
;e3e%,  J%6%T%r   TITLE OF THE INVENTION "Wireless Communication System and
Method and System for Detection of Position of Radio Mobile Station"
BACKGROUND OF THE INVENTION [Field of the Invention] The present invention
relates to a mobile station position detection method and a system for
detecting a position of a person or object who or which carries a mobile
station in wireless radio communications and a radio communication system
based thereupon) which are capable of accomplishing the detection of the
position of the mobile station with a high accuracy. [Description of the
Prior Art] In wireless communication fields such as portable radio
telephone systems and personal handy-phone systems (PHS), a radio wave
strength (an electric field strength) level at reception varies in
accordance with the distance from a base station. This signifies that the
detection of the strength levels of radio waves picked up from a plurality
of base stations in a mobile station side 



allows the detection of the position of the mobile station) i.e., the
position of a person or object who or which carries the mobile station.
However, in the case of radio communication systems such as prior portable
telephones and PHSs where a plurality of radio zones constitute a service
area, the specification of the present location of a mobile station is
limited to within a relatively wide area being the range of a radio zone of
a base station which     2 accepted the position registration of the mobile
station (the range of a general calling area composed of a plurality of
radio zones including the radio zone of the base station which accepted the
position registration). For the accurate detection of the location of the
mobile station, for example, in the "Mobile Station Position Detection
Method" disclosed in Japanese Unexamined Patent Publication No. 2-44929,
applying the fact that the radio zones of a plurality of base stations
overlap with each other, the present location of the mobile station is
specified to a smaller area than the radio zone of one base station on the
basis of the mobile station reception radio strength levels from the
plurality of base stations and the electric field strength map in the radio
zone of each of the base stations. The outline of the typical arrangement
of the position detection method disclosed in Japanese Unexamined Patent
Publication No. 244929 will be described hereinbelow with reference to Fig.
20. A radio communication system) introducing this prior mobile station
position detection method, as shown in Fig. 20, comprises base stations
2802, 2803, 2804 respectively having radio zones 2805) 2806) 2807, a mobile
station 2801 existing in these radio zones, a mobile communication control
station 2808 for taking charge of control of communications between the
base stations or between the base stations and a wire network, and a
position information center 2809 for detecting the position of the mobile
station 2801 on the basis of the information attainable through the   3
mobile communication control station 2808. The positional information
center 2809 is composed of a positional information transmission and
reception unit 2810 for collecting information about reception radio
strengths of the respective base stations 2802, 2803) 2804 and an electric
field strength map 2811 indicative of the electric field strength
distribution of the respective radio zones 2805, 2806, 2807. 



The mobile station 280l stands in a spot at which the radio zones 2805,
2806) 2807 of the plurality of base stations 2802, 2803, 2804 overlap with
each other and, hence, can receive radio waves transmitted from the base
stations 2802) 2803 ) 2804. If the mobile station 2801 is not in a
connected communication state with a specific base station, the mobile
station 2801 is capable of receiving radio signals (for example,
information including identifiers of the base stations, intermittently
transmitted through control channels) from these base stations 2802, 2803 )
2804. When receiving the radio signals transmitted from the base stations
2802, 2803, 2'804, the mobile station 2801 measures the strength levels of
these radio signals and transmits the reception radio strengths on the
respective base stations 2802, 2803, 2804, together with the base station
identifiers) through any one of the base stations 2802) 2803, 2804 to the
mobile communication control station 2808. The mobile communication control
station 2808 communicates the reception radio strengths on the base
stations 2802, 2803) 2804 from the mobile station 2801, toward the   4
positional information transmission and reception unit 2810 of the
positional information center 2809. The positional information center 2810
stores the electric field strength map 28l1 made in advance and
representative of the electric field strength distribution in the radio
zones of all the base stations) the mobile communication control station
2808 manages, in the form of field strength contours. In the positional
information transmission and reception unit 2810, on the basis of the
electric field strength map 281l on the base stations 2802) 2803) 2804, the
field strength contours corresponding to the reception radio strength
levels on the base stations 2802) 2803) 2804 from the mobile station 2810
are drawn to attain an area in which the respective field strength contours
intersects with each other. This area is a spot detected as the position at
which the mobile station exists. Thus, the position detection method
disclosed in Japanese Unexamined Patent Publication No. 2-44929 can specify
the position of the mobile station to within a smaller range than the radio
zone of one base station, thereby realizing a position detection with a
high accuracy. However) for applying the position detection method written
in Japanese Unexamined Patent Publication No. 2-44929, it is necessary that
the electric field strength map on the base stations constituting a service
area is known in advance. In general, the electric field strength
distribution on some base station is affected by various obstacles or
reflectors (roads) houses, buildings and others in the outdoor' places, and
floors) ceilings, partitions and   5 other in the indoor places) which
exist within its radio zone) very difficulty is encountered to predict this
electric field strength map from the radio wave characteristic of the base
station, and therefore, detailed measurements using a field strength meter
or the like are required in order to find the electric field strength map
at every base station. In fact, for example, in Fig. 4 (p. 773 (61)) of
"Arrangement of PHS Terminals" written by Nakamura, Akazawa, Oka and
Mizutori in the Document "NTT R&D" No. 9 (Vol. 44) 1995) pp. 769 (57) - pp.
774(62), there has been shown an electric field strength distribution on a
PHS base station in a house. Referring to this, the PHS electric field
strength distribution obviously assumes an extremely complicated
configuration in a room. For this reason, for improving the position
detection accuracy 



