INTERM” may comprise, for example, recording more
image data (e.g. of more particles) compared to when the device is stationary.
Determined speeds of such particles may be averaged to improve the accuracy of the
determined wind speed, as described above. Furthermore, a deeper (e.g. medium-
field) focal length may be used, compared to the focal length of the LOW sequence.
“focal length sequence HIGH” may comprise recording the greatest amount of image
data at the deepest (e.qg. far-field) focal lengths, compared to the INTERM or LOW
sequences. Speeds of movement determined for different particles in different portions
of image data recorded according to the HIGH focal length sequence may further be
averaged, combined or aggregated (according to the details provided above) to
improve the accuracy of the determinations.

In this way, image data comprising near-body regions (e.g. where a user device’s
motion induces higher air-flow velocity) may be avoided, whilst ensuring that the
closest possible particles to the user device are used to determine the wind speed. In
this way it may be ensured that the determined wind speed reflects the true speed of
the wind, rather than effects caused by the passage of the user device through the
flow.

In embodiments, as described above, where the user device is moving, for
example, because the user device comprises a UAV or other vehicle, the determined
wind speed may be taken into account in on-board route planning (for example, by a
sat-nav system). In some embodiments therefore, the instructions when executed by
the processor may additionally or alternatively further cause the user device 100 to
amend a route plan for the vehicle based on the determined wind speed and the
determined speed of movement of the vehicle. For example, based on the determined
wind speed and/or direction, the user device 100 may alter course or change speed.

In embodiments where the user device 100 comprises a UAV, the UAV may be
operative to adapt a flight control loop (e.g. to minimize flight drifting) according to the
determined wind speed. Such as UAV may further be additionally or alternatively
operative to use the determined wind speed/direction relative to the UAV’s velocity
vector (e.g. speed over ground) to continuously optimize route planning. For example,
the UAV may change direction or speed to reduce flight power consumption (e.g.
battery usage) over an intended flight route in view of the current wind situation.

Turning now to other embodiments, in some embodiments, the instructions when
executed by the processor may additionally or alternatively cause the user device 100

to transmit (e.g. report) the determined wind speed (or velocity) to an external server or
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crowd-sourcing service. The user device may transmit wind speed (or velocity) data to
the server or crowd-sourcing service each time the wind speed is measured (e.g.
transmitted in real-time), or, for example periodically. The instructions when executed
by the processor may additionally or alternatively cause the user device 100 to
determine the wind speed periodically, on request by a user of the user device, or on
request by the server or crowd-sourcing service (e.g. the user device may receive an
instruction from the server or crowd-sourcing device instructing the user device to
determine the wind speed).

Such an external server or crown sourcing service may be used to build up real
time weather maps based on local user data. It may further enable local wind statistics
to be determined. Such measurements may further be aggregated, for example, wind
speed measurements made by two or more nearby devices may be used to build up a
wind speed map in that particular region. In some examples, image data recorded by
different user devices in different directions may be merged (e.g. into a full 360 degree
image sweep), thus enabling improved wind direction estimates to be made.

In some embodiments, information relating to the determined wind speed and/or
direction may further be stored in the metadata of images for further use and
applications. For example, in addition to geo position and time of capture which are
routinely stored in image metadata, wind speed and direction may also be stored.

In some embodiments, the instructions when executed by the processor may
additionally or alternatively cause the user device 100 to determine the number and/or
physical properties (e.g. such as size, shape and color/reflectance) of particles in a
field of view of the imaging module 108. Where the particles comprise e.g. snow, ice or
water droplets, such information may be used, for example, to estimate the amount of
precipitation.

Turning now to Figure 4 there is a method 400 of determining wind speed using a
user device such as the user device 100 described above. In a first block 402, the
method 400 comprises illuminating an airborne particle using an illumination source of
the user device. In a second block 404, the method comprises recording, using an
imaging module of the user device, image data of the particle whilst the particle is
illuminated by the illumination source. In a third block 406, the method 400 comprises
determining a wind speed by calculating a speed of movement of the particle based on
a change of position of the particle in the image data and timing information related to
the capture of the image data.

In some embodiments, the method 400 may be performed by a user device such

as the user device 100. In some embodiments, the method 400 may be performed by a
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server such as an external server associated with a crowd-sourcing service. For
example, an external server may instruct a user device or user devices to perform the
method 400.

In some embodiments, the timing information may comprise one or more of: i) a
shutter speed of the imaging module ii) a duration of time during which the particle is
recorded by the imaging module, and iii) a duration of time during which the particle is
illuminated by the illumination source. Details relating to the form and use of the timing
information was described in detail above with respect to use device 100 and the
details therein will be understood to apply equally to the method 400.

In some embodiments, determining 404 a wind speed further comprises
determining a wind speed based on a focal length of the image data. Details relating to
the form and use of the focal length of the image data was described above with
respect to device 100 and the details therein will be understood to apply equally to
block 404.

