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ABSTRACT

When one base station to Which a terminal is to connect is

determined from a plurality of base stations in a Wireless

communication system, the best base station is selected
according to the communication quality or the content of
communication services. In the Wireless communication
system, the plurality of base stations are classi?ed into a

plurality of groups. Indexes of communication quality
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between the base stations and the terminal are obtained and,

(22) Filed:
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of communication quality are calculated. The base station
group With Which the terminal is to communicate is speci?ed
based on the characterizing quantities. One of the base

(30)

Foreign Application Priority Data
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stations in the speci?ed group is determined as a commu
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METHOD FOR SELECTING BASE STATION

ogy is developed for non-interrupted handolf. A service for

Wirelessly delivering a moving image in streaming mode
INCORPORATION BY REFERENCE

[0001] The present application claims priority from Japa
nese application JP2005-ll5238 ?led on Apr. 13, 2005, the

content of Which is hereby incorporated by reference into

[0007] There is also a Wireless-LAN-based position detec
tion service disclosed in JP-A-2004-l0l254 (Patent Docu

BACKGROUND OF THE INVENTION

ment 1). In this service, a Wireless terminal must connect to
a base station called a master base station. Although the
master base station is installed in a good electric Wave

1. Field of the Invention

environment to ensure good position detection accuracy, the
position detection accuracy is decreased if the terminal

this application.

[0002]

also involves a problem that the moving image tends to be

interrupted.

[0003] The present invention relates to a method for
selecting one Wireless base station, With Which a terminal is
to communicate, from multiple base stations in a Wireless

system.
[0004] 2. Description of the Related Art

connects to a base station other than the master base station.

Another problem is that, When hand off occurs, the terminal
cannot connect to the next master base station.

[0008] As described above, a Wireless communication
method used in a private netWork has a problem that the

method cannot satisfy the communication quality required

[0005] Recently, Wireless communication systems are
becoming an infrastructure essential for the society. Wireless

recently. Especially, though the installation positions of base

communication systems are classi?ed roughly into tWo: one
is a public netWork such as mobile phones and PHS Where

the electric Wave range, such a calculation is not usually

corporations provide facilities such as base stations and the
other is a private netWork such as a Wireless LAN, Bluetooth

for the Wireless communication services that are diversi?ed

stations are determined in a public netWork by calculating
carried out in a private netWork. Instead, the installation
positions of base stations in a private netWork are deter

(registered trademark), and Zigbee (registered trademark))

mined in many cases based on the ease of connection to a

Where users prepare facilities such as base stations. Wireless

Wired communication netWork or on the arrangement of

communication devices for a private network, Which are
easy to install and loW in cost, are being Widely installed to
alloW users to communicate Wirelessly Wherever they are.

furniture and ?xtures. Therefore, a simple method, in Which

[0006]

Wireless communication standards such as a Wire

less LAN and Bluetooth (registered trademark) Were created
With focus on data communication via personal computers
and information communication terminals. Recently, hoW
ever, there is a rapidly increasing need for various types of
service other than data communication With the result that
the Wireless communication standard in a private netWork

sometimes does not satisfy the communication quality
required for those services. One typical example is the IP
phone service. An IP phone is a service in Which voice data
is sent to the packet communication netWork, instead of the

conventional sWitched telephone netWork, to implement the
function equivalent to that available in the conventional
telephone netWork. Wireless LAN standards such as
IEEE802.llb are used to implement the IP phone function

using a Wireless terminal. Those standards, originally
designed for data communication, involve problems such as
a tendency to interrupt communication. A problem is gen
erated also in handoif carried out for changing the connec
tion destination from the current base station to another. In
a Wireless LAN, a terminal that connects to a base station

before starting the communication selects a destination base

station, for example, by selecting a base station from Which
a beacon (broadcast base signal) With the largest received
poWer is received. Handolf is carried out in such a Way that,

if the received poWer of the signal received from the base
station currently in communication falls beloW a predeter
mined threshold, the base station is changed to the next
connection destination (?nding a beacon With larger
received poWer). At this time, if a loW poWer state exists for
a long time before the terminal is successfully connected to
the next base station, the communication quality deterio
rates. In addition, to solve the problem that the call is
interrupted after the communication is once broken and
before the next connection destination is found, a technol

a Wireless terminal connects to a base station from Which the

maximum received poWer is received, does not sometimes

satisfy the quality required by services. For example, assume
that, in a building Where Wireless base stations are arranged
randomly, a Wireless terminal has been connected to a base
station on another ?oor from Which a strong signal Was
received at a particular time. In this case, if the Wireless
terminal is moved even for a short distance, the quality of

communication With that base station deteriorates greatly
and communication With the base station is sometimes
broken. To prevent such a problem from occurring, it is
necessary to select a base station, With Which a Wireless
terminal connects, according to the services that are used or

according to the communication quality that is required.
SUMMARY OF THE INVENTION