in this method, a more accurate electric field strength map is required to
be obtained through measurements. However, the measurements of the electric
field strength distributions on a11 the base stations cost exceedingly much
labor. Accordingly, the detection of the position of the mobile station
with a higher accuracy than that due to the radio zone of one base station
is approximately impossible or extremely difficult if taking into
consideration the exceedingly much labor for the production of the electric
field strength map. Moreover) for eliminating the above-mentioned problem,
the report "Study on Mobile Station Position Detection Based upon Reception
Level Information" Electronic Information   6 Communication Scientific
Society Autumn Meeting B-269 (1993) presents a method to specify the
present location of a mobile station to within a range smaller than a radio
zone of one base station through the use of mapping table of reception
radio strength levels from a plurality of base stations received by the
mobile station and a position (X. Y) of the mobile station by using the
fact that the radio zones of the plurality of base stations overlap with
each other. This position detection method will be described hereinbelow
with reference to Fig. 21. For the basic data for the position detection)
reception radio strength levels from a plurality of base stations are
measured at points within a service area, and the positions (X, Y) of the
measuring points and the radio strength levels (E1, E2, E3, E4 and ES) from
base stations BS1, BS2, BS3, BS4 and BSS received there are made to
correspond to each other and accumulated in a database in a center
processing section in advance. In the case of detecting the position of the
mobile station, radio strength levels (E1', E2', E3') E4' and ES') received
from the plurality of base stations are transmitted to a center to be
checked with the closest radio strength levels of the radio strength levels
accumulated in the database of the center to estimate the position (X', Y')
of the mobile station. Thus) the position detection method described in the
report "Study on Mobile Station Position Detection Based upon Reception
Level Information" can estimate the position of the mobile station within a
range smaller than the radio zone of one base station.   Substitute Sheet -
15 April 2003  There is a problem which arises with this position detection
method, however, in that since the estimation of the position is made in
the manner that the closest reception radio strength data is retrieved in
the position 5 database, the estimated position is limited to the actual
measuring points. In addition, in general the recognition of a place is
made with a floor or room number in the case of an indoor place and with a
building or inherent area name in the case of an outdoor place, and the
recognition using 10 the coordinates is inconvenient in many cases.
Accordingly, in the case of detecting the position expressed with such a
discrete value, it is considered that this position detection method is
made such that, for example, the correspondence between room numbers and
coordinates is 15 prepared in advance and the estimated position of the
mobile station is converted into a room number. However, the position
estimated in terms of a room greatly differs from the position estimated
with respect to the vicinity of the boundary between rooms, and hence, even
if the closest point 20 is specified on the reception radio strength
levels, the error rate increases so that difficulty is encountered to know
the degree of the reliability of the position 



detection. SUMMARY OF THE INVENTION 25 The present invention has been
developed in order to address or ameliorate one or more of the
above-mentioned problems. The present invention provides a method of
detecting a position of a mobile station in a wireless 30 radio
communication system including said mobile station, a plurality of base
stations and a control station, said method comprising the steps of:
Substitute Sheet - 15 April 2003 _g_ making said mobile station communicate
a measurement result, obtained by measuring reception radio strength levels
from said plurality of base stations at a measuring point, through said
base station to said control station; 5 making said control station learn,
through a neural network, a correlation between said reception radio
strength levels and the position of said mobile station on the basis of
said measurement results at a plurality of measuring points and position
data of said measuring points; 10 making said mobile station convey
measurement results of reception radio strength levels form said plurality
of base stations, measured at an arbitrary point, through said base station
to said control station; and making said control station estimate a
position of said 15 mobile station, producing said measurement results, on
the basis of said correlation between reception radio strength levels and a
position of said mobile station attained through the learning; wherein said
measuring points are spots at which 20 chargers are located to charge said
mobile station. The present invention also provides a method of detecting a
position of a mobile station in a wireless radio communication system
including said mobile station, a plurality of base stations and a control
station, said 25 method comprising: a step in which said mobile station
measures reception radio strength levels from said plurality of base
stations at a measuring point to communicate the measurement results
through said base station to said control station; 



30 a step in which said control station learns, through a neural network, a
correlation between said reception radio strength levels and a position of
said mobile station on the   Substitute Sheet - 15 April 2003 -9 basis of
said measurement results at a plurality of measuring points and positional
data of said measuring points and conveys parameters of said neural
network, obtained through the learning, to said mobile station; and 5 a
step in which said mobile station constructs a neural network using said
parameters to detect its own position on the basis of reception radio
strength levels from said plurality of base stations measured at an
arbitrary point through the use of the constructed neural network. 10 The
present invention also provides a wireless radio communication system
comprising a mobile station, a plurality of base stations and a control
station, with said control station detecting a position of said mobile
station, wherein said mobile station includes radio strength 15 measuring
means for measuring reception radio strength levels from said plurality of
base stations, and said control station includes: position input means for
input of positions of a plurality of measuring points; 20 position learning
processing means for learning, through a neural network, a correlation
between said reception radio strength levels measured by said mobile
station at said plurality of measuring points and the positions of said
plurality of measuring points inputted 25 through said position input
means; and position estimation processing means for estimating, on the
basis of reception radio strength levels from said plurality of base
stations measured by said mobile station at an arbitrary point, a position
of said mobile station at 30 the measurement time through the use of said
correlatio n said position learning processing means learns; wherein a
charger for charging said mobile station is  



Substitute Sheet - 15 April 2003 -10 placed at the position of said
measuring point. The present invention also provides a wireless radio
communication system comprising a mobile station, a plurality of base
stations and a control station, with said 5 control station detecting a
position of said mobile station, wherein said mobile station includes radio
strength measuring means for measuring reception radio strength levels from
said plurality of base stations, and said control station includes: 10
position storage means for storing a position of each of measuring points
and an identifier of said mobile station made corresponding to said
measuring point; position learning processing means for learning, through a
neural network, a correlation between said 15 reception radio strength
levels said mobile station corresponding to said measuring point measures
at said measuring point and the position of said measuring point stored in
said position storage means; and position estimation processing means for
estimating, on 20 the basis of reception radio strength levels from said
plurality of base stations measured by said mobile station at an arbitrary
point, a position of said mobile station at the measurement time through
the use of said correlation said position learning processing means learns;
25 wherein a charger for charging said mobile station is placed at the
position of said measuring point. In a position detection method of a
mobile station according to one embodiment of the present invention, the
mobile station measures the reception radio wave (electric 30 field)
strength levels from a plurality of base stations at a measuring point to
convey the measurement results through a base station to a control station,
while the control   Substitute Sheet - 15 April 2003 



-11 station uses a neural network to learn a correlation between the
reception radio strength levels and the position of the mobile station on
the basis of the measurement results at a plurality of measuring points and
the positional data at the 5 measuring points. Further, when the mobile
station sends the measurement results of the reception radio strengths from
the plurality of base stations measured at the plurality of measuring
points, the Control station estimates the position of the mobile station
bearing the measurement 10 results on the correlation between the reception
radio strength levels and the positions of the mobile station obtained
through the learning. In addition, the control station may communicate the
structure of the neural network experiencing the learning to 15 the mobile
station, so that the mobile station measures the reception radio strength
levels from the plurality of base stations to detect its own present
position on the basis of the measurement results. Further, the plurality of
base stations may measure the reception radio strength level from 20 the
mobile station at a measuring point and conveys the measurement results to
the control station which in turn, learns the correlation between the
reception radio strength level at each of the base stations and the
position of the mobile station through the neural network on the basis of
25 the measurement result in each of the respective base stations and the
positional data at the measuring point. When the respective base stations
transmit the measurement results on the reception radio strength levels of
the radio wave emitted from the mobile station at a given point, the 30
control station estimates the position of the mobile station on the basis
of the correlation it learns. Furthermore, in a wireless radio
communication system   Substitute Sheet - 15 April 2003 -12 according to an
embodiment of the present invention, a mobile station is equipped with
radio strength measuring means for measuring the reception radio strength
levels from a plurality of base stations, whereas a control station is 



