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(57) Abstract: A first device (102, 202) for identifying a second device (112,
212) is disclosed. The first device (102, 202) comprises a camera (106, 206) for
capturing a stream of images comprising light emitted by a light source (114,
214) of the second device (112, 212), which light comprises an embedded code
(118, 218) representative of user information of a user operating the second de-
vice (112, 212), a display (104), an image analysis module arranged for retriev-
ing the embedded code (118, 218) from the plurality of images and for deter-
mining a first location of the light source (114, 214) in the stream of images rel-
ative to the field of view of the camera (106, 206), and a processor for decoding
the embedded code (118, 218), for retrieving the user information from the em-
bedded code (118, 218), for rendering a virtual indicator (120) having a second
location that corresponds to the first location on the display (104), wherein the
virtual indicator (120) is representative of the user information.
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A DEVICE FOR IDENTIFYING A SECOND DEVICE AND METHOD THEREOF

FIELD OF THE INVENTION

The invention relates to a first device for identifying a second device. The
invention further relates to a system for identifying a second device. The invention further
relates to a method of identifying a device. The invention further relates to a computer

program product for performing the method.

BACKGROUND

Smart devices are omnipresent in our daily lives. Users of these smart devices
tend to pay more attention to their smart devices than to other people, because the smart
devices enable users to communicate with friends, family and strangers via multiple social
connection services. Examples of such social connection services include social media
networks, online dating services, online messaging services, etc. Typically, users
communicate via the internet or via a local network, for example via a radio frequency (RF)
protocol such as Bluetooth, ZigBee or Wi-Fi, when they use these social connection services.

In systems that provide such services, a smart device may scan the RF network
or scan its vicinity for RF signals in order to determine which other devices are its vicinity,
and the smart device may send a message via the RF protocol and request a connection with
another device. This requires that a first smart device transmits (broadcasts) an identifier of
the first smart device, and that a user of a second smart device selects the user identifier in
order to establish the social connection. A problem with such an RF-based social connection
service is that the user operating the first smart device may not know which (physical) device
might receive the broadcasted user identifier. Another problem that occurs with such an RF-
based social connection service, is that it can be difficult for the user operating the second
smart device to associate the correct (physical) person with the user profile.

Document D1 WO 2016102336 A1 discloses a communication system
comprising wearable devices arranged for wireless communication in an operating
environment. A first head wearable device has a camera for capturing an environment image
and a first processor arranged for detecting a further head wearable device based on a

viewing direction of a wearer of the first head wearable device. The further head wearable



10

15

20

25

30

WO 2018/091349 PCT/EP2017/078754
2

device is identified at an operational distance based on a remotely detectable visual property
and a communication session is established between the first head wearable device and the
further head wearable device. The further head wearable device may be provided with a light
source that emanates coded light for identifying the head wearable device at a distance, or
with some other label, graphical symbol or visual code. Once a visual marker is detected
within an image coming from the outward camera of the wearable device, information about
or extracted from the marker is used to retrieve information about the detected head wearable

device from an carlier stored configuration information.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a smart device for identifying
another smart device, wherein it is clear to a user of the smart device who the user of the
other smart device is.

According to a first aspect of the present invention, the object is achieved by a
first device for identifying a second device, the first device comprising:

- a camera for capturing a stream of images comprising light emitted by a light
source of the second device, which light comprises an embedded code representative of user
information of a user operating the second device,

- a display,

- an image analysis module arranged for retrieving the embedded code from the
plurality of images and for determining a first location of the light source in the stream of
images relative to the field of view of the camera, and

- a processor for decoding the embedded code, for retrieving the user
information from the embedded code, for rendering a virtual indicator having a second
location that corresponds to the first location on the display, wherein the virtual indicator is
representative of the user information.

The user information (e.g. a user name or a user profile) is rendered at a
location on the display that corresponds to a location of the second device in the field of view
of the camera. Thus, if a second user device is detected in the upper left corner in the stream
of images, the information will be rendered in the upper left corner of the display. This is
beneficial because it allows a user operating the first device to directly see information about
the user operating the second device. This is also beneficial if there are multiple second
devices present in the stream of images, because it enables a user to see which user

corresponds to which second device.
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In embodiments of the first device, the embedded code further comprises a
connection request message, and the first device further comprises a user input element for
receiving user input indicative of an acceptance of a connection request. The processor may
further be arranged for retrieving the connection request message from the embedded code
and for generating a connection response message if the user input indicative of the
acceptance of the connection request has been received. The first device may further
comprise a communication unit for communicating the connection response message to the
second device. Thus, the first device is able to establish a connection with the second device
based on a received coded light signal. This requires a user of the first device to point the
camera of the first device towards a light source of the second device, which light source is
arranged for emitting the light comprising the embedded code. In order to establish the
connection between the first device and the second device, the camera of the first device and
the light source of the second device need to share a line-of-sight. Based on the user
information representative of the user operating the second device, the user can determine
whether or not to accept the connection request with the second device (and therewith with
the user operating the second device). Upon receiving the user input indicative of the
acceptance of the connection request, the first device transmits a connection response
message to the second device in order to establish the connection.