[0009] The present invention solves the problem by using
a connection control method for selecting one base station,
With Which a terminal is to Wirelessly communicate, from a
plurality of base stations in a Wireless communication sys
tem. The plurality of base stations are classi?ed into a

plurality of groups each having a unique identi?er. The
connection control method obtains an index of communica
tion quality betWeen a Wireless terminal and Wireless base

stations for each of the plurality of base stations, calculates

characterizing quantities of the communication quality for
each of the groups based on the identi?er, speci?es one of

the plurality of groups based on the charactering quantities,
and selects one of base stations, Which belong to the
speci?ed group, as a connection destination base station of
the Wireless terminal.

[0010] For example, a received poWer is used as the index
of communication quality. Multiple received poWers are
added up for each group to calculate the total poWer.
Assuming that a group Whose total poWer is the largest is a
group that provides the best service, the terminal is con
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nected to a base station in the group whose total power is the

[0022]

largest. Information on a bit rate at which data is sent or

of a terminal in the embodiment in which the terminal side

information on the SNR, if available, may also be used as the

performs base station selection processing.

index of communication quality.

[0023]

FIG. 5 is a diagram showing the functional block

FIG. 6 is a processing ?ow showing the combina

[0011] A characterizing quantity may also be an average
that is obtained by dividing the total power of each group by

tion of the selection of a base station based on the maximum
received power and the selection of a base station based on

the number of base stations in the group. This method

the group scores.

generates characterizing quantities that do not depend on the
number of base stations.

[0024] FIG. 7 is a diagram showing the general view of an
embodiment in which the system side performs base station

[0012]

selection processing.

A base station in a group to be used as the con

nection destination base station may also be determined in
the group in advance. A base station whose received power
is the largest in a group may also be selected as the
connection destination base station. If the bit rate can be
obtained, a base station capable of communicating at the
highest bit rate may also be selected. If the SNR can be
obtained, a base station whose SNR is the highest may also
be selected.

[0013] The method according to the present invention
allows a wireless terminal to select a right communication
destination base station according to the wireless commu

[0025]

FIG. 8 is a diagram showing group identi?cation

table information entered into a server in the embodiment in

which the system side performs base station selection pro

cessing.
[0026]

FIG. 9 is a processing ?ow of a terminal in the

embodiment in which the system side performs base station

selection processing.
[0027]

FIG. 10 is a processing ?ow of a base station in the

embodiment in which the system side performs base station

selection processing.

nication service that is used or the communication quality

[0028]

that is required. The selection of a right base station gives the

embodiment in which the system side performs base station

FIG. 11 is a processing ?ow of a server in the

user high-quality wireless communication services.

selection processing.

[0014] Especially, the method according to the present

[0029] FIG. 12 is a diagram showing the functional blocks
of the terminal, base station, and server in the embodiment
in which the system side performs base station selection

invention reduces the number of times the base station is

switched in the IP telephony services and therefore provides
better telephony quality. The method also reduces the num
ber of times the base station is switched in the moving-image

streaming delivery services and therefore delivers moving
images without interruption. In addition, in a wireless LAN
position detection system, the method allows a wireless
terminal to connect to a base station on the same ?oor as the

wireless terminal and therefore provides high-precision
position detection.

[0015] Other objects, features and advantages of the
invention will become apparent from the following descrip
tion of the embodiments of the invention taken in conjunc

tion with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a ?owchart showing the basic processing

of an embodiment of the present invention.

[0017] FIG. 2 is a diagram showing the general view of an
embodiment in which the terminal side performs base sta

processing.
[0030] FIG. 13 is a diagram showing the general con?gu
ration of an embodiment in which the present invention is

applied to an IP phone system.
[0031] FIG. 14 is a diagram shows the group identi?ca
tion table information used in the embodiment in which the
present invention is applied to an IP phone system.