S provided with position input means for accepting or inputting the
position of a measuring point, position learning processing means for
learning, through a neural network, the correlation between the reception
radio strength levels measured by the mobile station at a 10 plurality of
measuring points and the position of the measuring point inputted from the
position inputting means and position estimation processing means for,
using the reception radio strength levels from the plurality of base
stations measured by the mobile station at a given point, 15 estimating the
position of the mobile station at the measuring time on the basis of the
correlation the position learning processing means learns. In addition, the
mobile station may be equipped with learning result storage means for
storing parameters of the 20 neural network conveyed from the control
station and position calculation means fox constructing a neural network
through the use of the parameters to detect its own position. Further, each
of the base stations may be provided with radio strength measuring means
while the 25 control station includes position input means for accepting
the position of the measuring point, position learning processing means for
learning, through a neural network, the correlation between the reception
radio strength levels from the mobile station measured by the respective
base stations 30 and the position of the measuring point, and position
estimating means fox estimating the position of the mobile station on the
basis of the reception radio strength levels   Substitute Sheet - 15 April
2003 -13 from the mobile station measured by the respective base stations.
Thus, since the detection of the position of the mobile station is
accomplished through the learning by the neural 5 network, the measuring
work at the preparation stage is satisfied with the measurements of the
reception radio strength levels at a typical measuring point, with the
result that the working quantity can be reduced in the preparation stage.
10 In accordance with a broad embodiment of the present invention, in a
position detection method for detecting a mobile station in a wireless
radio communication system including the mobile station, base stations and
a control station, the mobile station measures the reception radio 15
strength levels from a plurality of base stations at a measuring point and
communicates the measurement results through the base station to the
control station which in turn, learns, through a neutral network, the
correlation between the reception radio strength levels and the position 



20 of the mobile station on the basis of the measurement results at a
plurality of measuring points and the positional data of the measuring
points, and when the mobile station conveys the measurement results of the
reception radio strength levels from the plurality of base stations 25
measured at a given point through the base station to the control station,
the control station estimates the position of the mobile station producing
the measuring results on the basis of the correlation between the reception
radio strength levels and the positions of the mobile station 30 attained
through the learning. Accordingly, owing to the learning of the correlation
between the positions of the mobile station and the reception radio
strength levels from   Substitute Sheet - 15 April 2003 -14 the plurality
of base stations at that point, the estimation of the position of the
mobile station is possible on the basis of the electric field strength
levels of the plurality of base stations the mobile station receives at the
given 5 point. Another embodiment of this invention is that the measuring
points are determined in advance and each of the mobile stations measures
the reception radio strength levels from a plurality of base stations at
its own measuring point IO so that the learning is made of the correlation
between the reception radio strength levels measured at the measuring point
predetermined in position beforehand and the position of the measuring
point. Still further, the measuring point may be set to a place at which a
charger for charging the IS mobile station stands so that the reception
radio strength levels can be measured and reported to the control station
while the mobile station is located on the charger known in position for
the charging. The control station learns the aforesaid correlation on the
basis of the positional data of 20 the charger and the reported reception
radio strength levels. Moreover, a further embodiment of this invention is
that the mobile station communicates the positional data of a measuring
point and the reception radio strength levels 25 from a plurality of base
stations measured at the measuring point through the base station to a
control station. The mobile station measures the reception radio strength
levels from the plurality of base stations and inputs its own position
through the input by the user or through a position 30 detection unit to
report both the measured reception radio strength levels and its own
position to the control station. The control station learns the aforesaid
correlation on the 



Substitute Sheet - 9 5 Aprii 2003 -1~ ' basis of the position of the mobile
station and the reception radio strength levels at that point. In addition,
a further embodiment of this invention is that the mobile station measures
the reception radio 5 strength levels from a plurality of base stations
plural times at the same measuring point or an arbitrary point and
statistically processes the plurality of measurement values to output the
obtained single value as a final measurement result, which can enhance the
accuracy of the measurement 10 result in the mobile station. Further, when
the mobile station conveys the measurement results of the reception radio
strength levels from a plurality of base stations measured at an arbitrary
point through the base station to the control station, the control station
estimates the 15 position of the mobile station corresponding to the
measurement results on the basis of the correlation between the reception
radio strength levels and the positions of the mobile station obtained
through the learning and communicates the estimation result to the mobile
station. 20 Accordingly, the user who carries the mobile station can find
his own position through the inquiry to the control station. Furthermore, a
further embodiment of this invention is that, when a mobile station
inquires for the position of a 25 different mobile station, a control
station gives instructions to the different mobile station to measure the
reception radio strength levels from a plurality of base stations and to
report them, and in response to the report of the measurement results, the
control section estimates 30 the position of the different mobile station
on the basis of the measurement results and conveys the estimation result
to the mobile station which made the inquiry therefor.   Substitute Sheet -
15 April 2003 



-16 Accordingly, the user who carries the mobile station can find the
position of a person carrying the different mobile station by the inquiry
to the control station. In a further embodiment, a control station
successively 5 stores the estimation results of the position of a mobile
station, and when estimating the position of the mobile station on the
basis of a new measurement result, the control station decides, on the
basis of the past positions of the mobile station, whether or not the
estimated position 10 of the mobile station is appropriate. If not
appropriate, the control station gives instructions to the mobile station
to again make the measurements. Thus, the reliability of the estimation
results can improve through this procedure. Besides, the mobile station
measures the reception radio 15 strength levels from a plurality of base
stations at a given equal time interval and conveys the measurement results
through the base station to the control station. The control station
obtains the position of the mobile station at the equal time interval on
the basis of the measurement 20 results and stores them in time series,
with the result that it is possible to more accurately judge the
appropriateness of the position of the mobile station newly estimated. In
addition, a further embodiment of this invention is that a control station
converts the reception radio strength 25 level transmitted from a mobile
station into a theoretical distance between the mobile station and a base
station and learns, through a neural network, the correlation between this
theoretical distance and the position of the mobile station, so that the
learning processing becomes easy arid 30 the improvement of the learning
accuracy becomes possible. Moreover, according to another embodiment, in a
position detection method for detecting the position of a   Substitute
Sheet - 15 April 2003 -17 mobile station in a wireless radio communication
system equipped with the mobile station, a plurality of base stations and a
control station according to an embodiment of the invention, the mobile
station measures the reception 5 radio strength levels from the plurality
of base stations at a measuring point and communicates the measurement
results through the base station to the control station, which in turn,
learns, through a neural network, the correlation between the reception
radio strength levels and the 10 positions of the mobile station on the
basis of the measurement results at a plurality of measuring points and the
positional data of the measurement points and further conveys the
parameters of the neural network obtained through the learning to the
mobile station, while the mobile 



