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RADIO SYSTEM AND OPERATING METHOD
OF THE SAME

BACKGROUND

[0001] 1. Technical Field

[0002] The present disclosure relates to a communication
technology. More particularly, the present disclosure relates
1o a radio system and an operating method of the same
[0003] 2. Description of Related Art

[0004] Cognitive radio (CR) has been proposed as a way to
improve the current inefficient static spectrum utilization by
allowing secondary users to access the white spaces in spec-
trum already licensed to primary users without interfering the
operation of the primary users. Hence, the spectral efficiency
of the limited spectrum can be increased.

[0005] Spectrum sensing can be employed to determine
available spectrum over large areas by cooperatively aggre-
gating spectrum sensing results across multiple detector loca-
tions to facilitate determinations relevant to the area covered
by the signals of primary users. In other words, a reliable
system is needed to allow the detectors to detect the spectral
region that is not being occupied by primary users and to
integrate the spectral region information so that secondary
users can make use of the spectrum without interfering with
the operation of primary users.

[0006] Accordingly, there is a need to provide a radio sys-
tem and an operating method of the same to address the above
issues.

SUMMARY

[0007] An aspect of the present disclosure is to provide a
radio system. The radio system comprises primary devices,
secondary devices, cognitive radio base stations and a data
fusion center. The primary devices are licensed to access the
communication channels. The secondary devices acquire
sensing reports of the received signal strength, locations and
channel information of the primary devices. The cognitive
radio base stations receive the sensing reports generated by
the secondary devices through a control channel. The data
fusion to center receives the sensing reports from the cogni-
tive radio base stations through a backbone network, and
performs a cooperative spectrum sensing process on the sens-
ing repotts to obtain primary device information with respect
to the number, locations, spectrum distribution and coverage
area of the primary devices, wherein the primary device infor-
mation is accessible by the secondary devices such that the
secondary devices select one of the communication channels
according to the primary device information to perform com-
munications.

[0008] Another aspect of the present disclosure is to pro-
vide an operating method for a radio system. The operating
method comprises the steps outlined below. Sensing reports
ofreceived signal strength, locations and channel information
of primary devices are acquired by a plurality of secondary
devices. The sensing reports generated by the secondary
devices are received by a plurality of cognitive radio base
stations through a control channel provided. The sensing
reports from the cognitive radio base stations are received by
a data fusion center through a backbone network such that a
cooperative spectrum sensing process is performed on the
sensing reports to obtain primary device information with
respect to the number, locations, spectrum distribution and
coverage area of the primary devices. The primary device
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information is accessible by the secondary devices such that
the secondary devices select one of communication channels
according to the primary device information to perform com-
munications.

[0009] TItisto be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The disclosure can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawings as
follows:

[0011] FIG. 1is a diagram of a radio system in an embodi-
ment of the present disclosure;

[0012] FIG. 2 is a diagram of a data fusion center depicted
in FIG. 1 in an embodiment of the present disclosure; and
[0013] FIG. 3 is a flow chart showing an operating method
foraradio system in an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0014] Reference will now be made in detail to the present
embodiments of the disclosure, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

[0015] FIG.1isadiagram ofaradio system 1 in anembodi-
ment of the present disclosure. The radio system 1 comprises
primary devices 10, secondary devices 12, cognitive radio
base stations 14 and a data fusion center 16.

[0016] Theradio system 1 substantially comprises a hybrid
network (not shown) having a primary radio network (not
shown) corresponding to the primary devices 10 and a cog-
nitive radio network (not shown) corresponding to the cogni-
tive radio base stations 14. The two networks may coexist
without being physically connected.

[0017] The primary radio network is comprised of primary
devices 10 serving primary licensed users. The primary
devices 10 provide a plurality of communication channels.
The communication channels comprise a plurality of data
channels for data transmission. In an embodiment, each of the
primary devices 10 is a TV base station that is able to transmit
TV signals through a very high frequency (VHF) band and an
ultra high band (UHF). The VHF band and the UHF band
comprise different channels for signal transmission.

[0018] The secondary devices 12 can acquire sensing
reports of received signal strength (e.g. RSSI; Received Sig-
nal Strength Intensity), locations and channel information of
the primary devices 10. In an embodiment, the sensing reports
comprise the power of the primary devices 10 detected on the
data channels and the locations of the secondary devices 12.
The secondary devices 12 comprise wireless communication
devices such as a Smartphone, a tablet personal computer or
a desktop equipped with wireless communication units that
may or may not be able to acquire sensing reports automati-
cally. The secondary devices 12 can further comprise at least
one sensing device that is disposed around the coverage area
of the primary devices 10 for acquire sensing reports only.
[0019] The cognitive radio network is adaptive and com-
prises the cognitive radio base stations 14 serving the cogni-
tive radio user devices, i.e. the secondary devices 12. The
cognitive radio base stations 14 receive the sensing reports
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generated by the secondary devices 12. It is noted that in
different embodiments, the cognitive radio base stations 14
can be disposed in different places to receive the sensing
reports from the secondary devices 12 in various locations. It
is also noted that both the secondary devices 12 and the
cognitive radio base stations 14 are unauthorized users to the
data channels of the primary devices 10. Accordingly, the
secondary devices 12 and the cognitive radio base stations 14
are able to communicate with each other through a control
channel that both of the secondary devices 12 and the cogni-
tive radio base stations are authorized to access, wherein the
control channel is different from the data channels. In an
embodiment, the control channel is in the ISM (Industrial,
Scientific and Medical) band.