In embodiments of the first device, the communication unit comprises a light
source arranged for emitting light, and a driver for driving the light source such that the
emitted light comprises a second embedded code comprising the connection response
message. The light source of the first device may be arranged for emitting light comprising
the second embedded code. Thus, it is required that the light source of the first device and a
light detector of the second device share a line-of-sight when the connection response
message is communicated to the second device. This is beneficial because it allows a user
operating the second device to see with which device, and therewith with whom, he or she
establishes a connection.

In embodiments of the first device, the camera is arranged for receiving
messages embedded in the light emitted by the second device after communicating the
connection response message to the second device, and the light source is arranged for
communicating messages embedded in the light to the second device after the connection
response message has been communicated to the second device. This enables the first device
to communicate with the second device via visible light communication (VLC), such as Li-

Fi, Coded Light, Free-space optical communication (FSO), Optical wireless communications
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(OWC), etc. Depending on which protocol is used, high data transfer speeds can be achieved,
which may be beneficial for purposes wherein, for example, audio or video messages are
streamed between the first device and the second device.

In embodiments of the first device, the communication unit is arranged for
receiving messages from and transmitting messages to the second device via a radio
frequency protocol after communicating the connection response message to the second
device. Once the connection between the first device and the second device has been
established, the first and second device may ‘freely’ communicate. An advantage of using the
radio frequency protocol (e.g. Bluetooth, Wi-Fi, ZigBee, etc.) for communication once the
connection has been established, is that no longer the line-of-sight between the devices is
required. The users of the devices already know with whom they have established the
connection, and therefore the switch to another communication protocol may occur without
any problems.

In embodiments of the first device, the communication unit comprises a radio
frequency transceiver, and the communication unit is arranged for communicating the
connection response via a radio frequency protocol, and arranged for receiving messages
from and transmitting messages to the second device via the radio frequency protocol after
communicating the connection response message to the second device. An advantage of
using the radio frequency protocol for communication once the connection has been
established, is that no longer the line-of-sight between the devices is required. The users of
the devices already know with whom they have established the connection, and therefore the
switch to another communication protocol may occur without any problems.

In embodiments of the first device, the user input element is arranged for
receiving user input indicative of a rejection of the connection request, and the connection
response message is indicative of the rejection if the user input indicative of the rejection of
the connection request has been received. In embodiments, it may be advantageous if the user
operating the first device may inform the user operating the second device that he or she does
not wish to establish a connection with him or her.

In embodiments of the first device, the processor is arranged for embedding
user information about a user operating the first device in the connection response message.
This embodiment is advantageous, because it enables a user operating the second device to
see who has accepted the connection request.

In embodiments of the first device, the processor is arranged for accessing a

key for decoding the embedded code. The key may, for example, be provided by a software
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application running on the first device. The second device may run the same software
application. This allows the first device to decode the embedded code only when the same
software applications are running on both the first and the second device.

In embodiments of the first device, the first device are smart glasses. The
display may be at least one of the glasses of the smart glasses. Alternatively, the display may
be a projector arranged for projecting the virtual indicator on the glasses or on the eye of the
user of the first device. A user wearing the smart glasses may see the second device (and also
the user operating the second device) physically through the glasses, whereupon the user
information of the user operating the second device may be rendered on the glasses, projected
on the glasses or on the user’s eye. As a result, the user information is rendered as a virtual
overlay on top of the physical world.

In embodiments of the first device, the processor is further arranged for
rendering at least a part of one or more images of the stream of images on the display. In this
embodiment a user can see the stream of images together with the virtual indicator, which
further enables the user to see which user corresponds to which second device.

In embodiments of the first device, the user information is representative of an
identifier of the device. This enables a first device to either identify the device, which may be
beneficial if the first device is arranged for establishing connections with a plurality of
devices.

In embodiments of the first device, the user information is representative of a
status of a user operating the device. This is beneficial, because it provides information about
the user of the device to a user operating a first device. This enables the user of the first
device to determine whether to accept or reject the connection request based on the status of
the user.

In embodiments of the first device, the user information is representative of a
user profile. This is beneficial, because it provides information about the user of the device to
a user operating a first device. This enables the user of the first device to determine whether
to accept or reject the connection request based on the user profile.

According to a second aspect of the present invention, the object is achieved
by a system for identifying a second device, the system comprising;:

- the first device according to the first device of any of the above-mentioned

first devices,
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- the second device comprising a light source arranged for emitting light, and a
driver for driving the light source such that the emitted light comprises an embedded code
representative of user information of a user operating the second device.

According to a third aspect of the present invention, the object is achieved by a
method of identifying a device, the method comprising:

- capturing a stream of images comprising light emitted by a light source of the
device, which light comprises an embedded code representative of user information of a user
operating the device,

- retrieving the embedded code from the plurality of images,

- determining a first location of the light source in the stream of images relative
to the field of view of the camera,

- decoding the embedded code,

- retrieving the user information from the embedded code, and

- rendering a virtual indicator having a second location that corresponds to the
first location on a display, wherein the virtual indicator is representative of the user
information.

It should be understood that the claimed methods may have similar and/or
identical embodiments and advantages as the claimed first device, and that the claimed first
device may have similar and/or identical embodiments and advantages as the claimed
method.