15 station constructs a neural network through the use of the parameters
and detects its own position on the basis of the reception radio strength
levels from the plurality of base stations measured at an arbitrary point
through the use of the constructed neural network. With this method, the 20
mobile station can detect its own position without the inquiry to the
control station. In a further embodiment, a control station learns, through
a neural network, the correlation between the reception radio strength
levels and areas such as a room and 25 a zone having an extension in which
a mobile station stands, with the result that the room or zone in which a
person carrying the mobile station exists is detectable and it is possible
to present a plurality of places as the candidates for the person's
whereabouts. 30 Furthermore, according to another embodiment, in a position
detection method for detecting the position of a mobile station in a
wireless radio communication system equipped   Substitute Sheet - 15 April
2003 -18 ' with the mobile station, base stations and a control station,
each of the base stations measures the reception strength level of a radio
wave emitted from the mobile station standing at a measuring point and
conveys the S measurement result to the control station, while the control
station learns, through a neural network, the correlation between the
reception radio strength levels and the positions of the mobile station on
the basis of the measurement results at a plurality of measuring points and
10 the positional data of the measuring points, and when each of the base
stations measures the reception radio strength level of a radio wave
emitted from the mobile station standing at an arbitrary point and conveys
the measurement result to the control station, the control station
estimates 15 the position of the mobile station bearing the measurement
results on the basis of the correlation between the reception radio
strength levels and the positions of the mobile station obtained through
the learning. Thus, it is easily applicable to a system such as a mobile
radio 20 telephone system and PHS where a plurality of base stations
measures the radio wave transmitted from a mobile station. Moreover,
according to another embodiment, in a wireless radio communication system
equipped with a mobile station, base stations and a control station and
allowing 25 the control station to detect the position of the mobile
station, the mobile station is equipped with radio strength measuring means
for measuring reception radio strength levels from a plurality of base
stations, while the control station is provided with position input means
for receiving 



30 the position of a measuring point, a position learning processing means
for learning, through a neural network, the correlation between the
reception radio strength levels by   Substitute Sheet - 15 April 2003 -19
the mobile station at a plurality of measuring points and the positions of
the measuring points inputted through the position input means, and
position estimation processing means for estimating, on the basis of the
reception radio 5 strength levels from the plurality of base stations
measured by the mobile station at an arbitrary position, the position of
the mobile station at the measuring time through the use of the correlation
the position learning processing means learn. Thus, the detection method
based upon the learning 10 by the neural network is practicable for the
position detection of the mobile station. Furthermore, in another
embodiment, a mobile station is equipped with radio strength measuring
means for measuring the reception radio strength levels from a plurality of
base 15 stations, whereas a control station is provided with position
storage means for storing the position of each of measuring points and an
identifier of the mobile station corresponding to the measuring point,
position learning processing means for learning, through a neural network,
the 20 correlation between the reception radio strength level measured at
the measuring point by the mobile station and the position of the measuring
point stored in the position storage means, position estimation processing
means for estimating the position of the mobile station at the 25 measuring
time on the basis of the reception radio strength levels from the plurality
of base stations measured by the mobile station at an arbitrary point
through the use of the correlation the position learning processing means
learns. This system can adopt a position detection method in which 30 the
learning is conducted using the reception radio strength level measured by
a predetermined mobile station at a predetermined measuring point.
Substitute Sheet - 15 April 2003 



-20 In a further embodiment, for charging a mobile station may be located
at a measuring point so that the mobile station reports the reception radio
strength level measured during the charging to a control station whereas
the control 5 station learns using the reception radio strength level and
the position of the charger known in advance. Further, at the position of
the measuring point, there may be situated a learning data collector
provided with radio strength measuring means for measuring reception radio
strength 10 levels form a plurality of base stations and transmission and
reception means for transmitting the measured radio strength levels through
the base station to a control station and further for receiving a control
signal from the control station, with the result that the control station
15 can learn using the reception radio strength levels sent from the
learning data collector at regular intervals or in accordance with
commands. Furthermore, according to a further embodiment, a mobile station
is equipped with radio strength measuring 20 means for measuring the
reception radio strength levels from a plurality of base stations and
position input means for taking in its own position information, whereas a
control station is provided with position learning processing means for
learning, through a neural network, the correlation 25 between the
reception radio strength levels measured by the radio strength measuring
means of the mobile station and the position of the mobile station at the
measuring point inputted from the input means and for storing the learned
correlation therebetween, and position estimation processing 30 means for
estimating the position of the mobile station at the measuring time on the
basis of the reception radio strength levels form the plurality of base
stations measure d   Substitute Sheet - 15 April 2003 -21  by the mobile
station at an arbitrary point through the use of the correlation the
position learning processing means learns. This system can realise a
position detection method in which the mobile station takes in its own
position 5 through the operation by the user or through a different
position detection device in addition to the measured reception radio
strength levels and the control station learns using these data.
Furthermore, the control station may be equipped with 10 radio strength
report requesting means for transmitting a radio strength report requesting
message to the mobile station so that the mobile station measures the
reception radio strength levels from the plurality of base stations and
reports the measurement results thereto. Accordingly, 



15 the control station can request the radio strength measurement data from
an arbitrary mobile station when necessary. Still further, the mobile
station may be equipped with self mobile station position inquiry means for
issuing a measurement request for radio strength levels to 20 the radio
strength measuring means, and when receiving the reception radio strength
levels measured by the radio strength measuring means, the control station
estimates the position of the mobile station and informs the mobile station
of the estimation result. In this system, the user 25 of the mobile station
can operate the self mobile station position inquiry means to inquire to
the control station for its own present position. In addition, the mobile
station may be provided with different mobile station position inquiry
means for transmitting a request for the inquiry for 30 the position of a
different mobile station to the control station, and when the control
station receives this request, the radio strength report requesting means
issues a radio   Substitute Sheet - 15 April 2003 -22 strength report
request message to the different mobile station whose position is inquired
and, in response to the report on the measurement result of the radio
strength levels from the different mobile station, the control 5 station
estimates the position of the different mobile station on the basis of
measurement result to inform the mobile station, which made the inquiry, of
the estimation result. According to this system, the user who carries the
mobile station can operate the different mobile station 10 position inquiry
means to inquire to the control station for the position of the person who
carries the different mobile station. Moreover, the control station may be
equipped with position accumulation means for accumulating the information
15 of the positions of the mobile station estimated in the position
estimation processing means in time series and history decision means for
deciding, on the basis of the transmission of the position of the mobile
station with time accumulated in the position accumulation means, whether
the 20 position of the mobile station estimated by the position estimation
processing means is appropriate or not. If the history decision means makes
a decision to that it is not appropriate, the radio strength report
requesting means transmits the radio strength report requiring message to
the 25 mobile station. According to this system, in the case that an
improper estimation result arises due to a large variation of the electric
field distribution of the base station, the measurement is resumed, thus
enhancing the accuracy of the estimation result. 30 In addition, the mobile
station may be equipped with at least two frequency synthesizers, and even
if one frequency synthesizer synchronizes with a communication carrier at
the 



