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(57) Provided are a main beam direction determining
device, a main beam direction determining method, and
a program which are able to shorten a time required to
determine a main beam direction. A secondary candidate
sector selection unit (160) selects a second number of
primary candidates or a third number of primary candi-
dates as a secondary candidate or candidates in accord-
ance with a communication quality of communication by
an HMD (12), the second number being smaller than a
first number, the third number being smaller than the sec-
ond number. A first sector level sweep process perform-
ing unit (154) determines one of the secondary candidate
or candidates as the main beam direction.
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Description

[Technical Field]

[0001] The present invention relates to a main beam
direction determining device, a main beam direction de-
termining method, and a program.

[Background Art]

[0002] In a wireless communication standard, such as
Institute of Electrical and Electronics Engineers (IEEE)
802.11ad, a technique is known for determining, from
among a plurality of candidates for a main beam direction,
a direction that will provide a high communication quality
when a communication is performed as a main beam
direction to be used for communication by a communi-
cation device. An example of such a technique is sector
level sweep in beamforming.

[Summary]

[Technical Problem]

[0003] In recent years, a technique has been being
studied for transmitting, for example, a moving image or
an audio generated by a game device that executes a
game program and representing a play situation in a
game to a communication device, such as a head-mount-
ed display (HMD), in a wireless manner, and causing the
communication device to output the moving image or the
audio.
[0004] For example, it may be important to shorten a
time required to determine a main beam direction to be
used for communication by the communication device,
such as the HMD, in a situation in which an interruption
of the communication is undesirable, such as when a
user is playing a game.
[0005] The present invention has been conceived in
view of the above circumstances, and an object of the
present invention is to provide a main beam direction
determining device, a main beam direction determining
method, and a program which are able to shorten the
time required to determine the main beam direction.

[Solution to Problem]

[0006] To address such a problem, a main beam di-
rection determining device according to one aspect of
the present invention is a main beam direction determin-
ing device that determines one of a first number of pri-
mary candidates as a main beam direction to be used
for communication by a communication device. The main
beam direction determining device includes: a selection
unit configured to select a second number of primary can-
didates or a third number of primary candidates as a sec-
ondary candidate or candidates in accordance with a
communication quality of the communication by the com-

munication device, the second number being smaller
than the first number, the third number being smaller than
the second number; and a determination unit configured
to determine one of the secondary candidate or candi-
dates as the main beam direction.
[0007] In one embodiment of the present invention, the
selection unit selects the secondary candidate or candi-
dates on the basis of the main beam direction currently
used for the communication by the communication de-
vice.
[0008] In this embodiment, the selection unit may se-
lect the secondary candidate or candidates in accord-
ance with smallness of an angle formed by a direction
associated with each primary candidate with the main
beam direction currently used for the communication by
the communication device.
[0009] Alternatively, it may be so arranged that the
communication device includes a plurality of antennas,
that some of the primary candidates are associated with
each of the plurality of antennas, and that the selection
unit selects, as the secondary candidate or candidates,
some of the primary candidates associated with the an-
tenna currently used for the communication by the com-
munication device.
[0010] In one embodiment of the present invention, the
main beam direction determining device further includes
a communication quality data storage unit configured to
store communication quality data indicating a communi-
cation quality associated with each of the primary candi-
dates, and the selection unit selects the secondary can-
didate or candidates on the basis of the past communi-
cation qualities associated with the respective primary
candidates, the past communication qualities being indi-
cated by the communication quality data stored in the
communication quality data storage unit.
[0011] Another main beam direction determining de-
vice according to one aspect of the present invention is
a main beam direction determining device that deter-
mines one of a first number of primary candidates as a
main beam direction to be used for communication by a
communication device. The main beam direction deter-
mining device includes: a selection unit configured to se-
lect some of the first number of primary candidates as a
secondary candidate or candidates on the basis of the
main beam direction currently used for the communica-
tion by the communication device; and a determination
unit configured to determine one of the secondary can-
didate or candidates as the main beam direction.
[0012] In one embodiment of the present invention,
when the number of secondary candidates selected is
two or more, the determination unit determines one of
the two or more secondary candidates as the main beam
direction on the basis of a communication quality of a
communication performed with each of the two or more
secondary candidates, while when the number of sec-
ondary candidates selected is one, the determination unit
determines the one secondary candidate as the main
beam direction.
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[0013] In one embodiment of the present invention, the
main beam direction determining device further includes
a beam refinement process performing unit configured
to perform a beam refinement process of adjusting the
determined main beam direction.
[0014] A main beam direction determining method ac-
cording to one aspect of the present invention is a main
beam direction determining method of determining one
of a first number of primary candidates as a main beam
direction to be used for communication by a communi-
cation device. The method includes the steps of: select-
ing a second number of primary candidates or a third
number of primary candidates as a secondary candidate
or candidates in accordance with a communication qual-
ity of the communication by the communication device,
the second number being smaller than the first number,
the third number being smaller than the second number;
and determining one of the secondary candidate or can-
didates as the main beam direction.
[0015] A program according to one aspect of the
present invention is a program for causing a computer
that determines one of a first number of primary candi-
dates as a main beam direction to be used for commu-
nication by a communication device to perform the steps
of: selecting a second number of primary candidates or
a third number of primary candidates as a secondary
candidate or candidates in accordance with a communi-
cation quality of the communication by the communica-
tion device, the second number being smaller than the
first number, the third number being smaller than the sec-
ond number; and determining one of the secondary can-
didate or candidates as the main beam direction.

[Brief Description of Drawings]

[0016]

[FIG. 1]
FIG. 1 is a diagram illustrating an example of an over-
all structure of a video display system according to
an embodiment of the present invention.
[FIG. 2]
FIG. 2 is a diagram illustrating an example of a con-
figuration of a head-mounted display according to
an embodiment of the present invention.
[FIG. 3]
FIG. 3 is a sector candidate diagram schematically
illustrating an example of a plurality of candidates
for a main beam direction in sector level sweep.
[FIG. 4]
FIG. 4 is an explanatory diagram illustrating an ex-
ample of correspondences between the main beam
direction and a combination of an angle ϕ and an
angle θ in the sector candidate diagram.
[FIG. 5]
FIG. 5 is a functional block diagram illustrating ex-
amples of functions implemented by the head-
mounted display according to an embodiment of the

present invention.
[FIG. 6]
FIG. 6 is a diagram illustrating examples of primary
candidate sector data.
[FIG. 7]
FIG. 7 is a flowchart illustrating an example proce-
dure of processing performed in the head-mounted
display according to an embodiment of the present
invention.
[FIG. 8]
FIG. 8 is a functional block diagram illustrating ex-
amples of functions implemented by a head-mount-
ed display according to a first modification of the
above embodiment of the present invention.
[FIG. 9]
FIG. 9 is a flowchart illustrating an example proce-
dure of processing performed in the head-mounted
display according to the first modification of the
above embodiment of the present invention.
[FIG. 10]
FIG. 10 is a flowchart illustrating an example proce-
dure of processing performed in a head-mounted
display according to a second modification of the
above embodiment of the present invention.
[FIG. 11]
FIG. 11 is a flowchart illustrating an example proce-
dure of processing performed in the head-mounted
display according to the second modification of the
above embodiment of the present invention.

