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(57) Abstract: Disclosed is a visible ray communication system including a transmission apparatus and a reception apparatus,
wherein the transmission apparatus includes: a plurality of light emitting devices; an S/P converter for serial-to-parallel converting
transmission data, thereby generating N data streams; a modulator for modulating the generated N data streams for respective car-
riers with a predetermined number of dimensions, thereby generating N modulated signals; a carrier signal multiplier for multiply-
ing the generated N modulated signals by orthogonal N carrier signals, respectively, thereby generating N transmission signals;
and a light emitting control unit for illuminating the plurality of light emitting devices according to the generated N transmission
signals.
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METHOD
Technical Field

The present invention relates to a visible ray communication system, a transmission

apparatus, and a signal transmission method.

Background Art

An optical communication technology using the light in a visible ray region has been
recently greatly spotlighted. Especially, as an illuminating device using a luminous
element, such as an LED (Light Emitting Diode), has rapidly come into wise use, de-
velopment of a technology for achieving higher speed data communication with high
convenience by utilizing an infrastructure, such as an interior/exterior illuminating
device, has been carried out.

As a light emitting means used for high speed optical data communication, an LED is
the most powerful candidate in consideration of an influence on a human body or
medical appliances. Meanwhile, a semiconductor light emitting device with a higher
speed response performance, such as a laser diode (LD) or a super luminescent diode
(SLD), is proposed as a candidate. The data transmission speed in the optical commu-
nication depends on a response speed of a light emitting device. Due to this reason,
such a light emitting device with a higher speed response performance is spotlighted.

Also, in order to further improve the data transmission speed, a technology for stably
transmitting lots of data during one signal emitted from a light emitting device is
required. For example, as such an optical communication technology, Japanese Patent
Laid-Open Publication HEI 2008-252444 discloses a technology of removing spatial
interference by allocating a time axis of an OFDM (Orthogonal Frequency-Division

Multiplexing) signal in a spatial direction.
Disclosure of Invention

Technical Problem

When OFDM is used, it is possible to improve the frequency use efficiency and the
endurance against multi-path. Thus, the OFDM is widely used in a wireless commu-
nication system (e.g., a wireless LAN) or a wired communication system (e.g., ADSL).
In visible ray communication, the communication quality is expected to be improved
by the application the OFDM. However, in the OFDM, there is a problem in that a

PAPR (Peak to Average Power Ratio) is increased. In other words, a large dynamic
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range is required in a transmitter and a receiver.
Accordingly, when the OFDM is applied to the visible ray communication, a very

large current flows in an LED, as a transmission means of the visible ray commu-
nication. For example, in an LED, a current ranging from several hundred mA to
several A flows. For this reason, it is required to provide a drive circuit capable of
covering a signal with a very wide dynamic range in a transmission-side. However, in
general, an LED is for emitting light with a predetermined quantity, and thus is in
actuality not appropriate for handling such a wide dynamic range signal because it
requires a special element.

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 ray
communication system, a transmission apparatus, and a signal transmission method,
which are novel and improved in that the performance requirement for a high dynamic
range is not imposed on a light emitting means, the improvement of communication
quality, similar to that achieved by OFDM, can be achieved, and more data can be
transmitted with a predetermined number of multiplexing processes.

Solution to Problem

In accordance with an aspect of the present invention, there is provided a visible ray
communication system including a transmission apparatus and a reception apparatus,
wherein the transmission apparatus includes: a plurality of light emitting devices; a
serial-to-parallel (S/P) converter for serial-to-parallel converting transmission data,
thereby generating N data streams; a modulator for modulating the N data streams
generated by the S/P converter for respective carriers with a predetermined number of
dimensions, thereby generating N modulated signals; a carrier signal multiplier for
multiplying the N modulated signals generated by the modulator by N carrier signals
orthogonal to the N modulated signals, respectively, thereby generating N transmission
signals; and a light emitting control unit for illuminating the plurality of light emitting
devices according to the N transmission signals generated by the carrier signal
multiplier, and the reception apparatus includes: a light receiving device for receiving
lights, the lights being emitted from the plurality of light emitting devices of the
transmission apparatus and spatially multiplexed in a transmission line, thereby
outputting reception signals according to corresponding reception intensities; an FFT
unit for performing FFT on the reception signals output from the light receiving device
by using the N carrier signals, thereby extracting the N modulated signals of the re-
spective carriers; and a demodulator for demodulating each of the modulated signals
extracted from the FFT unit.

Through the application of the above described configuration, it is possible to



WO 2010/062094 PCT/KR2009/006923

[10]

[11]

[12]

[13]

[14]

achieve the improvement of communication performance, similar to that achieved by
OFDM. For example, it is possible to improve the frequency use efficiency and the en-
duranceuration by using a conventional infrastructure.

Also, when a number N of the light emitting devices is greater than a number n of the
carrier signals (N>n), the light emitting control unit may illuminate multiple devices of
the light emitting devices at once based on one of the transmission signals. Meanwhile,
when a number N of the light emitting devices is less than a number n of the carrier
signals (N<n), the light emitting control unit may add M (2<M <n) signals of the
transmission signals, and illuminate the light emitting devices based on the
transmission signals obtained through the addition.