According to a fourth aspect of the present invention, the object is achieved by
a computer program product comprising computer program code to perform the method of
claim 14 when the computer program product is run on a processing unit of the computing
device. It should be understood that the claimed computer program product may have similar
and/or identical embodiments and advantages as the claimed method and the claimed first

device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, as well as additional objects, features and advantages of the
disclosed devices, systems and methods, will be better understood through the following
illustrative and non-limiting detailed description of embodiments of devices and methods,
with reference to the appended drawings, in which:

Fig. 1 shows schematically an embodiment of a system according to the

invention for identifying a device;
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Figs. 2 shows schematically an embodiment of a system according to the
invention for identifying a device;

Fig. 3 shows schematically an embodiment of a system according to the
invention for establishing a connection between a first device and a second device, wherein
user information of a plurality of second user devices is presented on a display;

Fig. 4 shows schematically an embodiment of a wearable device according to
the invention for establishing a connection with a second device;

Fig. 5a shows schematically a top view of a wearable device according to the
invention for determining a location of a second device relative to a user;

Fig. 5b shows schematically an enlarged view of the wearable device of Fig.
5a; and

Fig. 6 shows schematically steps of a method according to the invention of
establishing a connection with a device.

All the figures are schematic, not necessarily to scale, and generally only show
parts which are necessary in order to elucidate the invention, wherein other parts may be

omitted or merely suggested.

DETAILED DESCRIPTION OF EMBODIMENTS

Figs. 1 and 2 show schematically an embodiment of systems 100, 200
according to the invention for identifying a second device 112, 212 by a first device 102, 202.
The first device 102, 202 comprises a camera 106, 206 (which in the example in Fig. 1 is
located at the backside of the first device 102, 202) for capturing a stream of images
comprising light emitted by a light source 114, 214 of the second device 112, 212, which
light comprises an embedded code 118, 218 representative of user information of a user
operating the second device 112, 212. The first device 102, 202 further comprises a display
104. The first device further comprises image analysis module for retrieving the embedded
code from the plurality of images and for determining a first location of the light source in
the stream of images relative to the field of view of the camera 108. The first device 102, 202
further comprises a processor 204 for decoding the embedded code, for retrieving the user
information from the embedded code, for rendering a virtual indicator 120 having a second
location that corresponds to the first location on the display 104, wherein the virtual indicator
120 is representative of the user information.

The embedded code 118, 218, emitted by the second device 112, 212, may

further comprises a connection request message. The first device 102, 202 may further
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comprise a user input element for receiving user input indicative of an acceptance of a
connection request. The processor may be further arranged for retrieving the connection
request message from the embedded code 118, 218 and for generating a connection response
message 230 if the user input indicative of the acceptance of the connection request has been
received. The first device 102, 202 may further comprise a communication unit 208 for
communicating the connection response message 230 to the second device 112, 212. Upon
receiving, by the second device 112, 212, the connection response message 230, the
connection may have been established and the first device 102, 202 and the second device
112, 212 may ‘freely’ communicate. This may enable, for example, video conferencing,
texting, sharing content such as audio, photos and videos, playing games, accessing social
media profiles, etc. between the first device 102, 202 and the second device 112, 212.

The first device 102, 202 may be any type of smart device comprising a
camera for detecting light comprising an embedded code 118, 218. Examples of first devices
102, 202 include but are not limited to portable smart devices, such as smartphones, laptops
and tablet pcs, and wearable smart devices such as smart watches and smart goggles.

The camera 106, 206 of the first device 102, 202 may be any type of camera
arranged for detecting light and the code 118, 218 embedded in the light. The camera may,
for example, be a rolling shutter camera or a global shutter camera. The embedded code 118,
218 emitted by the second device 112, 212 may be created by controlling a time-varying,
modulated current to one or more light sources 114, 214 of the second device 112, 212 to
produce variations in the light output that are detectable by the camera 106, 206 comprised in
the first device 102, 202.

The second device 112, 212 comprises one or more light source 114, 214
arranged for emitting light, and a driver (not shown) for driving the one or more light sources
114, 214 such that the emitted light comprises the embedded code 118, 218 representative of
information about the user operating the second device. The driver is arranged for driving the
one or more light sources 114, 214, such as an LED light source, to embed the code 118, 218
in the light. The embedded code may further comprise the connection request message. The
embedded code 118, 218 may be created by any known principle of embedding a code in
light, for example by controlling a time-varying, modulated current to the one or more light
sources to produce variations in the light output, by modulating the amplitude and/or the
duty-cycle of the light pulses, etc. The one or more light sources 114, 214 may, for example,
be the flash light source of a camera comprised in a smart phone. Using the flash light source

to emit light comprising the embedded code 118, 218 is beneficial because most smart
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devices are already equipped with a flash light source. Alternatively, the one or more light
sources 114, 214 may, for example, be indicator light sources. Such indicator light sources
may be arranged for providing an indicator of the status of the second device 112, 212.
Alternatively, the one or more light sources 114, 214 may be arranged as a display arranged
for displaying content to a user. The light sources of the display may be controlled
collectively or individually so as to emit light comprising the embedded code 118, 218.
Alternatively, the one or more light sources 118, 218 may be arranged as a display backlight.
The light sources of the backlight may be controlled collectively or individually so as to emit
light comprising the embedded code 118, 218. It should be noted that the above-mentioned
types of light sources 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.

In embodiments, the light source may be comprised in a peripheral device
(such as a bracelet, a watch, a necklace, a wearable lighting device, etc.), which may be
connected to a smart device. Thus, the smart device and the peripheral device together form
the second device.