[0020] The data fusion center 16 further receives the sens-
ing reports from the cognitive radio base stations 14 through
abackbone network. In anembodiment, the data fusion center
16 receives the sensing reports from the cognitive radio base
stations 14 through a gateway device 18. The data fusion
center 16 performs a cooperative spectrum sensing process on
the sensing reports to obtain primary device information with
respect to the number of primary devices, the locations, spec-
trum distribution and the coverage area of the primary devices
10.

[0021] FIG. 2 is a diagram of the data fusion center 16
depicted in FIG. 1in an embodiment of the present disclosure.
The data fusion center 16 comprises spectrum-sensing agents
20, sensing database units 22, cooperative spectrum sensing
engines 24 and spectrum database units 26.

[0022] The spectrum-sensing agents 20 substantially
receive the sensing results from the cognitive radio base sta-
tions 14 and sort the sensing results. In an embodiment, the
spectrum-sensing agents 20 sort the sensing results by their
corresponding locations and frequency bands and further
transmit the sorted sensing results to the corresponding sens-
ing database units 22. The sensing database units 22 establish
a sensing result database according to the sorted sensing
results. The sensing database units 22 can be established by
using SQL Azure structure or other kinds of database sys-
tems. Itis also noted that in some embodiments, the spectrum-
sensing agents 20 may not be presented such that the sensing
database units 22 can directly establish the sensing result
database.

[0023] The cooperative spectrum sensing engines 24 are
electrically coupled to the sensing database units 22 to per-
form a cooperative spectrum sensing process in parallel to the
sensing results. In an embodiment, the cooperative spectrum
sensing engines 24 may comprise a plurality of computing
units to perform computation on the sensing results to obtain
the primary device information.

[0024] In an embodiment, the primary device information
comprises the number, powers, locations (e.g. latitudes and
longitudes) and the channel conditions of the primary devices
10. In another embodiment, the primary device information
further comprises the height and the radiation pattern of the
antenna of the primary devices 10, the spectrum distribution,
the coverage area and other related parameters of the primary
devices 10 calculated from the sensing results. Sparse Baye-
sian Learning algorithm or other kinds of algorithm can be
used to calculate the data described above to further obtain the
primary device information. The cooperative spectrum sens-
ing engines 24 further sort the primary device information
and transmit the primary device information to the spectrum
database units 26.
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[0025] The spectrum database units 26 are electrically
coupled to the cooperative sensing engines 24 to establish a
spectrum database according to the sorted primary device
information. In an embodiment, each of the spectrum data-
base units 26 stores the primary device information corre-
sponding to a specific region.

[0026] In an embodiment, the data fusion center 16
described above can be implemented by a cognitive radio
cloud system and the computing units of the cooperative
spectrum sensing engines 24 can be the virtual machines
initialized by the host of the cooperative spectrum sensing
engines 24.

[0027] Accordingly, the data fusion center 16 is able to
establish a database related to the operation condition of the
primary devices 10. The secondary devices 12 enable effi-
cient use of the spectrum by opportunistically utilizing the
vacancies of the band when they exist, which requires the
need for an efficient spectrum sensing mechanism. The pri-
mary devices 10 can occupy and leave any vacant band at any
time. Thus, in a given location, the spectrum occupancy is
varying in time and the secondary devices 12 should not only
be able to detect the vacant bands but also vacate them quickly
when the primary devices 10 appear. Through the establish-
ment of the spectrum database, the operation information of
the primary devices 10 can be recorded in a real time manner.
In an embodiment, the primary device information stored in
the spectrum database is accessible by the secondary devices
12 such that the secondary devices 12 can select one of the
communication channels that is available according to the
primary device information to perform communications.

[0028] Inan embodiment, the data fusion center 16 further
comprises a spectrum management agent 28 electrically
coupled to the spectrum database units 26. The spectrum
management agent 28 is able to receive a channel access
request generated by one of the secondary devices 12 through
the cognitive radio base stations 14 and announce a channel
policy according to the primary device information through a
backbone network to the cognitive radio base station 14 by
inquiring the spectrum database. In other embodiments, other
policies can be used to access the spectrum database units 26.
Accordingly, the secondary devices 14 can select one of the
communication channels according to the channel policy to
perform communications.

[0029] Consequently, the radio system 1 allows the second-
ary devices 12 to detect the vacant bands of the primary
devices 10 by accessing the primary device information gen-
erated and stored in the data fusion center 16. The efficient use
of the spectrum is thus enabled.

[0030] FIG. 3 is a flow chart showing an operating method
300 for a radio system in an embodiment of the present
disclosure. The operation method 300 can be used in the radio
system 1 depicted in FIG. 1. The operating method 300 com-
prises the steps outlined below (The steps are not recited in
the sequence in which the steps are performed. That is, unless
the sequence of the steps is expressly indicated, the sequence
of the steps is interchangeable, and all or part of the steps may
be simultaneously, partially simultaneously, or sequentially
performed).