Also, the reception apparatus may include, as the light receiving device, an image
sensor for detecting intensity of each of the lights emitted from the plurality of light
emitting devices, and outputting a reception signal corresponding to each of the light
emitting devices. Through this configuration, since the intensity of the light generated
from each light emitting device can be detected, it is possible to reduce the dynamic
range performance requirement imposed on a light receiving means.

Also, the transmission apparatus may include the plurality of light emitting devices
radiating differently colored lights. In this case, the reception apparatus includes a
plurality of light receiving devices for receiving the differently colored lights, and
outputting reception signals based on the corresponding reception intensities. Through
this configuration, since the intensity of the light generated from each light emitting
device can be detected, it is possible to reduce the dynamic range performance re-
quirement imposed on a light receiving means. Also, when the configuration is
applied, the influence of a color interference caused by the optical frequency property
of a light emitting device and a light receiving device can be removed because the
signal of each carrier frequency has orthogonality.

In accordance with another aspect of the present invention, there is provided a
transmission apparatus including: a plurality of light emitting devices; an S/P converter
for serial-to-parallel converting transmission data, thereby generating N data streams; a
modulator for modulating the N data streams generated by the S/P converter for re-
spective carriers with a predetermined number of dimensions, thereby generating N
modulated signals; a carrier signal multiplier for multiplying the N modulated signals
generated by the modulator by N carrier signals orthogonal to the N modulated signals,
respectively, thereby generating N transmission signals; and a light emitting control
unit for illuminating the plurality of light emitting devices according to the N
transmission signals generated by the carrier signal multiplier.

Through the application of the above described configuration, it is possible to

achieve the improvement of communication performance, similar to that achieved by
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OFDM. For example, it is possible to improve the frequency use efficiency and the
endurance against multi-path. Also, a transmission signal generated by multiplication
of each carrier signal is not multiplexed within a transmission apparatus, and is directly
transmitted by each light emitting device. Accordingly, compared to the case where N
transmission signals are multiplexed and then transmitted, it is possible to control the
dynamic range required for a light emitting device, and a light emitting control unit to
be low. As a result, for the light emitting device or the light emitting control unit, a
relatively inexpensive LED (or an LED driving circuit) may be used, and a manu-
facturing cost for a transmission apparatus can be reduced. In general, an LED (or an
LED driving circuit) used for a general illuminating device can hardly satisfy the per-
formance requirement for a high dynamic range. However, in the above described con-
figuration of a transmission apparatus, since the performance requirement for a
dynamic range is controlled to be low, it is possible to use a conventional infras-
tructure.

In accordance with a further aspect of the present invention, there is provided a signal
transmission method including the steps of: serial-to-parallel (S/P) converting
transmission data by a transmission apparatus including a plurality of light emitting
devices, thereby generating N data streams; modulating the generated N data streams
for respective carriers with a predetermined number of dimensions, by the transmission
apparatus, thereby generating N modulated signals; multiplying the generated N
modulated signals by N carrier signals orthogonal to the N modulated signals, re-
spectively, by the transmission apparatus, thereby generating N transmission signals;
illuminating the plurality of light emitting devices according to the generated N
transmission signals by the transmission apparatus; performing, by a reception
apparatus including a light receiving device for receiving lights emitted from the
plurality of light emitting devices of the transmission apparatus and outputting
reception signals according to corresponding reception intensities, the lights being
spatially multiplexed in a transmission line, FFT on the reception signals output from
the light receiving device by using the N carrier signals, thereby extracting the N
modulated signals of the respective carriers; and demodulating each of the extracted
modulated signals.

Through the application of the above described method, it is possible to achieve the
improvement of communication performance, similar to that achieved by OFDM. For
example, it is possible to improve the frequency use efficiency and the endurance
against multi-path. Also, a transmission signal generated by multiplication of each
carrier signal is not multiplexed within a transmission apparatus, and is directly
transmitted by each light emitting device. Accordingly, compared to the case where N

transmission signals are multiplexed and then transmitted, it is possible to control the
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dynamic range required for a light emitting device, and a light emitting control unit to
be low. As a result, for the light emitting device or the light emitting control unit, a
relatively inexpensive LED (or an LED driving circuit) may be used, and a manu-
facturing cost for a transmission apparatus can be reduced. In general, an LED (or an
LED driving circuit) used for a general illuminating device can hardly satisfy the per-
formance requirement for a high dynamic range. However, in the above described con-
figuration of a visible ray communication system, since the performance requirement
for a dynamic range is controlled to be low, it is possible to achieve the system con-

figuration by using a conventional infrastructure.
In accordance with a still further aspect of the present invention, there is provided a

signal transmission method by a transmission apparatus including a plurality of light
emitting devices, the method including the steps of: serial-to-parallel converting
transmission data, thereby generating N data streams; modulating the generated N data
streams for respective carriers with a predetermined number of dimensions, thereby
generating N modulated signals; multiplying the generated N modulated signals by N
carrier signals orthogonal to the N modulated signals, respectively, thereby generating
N transmission signals; and illuminating the plurality of light emitting devices
according to the generated N transmission signals.

