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Description

APPARATUS FOR TRANSMITTING AND RECEIVING

VISIBLE LIGHT COMMUNICATION DATA
Technical Field

The present invention generally relates to visible light communication, and more par-
ticularly, to an apparatus for transmitting and receiving data by a wavelength division

multiplexing method.

Background Art

Recently, concerns about optical wireless technology that is complementary with RF
technology have been increasing due to the exhaustion of RF (Radio Frequency)
bands, the possibility of crosstalk among several wireless communication technologies,
increasing requirements for communication security, introduction of an ultrahigh speed
ubiquitous communication environment of the 4G wireless technology, etc.

In particular, since visible light communication for transferring information using
visible light is safe, and has wide-use bands, visible light communication can be freely
used without any restrictions. Also, since the light destination or the direction of
travelling light can be seen, the reception range of information can be recognized ac-
curately. Visible light communication also has reliable security, and can be driven by
low power to reduce power consumption. In addition, visible light communication can
be applied to hospitals and airplanes in which the use of radio frequencies is limited,
and can provide additional information services using electric signboards. Ac-
cordingly, research into visible light wireless communication has been made in many
companies and research institutes.

Further, visible light communication enables data transmission by a wavelength
division multiplexing method using different visible light wavelength bands. Ac-
cordingly, it becomes possible to transmit different data, which correspond to different
wavelengths, using Light Emitting Diodes (LEDs) generating a plurality of colored
visible lights (e.g., red, green, and blue visible lights).

Disclosure of Invention

Technical Solution

Accordingly, the present invention has been made to solve the above-mentioned
problems occurring in the prior art, and the present invention provides a visible light
communication apparatus that can transmit a plurality of data through visible light
signals of a plurality of wavelength bands, and can simultaneously transmit data of
which long-distance transmission is required.

In accordance with an aspect of the present invention, there is provided an apparatus
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for transmitting visible light communication data, the apparatus including a common
modulation unit for generating a modulated signal for transmitting a first visible light
communication data; a plurality of individual modulation units for generating
modulated signals for transmitting a plurality of second visible light communication
data; and a plurality of light emitting units for receiving the modulated signals from the
plurality of individual modulation units, respectively, and outputting visible light
signals; wherein an output signal of the common modulation unit is the input as an

output control signal of the plurality of individual modulation units.
In accordance with another aspect of the present invention, there is provided an

apparatus for receiving visible light communication data, the apparatus including a
common demodulation unit receiving a signal formed by the combination of a plurality
of visible light wavelength band signals, and demodulating a first visible light commu-
nication data; a visible light separation unit separating the received signal into the
plurality of visible light wavelength band signals; and a plurality of individual de-
modulation units receiving the separated wavelength band signals, and demodulating a
second visible light communication data.

Preferably, the visible light separation unit includes at least filters for extracting red,
green, and blue lights; and the common demodulation unit demodulates a white light
signal generated by a combination of the red, green, and blue lights, and the plurality
of individual demodulation units demodulate red, green, and blue light wavelength
band signals.

More preferably, the common demodulation unit detects the signal formed by the
combination through envelope detection.

Advantageous Effects

According to the present invention, since the visible light signals of different
wavelengths are individually modulated at high speed, and the combination of all the
visible light signals is simultaneously modulated at low speed, the visible light in-
formation broadcast can be provided such that the common information is broadcast
over a long distance, and the individual information is broadcast over a short distance
at a high speed.

Also, by simultaneously transmitting data for long-distance and short-distance com-
munication, the data transmission efficiency can be heightened, and the limited com-
munication resources can be used efficiently.

Brief Description of Drawings

The above and other aspects, features and advantages of the present invention will be

more apparent from the following detailed description taken in conjunction with the

accompanying drawings, in which:
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FIG. 1 is a block diagram schematically illustrating the configuration of an apparatus
for transmitting visible light communication data according to a first embodiment of

the present invention;
FIG. 2 is a timing diagram corresponding to an apparatus for transmitting visible

light communication data according to the first embodiment of the present invention;

FIG. 3 is a block diagram schematically illustrating the configuration of an apparatus
for transmitting visible light communication data according to a second embodiment of
the present invention;

FIG. 4 is a timing diagram corresponding to an apparatus for transmitting visible
light communication data according to the second embodiment of the present
invention; and

FIG. 5 is a block diagram schematically illustrating the configuration of an apparatus
for receiving visible light communication data according to an embodiment of the

present invention.