[Description of Embodiments]

[0017] Hereinafter, embodiments of the present inven-
tion will be described with reference to the accompanying
drawings.
[0018] FIG. 1 is a diagram illustrating an example of
an overall structure of a video display system 10 accord-
ing to an embodiment of the present invention. FIG. 2 is
a diagram illustrating an example of a configuration of a
head-mounted display (HMD) 12 according to the
present embodiment.
[0019] As illustrated in FIG. 1, the video display system
10 according to the present embodiment includes the
HMD 12, an entertainment device 14, a relay device 16,
a display 18, a camera/microphone unit 20, and a con-
troller 22.
[0020] As illustrated in FIG. 2, the HMD 12 according
to the present embodiment includes, for example, a proc-
essor 30, a storage unit 32, a communication unit 34, an
input/output unit 38, a display unit 40, a sensor unit 42,
and an audio output unit 44.
[0021] The processor 30 is a program control device,
such as a microprocessor, which operates in accordance
with a program installed in the HMD 12, for example.
[0022] The storage unit 32 is a storage device, such
as, for example, a read-only memory (ROM) or a random
access memory (RAM). A program executed by the proc-
essor 30 and so on are stored in the storage unit 32.
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[0023] The communication unit 34 is a communication
interface, such as a wireless local area network (LAN)
module, including a plurality of antennas 36, for example.
The communication unit 34 according to the present em-
bodiment includes four antennas 36 (i.e., antennas 36a,
36b, 36c, and 36d). As illustrated in FIG. 1, in the present
embodiment, the antenna 36a is disposed at an upper
position on a front side of the HMD 12. The antenna 36b
is disposed on a right side of the HMD 12. The antenna
36c is disposed on a rear side of the HMD 12. The an-
tenna 36d is disposed on a left side of the HMD 12. In
the present embodiment, the four antennas 36 are as-
sumed to form adaptive array antennas. Note that the
communication unit 34 may not necessarily include two
or more antennas 36, and that the communication unit
34 may alternatively include only one antenna 36, for
example.
[0024] The input/output unit 38 is an input/output port,
such as, for example, a high-definition multimedia inter-
face (HDMI) (registered trademark) port, a universal se-
rial bus (USB) port, or an auxiliary (AUX) port.
[0025] The display unit 40 is a display, such as, for
example, a liquid crystal display or an organic electrolu-
minescence (EL) display, disposed on the front side of
the HMD 12, and causes a picture generated by the en-
tertainment device 14 or the like to be displayed. The
display unit 40 is housed in a housing of the HMD 12.
The display unit 40 may be configured to, for example,
receive a video signal outputted from the entertainment
device 14 and relayed by the relay device 16, and output
a picture represented by the video signal. The display
unit 40 according to the present embodiment is config-
ured to be capable of displaying a three-dimensional im-
age by displaying an image for a left eye and an image
for a right eye, for example. Note that the display unit 40
may alternatively be configured to be capable of display-
ing only two-dimensional images, being incapable of dis-
playing three-dimensional images.
[0026] The sensor unit 42 is a sensor, such as, for ex-
ample, an acceleration sensor or a motion sensor. The
sensor unit 42 outputs measuring results of the amount
of rotation, the amount of movement, etc., of the HMD
12 to the processor 30 at a predetermined frame rate.
[0027] The audio output unit 44 is, for example, head-
phones, a loudspeaker, or the like, and outputs an audio
represented by audio data generated by the entertain-
ment device 14, and so on. The audio output unit 44
receives an audio signal outputted from the entertain-
ment device 14 and relayed by the relay device 16, and
outputs an audio represented by the audio signal, for
example.
[0028] The entertainment device 14 according to the
present embodiment is, for example, a computer, such
as a game console, a digital versatile disc (DVD) player,
or a Blu-ray (registered trademark) player. The entertain-
ment device 14 according to the present embodiment
generates a picture and an audio by executing a stored
game program or playing a content recorded on an optical