Through the application of the above described method, it is possible to achieve the
improvement of communication performance, similar to that achieved by OFDM. For
example, it is possible to improve the frequency use efficiency and the endurance
against multi-path. Also, a transmission signal generated by multiplication of each
carrier signal is not multiplexed within a transmission apparatus, and is directly
transmitted by each light emitting device. Accordingly, compared to the case where N
transmission signals are multiplexed and then transmitted, it is possible to control the
dynamic range required for a light emitting device, and a light emitting control unit to
be low. As a result, for the light emitting device or the light emitting control unit, a
relatively inexpensive LED (or an LED driving circuit) may be used, and a manu-
facturing cost for a transmission apparatus can be reduced. In general, an LED (or an
LED driving circuit) used for a general illuminating device can hardly satisfy the per-
formance requirement for a high dynamic range. However, in the above described con-
figuration of a transmission apparatus, since the performance requirement for a
dynamic range is controlled to be low, it is possible to use a conventional infras-
tructure.

Advantageous Effects of Invention

In the above description, as a light emitting means, an LED is used. However,

besides the LED, various devices, such as a semiconductor light emitting device (e.g.,
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LD, SLD), a fluorescent lamp, a Braun tube (CRT), a display device, a plasma display
device (PDP), an organic electroluminescent (EL) display device, a liquid crystal

monitor (LCD) device, may be used as the light emitting means.
As described above, according to the present invention, it is possible to achieve the

improvement of communication quality, similar to that achieved by OFDM, without
imposing the performance requirement for a high dynamic range upon a light emitting
means. As a result, it is possible to achieve a transmission apparatus, and a visible ray
communication system which are convenient and inexpensive, and have a high com-

munication performance, similar to that achieved by OFDM.

Brief Description of Drawings

FIG. 1 is an explanatory view illustrating an example of the configuration of a visible
ray communication system using OFDM;

FIG. 2 is an explanatory view illustrating an example of the configuration of a visible
ray communication system according to one embodiment of the present invention;

FIG. 3 is an explanatory view illustrating an example of the configuration of a visible
ray communication system according to a modified embodiment of FIG. 2;

FIG. 4 is an explanatory view illustrating an example of the configuration of a visible
ray communication system according to a modified embodiment of FIG. 2;

FIG. 5 is an explanatory view illustrating an example of the configuration of a visible
ray communication system according to a modified embodiment of FIG. 2; and

FIG. 6 is an explanatory view illustrating an example of the configuration of a visible

ray communication system according to a modified embodiment of FIG. 2.

Mode for the Invention

Hereinafter, exemplary embodiments of the present invention will be described in
detail with reference to the accompanying drawings. Here, in this specification and
drawings, repeated description of constituents having substantially the same functional
configurations will be omitted by allotting the same reference numerals.

[The order of this detailed description]

Hereinafter, the sequence of explanation on embodiments of the present invention,
which will be described later, is as follows. First, the configuration of an OFDM-using
visible ray communication system LS1 will be described with reference to FIG. 1. Es-
pecially, some problems caused by the application of OFDM in a visible ray commu-
nication system will be described. Then, the configuration of a visible ray commu-
nication system LS2 according to an embodiment of the present invention will be
described with reference to FIG. 2. Then, visible ray communication systems LS3 and
LS4 according to modified embodiments of the embodiment will be described with
reference to FIGs. 3 and 4.
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[Summary of problems to be solved]

Hereinafter, before a detailed description on the technology of one embodiment of
the present invention is given, some problems to be solved by the embodiment will be
summarized.

(Configuration of a visible ray communication system LS1)

First, the configuration of a visible ray communication system LS1 will be described
in detail with reference to FIG. 1, and problems caused by the application of the con-
figuration will be summarized. FIG. 1 is an explanatory view illustrating an example of
the configuration of an OFDM-using visible ray communication system LS1.

As shown in FIG. 1, a visible ray communication system LS1 includes a transmission
apparatus 10, and a reception apparatus 30. The transmission apparatus 10 has an S/P
converter 12, a modulator 14, an IFFT unit, a driver circuit 22, and a light emitting
device 24. Herein, the IFFT unit includes a multiplier 16 and an adder 20. The
reception apparatus 30 has a light receiving device 32, an FFT unit, a demodulator 38,
and a P/S converter 40. Herein, the FFT unit includes a multiplier 34, and an in-
tegrating circuit 36. The FFT is an abbreviation of Fast Fourier Transform, and the
IFFT is an abbreviation of Inverse FFT.

Transmission data d is serial-to-parallel converted by the S/P converter 12. Then,
from the S/P converter 12, data streams are output equal to the number of carriers.
Meanwhile, in the following description, the number of carriers is n. The data stream
corresponding to each carrier, output from the S/P converter 12, is modulated with a
pre-determined number of dimensions (for example, 2) by the modulator 14. Then,
from the modulator 14, a modulated signal is output. The modulated signal of each
carrier, output from the modulator 14, is input to the IFFT unit. Thus, to the IFFT,
modulated signals are input equal to the number of the carriers. The IFFT unit is a
means for performing IFFT on the input modulated signals equal to the number of
carriers. First, the modulated signals input to the IFFT unit are multiplied by carrier si-
nusoidal (sine wave) signals in the multiplier 16. Herein, n carrier sinusoidal signals
cos (2rnflt) ~ cos (2mfnt) corresponding to carrier frequencies f1~fn are orthogonal to
each other. Each modulated signal (hereinafter, a carrier signal), which has been
multiplied by the carrier sinusoidal signal, is input to the adder 20. In the adder 20, re-
spective carrier signals are added to each other to generate OFDM signals.