The (one or more) light source(s) 114, 214 of the second device 112, 212 may
be arranged for emitting invisible light (such as infrared or ultraviolet). An advantage of
invisible light is that the light emission is unobtrusive. This may be beneficial when the
second device 112, 212 is a pair of smart glasses, because it would enable a user of the
second device 112, 212 to unobtrusively emit the connection request comprising the user
information, which connection request comprising the user information may be picked up by
any first device 102, 202 (e.g. another pair of smart glasses). The processor 204 of the first
device 102, 202 will render the virtual indicator 120 of the second device 112, 212 on the
display 104, which virtual indicator 120 has a location on the display that corresponds to the
actual location of the second device 112, 212.

Additionally or alternatively, the (one or more) light source(s) 114, 214 of the
second device 112, 212 may be arranged for emitting visible light. In embodiments, the
second device 112, 212 may comprise a first light source for emitting invisible light
comprising the code and a second light source for emitting visible light. An advantage of
visible light is that a user operating the first device 102, 202 may be able to see that the user
operating the second device 112, 212 is looking for a connection. The visible light may have
a specific color or dynamic pattern (e.g. a blinking sequence) indicative of a connection

request, a user status, a device status, etc. The (one or more) light source(s) 114, 214 of the
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second device 112, 212 may be further arranged for emitting visible light having a color. The
color of the light may be selected based on the status of the user. This is beneficial, because it
enables a user operating the first device 102, 202 to see the status of the user operating the
second device 112, 212, simply by looking at the (one or more) light source(s) 114, 214. The
color of the light may for example be red when the user is not available and green when the
user is available. Additionally or alternatively, the colour may be indicative of the mood of
the user. Additionally or alternatively, the (one or more) light source(s) of the second device
112, 212 may be controlled dynamically over time to indicate the status of the user. The
intensity of the light may for example change based on a physiological parameter (e.g. the
heart beat) of the user.

The image analysis module of the first device 102, 202 may be comprised in
for example a microcontroller, or the image analysis module may be a software program
which may be executed by the processor 204. The image analysis module is arranged for
retrieving the embedded code from the plurality of images and for determining a first location
of the light source 114, 214 in the stream of images relative to the field of view of the
camera. Any known image analysis technique for retrieving a code from a stream of images
may be used. Also, any known image analysis technique may be used for determining a
location (e.g. X-Y coordinates in the image) of a light sources. Upon determining the location
of the light source 114, 214 in the stream of images, the processor 204 may render the virtual
indicator 120 (e.g. text, user profile information, a username, a user avatar, an image of the
user, etc.) at a location on the display 104 that corresponds to the location of the light source
114, 214 in the stream of images. In the example of Fig. 1, the processor 204 of the first
device 102 is arranged for rendering the stream of images on the display 104 and thereby
show the second device 112’ on the display 104. Based on the location of the light source 114
in the stream of images (top-left corner), the processor may render the virtual indicator 120 at
a location that corresponds to the location of the second device in the stream of images. The
location of the virtual indicator 120 may be in close proximity of the light source, for
example, next to the location of the light source, above/below the location of the light source.

The processor 204 of the first device 102, 202 may be further arranged for
retrieving the connection request message (and therewith the user information about the user
operating the second device) from the embedded code 118, 218. Upon detecting the
connection request message, the processor 204 may provide, via the display, an indication of

the connection request. This indication may, for example, be a simple display of the virtual
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indicator 120. A user may select the connection request by providing the user input indicative
of an acceptance of the connection request at the user input element.

The user input element may be any type of element arranged for receiving user
input. The user input element may for example comprise a touch-sensitive device such as a
touchpad, a touchscreen, one or more buttons and/or one or more sliders for receiving touch
input. Additionally or alternatively, the user input element may comprise a microphone
arranged for receiving voice commands from the user operating the first device, which voice
commands may be indicative of the acceptance (or rejection) of the connection request.
Examples of such voice commands may be spoken words like ‘accept connection with user
X’ or ‘reject connection with user X’. Additionally or alternatively, the user input element
may comprise a gesture/motion detection means, such as a gyroscope and/or an
accelerometer arranged for detecting gestures made with the first device, which gestures may
be indicative of the acceptance (or rejection) of the connection request. Examples of such
gestures are shaking the first device 102, 202 or changing the orientation of the first device
102, 202. The first device 102, 202 may, for example, be smart glasses, and the shaking of a
person’s head may be the gesture (e.g. vertical shaking for an acceptance and horizontal
shaking for a rejection). Additionally or alternatively, the user input element may comprise a
camera (e.g. a front facing camera on a smartphone) arranged for detecting user gestures
indicative of the acceptance (or rejection) of the connection request. Examples of such
gestures are hand movements, eye-blinking, head shaking, etc. Additionally or alternatively,
the user input element may comprise a means (e.g. a camera) for gaze detection and an
acceptance of the connection request may be based on a time period of gazing towards the
location of the second device 112, 212. It should be noted that the above-mentioned user
input elements are mere examples of user input elements and illustrate rather than limit the
invention, and that those skilled in the art will be able to design many alternative user input
elements without departing from the scope of the appended claims.