disk, for example. Then, the entertainment device 14 ac-
cording to the present embodiment outputs a video signal
representing the generated picture and an audio signal
representing the generated audio to the HMD 12 or the
display 18 via the relay device 16.
[0029] The relay device 16 according to the present
embodiment is a computer that relays the video signal
and the audio signal outputted from the entertainment
device 14 to output the video signal and the audio signal
to the HMD 12 or the display 18. The relay device 16
according to the present embodiment includes a com-
munication unit 16a, which is a communication interface,
such as a wireless LAN module, containing array anten-
nas.
[0030] The display 18 according to the present embod-
iment is, for example, a liquid crystal display or the like,
and causes the picture represented by the video signal
outputted from the entertainment device 14 and so on to
be displayed.
[0031] The camera/microphone unit 20 according to
the present embodiment includes, for example, cameras
20a, which output images taken of a subject to the en-
tertainment device 14, and microphones 20b, which take
sound in the surroundings, convert the sound to audio
data, and output the audio data to the entertainment de-
vice 14. The cameras 20a according to the present em-
bodiment form a stereo camera.
[0032] The HMD 12 and the relay device 16 are capa-
ble of transmission and reception of data therebetween
via wireless communication, for example. The entertain-
ment device 14 and the relay device 16 are, for example,
connected to each other via an HDMI cable, a USB cable,
or the like. The relay device 16 and the display 18 are,
for example, connected to each other via an HDMI cable
or the like. The entertainment device 14 and the cam-
era/microphone unit 20 are, for example, connected to
each other via an AUX cable or the like.
[0033] The controller 22 according to the present em-
bodiment is an operation input device used to perform
an operation input to the entertainment device 14. A user
is able to perform various types of operation inputs using
the controller 22, by pressing a directional key or a button
included in the controller 22 or tilting an operation stick
included therein. Then, in the present embodiment, the
controller 22 outputs input data associated with the op-
eration input to the entertainment device 14. In addition,
the controller 22 according to the present embodiment
includes a USB port. Then, the controller 22 is capable
of outputting the input data to the entertainment device
14 in a wired manner when connected to the entertain-
ment device 14 via a USB cable. In addition, the controller
22 according to the present embodiment includes a wire-
less communication module or the like, and is also ca-
pable of outputting the input data to the entertainment
device 14 in a wireless manner.
[0034] Wireless communication may be performed be-
tween the HMD 12 and the relay device 16 using millim-
eter waves, e.g., those in the 60 GHz band. In the present
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embodiment, a sufficient communication quality is se-
cured by making an adjustment such that a direction that
provides a high communication quality is set as a main
beam direction.
[0035] A beamforming process is known as an exam-
ple of a technique for setting the main beam direction.
The beamforming process includes a sector level sweep
process and a beam refinement process. In the sector
level sweep process, the main beam direction, which is
used for communication by the HMD 12, is determined
from among a plurality of candidates for the main beam
direction. Here, for example, out of the plurality of can-
didates for the main beam direction, a direction that pro-
vides a high communication quality, such as a high sig-
nal-to-noise ratio (S/N ratio) or a high reception intensity,
when communication is performed may be determined
as the main beam direction to be used for the communi-
cation by the HMD 12. After the main beam direction to
be used for the communication by the HMD 12 is deter-
mined by the sector level sweep process, the beam re-
finement process is performed to finely adjust the deter-
mined main beam direction. Note that both the sector
level sweep process and the beam refinement process
are performed by communication (negotiation) between
the communication unit 34 of the HMD 12 and the com-
munication unit 16a of the relay device.
[0036] FIG. 3 is a sector candidate diagram schemat-
ically illustrating an example of the plurality of candidates
for the main beam direction in the sector level sweep
process. FIG. 4 is an explanatory diagram illustrating an
example of correspondences between the main beam
direction and a combination of an angle ϕ and an angle
θ in the sector candidate diagram illustrated in FIG. 3.
[0037] Each of points represented by an X in the sector
candidate diagram illustrated in FIG. 3 represents a sec-
tor corresponding to a candidate for the main beam di-
rection in the sector level sweep. Hereinafter, these sec-
tors will be referred to as primary candidate sectors. In
the example of FIG. 3, 64 primary candidate sectors are
set. Each of these primary candidate sectors is associ-
ated with a combination of an angle ϕ and an angle θ.
Hereinafter, the combination of the angle ϕ and the angle
θ will be referred to as a main beam angle parameter (ϕ,
θ).
[0038] In the present embodiment, it is assumed, for
example, that a direction perpendicular to a surface of
the antenna 36a and leading from a back to a front of a
head of the user wearing the HMD 12 corresponds to a
positive x-axis direction in FIG. 4. It is also assumed that
a direction along the surface of the antenna 36a and lead-
ing from a right side to a left side of the head of the user
wearing the HMD 12 corresponds to a positive y-axis
direction in FIG. 4. It is also assumed that a direction
along the surface of the antenna 36a and corresponding
to a direction rotated 90 degrees in a counterclockwise
direction from the positive y-axis direction as viewed from
the positive x-axis direction corresponds to a positive z-
axis direction. In addition, in the present embodiment, it

is assumed that the angle ϕ is an angle from an x-axis
with the counterclockwise direction being a positive di-
rection as viewed from the positive z-axis direction, as
illustrated in FIG. 4. It is also assumed that the angle θ
is an angle formed with the positive z-axis direction. For
example, a main beam angle parameter (ϕ, θ) corre-
sponding to the positive x-axis direction is (0, +90). In the
present embodiment, it is assumed that values of the
main beam angle parameter are in degrees. In the
present embodiment, it is also assumed that -180 ≤ ϕ <
+180 and 0 ≤ θ ≤ 180.
[0039] In a known sector level sweep process, a ne-
gotiation is typically performed between the HMD 12 and
the relay device 16. In addition, in the negotiation, with
respect to each of all the 64 primary candidate sectors
arranged in the sector candidate diagram, a communi-
cation quality of a communication performed with a di-
rection associated with that primary candidate sector set
as the main beam direction is checked. Then, the direc-
tion associated with the primary candidate sector that
has provided the highest communication quality is deter-
mined as the main beam direction.
[0040] In contrast, in the present embodiment, two
types of sector level sweep processes, a first sector level
sweep process and a second sector level sweep process,
are performed. The first sector level sweep process is
performed at a predetermined timing, such as, for exam-
ple, a timing defined by a beacon interval. Here, the first
sector level sweep process may be performed at intervals
of a predetermined time. Meanwhile, the second sector
level sweep process is performed as appropriate in re-
sponse to a deterioration in communication quality, even
at a timing that is not a timing at which the first sector
level sweep is to be performed.
[0041] In the second sector level sweep process, with
respect to, for example, each of the 64 primary candidate
sectors arranged in the sector candidate diagram, a com-
munication quality of a communication performed with
the direction associated with that primary candidate sec-
tor set as the main beam direction is checked, as in the
known sector level sweep. Then, the direction associated
with the primary candidate sector that has provided the
highest communication quality is determined as the main
beam direction.
[0042] Meanwhile, in the first sector level sweep proc-
ess, the sector level sweep process is performed with
respect to only some of the primary candidate sectors.
Therefore, a beamforming process including the first sec-
tor level sweep process may require less time to deter-
mine the main beam direction than a known beamforming
process.
[0043] Hereinafter, functions of the HMD 12 according
to the present embodiment and processes performed in
the HMD 12 according to the present embodiment will
be further described. The HMD 12 according to the
present embodiment performs both a role as a main
beam direction determining device that determines one
of a plurality of primary candidates as a main beam di-
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rection to be used for communication by a communica-
tion device, and a role as a communication device that
communicates with the relay device 16.
[0044] FIG. 5 is a functional block diagram illustrating
examples of functions implemented by the HMD 12 ac-
cording to the present embodiment. Note that the HMD
12 according to the present embodiment may not nec-
essarily implement all of the functions illustrated in FIG.
5, and also may implement a function other than the func-
tions illustrated in FIG. 5.
[0045] As illustrated in FIG. 5, the HMD 12 according
to the present embodiment includes, in terms of function,
for example, a primary candidate sector data storage unit
50, a communication quality checking unit 52, a first sec-
tor level sweep process performing unit 54, a second
sector level sweep process performing unit 56, and a
beam refinement process performing unit 58. The prima-
ry candidate sector data storage unit 50 is mainly imple-
mented by the storage unit 32. Each of the communica-
tion quality checking unit 52, the first sector level sweep
process performing unit 54, the second sector level
sweep process performing unit 56, and the beam refine-
ment process performing unit 58 is mainly implemented
by the processor 30 and the communication unit 34.
[0046] The above functions may be implemented by
the processor 30 executing a program installed in the
HMD 12, which is a computer, the program containing
commands corresponding to the above functions. This
program is supplied to the HMD 12, for example, through
a computer-readable information storage medium, such
as an optical disk, a magnetic disk, a magnetic tape, a
magneto-optical disk, or a flash memory, or through the
Internet or the like.
[0047] In the present embodiment, the primary candi-
date sector data storage unit 50 stores primary candidate
sector data representing the primary candidate sector,
for example. The primary candidate sector data accord-
ing to the present embodiment includes, for example, a
primary candidate sector identification (ID), which is iden-
tification information for the primary candidate sector da-
ta, and the above-described main beam angle parameter
(ϕ, θ), as illustrated in FIG. 6. In the present embodiment,
the primary candidate sector data storage unit 50 stores
a plurality of items of primary candidate sector data as
illustrated in FIG. 6. In the example of FIG. 6, 64 items
of primary candidate sector data are illustrated. The pri-
mary candidate sector represented by the primary can-
didate sector data is associated with an angle with re-
spect to a reference direction (e.g., the positive x-axis
direction) by the main beam angle parameter (ϕ, θ).
[0048] In the present embodiment, the communication
quality checking unit 52 checks the communication qual-
ity of the communication by the HMD 12, for example.
As mentioned above, the communication quality check-
ing unit 52 may check, for example, the signal-to-noise
ratio (S/N ratio), the reception intensity, or the like in the
communication by the communication unit 34.
[0049] In the present embodiment, the first sector level