An OFDM signal generated by the adder 20 is input to the driver circuit 22. The
driver circuit 22 is a drive circuit for driving the light emitting device 24 (LED(W)).
When the OFDM signal is input, the driver circuit 22 controls the current quantity
supplied to the light emitting device 24 based on the input OFDM signal, and emits the
light of the light emitting device 24 with the emission intensity according to the signal

amplitude of the OFDM signal. The light generated from the light emitting device 24 is
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received by the light receiving device 32 of the reception apparatus 30. The light
receiving device 32 is a photoelectric converting element. For this reason, when the
light is received by the light receiving device 32, an electrical signal (hereinafter,
referred to as a reception signal) according to the intensity of the received light is
output. The reception signal output from the light receiving device 32 is input to the
FFT unit. The FFT unit is a means for performing FFT on the reception signal to
extract each carrier frequency component.

The reception signal output from the light receiving device 32 is input to the
multiplier 34, and is multiplied by a carrier sinusoidal signal corresponding to each of
carrier frequencies f1~fn. The reception signal, which has been multiplied by each
carrier sinusoidal signal in the multiplier 34, is input to the integrating circuit 36. In the
integrating circuit 36, the signal output from the multiplier 34 is subjected to an in-
tegrating operation in an integration interval up to an OFDM symbol length (T) on a
time axis, and a signal component corresponding to each of carrier frequencies f1~fn is
extracted. Each carrier frequency component extracted from the integrating circuit 36
is input to the demodulator 38. Each carrier frequency component corresponds to each
carrier signal. For this reason, when each carrier frequency component is demodulated
by the demodulator 38, a data stream corresponding to each carrier signal is restored.
Each data stream restored in the demodulator 38 is input to the P/S converter 40 to
restore the transmission data d.

Through such a configuration, it is possible to improve the frequency use efficiency
and the endurance against multi-path, and to significantly improve the communication
quality. However, an increase in PAPR, peculiar to OFDM, is caused because re-
spective carrier frequency components are added to each other in the front end of the
driver circuit 22 of the transmission apparatus, and the light emitting device 24 is
driven based on the OFDM signals obtained through the addition. Accordingly, the
performance requirement for a high dynamic range is imposed on the driver circuit 22,
and the light emitting device 24. For this reason, it is very difficult, in reality, to use
the OFDM visible ray communication in a general illuminating device. Also, a driver
circuit 22 or a light emitting device 24 which can satisfy such performance re-
quirements is expensive. This relates to an increase in the manufacturing cost of a
transmitter. As described above, the difficulty in the use of a conventional infras-
tructure increases the installation cost. In the embodiments which will be described
later, the configurations of transmitters made in consideration of these problems will
be proposed. The transmitters can remove the influence of a high PAPR caused by
OFDM and reduce the performance requirement for the dynamic range of the driver
circuit 22 and the light emitting device 24.

<Embodiment>
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Hereinafter, one embodiment of the present invention will be described. In the
present embodiment, IFFT is not performed at a transmission-side, and for each
carrier, a light emitting device is directly driven. This is for reducing the performance
requirements imposed on a driver circuit and a light emitting device.

[Configuration of a visible ray communication system LS2]

First, the configuration of a visible ray communication system LS2 related to the
present embodiment will be described with reference to FIG. 2. FIG. 2 is an ex-
planatory view illustrating an example of the configuration of a visible ray commu-
nication system LS2 according to the present embodiment.

As shown in FIG. 2, the visible ray communication system L.S2 includes a
transmission apparatus 100, and a reception apparatus 200. The transmission apparatus
100 has an S/P converter 102, a modulator 104, a multiplier 106, a driver circuit 110,
and a light emitting device 112. Meanwhile, the reception apparatus 200 has a light
receiving device 202, an FFT unit, a demodulator 208, and a P/S converter 210.
Herein, the FFT unit includes a multiplier 204, and an integrating circuit 206.

Transmission data d is serial-to-parallel converted by the S/P converter 102. Then,
from the S/P converter 102, data streams are output equal to the number of carriers.
Meanwhile, in the following description, the number of carriers is n. The data stream
corresponding to each carrier, output from the S/P converter 102, is modulated with a
pre-determined number of dimensions (for example, 2) by the modulator 104. Then,
from the modulator 104, a modulated signal is output. The modulated signal of each
carrier, output from the modulator 104, is input to the multiplier 106. In the multiplier
106, the modulated signal is multiplied by a carrier sinusoidal signal cos (2nf1t) ~
cos(2ntint) corresponding to each of carrier frequencies f1~fn. Herein, n carrier si-
nusoidal signals corresponding to carrier frequencies f1~fn are orthogonal to each
other.