The communication unit 208 of the first device 102, 202 is arranged for
communicating the connection response message 230 to the second device 112, 212 in order
to accept (or reject) a connection request. The connection response message 230 may be
representative of an acceptance (or a rejection) of the connection request. The
communication unit 208 may be arranged for communicating directly or indirectly with the
second device 112, 212 (i.e. transmitting and receiving messages/data/packets to and from
the second device 112, 212). The communication unit 208 may be arranged for

communicating via a radio frequency (RF) protocol (e.g. Bluetooth, Wi-Fi, ZigBee, etc.), via
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visible light communication (VLC) (e.g. Li-Fi, Coded Light, etc.), etc. The connection
request message 218 and/or the connection response message 230 may comprise a key for
setting up the connection between the first device 102, 202 and the second device 112, 212.
The processor 204 of the first device may retrieve the key upon decoding the embedded code
118, 218, and use the key to gain access to a communication unit 216 of the second device
112, 212.

The second device 112, 212 may comprise a communication unit 216 for
receiving the connection response message 230 from the first device 102, 202. The
communication unit 216 may be further arranged for communicating messages/data/packets
232 to the first device 102, 202, whereupon the communication unit 208 of the first device
102, 202 may receive the messages/data/packets 232. The communication unit 216 of the
second device 112, 212 may be similar to the communication 208 unit of the first device 102,
202.

The communication unit 208 of the first device 102, 202 may comprise a light
source (not shown), such as an LED light source, and a driver for driving the light source.
The driver may drive the light source such that it emits visible light comprising a second
embedded code. The second embedded code may comprise the connection response message
230. As soon as the second device 112, 212 receives the connection response message 230
the connection has been established, whereupon the first and second devices may ‘freely’
communicate, which communication may occur according to any communication protocol,
for example via RF or via VLC.

The second device 112, 212 is arranged for generating the connection request
message. The connection request message may comprise information indicative of a request
for a connection. The second device 112, 212 may, for example, be arranged for running a
software application which enables the user to communicate with other users. The user
operating the second device 112, 212 may request a connection with a first device 102, 202
operated by another user, which first device 102, 202 may be running the same application.
The user operating the second device 112, 212 may position the second device 112, 212 such
that its light source 114, 214 is in line-of-sight of the camera 106, 206 of the first device 102,
202, or the user of the first device 102, 202 may position the first device 102, 202 such that
its camera 106, 206 is in line-of-sight of the light source 114, 214 of the second device 112,
212 enabling the first device 102, 202 to detect the connection request.

The embedded code 118, 218 is representative of information about a user

operating the second device 112, 212. The embedded code 118, 218 may comprise the user
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information (e.g. a user profile, user status, user name, user preferences, etc.). Alternatively,
the embedded code 118, 218 may comprise a link to the user information, which user
information may be stored on a remote server which, for example, may be accessible via the
internet.

The user information about the user operating the second device 112, 212 may
be further representative of an identifier of the second device 112, 212, which enables the
first device 102, 202 to identify the second device 112, 212 and to distinguish between
multiple second devices 112, 212. The identifier may, for example, further comprise
information about the type of second device 112, 212 (smartphone, laptop, smart goggles,
etc.) or about the status of the second device (on, off, stand-by, (un)locked, battery level,
etc.).

Additionally or alternatively, the user information about the user operating the
second device 112, 212 may be representative of a user profile. This enables the user
operating the first device 102. 202 to identify the user operating the second device 112, 212.
The user profile may comprise characteristics about the user of the second device 112, 212,
such as the user’s name, age, gender, interests, image(s) of the user, etc. The user operating
the second device 112, 212 may position the second device 112, 212 such that its light source
114, 214 is in line-of-sight of the camera 106, 206 of the first device 102, 202 or the user of
the first device 102, 202 may position the first device 102, 202 such that its camera 106, 206
is in line-of-sight of the light source 114, 214 of the second device 112, 212, enabling the
first device 102, 202 to receive the user profile. The user of the first device 102, 202 may
then determine whether to accept the connection request based on the information provided
by the user profile. Additionally or alternatively, the user profile may comprise a promotional
message, such as an advertisement (e.g. “I have concert tickets for sale” or “My taxi is
available”). The second device 112, 212 may, for example, be arranged for running a
software application related to a service (e.g. a ticket swap service, or a taxi service) related
to the promotional message. The user operating the second device 112, 212 may request a
connection with a first device 102, 202 operated by another user, which first device 102, 202
is running the same software application. The user operating the second device 112, 212 may
position the second device 112, 212 such that its light source 114, 214 is in line-of-sight of
the camera 106, 206 of the first device 102, 202 or the user of the first device 102, 202 may
position the first device 102, 202 such that its camera 106, 206 is in line-of-sight of the light
source 114, 214 of the second device 112, 212, enabling the first device 102, 202 to receive

the promotional message. A user of the first device 102, 202 may then accept the connection
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request if he or she is interested in the promotional offer. After the acceptance, the first 102,
202 and second device 112, 212 establish a connection, which enable the users to
communicate, for example to complete a transaction between the first and second device.