sweep process performing unit 54 performs the first sec-
tor level sweep process at the predetermined timing to
determine the main beam direction of the HMD 12, for
example. Here, the first sector level sweep process may
be performed at a timing defined by the beacon interval,
for example.
[0050] In the present embodiment, the first sector level
sweep process performing unit 54 performs the sector
level sweep process with respect to the main beam di-
rection currently used for the communication by the HMD
12, for example. In this case, the main beam direction
currently used for the communication by the HMD 12 is
determined again as the main beam direction to be used
for the communication by the HMD 12.
[0051] Here, the first sector level sweep process per-
forming unit 54 may refer to the primary candidate sector
data stored in the primary candidate sector data storage
unit 50, and identify the main beam direction currently
used for the communication by the HMD 12. In the
present embodiment, it is assumed that, when the first
sector level sweep process is performed, the orientation
and position of the HMD 12 have not significantly
changed since an immediately previous iteration of the
first sector level sweep process. On this assumption, the
primary candidate sector data the same as the primary
candidate sector data corresponding to the main beam
direction currently used for the communication by the
HMD 12 may be determined again as the primary can-
didate sector data corresponding to the main beam di-
rection to be used for the communication by the HMD
12, for example.
[0052] In the present embodiment, the second sector
level sweep process performing unit 56 performs the sec-
ond sector level sweep process in response to a deteri-
oration in the communication quality of the communica-
tion by the HMD 12, for example. Here, the second sector
level sweep process may be performed when a commu-
nication quality obtained by the checking by the commu-
nication quality checking unit 52 is lower than a prede-
termined communication quality, even at a timing that is
not a timing at which the first sector level sweep process
is to be performed, for example.
[0053] In the present embodiment, the second sector
level sweep process performing unit 56 checks a com-
munication quality of a communication performed with
each of a first number of primary candidate sectors set
as the main beam direction, for example. Hereinafter, the
above first number of primary candidate sectors will be
referred to as N1 primary candidate sectors. Then, the
second sector level sweep process performing unit 56
determines the main beam direction that has provided
the highest communication quality, for example, as the
main beam direction to be used for the communication
by the HMD 12. Here, the second sector level sweep
process may be performed, for example, with respect to
each of the 64 primary candidate sectors associated with
the respective items of primary candidate sector data
stored in the primary candidate sector data storage unit
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50. In this case, the above number, N1, is 64. Note that
the second sector level sweep process may not neces-
sarily be performed with respect to all of the primary can-
didate sectors associated with the respective items of
primary candidate sector data stored in the primary can-
didate sector data storage unit 50. For example, the sec-
ond sector level sweep process may be performed with
respect to only some of the primary candidate sectors.
[0054] The beam refinement process performing unit
58 performs a beam refinement process of finely adjust-
ing the main beam direction determined by the first sector
level sweep process performing unit 54 or the second
sector level sweep process performing unit 56.
[0055] Hereinafter, an example procedure of process-
ing performed in the HMD 12 according to the present
embodiment will be described with reference to a flow-
chart illustrated in FIG. 7. It is assumed that, in the present
example procedure, a loop of processes of S101 to S105
below is repeatedly performed, for example.
[0056] First, the communication quality checking unit
52 checks the communication quality of the communica-
tion by the HMD 12, and checks whether or not a com-
munication quality obtained by the checking is lower than
a predetermined quality (S101).
[0057] If it is determined that the communication quality
obtained is not lower than the predetermined quality
(S101: N), the first sector level sweep process performing
unit 54 checks whether or not the predetermined timing,
such as a timing defined by the beacon interval, has ar-
rived (S102). If it is not determined that the predetermined
timing has arrived (S102: N), control returns to the proc-
ess of S101. Meanwhile, if it is determined that the pre-
determined timing has arrived (S102: Y), the first sector
level sweep process performing unit 54 performs the first
sector level sweep process with respect to the main beam
direction currently used for the communication by the
HMD 12 (S103).
[0058] Meanwhile, if it is determined in the process of
S101 that the communication quality obtained is lower
than the predetermined quality (S101: Y), the second
sector level sweep process performing unit 56 performs
the second sector level sweep process with respect to
each of the N1 primary candidate sectors (S104). In the
process of S104, the communication quality of the com-
munication performed with each of the N1 primary can-
didate sectors set as the main beam direction is checked,
for example. Then, the main beam direction that has pro-
vided the highest communication quality, for example, is
determined as the main beam direction to be used for
the communication by the HMD 12.
[0059] Then, after the process of S103 or the process
of S104 is finished, the beam refinement process per-
forming unit 58 performs the beam refinement process
(S105), i.e., a process of finely adjusting the main beam
direction determined by the process of S103 or S104,
and control returns to the process of S101.
[0060] Thus, as mentioned above, the loop of the proc-
esses of S101 to S105 is repeatedly performed.