Each modulated signal (hereinafter, a carrier signal), which has been multiplied by
the carrier sinusoidal signal in the multiplier 106, is input to the driver circuit 110. The
driver circuit 110 is provided in each light emitting device 112 (LED(W1)~LED(Wn)),
and is used to drive each light emitting device 112 (LED(W1)~LED(Wn)). When the
carrier signal is input, the driver circuit 110 controls the current quantity supplied to
the light emitting device 112 based on the input carrier signal, and emits the light of
each light emitting device 112 with the emission intensity according to the signal
amplitude of the carrier signal. The light generated from each light emitting device 112
is spatially multiplexed in a transmission line, and is received by the light receiving
device 202 of the reception apparatus 200. The light receiving device 202, for example,
includes one PD (Photo Diode). When the light is received, an electrical signal

(hereinafter, referred to as a reception signal) according to the intensity of the received
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light is output from the light receiving device 202. The reception signal output from
the light receiving device 202 is input to the FFT unit. The FFT unit is a means for
performing FFT on the reception signal to extract each carrier frequency component.

The reception signal output from the light receiving device 202 is input to the
multiplier 204, and is multiplied by a carrier sinusoidal signal cos (2rnf1t) ~ cos(2mfnt)
corresponding to each of carrier frequencies f1~fn. The reception signal, which has
been multiplied by each carrier sinusoidal signal in the multiplier 204, is input to the
integrating circuit 206. In the integrating circuit 206, the signal output from the
multiplier 204 is subjected to an integrating operation in an integration interval up to
an OFDM symbol length (T) on a time axis, and a signal component corresponding to
each of carrier frequencies f1~fn is extracted. Each carrier frequency component
extracted from the integrating circuit 206 is input to the demodulator 208. Each carrier
frequency component corresponds to each carrier signal. For this reason, when each
carrier frequency component is demodulated by the demodulator 208, a data stream
corresponding to each carrier signal is restored. Each data stream restored in the de-
modulator 208 is input to the P/S converter 210 to restore the transmission data d.

In the above described configuration of the visible ray communication system LS2
according to the present embodiment, respective carrier signals corresponding to re-
spective carrier frequencies are not added to each other in the front end of the driver
circuit 110, and the light of each light emitting device 112 is emitted with the emission
intensity according to the signal amplitude of each carrier signal. As described above,
since respective carrier signals are not added to each other in the front end of the driver
circuit 110, a high PAPR (a problem in OFDM) is not caused, and a dynamic range
required for the driver circuit 110 and the light emitting device 112, corresponding to
each carrier frequency, can be controlled to be low. As a result, by using a miniaturized
and inexpensive LED driving circuit (or LED), the improvement of communication
performance, similar to that achieved by OFDM, can be achieved. For example, a
visible ray communication system capable of improving the frequency use efficiency
and the endurance against multi-path by effectively utilizing a conventional infras-
tructure can be achieved.

[Configuration of a visible ray communication system LS3]

Hereinafter, the configuration of a visible ray communication system LS3, that is,
one modified embodiment of the visible ray communication system LS2 according to
the present embodiment, will be described with reference to FIG. 3. FIG. 3 is a view il-
lustrating an example of the configuration of a visible ray communication system LS3
according to one modified embodiment of the present embodiment.

As shown in FIG. 3, the visible ray communication system L.S3 includes a

transmission apparatus 100, and a reception apparatus 200. The transmission apparatus



WO 2010/062094 PCT/KR2009/006923
11

100 has an S/P converter 102, a modulator 104, a multiplier 106, a driver circuit 110,
and a light emitting device 112. In other words, the configuration of the transmission
apparatus 100 is the same as that of the visible ray communication system LS2.
Meanwhile, the reception apparatus 200 has an image sensor 232, a DFT unit, a de-
modulator 208, and a P/S converter 210. Herein, the DFT unit includes a multiplier
204, and an integrating circuit 206. The DFT is an abbreviation of Discrete Fourier
Transform. As described above, the visible ray communication system LS3 is mainly
different from the visible ray communication system LS2 in the light receiving means
of the reception apparatus 200. Therefore, the following description is on the
difference in the light receiving means.

[51] The image sensor 232 is a means for converting lights generated from a plurality of
light emitting devices 112 of the transmission apparatus 100 into reception signals.
Herein, the image sensor 232 can specify each light emitting device 112 according to
the light receiving position. For example, the image sensor 232 can specify the light
received in the pixel of a position (X1,Y1) as the light emitted from the light emitting
device 112 (LED(W1)) of the transmission apparatus 100. In this manner, the light
input to each pixel of the image sensor 232 is determined as the light emitted from
each light emitting device 112. For this reason, the image sensor 232 inputs the
reception signal according to the reception intensity of the light emitted from each light
emitting device 112, to the DFT unit. Herein, the reason why DFT, instead of FFT, is
used for extracting a modulated signal of each carrier frequency is that in the output of
the image sensor 232, signals has already been separated according to carrier fre-
quencies. In the output of the image sensor 232, the DFT is performed, and according
to the result, demodulation is performed in the demodulator 208. Also, serial-
to-parallel conversion is performed in the P/S converter 210 to restore the transmission
data d.

[52] In the above described configuration of the visible ray communication system LS3
according to one modified embodiment of the present embodiment, it is possible to

control the dynamic range of the light receiving means of the reception apparatus 200

to be low.
[53] [Configuration of a visible ray communication system L.S4]
[54] Hereinafter, the configuration of a visible ray communication system LS4, that is,

one modified embodiment of the visible ray communication system LS2 according to
the present embodiment, will be described with reference to FIG. 4. FIG. 4 is an ex-
planatory view illustrating an example of the configuration of a visible ray commu-
nication system LS4 according to one modified embodiment of the present em-
bodiment.