Mode for the Invention

The following description, with reference to the accompanying drawings, is provided
to assist in a comprehensive understanding of certain embodiments of the present
invention. Accordingly, it includes various specific details to assist in that under-
standing. However, these specific details are to be regarded as merely exemplary.
Further, those of ordinary skill in the art will recognize that various changes and modi-
fications of the embodiments described herein can be made without departing from the
scope and spirit of the invention. In addition, descriptions of well-known functions and
constructions are omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
their dictionary meanings, but are used to enable a clear and consistent understanding
of the invention. It should be apparent to those skilled in the art that the following de-
scription of embodiments of the present invention are provided for illustration purpose
only and not for the purpose of limiting the present invention as will be defined by the
appended claims and their equivalents.

In performing visible light communication using visible light signals of different
wavelength bands (e.g., a red light signal, a green light signal, and a blue light signal),
the visible light signals of different wavelength bands are simultaneously modulated,
or the visible light signals of the respective wavelength are individually modulated. If
the visible light signals of different wavelength bands are simultaneously modulated,
the light output becomes relatively high to facilitate long-distance communication, but
a plurality of data cannot be modulated. By contrast, if the visible light signals of the

respective wavelength bands are individually modulated, simultaneous modulation of
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different kinds of information becomes possible to relatively increase the transmission
capacity, but the overall light output is relatively lowered, which increases the
difficulty of long-distance transmissions. In consideration of the above-described
problems, the present invention provides a visible light communication apparatus that
can transmit a plurality of data by modulating the visible light signal of the plurality of
wavelength bands, and while simultaneously transmitting data of which long-distance
transmission is required.

FIG. 1 is a block diagram schematically illustrating the configuration of an apparatus
for transmitting visible light communication data according to a first embodiment of
the present invention. Referring to FIG. 1, the apparatus for transmitting visible light
communication data according to the first embodiment of the present invention
includes a common modulation unit 10, a first modulation unit 21, a second
modulation unit 22, a third modulation unit 23, a red LED 31, a green LED 32, and a
blue LED 33.

The common modulation unit 10 may be a driver that receives first data and
modulates the first data into a signal for visible light communication.

The first modulation unit 21 receives second data and modulates the second data into
a signal for visible light communication. The signal modulated through the first
modulation unit 21 is input as a driving signal of the red LED 31. The first modulation
unit 21 may preferably include a first modulation driver 211 and a first buffer 212. The
first modulation driver 211 modulates the signal for visible light communication, and
the first buffer 212 temporarily stores the modulated signal and outputs the modulated
signal in a First In, First Out (FIFO) manner.

The second modulation unit 22 receives third data and modulates the third data into a
signal for visible light communication. The signal modulated through the second
modulation unit 22 is input as a driving signal of the green LED 32. The second
modulation unit 22 may preferably include a second modulation driver 221 and a
second buffer 222. The second modulation driver 221 modulates the signal for visible
light communication, and the second buffer 222 temporarily stores the modulated
signal and outputs the modulated signal in a FIFO manner.

The third modulation unit 23 receives fourth data and modulates the fourth data into
a signal for visible light communication. The signal modulated through the third
modulation unit 23 is input as a driving signal of the blue LED 33. The third
modulation unit 23 may preferably include a third modulation driver 231 and a third
buffer 232. The third modulation driver 231 modulates the signal for visible light com-
munication, and the third buffer 232 temporarily stores the modulated signal and
outputs the modulated signal in a FIFO manner.

The red LED 31, the green LED 32, and the blue LED 33 emit visible light corre-
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sponding to their respective colors. The red LED 31, the green LED 32, and the blue
LED 33 are also connected to the first modulation unit 21, the second modulation unit
22, and the third modulation unit 23, respectively, and are driven on the basis of the
signals from the first modulation unit 21, the second modulation unit 22, and the third
modulation unit 23, respectively.

The output of the common modulation unit 10 is input as a control signal for con-
trolling the first modulation unit 21, the second modulation unit 22, and the third
modulation unit 23. In particular, as the first modulation unit 21, the second
modulation unit 22, and the third modulation unit 23 are provided with the buffers 212,
222, and 232, respectively, the output of the common modulation unit 10 is used as a
control signal for controlling the outputs of the buffers 212, 222, and 232.

FIG. 2 is a timing diagram explaining an apparatus for transmitting visible light com-
munication data according to the first embodiment of the present invention. Referring
to FIG. 2, the first to fourth data signals exemplify the timings of the signals output
from the common modulation unit 10, the first modulation unit 21, the second
modulation unit 22, and the third modulation unit 23, respectively.