[0061] In the example procedure illustrated in FIG. 7,
the first sector level sweep process is performed with
respect to only the main beam direction currently used
for the communication by the HMD 12. Therefore, the
example procedure illustrated in FIG. 7 may require less
time to determine the main beam direction than the
known beamforming process.
[0062] Note that the above process of S103 may not
necessarily be performed. Then, in this case, the beam
refinement process may be performed with respect to
the main beam direction currently used for the commu-
nication in the process of S105.
[0063] Also note that, in the above process of S103,
the first sector level sweep process may alternatively be
performed with respect to two or more of the primary
candidate sectors. In this case, the main beam direction
that has provided the highest communication quality may
be determined as the main beam direction to be used for
the communication by the HMD 12.
[0064] Also note that, in the above process of S104,
the second sector level sweep process may alternatively
be performed with respect to only some of the primary
candidate sectors. Also note that, in the above process
of S104, the second sector level sweep process may
alternatively be performed with respect to only that
number of sectors which matches the communication
quality obtained by the checking in the process of S101.
Here, the second sector level sweep process may be
performed with respect to a greater number of sectors
as the communication quality obtained by the checking
in the process of S101 is lower, for example.
[0065] FIG. 8 is a functional block diagram illustrating
examples of functions implemented by an HMD 12 ac-
cording to a first modification of the present embodiment.
Note that the HMD 12 according to the first modification
may not necessarily implement all of the functions illus-
trated in FIG. 8, and also may implement a function other
than the functions illustrated in FIG. 8.
[0066] As illustrated in FIG. 8, the HMD 12 according
to the first modification includes, in terms of function, for
example, a primary candidate sector data storage unit
150, a communication quality checking unit 152, a first
sector level sweep process performing unit 154, a second
sector level sweep process performing unit 156, a beam
refinement process performing unit 158, and a secondary
candidate sector selection unit 160. The primary candi-
date sector data storage unit 150 is mainly implemented
by the storage unit 32. Each of the communication quality
checking unit 152, the first sector level sweep process
performing unit 154, the second sector level sweep proc-
ess performing unit 156, and the beam refinement proc-
ess performing unit 158 is mainly implemented by the
processor 30 and the communication unit 34. The sec-
ondary candidate sector selection unit 160 is mainly im-
plemented by the processor 30.
[0067] The above functions may be implemented by
the processor 30 executing a program installed in the
HMD 12, which is a computer, the program containing
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commands corresponding to the above functions. This
program is supplied to the HMD 12, for example, through
a computer-readable information storage medium, such
as an optical disk, a magnetic disk, a magnetic tape, a
magneto-optical disk, or a flash memory, or through the
Internet or the like.
[0068] The functions of the primary candidate sector
data storage unit 150, the communication quality check-
ing unit 152, the second sector level sweep process per-
forming unit 156, and the beam refinement process per-
forming unit 158 illustrated in FIG. 8 are similar to the
functions of the primary candidate sector data storage
unit 50, the communication quality checking unit 52, the
second sector level sweep process performing unit 56,
and the beam refinement process performing unit 58,
respectively, illustrated in FIG. 5, and, therefore, will not
be described below.
[0069] In the first modification, the communication
quality checking unit 152 may, for example, check a value
(i.e., an index number) of modulation and coding
schemes (MCS), which indicates a modulation scheme
and a coding scheme used in the communication by the
HMD 12.
[0070] In the first modification, the secondary candi-
date sector selection unit 160, for example, selects some
of the primary candidate sectors as a secondary candi-
date sector or sectors. Here, for example, a second
number (which is smaller than the aforementioned first
number) of primary candidates or a third number (which
is smaller than the second number) of primary candidates
may be selected as the secondary candidates in accord-
ance with the communication quality of the communica-
tion by the HMD 12 at the timing of the selection.
[0071] Here, for example, the second number of pri-
mary candidate sectors, the second number being small-
er than the aforementioned number, N1, may be selected
as the secondary candidate sectors when the value of
MCS obtained by the checking is smaller than a prede-
termined threshold value t1. Hereinafter, the second
number of primary candidate sectors will be referred to
as N2 primary candidate sectors.
[0072] In this case, the secondary candidate sector se-
lection unit 160 may select the secondary candidate sec-
tors on the basis of the main beam direction currently
used for the communication by the HMD 12, for example.
For example, the secondary candidate sectors may be
selected in accordance with smallness of an angle
formed by the direction associated with each primary
candidate sector with the main beam direction currently
used for the communication by the HMD 12.
[0073] Suppose, for example, that values of the main
beam angle parameter corresponding to the main beam
direction currently used for the communication by the
HMD 12 are (ϕ1, θ1). In this case, primary candidate
sector data with values (ϕ, θ) of the main beam angle
parameter satisfying conditions, ϕ1 - Δϕ ≤ ϕ ≤ ϕ1 + Δϕ
and θ1 - Δθ ≤ θ ≤ θ1 + Δθ, may be selected as secondary
candidate sector data representing a secondary candi-