In some embodiments, the method 400 may further comprise determining an
angle of inclination of the user device, and determining a wind velocity based on the
determined wind speed and the determined angle of inclination of the user device.

In some embodiments, the method 400 may further comprise determining an
orientation of the user device, and determining a wind velocity based on the
determined wind speed and the determined orientation of the user device.

Details relating to determining an angle of inclination or orientation of the user
device and determining a wind velocity based on the determined wind speed and
inclination/orientation were described above with respect to the device 100 and the
details therein will be understood to apply equally to method 400.

In some embodiments, the method 100 further comprises recording a first portion
of image data of a first particle when the user device is pointing in a first direction,
recording a second portion of image data of a second particle when the user device is
pointing in a second direction, determining a speed of movement of the first particle
and a speed of movement of the second particle, and determining the wind speed
based on the determined speeds of movement of the first and second particles. For
example, the method 400 may comprise rotating the device between the first and
second directions. Determining a wind speed based on first and second portions of
image data comprising first and second particles was described above with respect to
user device 100 and the details therein will be understood to apply equally to the
method 400.
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In some embodiments, the method 400 further comprises determining a speed of
movement of the user device, and determining a wind speed based on the calculated
speed of movement of the particle and the determined speed of movement of the user
device. As described above with respect to the device 100, the method 400 may
comprise setting a focal length of the imaging module of the user device based on the
determined speed of movement of the user device. For example, setting a focal length
may comprise setting a deeper focal length when the user device is travelling at a first
speed and a shallower focal length when the user device is travelling at second speed,
the first speed being faster than the second speed.

In some embodiments, wherein the user device comprises a vehicle, the
method 400 may further comprise amending a route plan for the vehicle based on the
determined wind speed and the determined speed of movement of the vehicle.
Amending a route plan in this way was described above with respect to the user
device 100 and the details therein will be understood to apply equally to method 400.

In some embodiments, the method 400 may further comprise the user device
transmitting the determined wind speed to an external server or crowd-sourcing
service. Transmitting the wind speed to an external server or crowd-sourcing service in
this way was described above with respect to the user device 100 and the details
therein will be understood to apply equally to method 400.

In some embodiments, the method 400 may further comprise repeating the
blocks of illuminating an airborne particle, recording image data and determining a wind
speed, using one or more other user devices, and determining a wind speed based on
the wind speed determined using the user device and the wind speeds determined
using the one or more other user devices. For example, each of the other devices may
comprise a user device 100. For example, the user device and the other user devices
may be co-ordinated by an external server such as a server associated with crowd-
sourcing as described above. As described above, with respect to the user device 100,
the other user devices may record image data (comprising a particle) in different
orientations compared to the user device and wind speeds measured from the
recorded image data of the other devices may be aggregated to determine a more
accurate wind speed or to determine directional information that may be used to
determine a velocity or velocity field of the wind.

As such, in some embodiments, the method 400 may further comprise acquiring
location information relating to each of the one or more other devices, and determining

a velocity field describing wind speed and wind direction based on the acquired
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location information, the wind speed determined using the user device and the wind
speeds determined using the one or more other devices.

In some embodiments, there is a computer program comprising instructions
which, when executed on at least one processor, cause the at least one processor to
carry out the method 400. In some embodiments, there is a computer program product
comprising a computer-readable medium with the aforementioned computer program.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many
alternative embodiments without departing from the scope of the appended claims. The
word “comprising” does not exclude the presence of elements or steps other than those
listed in a claim, “a” or “an” does not exclude a plurality, and a single feature or other
unit may fulfil the functions of several units recited in the claims. Any reference

numerals or labels in the claims shall not be construed so as to limit their scope.
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Claims

1. A user device for determining wind speed, the user device comprising:

a processor (102);

a memory (104);

an illumination source (106); and

an imaging module (108) for capturing image data, whereby the memory contains
instructions executable by the processor to cause the user device to:

illuminate an airborne particle using the illumination source;

record, using the imaging module, image data of the particle whilst the particle is
illuminated by the illumination source; and

determine a wind speed by calculating a speed of movement of the particle
based on a change of position of the particle in the image data and timing information

related to the capture of the image data.

2. Avuser device as in claim 1, wherein the timing information comprises one or
more of:

a shutter speed or exposure time of the imaging module;

a duration of time during which the particle is recorded by the imaging module;
and

a duration of time during which the particle is illuminated by the illumination

source.

3. Auuserdevice as in claim 1 or 2, wherein the instructions when executed by the
processor further cause the user device to determine wind speed based on a focal

length of the imaging module used for recording the image data.