The signal output from the common modulation unit 10 is input as the control signal
for the outputs of the buffers 212, 222, and 232, and when the signal output from the
common modulation unit 10 becomes a high-level signal, the buffers 212, 222, and
232 output the temporarily stored data. The outputs of the buffers 212, 222, and 232
are input to the LEDs 31, 32, and 33 which emit the visible lights of different
wavelength bands corresponding to the color red, green, and blue, respectively. In the
state where the common modulation unit 10 outputs a high-level signal, the LEDs 31,
32, and 33 output the high-speed visible light signals. Accordingly, separate visible
light signals are further generated in accordance with the color combination of the
LEDs 31, 32, and 33. The visible light signals generated in accordance with the color
combination have relatively low speeds and high outputs in comparison to the visible
light signals output from the respective LEDs 31, 32, and 33.

According to the apparatus for transmitting visible light communication data
according to the first embodiment of the present invention, the data, of which the high-
speed transmission is required, are transmitted through the first modulation unit 21, the
second modulation unit 22, and the third modulation unit 23. The data, of which the
high output is required, are transmitted through the common modulation unit 10. For
example, in the case of outputting an advertisement of a specified company through a
large-scale display that supports the visible light communication, the data transmitted
through the common modulation unit 10 (e.g., the first data) may be a list of adver-
tisement moving images, a list of advertisement music, and the like. Also, the data

transmitted through the first modulation unit 25, the second modulation unit 22, and
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the third modulation unit 23 (e.g. the second data, the third data, and the fourth data)
may be data for playing back the advertisement moving images, the advertisement
music, and the like, of which the high-speed transmission is required.

FIG. 3 is a block diagram schematically illustrating a configuration of an apparatus
for transmitting visible light communication data according to a second embodiment of
the present invention.

Referring to FIG. 3, the apparatus for transmitting visible light communication data
according to the second embodiment of the present invention includes a common
modulation unit 15, a first modulation unit 25, a second modulation unit 26, a third
modulation unit 27, a red LED 31, a green LED 32, and a blue LED 33.

The apparatus for transmitting visible light communication data according to the
second embodiment of the present invention has substantially the same configuration
as the apparatus for transmitting visible light communication data according to the first
embodiment of the present invention. However, the apparatus for transmitting visible
light communication data according to the second embodiment of the present invention
is provided with arithmetic logic units 252, 262, and 272 in place of the buffers 212,
222, and 232 of the first to third modulation units 21, 22, and 23 provided in the
apparatus for transmitting visible light communication data according to an em-
bodiment of the present invention. Preferably, the arithmetic logic units 252, 262, and
272 may be devices for performing multiplication operations.

Further, in order to ease synchronization on the receiving side, it is preferable that the
common modulation unit 15 modulates the data based on a Manchester encoding
method. Also, it is preferable that the first to third modulation units 21, 22, and 23
modulate the same data twice in a period.

FIG. 4 is a timing diagram explaining an apparatus for transmitting visible light com-
munication data according to the second embodiment of the present invention.
Referring to FIG. 4, the first to fourth data signals exemplify timings of the signals
output from the common modulation unit 15, the first modulation driver 251, the
second modulation driver 261, and the third modulation driver 271, respectively.

The output of the common modulation unit 15 is modulated on the basis of the
Manchester encoding method, and the first to third modulation drivers 251, 261, and
271 modulate the same data twice in 1/2 a period. Accordingly, when the output signal
of the common modulation unit 15 becomes a high level signal, the arithmetic logic
units 252, 262, and 272 output the modulated signals. Consequently, the LEDs 31, 32,
and 33 transmit the first data as a signal in which plural color visible lights are
combined, on the basis of the Manchester encoding code, and simultaneously transmit
the second, third, and fourth data in 1/2 a period as the respective color visible light

signals.
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In the embodiments of the present invention, it is exemplified that the apparatus for
transmitting visible light communication data modulates the signals using the specified
modulation methods. The modulation methods according to the present invention are
not limited to the modulation methods of the above-described embodiments of the
present invention. Diverse modified modulation methods can be applied to apparatuses
according to embodiments of the present invention.

FIG. 5 is a block diagram schematically illustrating the configuration of an apparatus
for receiving visible light communication data according to an embodiment of the
present invention. Referring to FIG. 5, the apparatus for receiving visible light commu-
nication data according to an embodiment of the present invention includes a common
demodulation unit 50, a visible light separation unit 60, a first demodulation unit 71, a
second demodulation unit 72, and a third demodulation unit 73.

The common demodulation unit 50 receives the visible light signal output from the
apparatus for transmitting visible light communication data according to an em-
bodiment of the present invention, and restores the first data by demodulating the
received signal. Since the visible light signal demodulated by the common de-
modulation unit 50 is a signal generated by the combination of plural color visible light
signals, it is preferable that the common demodulation unit 50 demodulates the visible
light signal through envelope detection.