Additionally or alternatively, the user information about the user operating the
second device 112, 212 may be representative of a status of a user operating the second
device 112, 212. The status may, for example, be indicative of an availability status of the
user operating the second device 112, 212 (e.g. available, busy, do not disturb, etc.). This is
beneficial because it enables a user operating the first device 102, 202 to see the availability
status of the user operating the second device 112, 212 when the connection request message
218 has been received, and to determine whether or not to accept the connection request
based on the availability status. Additionally or alternatively, the status may be representative
of a state of a software application running on the second device 112, 212 (the status may be
representative of a game level of a game software application, a (type of) song played by a
music application, a video played by a video application, etc.). This is beneficial because it
enables a user operating the first device 102, 202 to see what the user operating the second
device 112, 212 is doing on the second device 112, 212 when the connection request message
has been received, and to determine whether or not to accept the connection request based on
what he or she is doing. Additionally or alternatively, the status may be representative of the
mood of the user operating the second device 112, 212 (e.g. happy, sad, excited, tired, etc.).
This is beneficial because it enables a user operating the first device 102, 202 to see the mood
of the user operating the second device 112, 212 when the connection request message has
been received, and to determine whether or not to accept the connection request based on the
mood. Additionally or alternatively, the status may be representative of a physiological
parameter of the user operating the second device 112, 212 (e.g. a heart rate, breathing rate,
skin conductivity, etc.). This is beneficial because it enables a user operating the first device
102, 202 to see the physical condition of the user operating the second device 112, 212 when
the connection request message has been received, and to determine whether or not to accept
the connection request based on the physical condition of the user operating the second
device 112, 212.

Additionally or alternatively, the user information may be information related
to a current activity of a user. The activity (for example typing a message, taking a picture,
walking, running, etc.) may be detected by the second device 112, 212. In an embodiment,
the user of the second device 112, 212 may be an actor on a theatre stage wearing a light

emitting device for emitting light comprising the embedded code representative of the user
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information. In this embodiment, the user information may, for example, be related to a script
of the actor, or the speech of the actor may be analyzed and the user information may relate
to the words spoken by the actor. The first device may receive (a link to) the spoken/scripted
words, whereupon the processor of the first device 102, 202 may render the spoken
words/scripted words on a display of the first device 102, 202, enabling a user
operating/wearing the first device 102, 202 to see the text phrases currently spoken by the
actor located nearby the respective actor. This may be beneficial for hearing-impaired people,
or for when a translation of the spoken/scripted words is required.

The connection request message may be transmitted by the second device 112,
212 continuously. This enables a user operating the first device 102, 202 to always receive
the connection request message from the second device 112, 212. Alternatively, the
connection request message may be transmitted by the second device 112, 212 every
predetermined time period. This may be beneficial because it may reduce the energy
consumption required for driving the light source 114, 214. Alternatively, the connection
request message may be transmitted by the second device 112, 212 upon receiving a user
input (e.g. a user input dedicated to triggering the transmission of the connection request
message, a user input unlocking the second device 112, 212, etc.). This is beneficial because
it enables a user operating the second device 112, 212 to determine when the connection
request will be transmitted. Alternatively, the connection request message may be transmitted
by the second device 112, 212 only when a (specific) software application is running on the
second device 112, 212, or only when an action occurs in the software application (e.g. when
a new song is played by a music application, when an availability status of the user in a social
media application is changed, when an image is captured by an image capture application,
etc.).

The processor 204 may be further arranged for determining whether to render
the visual indicator 120 representative of the user information or not based on the user
information. If, for example, a user profile of a user operating a second device 112, 212 does
not match with preferences of a user operating the first device 102, 202, the processor 204
may not render the visual indicator 120 received from that second device 112, 212.

Fig. 3 shows schematically an embodiment of a system 300 according to the
invention for establishing a connection between a first device 302 and one or more second
devices 312, 322, wherein user information of a plurality of second devices 312, 322 is
presented on a display 304 of the first device 302. A first light source 314 of a primary

second device 312 may emit light comprising a first code and a second light source 324 of a
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secondary second device 322 may emit light comprising a second code. A camera (not
shown) of the first device 302 may capture a stream of images of a first user 310, the primary
second device 312, a second user 320 and the secondary second device 322. The processor
(not shown) of the first device 302 may be arranged for rendering at least a part of one or
more images of the plurality of images on the display 304, such that the first 310’and second
320’ users and their respective second devices are visible for a user operating the first device
302. An image analysis module may determine the locations of the light sources 314’ and
324’ in the stream of images and retrieve the embedded codes from the light emitted by the
light sources 314, 324. The processor may be further arranged for decoding the embedded
code, for retrieving the user information (and, optionally, the connection request message)
from the embedded code and for rendering virtual indicators 316 and 326 having locations on
the display 304 that correspond to the locations of the light sources 314’ and 324°. The
processor may further render indicators of acceptance/rejection of a connection request. A
user may, for example, select the checkmark or the cross via the touch-sensitive display 304
to respectively accept or reject the connection request.