date sector. It is assumed that Δϕ represents a predeter-
mined threshold value for the angle ϕ, and Δθ represents
a predetermined threshold value for the angle θ. Note
that a method for selecting the secondary candidate sec-
tor data is not limited to the above example. For example,
with respect to each of all items of primary candidate
sector data, a value associated with a difference between
the direction associated with that item of primary candi-
date sector data and the main beam direction currently
used for the communication by the HMD 12 may be cal-
culated. For example, with respect to the primary candi-
date sector data, the values of the main beam angle pa-
rameter of which are (ϕ, θ), the value of (ϕ - ϕ1)^2 + (θ -
θ1)^2 may be calculated. Then, a predetermined number
of items of primary candidate sector data that have pro-
vided the smallest calculated values may be selected as
items of secondary candidate sector data each repre-
senting a secondary candidate sector.
[0074] In addition, when the value of MCS obtained by
the checking is equal to or greater than the predetermined
threshold value t1, the third number of primary candidate
sectors, the third number being still smaller than the
aforementioned number, N2, may be selected as the sec-
ondary candidate sectors, for example. Hereinafter, the
third number of primary candidate sectors will be referred
to as N3 primary candidate sectors. Here, only one sector
may be selected as the secondary candidate sector, for
example. For example, as mentioned above, the sector
corresponding to the main beam direction currently used
for the communication by the HMD 12 may be selected
as the secondary candidate sector.
[0075] In the first modification, the first sector level
sweep process performing unit 154 may, for example,
perform the first sector level sweep process with respect
to each of the secondary candidate sectors selected by
the secondary candidate sector selection unit 160 to de-
termine the main beam direction to be used for the com-
munication by the HMD 12. For example, the first sector
level sweep process may be performed with respect to
each of the directions associated with the respective
items of secondary candidate sector data selected by the
secondary candidate sector selection unit 160. Here,
when the number of secondary candidate sectors select-
ed is two or more, for example, one of the two or more
secondary candidate sectors may be determined as the
main beam direction on the basis of a communication
quality of a communication performed with each of the
two or more secondary candidate sectors. For example,
the main beam direction corresponding to the one of the
two or more secondary candidate sectors that has pro-
vided the highest communication quality may be deter-
mined as the main beam direction to be used for the
communication by the HMD 12. Meanwhile, when the
number of secondary candidate sectors selected is one,
the one secondary candidate sector may be determined
as the main beam direction to be used for the communi-
cation by the HMD 12.
[0076] Hereinafter, an example procedure of process-
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ing performed in the HMD 12 according to the first mod-
ification will be described with reference to a flowchart
illustrated in FIG. 9. It is assumed that, in the present
example procedure, a loop of processes of S201 to S208
below is repeatedly performed, for example.
[0077] First, the communication quality checking unit
152 checks the communication quality of the communi-
cation by the HMD 12, and checks whether or not a com-
munication quality obtained by the checking is lower than
the predetermined quality (S201).
[0078] If it is determined that the communication quality
obtained is not lower than the predetermined quality
(S201: N), the first sector level sweep process performing
unit 154 checks whether or not the predetermined timing,
such as a timing defined by the beacon interval, has ar-
rived (S202). If it is not determined that the predetermined
timing has arrived (S202: N), control returns to the proc-
ess of S201.
[0079] Meanwhile, if it is determined that the predeter-
mined timing has arrived (S202: Y), the communication
quality checking unit 152 checks the value of MCS, which
indicates the modulation scheme and the coding scheme
used in the communication by the HMD 12 (S203).
[0080] If the value of MCS obtained by the checking in
the process of S203 is smaller than the threshold value
t1, the secondary candidate sector selection unit 160 se-
lects N2 secondary candidate sectors from among the
first candidate sectors as described above (S204). Mean-
while, if the value of MCS obtained by the checking in
the process of S203 is equal to or greater than the thresh-
old value t1, the secondary candidate sector selection
unit 160 selects N3 secondary candidate sectors from
among the first candidate sectors as described above
(S205). Here, for example, the secondary candidate sec-
tor corresponding to the main beam direction currently
used for the communication by the HMD 12 may be se-
lected.
[0081] Then, the first sector level sweep process per-
forming unit 154 performs the first sector level sweep
process with respect to each of the secondary candidate
sectors selected by the process of S204 or S205, and
determines the main beam direction to be used for the
communication by the HMD 12 (S206).
[0082] If it is determined in the process of S201 that
the communication quality obtained is lower than the pre-
determined quality (S201: Y), the second sector level
sweep process performing unit 156 performs the second
sector level sweep process with respect to each of the
N1 primary candidate sectors (S207). In the process of
S207, the communication quality of the communication
performed with each of the N1 primary candidate sectors
set as the main beam direction is checked, for example.
Then, the main beam direction that has provided the high-
est communication quality, for example, is determined
as the main beam direction to be used for the communi-
cation by the HMD 12.
[0083] Then, after the process of S206 or the process
of S207 is finished, the beam refinement process per-

forming unit 158 performs the beam refinement process
(S208), i.e., a process of finely adjusting the main beam
direction determined by the process of S206 or S207,
and control returns to the process of S201.
[0084] Thus, as mentioned above, the loop of the proc-
esses of S201 to S208 is repeatedly performed.
[0085] In the first modification, the first sector level
sweep process is performed with respect to the sectors
selected as the secondary candidate sectors from among
the primary candidate sectors. Therefore, according to
the first modification, less time may be required to deter-
mine the main beam direction than in the case of the
known beamforming process.
[0086] Note that, in the first modification, one of the
antennas 36 may be associated with each item of primary
candidate sector data stored in the primary candidate
sector data storage unit 150. Here, for example, with each
item of primary candidate sector data may be associated
one of the antennas 36 that is used to check the com-
munication quality of the communication performed with
the direction corresponding to that item of primary can-
didate sector data set as the main beam direction in the
sector level sweep process. Alternatively, for example,
with each item of primary candidate sector data may be
associated one of the antennas 36 that is used for the
communication by the HMD 12 when the direction cor-
responding to that item of primary candidate sector data
is the main beam direction in the communication by the
HMD 12.
[0087] Then, in this case, the secondary candidate
sector selection unit 160 may identify the antenna 36
associated with the main beam direction currently used
for the communication by the HMD 12. Then, the sec-
ondary candidate sector selection unit 160 may select
items of primary candidate sector data associated with
the identified antenna 36 as the secondary candidate
sector data associated with the secondary candidate sec-
tors.
[0088] Even in this case, the first sector level sweep
process is performed with respect to the sectors selected
as the secondary candidate sectors from among the pri-
mary candidate sectors, and therefore, less time may be
required to determine the main beam direction than in
the case of the known beamforming process.
[0089] Note that one of three or more numbers of sec-
ondary candidate sectors may be selected in accordance
with the value of MCS obtained by the checking in the
above process of S203. For example, when the value of
MCS obtained by the checking in the process of S203 is
smaller than a threshold value t2, which is smaller than
the aforementioned value t1, N4 secondary candidate
sectors, N4 being a number greater than the aforemen-
tioned number N2 and smaller than the aforementioned
number N1, may be selected. When the value of MCS
obtained by the checking in the process of S203 is equal
to or greater than the threshold value t2 and smaller than
the threshold value t1, N2 secondary candidate sectors
may be selected. When the value of MCS obtained by
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the checking in the process of S203 is equal to or greater
than the threshold value t1, N3 secondary candidate sec-
tors may be selected.
[0090] Also note that, in the case where only one sec-
ondary candidate sector is selected in the above process
of S205, the process of S206 may not be performed.
Then, in this case, the beam refinement process may be
performed with respect to the main beam direction asso-
ciated with the selected secondary candidate sector in
the process of S208.
[0091] Also note that, in the above process of S207,
the second sector level sweep process may alternatively
be performed with respect to only some of the primary
candidate sectors. In this case, the second sector level
sweep process may be performed with respect to a great-
er number of sectors than the number of secondary can-
didate sectors. Also note that, in the above process of
S207, the second sector level sweep process may alter-
natively be performed with respect to only that number
of sectors which matches the communication quality ob-
tained by the checking in the process of S201. Here, the
second sector level sweep process may be performed
with respect to a greater number of sectors as the com-
munication quality obtained by the checking in the proc-
ess of S201 is lower, for example.
[0092] FIG. 10 is a functional block diagram illustrating
examples of functions implemented by an HMD 12 ac-
cording to a second modification of the present embod-
iment. Note that the HMD 12 according to the second
modification may not necessarily implement all of the
functions illustrated in FIG. 10, and also may implement
a function other than the functions illustrated in FIG. 10.
[0093] As illustrated in FIG. 10, the HMD 12 according
to the second modification includes, in terms of function,
for example, a primary candidate sector data storage unit
250, a communication quality checking unit 252, a first
sector level sweep process performing unit 254, a second
sector level sweep process performing unit 256, a beam
refinement process performing unit 258, a secondary
candidate sector selection unit 260, a communication
quality data generation unit 262, and a communication
quality data storage unit 264. Each of the primary candi-
date sector data storage unit 250 and the communication
quality data storage unit 264 is mainly implemented by
the storage unit 32. Each of the communication quality
checking unit 252, the first sector level sweep process
performing unit 254, the second sector level sweep proc-
ess performing unit 256, the beam refinement process
performing unit 258, and the communication quality data
generation unit 262 is mainly implemented by the proc-
essor 30 and the communication unit 34. The secondary
candidate sector selection unit 260 is mainly implement-
ed by the processor 30.
[0094] The above functions may be implemented by
the processor 30 executing a program installed in the
HMD 12, which is a computer, the program containing
commands corresponding to the above functions. This
program is supplied to the HMD 12, for example, through