[0032]
[0033]

[0018]

FIG. 3A is a diagram showing an example of group

[0019]

FIG. 3B is a diagram showing an example of group

score calculation in the embodiment in which the terminal

side performs base station selection processing.
[0020] FIG. 3C is a diagram showing a calculation
example in the embodiment in which the terminal side

FIG. 16 is a diagram showing the general view of

an embodiment in which the present invention is applied to

the wireless-LAN-based position detection system.
[0034] FIG. 17 is a diagram showing the group identi?
cation table information used in the embodiment in which
the present invention is applied to the wireless-LAN-based

position detection system.
DETAILED DESCRIPTION OF THE
EMBODIMENTS

tion selection processing.
identi?cation table information entered into a terminal.

FIG. 15 is a diagram showing the general view of

a wireless-LAN-based position detection system.

[0035] Embodiment of the present invention will be
described with reference to the drawings.

[0036]

FIG. 2 is a diagram showing the whole system in

which the wireless terminal side selects a base station.

Multiple base stations 201, 202, 203, 204, 205, and 206 are
installed, each sending a wireless signal (beacon) 211, 212,
213, 214, 215, and 216, respectively. Each of the wireless

[0021] FIG. 4 is a terminal processing ?owchart in the
embodiment in which the terminal side performs base sta

signals 211-216 includes a base station ID identifying the
base station that sends the wireless signal. The following
describes a procedure used by the wireless terminal 200 for
receiving those wireless signals and determining a base

tion selection processing.

station to which it connects.

performs base station selection processing.
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[0037] FIG. 3 shows a group identi?cation table 301 for
use by a terminal for classifying the base stations 201-206
into groups for identi?cation. The table 301 must be entered
into the terminal in advance before selecting a base station
according to the method of the present invention. The table
301 includes four types of information: group ID, group
score, base station ID, and received poWer. The terminal
references the table 301 to determine that the base stations
201 and 202 belong to group G1, the base stations 203 and
204 belong to group G2, and the base stations 205 and 206
belong to group G3.

[0038]

With reference to FIG. 1, the folloWing describes

hoW a terminal determines a connection destination base

station. In step 101, the terminal uses the group identi?ca
tion table 301 to identify the base stations and their groups.
In step 102, the terminal receives the beacon signal from the
base stations and measures the received poWer. Next, in step
103, the terminal calculates the average value of the multiple
measured received poWers for each group using the identi
?cation table 301. In step 104, the terminal determines the
group, Which has the largest average value calculated in step
103, as the connection destination group. In step S105, the
terminal determines one of base stations of the group, Which
is determined in step 104, as the connection destination base
station.

[0039] Upon receiving the Wireless signals 211-216, the
terminal obtains the charactering quantities, for example,
received poWers, and records them in the table as received
poWers R1-R6. After that, the terminal uses the received
poWers R1-R6 to calculate group scores S1, S2, and S3 for
the groups. In the group score calculation example 302 as
shoWn in FIG. 3B, the sum of received poWers is used as the
group score. That is, the group score S1 of group G1 is
calculated as the sum of R1 and R2. The score S2 of group
G2 and the score S3 of group G3 are calculated in the same

Way. In the calculation example 303 as shoWn in FIG. 3C,
the average received poWer per base station is calculated for
each group and the resulting average received poWer is used
as the group score. That is, the score S1 of group G1 is

calculated by dividing the sum of R1 and R2 by the number
of base stations in the group (2 in this example). This
calculation example 303 is an effective calculation method
When the number of base stations differs among groups. A

maximum in step 406. Next, in step 407, the terminal selects
one of base stations from those belonging to the group With
the speci?ed group ID and determines the selected base
station as the connection destination base station of the

terminal. By executing the processing ?oW described above,
the terminal can select the base station, best suited for the
Wireless communication service, as the connection destina

tion. For example, for the IP phone communication service,
the terminal can select a base station With Which the terminal
can maintain good communication quality even if the ter
minal moves a short distance. For the moving image stream

ing delivery service, a high-quality moving image can be
delivered While maintaining a high bit rate.
[0041] When the terminal selects a reconnection destina
tion base station during handolf, the terminal can also
execute a processing ?oW similar to that in FIG. 1 or FIG.