[55] As shown in FIG. 4, the visible ray communication system L.S4 includes a
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transmission apparatus 100, and a reception apparatus 200. The transmission apparatus
100 has an S/P converter 102, a modulator 104, a multiplier 106, a driver circuit 110,
and a light emitting device 152. Herein, a plurality of light emitting devices 152
provided in the transmission apparatus 100 of the present modified embodiment
radiates with different colors (optical frequency of C1~Cn). Meanwhile, the reception
apparatus 200 has a light receiving device 252, a DFT unit, a demodulator 208, and a
P/S converter 210. Herein, the DFT unit includes a multiplier 204, and an integrating
circuit 206. As described above, the visible ray communication system L.S4 is mainly
different from the visible ray communication system LS2 in the light emitting means
of the transmission apparatus 100, and the light receiving means of the reception
apparatus 200. Therefore, the following description is on the difference in the means.

Like the visible ray communication system LS2, each light emitting device 152
(LED(C1)~LED(Cn)) radiates with the emission intensity according to the signal
amplitude of the carrier signal corresponding to each of carrier frequencies f1~fn.
Herein, each light emitting device 152 radiates lights with different colors (C1~Cn). It
can be said that the present modified embodiment was made by combining the visible
ray communication system LS2 of the present embodiment with a so-called WDM
(Wave Length Division Multiplexing) technology, in that signals are allocated to re-
spective colors C1~Cn to multiplex the transmission line. The light generated from
each light emitting device 152 with a color of Cl1~ Cn is received by each light
receiving device 252 with a color of C1~ Cn in the reception apparatus 200. In the
light receiving device 252, a PD (a so-called color sensor) having a filter of a corre-
sponding color may be used. For the signal output from the light receiving device 252
of each color, DFT is performed in the DFT unit, demodulation is performed in the de-
modulator 208, and serial-to-parallel conversion is performed in the P/S converter 210
to restore the transmission data d.

In the above described configuration of the visible ray communication system LS4
according to one modified embodiment of the present embodiment, it is possible to
control the dynamic range of the light receiving means of the reception apparatus 200
to be low. Meanwhile, in the case of WDM, color interference caused by the optical
frequency property of the light emitting device 152, and the light receiving device 252
is problematic. On the other hand, in the present modified embodiment, such color in-
terference is improved because signals of respective colors can be separated from each
other due to the orthogonality of an OFDM carrier. Accordingly, according to the
present modified embodiment, it is possible to control the dynamic range required for
the light emitting means and the light receiving means to be low while taking on the
excellent communication property of OFDM, without consideration of the influence of

color interference. As a result, it is possible to build a miniaturized and inexpensive
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visible ray communication system with a high communication performance by using
effectively using a conventional infrastructure.

[Configuration of a visible ray communication system LS5]

Hereinafter, the configuration of a visible ray communication system LS5, that is,
one modified embodiment of the visible ray communication system LS2 according to
the present embodiment, will be described with reference to FIG. 5. FIG. 5 is an ex-
planatory view illustrating an example of the configuration of a visible ray commu-
nication system LS5 according to one modified embodiment of the present em-
bodiment.

As shown in FIG. 5, the visible ray communication system LS5 includes a
transmission apparatus 100, and a reception apparatus 200. The transmission apparatus
100 has an S/P converter 102, a modulator 104, a multiplier 106, a driver circuit 110,
and a light emitting device 112. The visible ray communication system LS5 is different
from the visible ray communication system LS2 in the number of the driver circuits
110 and the light emitting devices 112. Especially, in the configuration in the present
modified embodiment, the number N of the driver circuits 110 and the light emitting
devices 112 is higher than the number n of carrier signals (n <N). Meanwhile, the con-
figuration of the reception apparatus 200 is, in actuality, the same as that of the visible
ray communication system LS2. As described above, the visible ray communication
system LS5 is mainly different from the visible ray communication system LS2 in the
light emitting means of the transmission apparatus 100.

Transmission data d is serial-to-parallel converted by the S/P converter 102. Then,
from the S/P converter 102, data streams are output equal to the number of carriers.
Herein, the number of carriers is n. The data streams corresponding to each carrier,
output from the S/P converter 102, are modulated with a pre-determined number of di-
mensions (for example, 2) by the modulator 104. Then, from the modulator 104, a
modulated signal is output. The modulated signal of each carrier, output from the
modulator 104, is input to the multiplier 106. In the multiplier 106, the modulated
signal is multiplied by a carrier sinusoidal signal cos (2xf1t) ~ cos(2xfnt) corre-
sponding to each of carrier frequencies f1~fn. Herein, n carrier sinusoidal signals cor-
responding to carrier frequencies f1~fn are orthogonal to each other.