The visible light separation unit 60 separates wavelength band signals of specified
colors from the visible light signal output from the transmitting device, and transmits
the separated signals to the first to third demodulation units 71, 72, and 73, re-
spectively.

Preferably, the visible light separation unit 60 includes a red filter 61, a green filter
62, and a blue filter 73 for passing the wavelength band signals of the specified colors
separated from the visible light signal. The red filter 61 passes the visible light of the
main wavelength band emitted from the red LED 31, the green filter 62 passes the
visible light of the main wavelength band emitted from the green LED 32, and the blue
filter 73 passes the visible light of the main wavelength band emitted from the blue
LED 33. The red filter 61, the green filter 62, and the blue filter 73 are connected to the
first to third demodulation units 71, 72, and 73, respectively.

The first to third demodulation units 71, 72, and 73 receive the visible light signals of
the specified colors separated through the visible light separation unit 60, and de-
modulate the input visible light signals to output the second to fourth data.

In the above-described embodiments of the present invention, the data from the first
to third modulation units 21, 22, and 23 are output through the visible lights of red,
green, and blue, and the signal from the common modulation unit 10 is output through

a white visible light generated by a combination of red, green, and blue visible lights.
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Further, in the above-described embodiments of the present invention, the visible light
separation unit 60 of the apparatus for receiving the visible light communication data
separates the visible light into the red, green, and blue visible lights, and the common
demodulation unit 50 demodulates the which visible light signal generated by a com-
bination of red, green, and blue visible lights. However, the present invention is not
limited thereto, and the color visible lights used in the apparatus for transmitting/
receiving visible light communication data and the visible light generated by a com-
bination of the color visible lights can be diversely modified and used by a person of
ordinary skill in the technical field of the present invention.

[44] As described above, according to the present invention, since the visible light signals
of different wavelengths are individually modulated at high speed, and the combination
of all the visible light signals is simultaneously modulated at low speed, the visible
light information broadcast can be provided such that the common information is
broadcast over a long distance, and the individual information is broadcast over a short
distance at a high speed. Also, by simultaneously transmitting data for long-distance
and short-distance communication, the data transmission efficiency can be heightened,
and the limited communication resources can be used efficiently.

[45] While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.
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Claims

An apparatus for transmitting visible light communication data, comprising:

a common modulation unit for generating a modulated signal for transmitting a
first visible light communication data;

a plurality of individual modulation units for generating modulated signals for
transmitting a plurality of second visible light communication data; and

a plurality of light emitting units for receiving the modulated signals from the
plurality of individual modulation units, respectively, and outputting visible light
signals,

wherein an output signal of the common modulation unit is input as an output
control signal of the plurality of individual modulation units.

The apparatus as claimed in claim 1, wherein the common modulation unit
modulates the data at a speed relatively lower than a modulation speed of the in-
dividual modulation units.

The apparatus as claimed in claim 1, wherein each of the plurality of individual
modulation unit comprises:

a modulation driver for modulating signals for visible light communication; and
a buffer for temporarily storing the signals output from the modulation drivers,
wherein the output signal of the common modulation unit is input as a signal for
controlling the output of the buffer.

The apparatus as claimed in claim 1, wherein each of the plurality of individual
modulation units comprises:

a modulation driver for modulating signals for visible light communication; and
an arithmetic logic unit for performing logical operations on the output of the
modulation driver and the output of the common modulation unit.

The apparatus as claimed in claim 4, wherein the arithmetic logic unit is a multi-
plication operation unit.

The apparatus as claimed in any one of claims 1 to 5, wherein the plurality of
light emitting units include light emitting diodes outputting red, green, and blue
lights, and

a plurality of second visible light communication data are transmitted through the
red, green, and blue lights, while first visible light communication data is
transmitted through white light by a combination of the light emitting diodes
outputting the red, green, and blue lights.

An apparatus for receiving visible light communication data, comprising:

a common demodulation unit for receiving a signal formed by a combination of a

plurality of visible light wavelength band signals, and demodulating the first
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visible light communication data;

a visible light separation unit for separating the received signal into the plurality
of visible light wavelength band signals; and

a plurality of individual demodulation units for receiving the separated
wavelength band signals, and demodulating the second visible light commu-
nication data.

The apparatus as claimed in claim 7, wherein the visible light separation unit
comprises a plurality of filters for extracting red, green, and blue lights re-
spectively, and

wherein the common demodulation unit demodulates a white light signal
generated by a combination of the red, green, and blue lights, while the plurality
of individual demodulation units demodulate red, green, and blue light
wavelength band signals.

The apparatus as claimed in claim 7, wherein the common demodulation unit

detects the white light signal through envelope detection.
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