4 to alWays maintain good communication quality.
[0042] One of several types of end requirement may be
used in step 405. For example, the reception Waiting time is
predetermined and, if the predetermined Waiting time has
elapsed, the end requirement of reception Waiting is satis
?ed. Alternatively, the reception Waiting state can be con
tinued until the signal is received from all base stations. In
addition, When a group ID Whose group score is the maxi

mum is determined in processing step 406, the maximum
score value is not necessarily used. Instead, the minimum
score value or a value equal to or larger, or equal or smaller,

than a threshold may also be selected depending upon the
situation. In step 407, one of base stations can be selected

from those in the group, for example, by selecting a base
station With the maximum received poWer or by selecting a

connection destination base station predetermined in the
group and connecting the terminal to the predetermined base
station.
[0043] FIG. 5 is a functional block diagram of a terminal
With the base station selection means described above. A
terminal 501 comprises a CPU 502, a RAM 503, a Wireless
communication module 504, and a data bus 505 via Which
those components are connected. The terminal 501 includes,

in the RAM 503, softWare for controlling the Wireless
communication module 504, softWare for executing the base
station selection algorithm shoWn in FIG. 4, and the group

value other than a received poWer, if available for use as a

identi?cation table shoWn in FIG. 3A. The Wireless com

communication quality index, may also be used. For

munication function and the base station selection algorithm
are implemented by executing the softWare, stored in the
RAM, by the CPU. The Wireless communication module

example, if information on the bit rate at Which a base station
can communicate can be obtained, the bit rate may be used
as the group score.

[0040]

FIG. 4 is a ?owchart shoWing the processing ?oW

When the terminal determines a connection destination base

station. In step 401, the terminal starts Waiting for a base
station to send the Wireless signal. In response to the signal,
the terminal obtains the base station ID and the received

poWer from the signal in step 402. Next, in step 403, the
terminal determines the group ID from the base station ID.
Next, in step 404, the terminal uses the received poWer to
calculate the group score of the corresponding group ID.
After calculating the group score, the terminal checks in step

405 if the end requirement of reception Waiting is satis?ed.
If the end requirement is not yet satis?ed, control is returned
to step 402 and the terminal Waits for another base station to

send the signal. If the end requirement is satis?ed, the
terminal speci?es the group ID Whose group score is the

504 measures the received poWer of the signal from a base
station, and the softWare calculates the group score. When

the SNR (Signal-to-Noise Ratio) or the communication bit
rate is used as the charactering quantities, the Wireless
communication module 504 also calculates the charactering
quantities and the softWare calculates the group score. The
base station selection method of the present invention can be

executed in this con?guration.
[0044]

Next, an embodiment Will be described With ref

erence to FIG. 6 in Which the selection of a base station
based on the maximum received poWers and the selection of
a base station based on the group scores are combined. In

step 601, the terminal starts Waiting for a base station to send
the signal. In response to the signal, the terminal obtains the
base station ID and the received poWer from the signal in
step 602. Next, in step 603, the terminal determines the
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group ID from the base station ID. Next, in step 604, the
terminal uses the received power to calculate the group score

of the corresponding group ID. After calculating the group
score, the terminal checks in step 605 if the end requirement
of reception waiting is satis?ed. If the end requirement is not
yet satis?ed, the terminal returns control to step 602 and
waits for another base station to send the signal. If the end

in step 1002 of the base station ?ow 1001 and, in step 1003,
obtains the received power of the terminal signal at each
base station. In step 1004, the base station sends its own base
station ID and the received power to the server. If the end

requirement is satis?ed, the terminal speci?es the group ID,

requirement of the reception waiting is satis?ed in step 1005,
the base station stops waiting for the terminal signal in step
1006; if the end requirement is not satis?ed, the base station
continues waiting for the terminal signal.

whose group score is the maximum, in step 606.

[0050]

[0045] Next, in step 607, the terminal speci?es the group

server starts waiting for a base station to send the report of

ID to which the base station of the maximum received power

belongs. Next, in step 608, the terminal compares the group
ID speci?ed in step 606 with the group ID speci?ed in step
607. If both group IDs match, the terminal uses the matching
group ID as the result of determination in step 609. If both

group IDs do not match, the terminal compares, in step 610,
the number of base stations in the speci?ed group with the
number of base stations used for calculating the group score.
If both numbers of base stations match, the terminal uses the
group ID, speci?ed by the group score, as the result of
determination in step 611. If both numbers of base stations
do not match, the terminal uses the group ID, to which the
base station of the maximum power belongs, as the result of
determination in step 612. The determination ?ow described
above reduces the probability of an error in determining the
group of the base station, to which the terminal is to connect,
even when the electric wave environment is too bad to

obtain some of base station signals of the groups.