The steps described so far are the same in those of the visible ray communication
system LS2. However, the carrier signals output from the multiplier 106 are input to a
plurality of driver circuits 110. For example, the carrier signal, which has been
multiplied by the carrier sinusoidal signal cos(2xf1t) in the multiplier 106, is branched
and input to two driver circuits 110 (D1, D2). The driver circuit 110 is provided in
each light emitting device 112 (LED(W1)~LED(WN)), and is used to drive each light
emitting device 112 (LED(W1)~LED(WN)). When the carrier signal is input, the
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driver circuit 110 controls the current quantity supplied to the light emitting device 112
based on the input carrier signal, and emits the light of each light emitting device 112
with the emission intensity according to the signal amplitude of the carrier signal. This
characteristic is the same with the visible ray communication system LS2. However,
the visible ray communication system LSS5 is different from the visible ray commu-
nication system LS2 in that the radiation of a plurality of light emitting devices 112 is
controlled based on the same carrier signal. Through this configuration, the technology
according to this embodiment can be preferably applied the case where the number N
of the light emitting devices 112 is higher than the number n of carrier signals (n <N).

In the above described configuration of the visible ray communication system LS5
according to one modified embodiment of the present embodiment, respective carrier
signals corresponding to respective carrier frequencies are not added to each other in
the front end of the driver circuit 110, and the light of each light emitting device 112 is
emitted with the emission intensity according to the signal amplitude of each carrier
signal. This property is the same with the case where the number N of the light
emitting devices 112 is higher than the number n of carrier signals (n <N). Ac-
cordingly, since respective carrier signals are not added to each other in the front end
of the driver circuit 110, a high PAPR (a problem in OFDM) is not caused, and a
dynamic range required for the driver circuit 110 and the light emitting device 112,
corresponding to each carrier frequency, can be controlled to be low. As a result, by
using a miniaturized and inexpensive LED driving circuit (or LED), the improvement
of communication performance, similar to that achieved by OFDM, can be achieved.

[Configuration of a visible ray communication system LS6]

Hereinafter, the configuration of a visible ray communication system LS6, that is,
one modified embodiment of the visible ray communication system LS2 according to
the present embodiment, will be described with reference to FIG. 6. FIG. 6 is an ex-
planatory view illustrating an example of the configuration of a visible ray commu-
nication system LS6 according to one modified embodiment of the present em-
bodiment.

As shown in FIG. 6, the visible ray communication system L.S6 includes a
transmission apparatus 100, and a reception apparatus 200. The transmission apparatus
100 has an S/P converter 102, a modulator 104, a multiplier 106, a driver circuit 110,
and a light emitting device 112. The visible ray communication system LS6 is different
from the visible ray communication system LS2 in the number of the driver circuits
110 and the light emitting devices 112. Especially, in the configuration in the present
modified embodiment, the number N of the driver circuits 110 and the light emitting
devices 112 is lower than the number n of carrier signals (n >N). Also, unlike the

visible ray communication system L.S2, the visible ray communication system LS6
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includes an adder provided at the rear end of the multiplier 106. Meanwhile, the visible
ray communication system L.S6 has, in actuality, the same configuration of the
reception apparatus 200 as that of the visible ray communication system LS2. As
described above, the visible ray communication system LS6 is mainly different from
the visible ray communication system LS2 in the light emitting means of the
transmission apparatus 100.

Transmission data d is serial-to-parallel converted by the S/P converter 102. Then,
from the S/P converter 102, data streams are output equal to the number of carriers.
Herein, the number of carriers is n. The data stream corresponding to each carrier,
output from the S/P converter 102, is modulated with a pre-determined number of di-
mensions (for example, 2) by the modulator 104. Then, from the modulator 104, a
modulated signal is output. The modulated signal of each carrier, output from the
modulator 104, is input to the multiplier 106. In the multiplier 106, the modulated
signal is multiplied by a carrier sinusoidal signal cos (2xf1t) ~ cos(2xfnt) corre-
sponding to each of carrier frequencies f1~ f n . Herein, n carrier sinusoidal signals
corresponding to carrier frequencies f1~fn are orthogonal to each other.

The steps described so far are the same in those of the visible ray communication
system LS2. However, the carrier signals output from a plurality of multipliers 106 are
added to each other by being input to the adder, and then input to the driver circuit 110.
For example, the carrier signal, which has been multiplied by the carrier sinusoidal
signal cos(2rtf1t) in the multiplier 106, and the carrier signal, which has been
multiplied by the carrier sinusoidal signal cos(2xf2t) in the multiplier 106, are added to
each other by being input to the adder, and input to the driver circuit 110 (D1). The
driver circuit 110 is provided in each light emitting device 112
(LED(WT1)~LED(WN)), and is used to drive each light emitting device 112
(LED(W1)~LED(W N)). When the carrier signal is input, the driver circuit 110
controls the current quantity supplied to the light emitting device 112 based on the
input carrier signal, and emits the light of each light emitting device 112 with the
emission intensity according to the signal amplitude of the carrier signal. This charac-
teristic is the same with the visible ray communication system LS2. However, unlike
the visible ray communication system LS2, in the visible ray communication system
LS6, the radiation of each light emitting device 112 is controlled based on the added
carrier signals 112. Through this configuration, the technology according to this em-
bodiment can be preferably applied the case where the number N of the light emitting
devices 112 is lower than the number n of carrier signals (n >N).