4.  Auser device as in any one of claims 1 to 3, further comprising an accelerometer
and/or gyroscope and wherein the instructions when executed by the processor further
cause the user device to:

determine an angle of inclination of the user device; and

determine a wind velocity based on the determined wind speed and the

determined angle of inclination of the user device.
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5. A user device as in any one of claims 1 to 4, further comprising a compass
module (110) and wherein the user device being caused to determine a wind speed
further comprises the user device being caused to:
determine, using the compass, an orientation of the user device; and
determine a wind velocity based on the determined wind speed and the

determined orientation of the user device.

6. A user device as in any one of claims 1 to 5, wherein the instructions when
executed by the processor cause the user device to:

record a first portion of image data of a first particle,

record a second portion of image data of a second particle;

determine a speed of movement of the first particle and a speed of movement of
the second particle; and

determine the wind speed based on the determined speeds of movement of the

first and second particles.

7. A user device as in any one of claims 1 to 6, wherein the instructions when
executed by the processor further cause the user device to:

determine a speed of movement of the user device; and

determine a wind speed based on the calculated speed of movement of the

particle and the determined speed of movement of the user device.

8. A user device as in claim 7, wherein the instructions when executed by the
processor further cause the user device to:
set a focal length of the imaging module based on the determined speed of

movement of the user device.

9. A user device as in claim 8, wherein the instructions when executed by the
processor further cause the user device to set a deeper focal length when the user
device is travelling at a first speed and a shallower focal length when the user device is

travelling at second speed, the first speed being faster than the second speed.

10. A user device as in any one of claims 7 to 9, wherein the user device comprises
a vehicle and the instructions when executed by the processor further cause the user

device to:
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amend a route plan for the vehicle based on the determined wind speed and the

determined speed of movement of the vehicle.

11. A user device as in any one of claims 1 to 10, wherein the instructions when
executed by the processor further cause the user device to:
transmit the determined wind speed to an external server or crowd-sourcing

service.

12. A method of determining wind speed using a user device, the method
comprising:

illuminating (402) an airborne particle using an illumination source of the user
device;

recording (404), using an imaging module of the user device, image data of the
particle whilst the particle is illuminated by the illumination source; and

determining (406) a wind speed by calculating a speed of movement of the
particle based on a change of position of the particle in the image data and timing

information related to the capture of the image data.

13. A method as in claim 12, wherein the timing information comprises one or more
of:

a shutter speed or exposure time of the imaging module;

a duration of time during which the particle is recorded by the imaging module;
and

a duration of time during which the particle is illuminated by the illumination

source.

14. A method as in claim 12 or 13, wherein determining 406 a wind speed further
comprises determining a wind speed based on a focal length of the imaging module

used for recording the image data.

15. A method as in any one of claims 12 to 14, further comprising:
determining an angle of inclination of the user device; and
determining a wind velocity based on the determined wind speed and the

determined angle of inclination of the user device.

16. A method as in any one of claims 12 to 15, further comprising
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determining an orientation of the user device; and
determining a wind velocity based on the determined wind speed and the

determined orientation of the user device.

17. A method as in any one of claims 12 to 16, further comprising:

recording a first portion of image data of a first particle when the user device is
pointing in a first direction,

recording a second portion of image data of a second particle when the user
device is pointing in a second direction;

determining a speed of movement of the first particle and a speed of movement
of the second particle; and

determining the wind speed based on the determined speeds of movement of the

first and second particles.

18. A method as in any one of claims 12 to 17, further comprising:
determining a speed of movement of the user device; and
determining a wind speed based on the calculated speed of movement of the

particle and the determined speed of movement of the user device.

19. A method as in claim 18, further comprising:
setting a focal length of the imaging module of the user device based on the

determined speed of movement of the user device.

20. A method as in claim 19, wherein setting a focal length comprises:
setting a deeper focal length when the user device is travelling at a first speed
and a shallower focal length when the user device is travelling at second speed, the

first speed being faster than the second speed.

21. A method as in any one of claims 18 to 20, wherein the user device comprises a
vehicle, the method further comprising:
amending a route plan for the vehicle based on the determined wind speed and

the determined speed of movement of the vehicle.

22. A method as in any one of claims 12 to 21, further comprising the user device
transmitting the determined wind speed to an external server or crowd-sourcing

service.
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23. A method as in any one of claims 12 to 22, further comprising:

repeating the steps of illuminating (402) an airborne particle, recording (404)
image data and determining (406) a wind speed, using one or more other user devices;
and

determining a wind speed based on the wind speed determined using the user

device and the wind speeds determined using the one or more other user devices.

24. A method as in claim 23, further comprising:

acquiring location information relating to each of the one or more other devices;
and

determining a velocity field describing wind speed and wind direction based on
the acquired location information, the wind speed determined using the user device

and the wind speeds determined using the one or more other devices.

25. A computer program comprising instructions which, when executed on at least
one processor, cause the at least one processor to carry out the method according to

any one of claims 12 to 24.

26. A computer program product comprising a computer-readable medium with the

computer program as claimed in claim 25.
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