a computer-readable information storage medium, such
as an optical disk, a magnetic disk, a magnetic tape, a
magneto-optical disk, or a flash memory, or through the
Internet or the like.
[0095] The functions of the primary candidate sector
data storage unit 250, the communication quality check-
ing unit 252, the first sector level sweep process perform-
ing unit 254, the second sector level sweep process per-
forming unit 256, the beam refinement process perform-
ing unit 258, and the secondary candidate sector selec-
tion unit 260 illustrated in FIG. 10 are similar to the func-
tions of the primary candidate sector data storage unit
150, the communication quality checking unit 152, the
first sector level sweep process performing unit 154, the
second sector level sweep process performing unit 156,
the beam refinement process performing unit 158, and
the secondary candidate sector selection unit 260, re-
spectively, illustrated in FIG. 8, and, therefore, will not be
described below.
[0096] In the second modification, the communication
quality data generation unit 262, for example, generates
communication quality data indicating a communication
quality of a communication performed with a direction
associated with each of the first candidate sectors set as
the main beam direction. Here, for example, communi-
cation quality data indicating a communication quality
when the second sector level sweep process was per-
formed may be generated. With the communication qual-
ity data may be associated a first candidate sector ID
associated with a first candidate sector with respect to
which the communication quality was checked, and time
data indicating a time at which the communication quality
was checked.
[0097] Then, in the second modification, the commu-
nication quality data storage unit 264, for example, stores
the communication quality data generated by the com-
munication quality data generation unit 262.
[0098] In the second modification, the secondary can-
didate sector selection unit 260 may, for example, select
the secondary candidate sectors on the basis of past
communication qualities associated with the respective
first candidate sectors and indicated by the communica-
tion quality data stored in the communication quality data
storage unit 264. Here, for example, a predetermined
number of primary candidate sectors that have provided
the highest communication qualities in an immediately
previous iteration of the second sector level sweep proc-
ess may be selected as the secondary candidate sec-
tor(s).
[0099] Hereinafter, an example procedure of process-
ing performed in the HMD 12 according to the second
modification will be described with reference to a flow-
chart illustrated in FIG. 11. It is assumed that, in the
present example procedure, a loop of processes of S301
to S309 below is repeatedly performed, for example.
[0100] First, the communication quality checking unit
252 checks the communication quality of the communi-
cation by the HMD 12, and checks whether or not a com-
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munication quality obtained by the checking is lower than
the predetermined quality (S301).
[0101] If it is determined that the communication quality
obtained is not lower than the predetermined quality
(S301: N), the first sector level sweep process performing
unit 254 checks whether or not the predetermined timing,
such as a timing defined by the beacon interval, has ar-
rived (S302). If it is not determined that the predetermined
timing has arrived (S302: N), control returns to the proc-
ess of S301.
[0102] Meanwhile, if it is determined that the predeter-
mined timing has arrived (S302: Y), the communication
quality checking unit 252 checks the value of MCS, which
indicates the modulation scheme and the coding scheme
used in the communication by the HMD 12 (S303).
[0103] If the value of MCS obtained by the checking in
the process of S303 is smaller than the threshold value
t1, the secondary candidate sector selection unit 260 se-
lects N2 secondary candidate sectors from among the
first candidate sectors on the basis of the past commu-
nication qualities associated with the respective primary
candidate sectors (S304). Here, for example, the N2 sec-
ondary candidate sectors may be selected on the basis
of the communication quality data stored in the commu-
nication quality data storage unit 264. For example, N2
sectors that have provided the highest communication
qualities in the immediately previous iteration of the sec-
ond sector level sweep process may be selected as the
secondary candidate sectors from among the N1 primary
candidate sectors. Meanwhile, if the value of MCS ob-
tained by the checking in the process of S303 is equal
to or greater than the threshold value t1, the secondary
candidate sector selection unit 260 selects N3 secondary
candidate sectors from among the first candidate sectors
(S305). Here, the secondary candidate sector corre-
sponding to the main beam direction currently used for
the communication by the HMD 12 may be selected, for
example.
[0104] Then, the first sector level sweep process per-
forming unit 254 performs the first sector level sweep
process with respect to each of the secondary candidate
sectors selected by the process of S304 or S305, and
determines the main beam direction to be used for the
communication by the HMD 12 (S306).
[0105] Meanwhile, if it is determined in the process of
S301 that the communication quality obtained is lower
than the predetermined quality (S301: Y), the second
sector level sweep process performing unit 256 performs
the second sector level sweep process with respect to
each of the N1 primary candidate sectors (S307). In the
process of S307, the communication quality of the com-
munication performed with each of the N1 primary can-
didate sectors set as the main beam direction is checked,
for example. Then, the main beam direction that has pro-
vided the highest communication quality, for example, is
determined as the main beam direction to be used for
the communication by the HMD 12.
[0106] Then, the communication quality data genera-