Substitute Sheet - 15 April 2003 -23 call, the radio strength measuring
means measures the radio strength levels from a plurality of base stations
through the use of the other frequency synthesizer. Thus, the mobile
station can perform the measurements of the reception 5 radio strength
levels irrespective of the call. Further, the control station may be
provided with distance calculation means for calculating the distance
between the mobile station and each of the base stations as a function of
the reception radio strength levels from a plurality of 10 base stations
measured by the mobile station through the use of a theoretical electric
field strength distance characteristic obtainable from the outputs and
frequencies of the base stations, and the position learning processing
means learn, through a neural network, the correlation 15 between the
calculated distance and the position of the measuring point. This system
permits the position estimation with a high accuracy through the use of the
calculated theoretical distance for the learning. Furthermore, the mobile
station may be equipped with 20 learning result storage means for storing
the parameters for a neural network conveyed from the control station and
position calculation means for constructing a neural network using the
parameters stored in the learning result storage means to detect its own
position on the basis of the 25 reception radio strength levels from a
plurality of base stations measured at an arbitrary point through the use
of the constructed neural network. This system can adopt the
above-mentioned position detection method in which the mobile station
detects its own position without the inquiry 30 to the control station.
Still further, the control station may learn the correlation between the
reception radio strength levels and the area in which the mobile station
Substitute Sheet - 15 April 2003 -24 stands, through a neural network
including nodes of an input layer accepting the reception radio strength
levels from a plurality of base stations and nodes of an output layer
corresponding in number to the areas defining the range of 



5 an object under detection such as a room and a zone. This system can
conduct the above-mentioned position detection method which detects the
room or zone where a person carrying the mobile station exists or presents
a plurality of places as the candidates for the person's whereabouts. 10 A
further embodiment relates to a wireless radiocommunication system equipped
with a mobile station, base stations and a control station and made such
that the control station detectN the position of the mobile station, each
of the base stations is provided with radio strength 15 measuring means for
measuring the reception radio strength level from the mobile station, while
the control station is equipped with position input means for accepting the
position of a measuring point, position learning processing means for
learning, through a neural network, the 20 correlation between the
reception radio strength level of the radio wave emitted form the mobile
station at the measuring point and measured by the base station and the
position of the measuring point inputted through the position input means,
and position estimation processing 25 means for estimating the position of
the mobile station on the basis of the reception radio strength level from
the mobile station measured by each of the base stations through the use of
the correlation the position learning processing means learns. This system
can introduce the above-mentioned 30 position detection method in which a
plurality of base stations measure the radio wave from the mobile station
to detect the position of the mobile station.   Substitute Sheet - 15 Aprd
2003 - 2~  In addition, in a mobile station position detection method
according to another embodiment of the invention, the radio strength levels
from a plurality of base stations at a measuring point within a service
area are measured plural S times and accumulated in a radio strength data
storage section which makes a corresponding relation (mapping) between the
reception radio strength levels and a position expressible with a
continuous value such as coordinate, and the reception radio strength
levels in the radio strength 10 data storage section are compared with
reception radio strength levels at a position detecting point at the time
of the position detection, and when a position detection section estimates
the position of the mobile station by introducing such a statistic method
as to calculate a 15 weighted mean of a plurality of radio strength data
that the radio strength level comparison result shows a small error.
Accordingly, the estimated position is not limited to the actual
measurement point and the position of the mobile station can be estimated
within a range smaller than a 20 distance between the measuring points. 



Preferably, the reception radio strength levels and the position
coordinates are accumulated in a radio strength data storage section, the
position coordinates are accumulated as a position expressible with a
discrete value, 25 and the radio strength data in the radio strength data
storage section are compared with the reception radio strength levels at
the position detection so that the position of the mobile station is
estimated by employing a statistic method in which, for example, a position
detection 30 control section makes a majority decision using a plurality of
radio strength data that the radio strength comparison result shows a small
error, and the degree of the   Substitute Sheet - 15 April 2003 -26
reliability of the position detection is found through, for example, a
statistic method to use the rate of the estimated position to a plurality
of extracted radio strength data. According to one embodiment of the
invention, a 5 wireless radiocommunication system which performs
radiocommunications between a mobile station and a base station is equipped
with radio strength data storage section for retaining positional
information on a plurality of measuring points expressible with continuous
values and 10 radio strength data including reception radio strength levels
from a plurality of base stations at the respective measuring points, a
position detection section having means for comparing the radio strength
data in the radio strength data storage section with radio strength levels
at a 15 position detecting point to estimate the position, an error radio
strength data storage section for holding a plurality of radio strength
data involving a small error on the comparison in the position detection
section, and the position detection section performs the position detection
20 using the plurality of radio strength data in the error radio strength
data storage section. Thus, the estimated position is not limited to the
actual measuring point but the position can be estimated with a range
smaller than the interval between the measuring points. 25 According to
another embodiment of the invention, a wireless radiocommunication system
which performs radiocommunications between a mobile station and a base
station is equipped with radio strength data storage section for retaining
positional information on a plurality of 30 measuring points expressible
with discrete values and radio strength data including reception radio
strength levels from a plurality of base stations at the respective
measuring   



Substitute Sheet - 15 April 2003 -27 points, a position detection section
having means for comparing the radio strength data in the radio strength
data storage section with radio strength levels at a position detecting
point to estimate the position, an error radio 5 strength data storage
section for holding a plurality of radio strength data which produce a
small error in the comparison in the position detection section, and the
position detection section performs the position detection expressible with
the discrete values, using the plurality of 10 radio strength data in the
error radio strength data storage section. At the position detection, the
radio strength data in the radio strength storage section may be compared
with the reception radio strength levels taken for the position detection,
and a position detection control section may 15 estimate the position by,
for example, employing a statistic method to make a majority decision on
the plurality of radio strength data in the error radio strength data
storage section which makes a small comparison error and further estimates
the degree of the reliability of the obtained 20 position by, for example,
employing a statistic method to calculate the rate of the estimated
position to the plurality of radio strength data. In a further embodiment,
a position detection knowledge section may be provided which has a
knowledge on a person 25 carrying the mobile station and an action rule or
schedule of that person, and the position detection section carries out the
position detection through the use of the plurality of radio strength data
in the error radio strength data storage section and the knowledge in the
position detection 30 knowledge section. Because of using the knowledge on
a person and an action rule and schedule of that person at the position
estimation, it is possible to remove data with a   Substitute Sheet - 15
April 2003 -28 low possibility of movements such as the inhibition of entry
into a room but to select data with a high possibility of movements, with
the result that the position detection can improve in accuracy. 5
Furthermore, a position detection knowledge section may be provided which
has knowledge on the relationship between a plurality of positions
expressible with discrete values, and the position detection section may
conduct the position detection using a plurality of radio strength data in
the 