[0046] Next, the following describes an embodiment in
which a connection destination base station is selected by

the system side. FIG. 7 is a diagram showing the general
con?guration where a base station is selected by the system

side. The system comprises multiple base stations 701, 702,
703, 704, 705, and 706, a server 721 that selects a base
station, and a wired network 722 via which the base stations
and the server are connected. The wireless signal sent by a
terminal 700 is received by the base stations 701-706 as

received signals 711, 712, 713, 714, 715, and 716.
[0047]

FIG. 8 is a diagram showing a group identi?cation

table 801 for classifying the signals, received by the base
stations 701-706, into multiple groups. In this embodiment,
this table is stored in the server. Note that this table need not
stored always in the serve but may be stored in one base
station. The table 801 includes information such as group

IDs, group scores, base station (BS) IDs, and received
powers. The server uses this table to associate groups with

base station IDs. In the embodiment in which the system
side selects a base station, the table shows that the base
stations 701 and 702 belong to group G1, the base stations
703 and 704 belong to group G2, and the base stations 705
and 706 belong to group G3.

[0048] Next, with reference to FIGS. 9, 10, and 11, the
following describes a procedure executed when the system
side determines a terminal connection destination. FIG. 9

shows the terminal processing ?ow, FIG. 10 shows the base
station processing ?ow, and FIG. 11 shows the server
processing ?ow. In step 902 in the terminal processing ?ow
901, the terminal once connects to a base station. At this

time, the base station reports to the server that the terminal

has been connected. Upon receiving this report, the server
obtains the base station ID of the base station, to which the
terminal is currently connected, in step 1102 in the server
processing ?ow 1101.

[0049]

Each base station receives the signal, which is sent

and received when the terminal connects to the base station,

In step 1103 ofthe server processing ?ow 1101, the

the terminal signal. Upon receiving the report from a base
station in step 1104, the server checks the base station ID to
determine the group ID to which the base station belongs in
step 1105. Then, the server calculates the group score in step
1106. If the end requirement of report waiting is not satis?ed
in step 1107, the server waits for another base station to send
the report. If the end requirement is satis?ed, the server
speci?es the group ID whose group score is the maximum in
step 1108. In step 1109, the server determines one of the base
stations in the speci?ed group as the connection destination
base station. Next, in step 1110, the server compares the base
station ID which was reported in step 1102 and to which the
terminal is currently connected with the base station ID
determined in step 1109. If they match, the server maintains
the current state. If they do not match, the server sends a
reconnection instruction to the terminal via the base station

in step 1111, wherein the reconnection instruction speci?es
the base station ID, determined in step 1109, as the base
station ID of the reconnection destination. In response to the
reconnection instruction received in step 903 of the terminal
processing ?ow, the terminal reconnects in step 904 to the
base station whose base station ID is speci?ed by the

reconnection instruction. The processing ?ow executed by
the system side for selecting a base station is as described
above.

[0051]

FIG. 12 shows the functional blocks of a terminal,

a base station, and a server when the method of the present
invention is executed on the system side. The functional
block 1201 of a terminal comprises a CPU 1202, a RAM
1203, a wireless communication module 1204, and a data
bus 1205 via which those components are connected. Soft

ware for controlling connection destination selection is
stored in the RAM 1203. The functional block 1206 of a
base station comprises a CPU 1207, a RAM 1208, a wireless
communication module 1209, and a data bus 1210 via which
those components are connected. Software for reporting
information on the terminal wireless signal is stored in the
RAM 1208. The wireless communication module 1209
measures the received power, the SNR, and the communi
cation bit rate of the signal from the terminal. The functional
block 1211 ofa server comprises a CPU 1212, a RAM 1213,
and a data bus 1214 via which those components are

connected. Software for selecting a connection destination
base station and the group identi?cation table shown in FIG.
8 are stored in the RAM 1213. The base station 1206 and the
server 1211 are connected via a wired network 1215 for

sending and receiving base station wireless signal informa
tion.

[0052] Next, the following describes an embodiment in
which a wireless terminal switches the connection destina
tion from one base station to another while the wireless
terminal moves. The embodiment will be described by

referring to an example in an IP phone system shown in
FIG. 13. Assume that a vertical-direction corridor and a

horiZontal-direction corridor intersect, that base stations
1301, 1302, and 1303, are installed in the vertical-direction