Fig. 4 shows schematically an embodiment of one glass of a pair of smart
glasses (i.e. the first device) 402 for establishing a connection with a second (wearable)
device 412. The smart glasses 402 comprise a camera 404 for capturing a stream of images
comprising light emitted by a light source 414 of the second wearable device 412, which light
comprises an embedded code 418 representative of user information of the user 410
operating/wearing the second device 412. The embedded code may further comprise a
connection request message. An image analysis module may retrieve the embedded code
from the plurality of images and determine a first location of the light source 414 in the
stream of images relative to the field of view of the camera 404. A processor (not shown)
may decode the embedded code and retrieve the user information from the embedded code
(and, optionally, the connection request message), whereupon the processor may render a
virtual indicator having a second location on a display that corresponds to the first location,
wherein the virtual indicator is representative of the user information. The user wearing the
smart glasses 402 may see the second wearable device 412 (and also the user 410 operating
the second wearable device 412) physically through the glasses and the user information 406
of the user 410 operating the second wearable device 412 may be rendered on the glasses,
may be projected on the glasses or projected directly onto the eye/retina of the wearer of the
glasses 402. As a result, the user information 406 is rendered as a virtual overlay on top of

the physical world. Optionally, the user wearing the glasses 402 may, for example, accept or
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reject the connection request by nodding/shaking his or her head, blinking according to a
predefined blinking pattern, providing a tap input at the glasses 402, providing auditory input,
etc., whereupon the processor may generate a connection response message and transmit this
to the second wearable device 412 in order to establish a connection between the first 402
and the second 412 device.

The second device 112, 212 may be any user device comprising a light source
for emitting light comprising an embedded code representative of user information. Examples
of second devices 112, 212 include but are not limited to portable smart devices, such as
smartphones, laptops and tablet pcs, wearable smart devices such as smart watches and smart
goggles, light emitting clothing or jewelry, etc.

In embodiments, the user operating the second device 112, 212 may be an
animal. The user information may be representative of information about the animal. The
animal may be equipped with a lighting device (i.e. the second device 112, 212) comprising
the light source 114, 214 arranged for emitting light comprising the embedded code
representative of the information about the animal. For instance, in a zoo visitors may be
shown information on their first devices 102, 202 related to animals equipped with such
lighting devices. Similarly, a cat can be equipped with a band with lighting device, enabling
other people to read out the home address of the cat. An advantage over other technologies
such as NFC or RFID is that this can be read out from a distance using a smartphone. In this
way, users do not need to catch or approach the cat in order to read out the information.

Fig. 5a shows schematically a top view of a wearable device 500 for
determining a location of a light source 520 relative to a user 510. Fig. 5b shows
schematically an enlarged view of one of the glasses 502” (which corresponds to reference
numeral 502) of the wearable device 500’ (which corresponds to reference numeral 500) of
Fig. 5a. The wearable device 500, 500’ comprises a camera 504, 504’ arranged for capturing
a stream of images of the light source 520 (comprised in a second device). An image analysis
module may be arranged for determining a first location of the light source 520 in the stream
of images relative to the field of view 508 of the camera 504. Based on the location of the
light source 520 a first angle 8 may be determined. In order to display/project information at
a correct second location on the display (glass 502, 502°), a field of view 518 of the user
relative to the field of view 508 of the camera needs to be determined. This relative field of
view can be determined by calculating the angles o and B. Angle o can be calculated if
distance ‘b’ between the centerline of the eye and an edge of the glass 502 is known, and if

distance ‘a’ between the glass 502 and the user’s pupil is known by calculating the inverse
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tangent of distance ‘b’ divided by distance ‘a’. Angle 3 can be calculated in a similar fashion.
Once the angle and the position of the ficld of view 518 of the glass and the angle and the
position of the field of view 508 of the camera 504 are known, the field of view 518 of the
user relative to the field of view 508 of the camera 504 can be calculated. This enables the
processor to calculate the second location 520’ by compensating for the difference between
the positions and angles of fields of view 508 and 518, and to position a virtual indicator at or
nearby the second location 520°. Figs. 5a and 5b illustrate the calculation of the second
location 520’ based on the first location in a horizontal plane, but it should be understood that
the second location 520’ can be calculated in a similar fashion in a vertical plane.

Fig. 6 shows schematically steps of a method 600 according to the invention
of identifying a device. The method comprises the steps of:

- capturing 602 a stream of images comprising light emitted by a light source of
the device, which light comprises an embedded code representative of user information of a
user operating the device,

- retrieving 604 the embedded code from the plurality of images,

- determining 606 a first location of the light source in the stream of images
relative to the field of view of the camera,

- decoding 608 the embedded code,

- retrieving 610 the user information from the embedded code, and

- rendering 612 a virtual indicator having a second location on the display that
corresponds to the first location, wherein the virtual indicator is representative of the user
information.

The method 600 may be executed by computer program code of a computer
program product when the computer program product is run on a processing unit of a
computing device, such as the processor 204 of the first device 202.

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.

In the claims, any reference signs placed between parentheses shall not be
construed as limiting the claim. Use of the verb "comprise” and its conjugations does not
exclude the presence of elements or steps other than those stated in a claim. The article "a" or
"an" preceding an element does not exclude the presence of a plurality of such elements. The
invention may be implemented by means of hardware comprising several distinct elements,

and by means of a suitably programmed computer or processing unit. In the device claim
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enumerating several means, several of these means may be embodied by one and the same
item of hardware. The mere fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of these measures cannot be used to
advantage.

Aspects of the invention may be implemented in a computer program product,
which may be a collection of computer program instructions stored on a computer readable
storage device which may be executed by a computer. The instructions of the present
invention may be in any interpretable or executable code mechanism, including but not
limited to scripts, interpretable programs, dynamic link libraries (DLLs) or Java classes. The
instructions can be provided as complete executable programs, partial executable programs,
as modifications to existing programs (e.g. updates) or extensions for existing programs (e.g.
plugins). Moreover, parts of the processing of the present invention may be distributed over
multiple computers or processors.