10 error radio strength data storage section and the knowledge in the
position detection knowledge section. Through the use of the knowledge on
the relationship between the plurality of positions expressible with
discrete values, it is possible to exclude, of the plurality of radio
strength 15 data held in the error radio strength data storage section, the
data remote in connection, and it is possible to decide whether or not it
corresponds to the vicinity of the boundary between rooms, thus developing
the position detection accuracy. 20 In a further embodiment, the position
detection may be conducted in such a manner that the number of radio
strength data held in the error radio strength data storage section is
changed in accordance with the degree of the error between the radio
strength levels at the position detecting 25 point and the radio strength
data in the radio strength data storage section. Since the number of the
radio strength data in the error radio strength data storage section varies
in accordance with the degree of the error, the improvement of the position
detection accuracy is possible. 30 Moreover, the position detection section
may be equipped with a position accumulation section for accumulating
short-term positions the position detection   Substitute Sheet - 15 April
2003 -29 section estimates in the past and a history decision section for
deciding the appropriateness of the estimated position on the basis of the
radio strength data held in the error radio strength data storage section.
The appropriateness of 5 the estimated position is judged in a manner that
the moving situation is decided on the basis of the latest estimated
position of the mobile station in the past and that time and further the
present position and the time at that position. If not appropriate, the
position detection is again 10 conducted. Since the moving speed or the
locus is calculated on the basis of the short-term history to decide the
appropriateness of the estimated position, the position detection can
improve in accuracy. In addition, in place of accumulating the short-term
15 positions estimated in the past, a long-term history may be established
and held by accumulating the past experiences such as the places to which
the mobile station has moved in the past and the frequency of the movements
in the short terms to decide, on the basis of the past movement 20
experiences of the mobile station, whether the estimated position is
appropriate or not. If not appropriate, the position detection is again
conducted. Since the appropriateness of the position estimated by the
possible movement range of the mobile station on the past experiences 25 of
the mobile station is j udged from the long-term history, the improvement
of the position detection accuracy is possible. BRIEF DESCRIPTION OF THE
DF.AWINGS 



The features and advantages of the present invention 30 will become more
readily apparent from the following detailed description of the preferred
embodiments taken in conjunction with the accompanying drawings in which:
Substitute Sheet - 15 April 2003 -29A Fig. 1 is a block diagram showing an
arrangement of a radiocommunication system which adopts a position
detection method according to a first embodiment of the present invention;
5 Fig. 2 is an illustration of an image of the radiocommunication system
based upon the position detection method according to the first embodiment;
30 Fig. 3 shows an example of a structure of a neural network to be used in
a position learning processing section of the radiocommunication system for
the position detection method according to the first embodiment; Fig. 4 is
an arrangement of a radiocommunication system which introduces a position
detection method according to a second 



embodiment of this invention; Fig. 5 is an arrangement of a
radiocommunication system which adopts a position detection method
according to a third embodiment of this invention; Fig. 6 is an arrangement
of a radiocommunication system which follows a position detection method
according to a fourth embodiment of this invention; Fig. 7 is an
arrangement of a radiocommunication system which adopts a position
detection method according to a fifth embodiment of this invention; Fig. 8
is an arrangement of a radiocommunication system for a position detection
method according to a sixth embodiment of this invention; Fig. 9 is an
arrangement of a radiocommunication system which introduces a position
detection method according to a seventh embodiment of this invention; 



Fig. 10 is an arrangement of a radiocommunication system based upon a
position detection method according to an eighth embodiment of this
invention;   31 Fig. 11 is a block diagram showing an arrangement of a
radiocommunication system based upon a position detection method according
to a ninth embodiment of this invention; Fig. 12 is a block diagram showing
an arrangement of a position detection system in a radiocommunication
system adopting the position detection method according to the ninth
embodiment; Fig. 13 is an illustration of an image of a radiocommunication
system based upon the position detection method according to the ninth
embodiment; Fig. 14A is a flow chart showing a position detection process 



in a radiocommunication system adopting the position detection method
according to the ninth embodiment; Fig. 14B is a flow chart showing a
principal portion of the position detection process in the
radiocommunication system adopting the position detection method according
to the ninth embodiment; Fig. 15 is a block diagram showing an arrangement
of a position detection syseem in a radiocommunication system based upon a
position detection method according to a tenth embodiment of this
invention; Fig. 16 shows an example of the layout of rooms in which a
radiocommunication system adopting the position detection method according
to the tenth embodiment accomplishes a position detection;   



32 Fig. 17 illustrates an e:~ample of a meeting room reservation system
connected to a radiocommunication system adopting the position detection
method according to the tenth embodiment; Fig. 18 is a graphic illustration
of connections between rooms in a radiocommunication system adopting the
position detection method according to the tenth embodiment; Fig. 19 is a
block diagram showing an arrangement of a position detection system in a
radiocommunication system based upon a position detection method according
to an eleventh embodiment of this invention; Fig. 20 shows an arrangement
of a radiocommunication system which adopts a prior position detection
method; and Fig. 21 shows an arrangement of a radiocommunication system
based upon a prior position detection method. DESCRIPTION OF THE PREFERRED
EYIBODIVIENTS 



Referring now to the drawings, a description will be made hereinbelow of
embodiments of the present invention. First Embodiment A mobile station
position detection method according to a first embodiment of this invention
is such that the relationship between the radio strength levels from a
plurality of base stations and the position of a mobile station is learned
through a neural network to estimate the position of the mobile station on
the basis of the radio strength levels measured by the mobile station. In a
radiocommunication system which introduces this detection method   33
according to the first embodiment is) as shown in Fig. 1, a mobile _
station 101 is composed of a mobile station control section 102 for
controlling the operation of the mobile station 101, a radio strength
measuring section 103 for measuring the radio strength level of a signal
from a base stations) and a mobile station transmission and reception
section 104 for signal transmission and reception, and a base station 10S
is made up of a base station control section 106 for controlling the
operation of the base station 106, a base station transmission and
reception section 107 for signal transmission and reception to and from the
mobile station 101, and a base station input and output section 108 for
signal transmission and reception to and from a control station 111 through
a wire line) and further the control station 111 is equipped with a control
station control section 112 for controlling the operation of the control
station 111 a communication control section 113 for controlling the
communication with the base station 105, a position input section 114 for
undergoing the input of coordinate data on a radio strength measuring
point, position learning processing section 1l5 for learning) through a
neural network, the correlation between the position of the mobile station
10l and the reception radio strength level at that point and for storing
the correlation therebetween) and a position estimation processing section
116 for estimating the position of the mobile station 101 on the basis of
the measured radio strength level through the use of the stored
correlation. In   34 Fig. 1) numerals l09 and 1l0 represent different base
stations each having the same arrangement as that of the base station 10~. 