[0031] In step 301, sensing reports related to the primary
devices 10, such as the received signal strength, location and
channel information of the primary devices 10 are acquired
by the secondary devices 12.
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[0032] In step 302, the sensing reports generated by the
secondary devices 12 are received by the cognitive radio base
stations 14 through the control channel provided.

[0033] Instep 303, the sensing reports from the cognitive
radio base stations 14 are received by the data fusion center 16
through a backbone network.

[0034] Instep 304, a cooperative spectrum sensing process
1s performed on the sensing reports to obtain primary device
information with respect to, the number, spectrum distribu-
tion and coverage area of the primary devices 10.

[0035] 1In step 305, the primary device information is
accessed by the secondary devices 12.

[0036] Instep 306, the secondary devices 12 select one of
communication channels according to the primary device
information to perform communications.

[0037] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present disclosure without departing from the
scope or spirit of the disclosure. In view of the foregoing, it is
intended that the present disclosure cover modifications and
variations of this disclosure provided they fall within the
scope of the following claims.

What is claimed is:

1. A radio system, comprising:

a plurality of primary devices are licensed to access the a
plurality of communication channels;

a plurality of secondary devices for acquiring sensing
reports of received signal strength, location and channel
information of the primary devices;

a plurality of cognitive radio base stations for receiving the
sensing reports generated by the secondary devices
through a control channel; and

a data fusion center for receiving the sensing reports from
the cognitive radio base stations through a backbone
network and for performing a cooperative spectrum
sensing process on the sensing reports to obtain primary
device information with respect to the number, loca-
tions, spectrum distribution and coverage area of the
primary devices, wherein the primary device informa-
tion is accessible by the secondary devices such that the
secondary devices select one of the communication
channels according to the primary device information to
perform communications.

2. The radio system of claim 1, wherein the data fusion

center is a cognitive radio cloud system.

3. The radio system of claim 1, wherein the data fusion
center comprises:

a plurality of sensing database units for receiving the sens-
ing results from the cognitive radio base stations and for
establishing the sensing result database;

a plurality of cooperative spectrum sensing engines elec-
trically coupled to the sensing database units to perform
the cooperative spectrum sensing process in parallel to
the sensing results to obtain the primary device informa-
tion and further sort the primary device information; and

a plurality of spectrum database units electrically coupled
to the cooperative sensing engines to establish a spec-
trum database according to the sorted primary device
information.

4. The radio system of claim 3, wherein the data fusion
center further to comprises a spectrum-sensing agent for sub-
stantially receiving the sensing results from the cognitive
radio base station and for sorting the sensing results, wherein
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the sensing database units receive the sorted sensing results
and establish the sensing result database according to the
sorted sensing results.

5. The radio system of claim 3, wherein the cognitive radio
base stations further receive channel access requests gener-
ated by one or many of the secondary devices.

6. The radio system of claim 5, wherein a data fusion center
further comprises:

a spectrum management agent electrically coupled to the
spectrum database units to announce a channel policy
according to the primary device information through the
backbone network to the cognitive radio base stations by
inquiring the spectrum database such that the secondary
devices select one of the communication channels
according to the channel policy to perform communica-
tions.

7. The radio system of claim 3, wherein the cooperative
spectrum sensing engines comprise a plurality of computing
units.

8. The radio system of claim 7, wherein the computing
units are a plurality of virtual machines initialized by at least
one host.

9. The radio system of claim 1, wherein the secondary
devices comprise a plurality of sensing devices for acquiring
the sensing reports only.

10. An operating method for a radio system, comprising:

acquiring sensing reports of received signal strength, loca-
tion and channel information of a plurality of primary
devices by a plurality of secondary devices;

receiving the sensing reports generated by the secondary
devices through a control channel provided by cognitive
radio base stations; and

receiving the sensing reports from the cognitive radio base
stations through a backbone network by a data fusion
center such that a cooperative spectrum sensing process
is performed on the sensing reports to obtain primary
device information with respect to the number, loca-
tions, spectrum distribution and coverage area of the
primary devices;

wherein the primary device information is accessible by
the secondary devices such that the secondary devices
select one of communication channels according to the
primary device information to perform communica-
tions.

11. The operating method of claim 10, wherein the step of

obtaining the primary device information further comprises:
sorting the primary device information; and

establishing a spectrum database.

12. The operating method of claim 10, wherein the step of
receiving the sensing reports from the cognitive radio base
stations through the backbone network by the data fusion
center further comprising sorting the sensing reports to estab-
lish a sensing result database such that the cooperative spec-
trum sensing process is performed on the sorted sensing
reports.

13. The operating method of claim 10, further comprising:

receiving a channel access request generated by one of the
secondary devices by the cognitive radio base station.

14. The operating method of claim 10, further comprising:

announcing a channel policy according to the primary
device information through the backbone network to the
cognitive radio base stations by inquiring the spectrum
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database such that the secondary devices select one of
the communication channels according to the channel
policy to perform communication.
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