tion unit 262 generates items of communication quality
data indicating communication qualities obtained by the
checking in the process of S307, and causes the gener-
ated communication quality data to be stored in the com-
munication quality data storage unit 264 (S308).
[0107] Then, after the process of S306 or the process
of S308 is finished, the beam refinement process per-
forming unit 258 performs the beam refinement process
(S309), i.e., a process of finely adjusting the main beam
direction determined by the process of S306 or S307,
and control returns to the process of S301.
[0108] Thus, as mentioned above, the loop of the proc-
esses of S301 to S309 is repeatedly performed.
[0109] Also in the second modification, the first sector
level sweep process is performed with respect to the sec-
tors selected as the secondary candidate sectors from
among the primary candidate sectors. Therefore, accord-
ing to the second modification, less time may be required
to determine the main beam direction than in the case of
the known beamforming process.
[0110] Note that, in the second modification, the com-
munication quality data generation unit 262 may gener-
ate communication quality data associated with respect
to any relevant second candidate sector when the first
sector level sweep process is performed as well. Then,
the generated communication quality data may be stored
in the communication quality data storage unit 264. Then,
in this case, the second candidate sectors may be se-
lected on the basis of the communication qualities in the
first sector level sweep process.
[0111] Note that, as in the first modification, one of
three or more numbers of secondary candidate sectors
may be selected in accordance with the value of MCS
obtained by the checking in the above process of S303.
[0112] Also note that, in the case where only one sec-
ondary candidate sector is selected in the above process
of S305, the process of S306 may not be performed.
Then, in this case, the beam refinement process may be
performed with respect to the main beam direction asso-
ciated with the selected secondary candidate sector in
the process of S309.
[0113] Also note that, in the above process of S307,
the second sector level sweep process may alternatively
be performed with respect to only some of the primary
candidate sectors. In this case, the second sector level
sweep process may be performed with respect to a great-
er number of sectors than the number of secondary can-
didate sectors. Also note that, in the above process of
S307, the second sector level sweep process may alter-
natively be performed with respect to only that number
of sectors which matches the communication quality ob-
tained by the checking in the process of S301. Here, the
second sector level sweep process may be performed
with respect to a greater number of sectors as the com-
munication quality obtained by the checking in the proc-
ess of S301 is lower, for example.
[0114] Note that the scope of the present invention is
not limited to the above-described embodiments.
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[0115] For example, similarly to the first sector level
sweep process in each of the first modification and the
second modification, the second sector level sweep proc-
ess may also be performed with respect to that number
of sectors which matches the value of MCS obtained by
the checking. For example, the second sector level
sweep process may be performed with respect to that
number of sectors which is determined in accordance
with whether or not the value of MCS obtained is equal
to or greater than the predetermined threshold value t1.
[0116] Also note that some or all of the functions illus-
trated in each of FIGS. 5, 8, and 10 may be implemented
by the entertainment device 14, for example.
[0117] Also note that specific character strings and nu-
merical values mentioned above and specific character
strings and numerical values illustrated in the drawings
are merely examples, and that those character strings
and numerical values are not restrictive.

Claims

1. A main beam direction determining device that de-
termines one of a first number of primary candidates
as a main beam direction to be used for communi-
cation by a communication device, the main beam
direction determining device comprising:

a selection unit configured to select a second
number of primary candidates or a third number
of primary candidates as a secondary candidate
or candidates in accordance with a communica-
tion quality of the communication by the com-
munication device, the second number being
smaller than the first number, the third number
being smaller than the second number; and
a determination unit configured to determine
one of the secondary candidate or candidates
as the main beam direction.

2. The main beam direction determining device accord-
ing to claim 1, wherein
the selection unit selects the secondary candidate
or candidates on a basis of the main beam direction
currently used for the communication by the com-
munication device.

3. The main beam direction determining device accord-
ing to claim 2, wherein
the selection unit selects the secondary candidate
or candidates in accordance with smallness of an
angle formed by a direction associated with each
primary candidate with the main beam direction cur-
rently used for the communication by the communi-
cation device.

4. The main beam direction determining device accord-
ing to claim 2, wherein

the communication device includes a plurality of an-
tennas; some of the primary candidates are associ-
ated with each of the plurality of antennas; and
the selection unit selects, as the secondary candi-
date or candidates, some of the primary candidates
associated with the antenna currently used for the
communication by the communication device.

5. The main beam direction determining device accord-
ing to claim 1, further comprising:
a communication quality data storage unit config-
ured to store communication quality data indicating
a communication quality associated with each of the
primary candidates, wherein the selection unit se-
lects the secondary candidate or candidates on a
basis of the past communication qualities associated
with the respective primary candidates, the past
communication qualities being indicated by the com-
munication quality data stored in the communication
quality data storage unit.

6. A main beam direction determining device that de-
termines one of a first number of primary candidates
as a main beam direction to be used for communi-
cation by a communication device, the main beam
direction determining device comprising:

a selection unit configured to select some of the
first number of primary candidates as a second-
ary candidate or candidates on a basis of the
main beam direction currently used for the com-
munication by the communication device; and
a determination unit configured to determine
one of the secondary candidate or candidates
as the main beam direction.

7. The main beam direction determining device accord-
ing to any one of claims 1 to 6, wherein,
when the number of secondary candidates selected
is two or more, the determination unit determines
one of the two or more secondary candidates as the
main beam direction on a basis of a communication
quality of a communication performed with each of
the two or more secondary candidates, while when
the number of secondary candidates selected is one,
the determination unit determines the one secondary
candidate as the main beam direction.

8. The main beam direction determining device accord-
ing to any one of claims 1 to 7, further comprising:
a beam refinement process performing unit config-
ured to perform a beam refinement process of ad-
justing the determined main beam direction.

9. A main beam direction determining method of deter-
mining one of a first number of primary candidates
as a main beam direction to be used for communi-
cation by a communication device, the method com-
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prising the steps of:

selecting a second number of primary candi-
dates or a third number of primary candidates
as a secondary candidate or candidates in ac-
cordance with a communication quality of the
communication by the communication device,
the second number being smaller than the first
number, the third number being smaller than the
second number; and
determining one of the secondary candidate or
candidates as the main beam direction.

10. A program for causing a computer that determines
one of a first number of primary candidates as a main
beam direction to be used for communication by a
communication device to perform the steps of:

selecting a second number of primary candi-
dates or a third number of primary candidates
as a secondary candidate or candidates in ac-
cordance with a communication quality of the
communication by the communication device,
the second number being smaller than the first
number, the third number being smaller than the
second number; and
determining one of the secondary candidate or
candidates as the main beam direction.
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