Fig. 2 shows a system image of this radiocommunication system. The system
comprises a mobile station 201, base stations 202, 203, 204 respectively
having radio zones 205) 206, 207) and a control station 208 equipped with a
position input section 209) a position learning processing section 210 and
a position estimation processing section 2l1. In this system, in cases
where as shown in Fig. 2 the mobile station 201 simultaneously stands
within the radio zones 205) 206, 207 of the plurality of base stations 202,
203, 204, the detection of the position of the mobile station 201 is made
on the basis of the strength levels of the radio waves from the base
stations 202, 203, 204, measured by the mobile station 201 ) by means of
the functions of the position input section 209, the position learning
processing section 210 and the position estimation processing section 211
belonging to the control station 208. For the position detection of the
mobile station) the operation of the system comprises two modes: a learning
mode and an estimation mode. In the learning mode, the position coordinates
corresponding to a plurality of predetermined measuring points are inputted
through the position input section 114 of the control station 111 and
stored in the position learning processing section 115. At this time)
numbers indicative of the order of the measurements are assigned to the
measuring points, and the coordinate system representative of the positions
of the measuring   35 points is singly determined in areas where the
position detection is made. When the information on the measuring points
are conveyed through some means to the mobile station 101 side, if the
measuring points are indicated with points on a map, the mobile station 101
is transferred to the indicated points in the order of measurements, i.e.)
in the order of the numbers of the measuring points, where the mobile
station transmission and reception section 104 receives radio waves from
the base stations 105, 109 and 1l0 and the radio strength measuring section
103 measures the reception radio strength levels of the signals therefrom.
The mobile station transmission and reception section 104 transmits the
measurement data to the base station 105 which produces the highest radio
strength level. When in the base station 105 the base station transmission
and reception section 107 receives the reception radio strength data from
the mobile station 101, the base station control section 108 decides the
kind of data and transmits it through the input and output section 108 to
the control station 111. In the control station 111, the communication
control section 113 receives the reception radio strength data from the
mobile station 101 through the base station 105 and the control station
control section 112 decides the reception of the reception radio strength
data and hands it over to the position learning processing section 115.
Thus, the reception radio strength data are communicated from the mobile
station 101 to the position learning processing section 115 in the order of
36 ' measurements, so that the correspondence (mapping) is made between the
position coordinates of the respective measuring 



points inputted in advance through the position input section 1l4 and the
reception radio strength data from the mobile station 101 at the respective
measuring points. The learning in the position learning processing section
115 is made through the use of a neural network, for example, as shown in
Fig. 3. In Fig. 3, numeral 30l represents an input layer, numeral 302
depicts an intermediate layer and numeral 303 denotes an output layer. This
neural network has a layered perceptron structure made such that, when the
reception radio strength levels due to base stations from a mobile station
are inputted into the nodes of the input layer 301 ) the position
coordinates of the mobile station at that measuring point are outputted
from the output layer 303. In this neural network, appropriate continuous
functions such as the sigmoid functions are used as the input and output
functions fox the nodes. This neural network is not a special neural
network but is well known as being written as a typical example in the
references) and the detailed description thereof will be omitted for
brevity. As the references, there are "Mathematical Theory of Neural
Networks" published by Sangyo Tosho (1978), written by Shunichi AMARI and
"Information Processing of Neural Network" published by Sangyo Tosho
(1988), written by Hideki ASO. In the position learning processing section
l15, the position coordinates of the measuring points and the reception
radio   37 strength levels in the mobile station 101 at the measuring
points, which are made in the con~esponding relation to each other) are
used as the learning data for the neural network (in this case) the
reception radio strength levels serve as the input signals and the position
coordinates act as the teacher signals). First) the reception radio
strength levels due to a plurality of base stations in the mobile station
101 standing at the measuring point are inputted into the nodes of the
input layer 301 ) respectively. At this time) the neural network learns so
that the output values from the nodes of the output layer 303 after passing
through the intermediate layer 302 coincide with the position coordinates
of the measuring point. More specifically, the weights on connections
between the nodes of the input layer 301 and the nodes of the intermediate
layer 302 and the weights on connections between the nodes of the
intermediate layer 302 and the nodes of the output layer 303 are adjusted
to reduce the error between the actual outputs (the values of the outputs
of the output layer 303 when the input layer 30l receives the radio
strength values) and the correct position coordinates. This learning rule
is generally referred to as a back propagation, but this embodiment is not
limited to this method. The details about the learning rules are also well
known, and the description thereof will be omitted (see the above-mentioned
references). In terms of all the measuring points) through the input of the
reception radio strength levels due to the respective base stations   38 in
the mobile station 101, the learning for the output of the position 



- coordinates is made till the convergence (for example, the convergence
condition is that the sum of errors at each of the measuring points comes
to below a given value). After the completion of the learning, the position
learning processing section 115 passes the weights on connection between
the input layer 301 and the intermediate layer 302 the the weights on
connections between the intermediate layer 302 and the output layer 303 to
the position estimation processing section 116 which in turn, stores them.
This is the operations in the learning mode. In the estimation mode, the
actual position detection function works here to estimate the present
position of the mobile station. In the mobile station 101, the mobile
station transmission and reception section 104 receives receivable radio
wave signals from a plurality of base stations at a timing according to the
input instructions from the user at an arbitrary point, at an operational
timing on the system or at a constant time interval. Subsequently) the
radio strength measuring section 103 measures the radio wave signals
therefrom (the reception and measurement timings are under the control of
the mobile station control section 102), and the transmission and reception
section 103 transmits this reception radio strength data to, for example,
the selected base station 105 which causes the highest radio strength
level. In the base station 105, the base station transmission and reception
section 107 receives the reception radio strength data from the mobile
station   39 101, while the base station control section 106 judges the
kind of data and sends it through the input and output section 108 to the
control station 111. In the control station 111 ) the communication control
section 113 receives the radio strength data from the mobile station 101
through the base station 105 and the control station control section 112
decides the reception thereof and hands it over to the position estimation
processing section 116. The position estimation processing section 116
constructs a neural network with the same structure as that of the neural
network used at the learning on the basis of the weights on connections fed
from the position learning processing section 115. Further, the reception
radio strength data due to the plurality of base stations in the mobile
station 101 are inputted to the constructed neural network to obtain as
outputs the position coordinates of the mobile station 101 at the time that
the mobile station 101 measures and reports the reception radio strength
levels. Thus) the position estimation processing section 116 estimates and
detects the position of the mobile station 101 on the basis of the
reception radio strength levels due to the plurality of base stations in
the mobile station 10l. The accuracy of the position detection depends upon
the learning result in the learning mode, and in general, on the learning
characteristic of the neural network, the accuracy thereof can improve in
such a manner as to increase the number of measuring points or the number
of times of measurements at the measuring points in the learning mode.   40
Although in the above description the operation of the radiocommunication
system is divided into the learning mode and the estimation mode, it is
also possible that the control station 111 makes the switching between
these operational modes in a clear expression or the control station
control section 112 switches the operation in accordance with the kind of
data in a state where the mode information indicative of the kind of data
is added to the reception radio strength data the mobile station 101
reports. Further) although the mobile station used in the learning mode and
the mobile station used in the estimation mode are described as the mobile
station 101 in Fig. 1) there is no need for these mobile stations being the
same. Second Embodiment A description will be made hereinbelow of a
position detection method of a radio mobile station according to a second
embodiment of this invention. This detection method is to make a 