In the above described configuration of the visible ray communication system LS6
according to one modified embodiment of the present embodiment, respective carrier

signals corresponding to respective carrier frequencies are not added to each other in
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the front end of the driver circuit 110, and also, after the addition of some carrier
signals, the light of each light emitting device 112 is emitted with the emission
intensity according to the signal amplitude of each carrier signal. Accordingly, since
respective carrier signals are not added to each other in the front end of the driver
circuit 110, a high PAPR (a problem in OFDM) is not caused, and a dynamic range
required for each driver circuit 110 and each light emitting device 112 can be
controlled to be low. As a result, by using a miniaturized and inexpensive LED driving
circuit (or LED), the improvement of communication performance, similar to that

achieved by OFDM, can be achieved.
Although preferred embodiments of the present invention have been illustrated with

reference to the accompanying drawings, it will be understood that the present
invention is not limited to the embodiments disclosed. Accordingly, it will be ap-
preciated by those skilled in the art that various changes and modifications may be
made within the scope of the appended claims. Such changes and modifications will be
apparent to those skilled in the art without departing from the spirit and scope of the
present invention.
Industrial Applicability

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

[Claim 1] A visible ray communication system comprising a transmission
apparatus and a reception apparatus,
wherein the transmission apparatus comprises:

a plurality of light emitting devices;

a serial-to-parallel (S/P) converter for serial-to-parallel converting
transmission data, thereby generating N data streams;

a modulator for modulating the N data streams generated by the S/P
converter for respective carriers with a predetermined number of di-
mensions, thereby generating N modulated signals;

a carrier signal multiplier for multiplying the N modulated signals
generated by the modulator by N carrier signals orthogonal to the N
modulated signals, respectively, thereby generating N transmission
signals; and

a light emitting control unit for illuminating the plurality of light
emitting devices according to the N transmission signals generated by
the carrier signal multiplier, and

the reception apparatus comprises:

a light receiving device for receiving lights, the lights being emitted
from the plurality of light emitting devices of the transmission
apparatus and spatially multiplexed in a transmission line, thereby
outputting reception signals according to corresponding reception in-
tensities;

an FFT unit for performing FFT on the reception signals output from
the light receiving device by using the N carrier signals, thereby ex-
tracting the N modulated signals of the respective carriers; and

a demodulator for demodulating each of the modulated signals
extracted from the FFT unit.

[Claim 2] The visible ray communication system as claimed in claim 1, wherein
when a number N of the light emitting devices is greater than a number
n of the carrier signals (N>n), the light emitting control unit illuminates
multiple devices of the light emitting devices at once based on one of
the transmission signals.

[Claim 3] The visible ray communication system as claimed in claim 1, wherein
when a number N of the light emitting devices is less than a number n
of the carrier signals (N<n), the light emitting control unit adds M

(2<M <n) signals of the transmission signals, and illuminates the light
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emitting devices based on the transmission signals obtained through the
addition.

The visible ray communication system as claimed in any one of claims
1 to 3, wherein the reception apparatus comprises, as the light receiving
device, an image sensor for detecting intensity of each of the lights
emitted from the plurality of light emitting devices, and outputting a
reception signal corresponding to each of the light emitting devices.
The visible ray communication system as claimed in any one of claims
1 to 3, wherein the transmission apparatus comprises the plurality of
light emitting devices radiating differently colored lights, and the
reception apparatus comprises a plurality of light receiving devices for
receiving the differently colored lights, and outputting reception signals
based on corresponding reception intensities.

A transmission apparatus comprising:

a plurality of light emitting devices;

an S/P converter for serial-to-parallel converting transmission data,
thereby generating N data streams;

a modulator for modulating the N data streams generated by the S/P
converter for respective carriers with a predetermined number of di-
mensions, thereby generating N modulated signals;

a carrier signal multiplier for multiplying the N modulated signals
generated by the modulator by N carrier signals orthogonal to the N
modulated signals, respectively, thereby generating N transmission
signals; and

a light emitting control unit for illuminating the plurality of light
emitting devices according to the N transmission signals generated by
the carrier signal multiplier.

A signal transmission method comprising the steps of:
serial-to-parallel converting transmission data by a transmission
apparatus comprising a plurality of light emitting devices, thereby
generating N data streams;

modulating the generated N data streams for respective carriers with a
predetermined number of dimensions, by the transmission apparatus,
thereby generating N modulated signals;

multiplying the generated N modulated signals by N carrier signals or-
thogonal to the N modulated signals, respectively, by the transmission
apparatus, thereby generating N transmission signals;

illuminating the plurality of light emitting devices according to the
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generated N transmission signals by the transmission apparatus;
performing, by a reception apparatus comprising a light receiving
device for receiving lights emitted from the plurality of light emitting
devices of the transmission apparatus and outputting reception signals
according to corresponding reception intensities, the lights being
spatially multiplexed in a transmission line, FFT on the reception
signals output from the light receiving device by using the N carrier
signals, thereby extracting the N modulated signals of the respective
carriers; and

demodulating each of the extracted modulated signals, by the reception
apparatus.

A signal transmission method by a transmission apparatus comprising a
plurality of light emitting devices, the signal transmission method
comprising the steps of:

serial-to-parallel converting transmission data, thereby generating N
data streams;

modulating the generated N data streams for respective carriers with a
predetermined number of dimensions, thereby generating N modulated
signals;

multiplying the generated N modulated signals by N carrier signals or-
thogonal to the N modulated signals, respectively, thereby generating N
transmission signals; and

illuminating the plurality of light emitting devices according to the

generated N transmission signals.
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