Storage media suitable for storing computer program instructions include all
forms of nonvolatile memory, including but not limited to EPROM, EEPROM and flash
memory devices, magnetic disks such as the internal and external hard disk drives, removable
disks and CD-ROM disks. The computer program product may be distributed on such a
storage medium, or may be offered for download through HTTP, FTP, email or through a

server connected to a network such as the Internet.
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CLAIMS:

1. A first device (102, 202) for identifying a user operating a second device (112,
212), the first device (102, 202) comprising;:

- a camera (106, 206) for capturing a stream of images comprising light emitted
by a light source (114, 214) of the second device (112, 212), which light comprises an
embedded code (118, 218) representative of user information of the user operating the second
device (112, 212), wherein the user information comprises at least an identifier of the user,

- a display (104),

- an image analysis module arranged for retrieving the embedded code (118,
218) from the plurality of images and for determining a first location of the light source (114,
214) in the stream of images relative to the field of view of the camera (106, 206), and

- a processor for decoding the embedded code (118, 218), for retrieving the user
information from the embedded code (118, 218), for rendering a virtual indicator (120)
having a second location that corresponds to the first location on the display (104), wherein

the virtual indicator (120) is representative of the user information of the user.

2. The first device of claim 1, wherein the embedded code (118, 218) further
comprises a connection request message, and wherein the first device (102, 202) further
comprises a user input element for receiving user input indicative of an acceptance of a
connection request, and

wherein the processor is further arranged for retrieving the connection request
message from the embedded code (118, 218) and for generating a connection response
message (230) if the user input indicative of the acceptance of the connection request has
been received, and

wherein the first device further comprises a communication unit for

communicating the connection response message (230) to the second device (112, 212).

3. The first device (102, 202) of claim 2, wherein the communication unit

comprises a light source (114, 214) arranged for emitting light, and a driver for driving the



10

15

20

25

30

WO 2018/091349 PCT/EP2017/078754
21

light source (114, 214) such that the emitted light comprises a second embedded code (118,

218) comprising the connection response message (230).

4. The first device (102, 202) of claim 3, wherein the camera (106, 206) is
arranged for receiving messages embedded in the light emitted by the second device (112,
212) after communicating the connection response message (230) to the second device (112,
212), and wherein the light source (114, 214) is arranged for communicating messages
embedded in the light to the second device (112, 212) after the connection response message

(230) has been communicated to the second device (112, 212).

5. The first device (102, 202) of claim 3, wherein the communication unit is
arranged for receiving messages from and transmitting messages to the second device (112,
212) via a radio frequency protocol after communicating the connection response message

(230) to the second device (112, 212).

6. The first device (102, 202) of claim 2, wherein the communication unit
comprises a radio frequency transceiver, and wherein the communication unit is arranged for
communicating the connection response via a radio frequency protocol, and wherein the
communication unit is arranged for receiving messages from and transmitting messages to
the second device (112, 212) via the radio frequency protocol after communicating the

connection response message (230) to the second device (112, 212).

7. The first device (102, 202) of any one of the claims 2 to 6, wherein the user
input element is arranged for receiving user input indicative of a rejection of the connection
request, and wherein the connection response message (230) is indicative of the rejection if

the user input indicative of the rejection of the connection request has been received.

8. The first device (102, 202) of any one of the claims 2 to 7, wherein the
processor is arranged for embedding user information about a user operating the first device

(102, 202) in the connection response message (230).

9. The first device (102, 202) of any one of the preceding claims, wherein the

processor is arranged for accessing a key for decoding the embedded code (118, 218).
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10. The first device (102, 202) of any one of the preceding claims, wherein the
first device (102, 202) are smart glasses.
11. The first device (102, 202) of any one of the preceding claims, wherein the

processor is further arranged for rendering at least a part of one or more images of the stream

of images on the display (104).

12. The first device (102, 202) of any one of the preceding claims, wherein the
user information further comprises at least one of:- a status of the user, and

- a user profile.

13. A system for identifying a second device, the system comprising:

- the first device (102, 202) according to the first device (102, 202) of any of the
claims 1 to 12,

- the second device (112, 212) comprising a light source (114, 214) arranged for
emitting light, and a driver for driving the light source (114, 214) such that the emitted light
comprises an embedded code (118, 218) representative of user information of a user

operating the second device.

14. A method (600) of identifying a user operating a device, the method
comprising:

- capturing (602) a stream of images comprising light emitted by a light source
of the device, which light comprises an embedded code representative of user information of
the user operating the device, wherein the user information comprises at least an identifier of
the user,

- retrieving (604) the embedded code from the plurality of images,

- determining (606) a first location of the light source in the stream of images
relative to the ficld of view of the camera,

- decoding (608) the embedded code,

- retrieving (610) the user information from the embedded code, and

- rendering (612) a virtual indicator having a second location that corresponds to
the first location on a display, wherein the virtual indicator is representative of the user

information of the user.
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15. A computer program product for a computing device, the computer program
product comprising computer program code to perform the method of claim 14 when the

computer program product is run on a processing unit of the computing device.
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