neural network learn in a way that the position of a charger for the mobile
station is treated as a measuring point. A radiocommunication system based
on this detection method is) as shown in Fig. 4, equipped with mobile
stations 401, 402, 403, chargers 404, 405, 406 for charaina the mobile
stations 401, 402, 403, base stations 407) 408) 409) and a control station
410. The control station 410 is made up of a measurement position storage
section 411 for storing the positional information on the measuring points
predetermined in position, a position learning processinj   41 section 412
for learning, through a neural network, the correlation - between the
measuring points the reception radio strength levels at the measuring
points and for storing the correlation therebetween, and a position
estimation processing section 4l3 for estimating the position of the mobile
station on the basis of the measured radio strength values through the use
of the correlation. In Fig. 4) numeral 414 designates a coordinate system.
This system is made taking into consideration the case that the chargers
are fixedly disposed at predetermined positions) for example, the case that
a charger is fixedly placed on a disk of each person in a firm. In this
case, the positions of the respective chargers are expressed with the
predetermined coordinate system 414 (the coordinate system can freely be
set), and the position coordinates thereof are stored in the measurement
position storage section 4l1 of the control station 410. Now, let it be
assumed that the mobile stations 401, 402, 403 simultaneously exist within
the radio zones of the base stations 407, 408, 409 and are set on the
arbitrary chargers 404; 40~) 406, respectively. At this time) the mobile
stations 401) 402, 403 detect that they are in the charged conditions, and
obtain the charger identification information from the chargers 404) 40~)
406, respectively) and further measure the reception radio strength levels
from the base stations 407, 408, 409. Secondly, the mobile stations 401,
402) 403 reports the charger identification information and the reception
radio strength   42 levels from the base stations 407, 408, 409 through one
of the base stations 407, 408, 409 to the control station 410. In response
to the report therefrom) in the control station 410, the position learning
processing section 412 obtains the position coordinates corresponding to
the reception radio strength levels measured and reported by the mobile
stations 407, 408, 409 referring to the positional information on a11 the
chargers stored in advance in the measurement position storage section 411,
i.e., the position coordinates expressed by the coordinate system 414.
Further) as well as the first embodiment, for the learning a neural network
is constructed which receives as inputs the reception radio strength levels
from the respective base stations at each position and outputs the
corresponding position coordinates, and the weights on connections between
the nodes in the neural network are stored as the learning results in the
position estimation processing section 413. 



In this way) for collecting the data for learning of the correlation
between the reception radio strength levels from the plurality of base
stations in the mobile stations and the positions of the mobile stations,
the plurality of mobile stations are used and the reception radio strength
levels therefrom are measured at the known positions of the chargers.
Accordingly, it is possible to simplify the input of the position
coordinates of the measuring points. In addition, since the measurements of
the reception radio strength levels are always possible while the mobile
stations are in   43 the charged conditions, it is possible to collect
large amount of data) thus enhancing the position detection accuracy.
Although in this embodiment the positions of the chargers are fixed to
obtain the position coordinates of the measuring points for the learning
data (reception radio strength levels), if the correspondence between the
chargers and the mobile stations is made in advance, it is also possible to
adopt a method of specifying the mobile station learning data measuring
point without obtain the identification information from the chargers or a
method of determining the learning data measuring point at every mobile
station. Further) it is also appropriate that, for collecting the learning
data, on the measuring point there are provided a learning data collector
equipped with only a radio strength measuring section for measuring the
reception radio strength levels from a plurality of base stations and a
transmission and reception section for transmitting the reception radio
strength levels through the base station to the control station and further
for receiving a control signal from the control station. In this
embodiment, the operation of the radiocommunication system in the position
estimation mode is the same as that in the position estimation mode in the
first embodiment. Third Embodiment Furthermore, a description will be taken
hereinbelow of a position detection method of a radio mobile station
according to a third embodiment of this invention. The third embodiment
44 provides a radio mobile station position detection method in which - the
user carrying a mobile station finds) through the mobile station, its own
present location or the position of a different mobile station. In a
radiocommunication system adopting this detection method) as shown in Fig.
S mobile stations A501 ) B507 are equipped with mobile station control
sections S02) 508 for controlling the operations of the mobile stations
A501) B507, radio strength measuring sections 503, 509 for measuring the
radio strength levels of signals received from base stations, mobile
station transmission and reception sections S06, S12 for conducting
transmission and reception of signals to and from the base stations,
position input sections S04, 510 for allowing the user to input learning
data measuring positions) and position inquiry sections 505) 511, while a
control station S16 is provided with a control station control section 517
for taking charge of the control of the operation of the control station
516, a communication control section 518 for controlling the communications
with the base stations, a radio strenbth report requesting section S20 for
making a request for the radio strength levels to the mobile stations 501
507, a position learning processing section 519 for learning, through a
neural network) the correlation between the locations of the mobiles
stations 501 ) 507 and the reception radio strength levels at the mobile
station locations and further for storing the correlation therebetween, and
a position estimation processing section 521 for estimating the position of
the mobile stations 50l, 507 on the basis  



45 of the measured radio strength values through the use of the stored -
correlation. The arrangement of each of base stations 513, 514, 515 is the
same as that of the base station in the first embodiment (see Fig. 1 ).
First) a description will be taken hereinbelow of the operation of this
system in a learning mode. The user carrying the mobile station A501 inputs
positional information through the position input section 504 at a learning
data measuring position. Subsequently, the mobile station control section
502 detects the input and gives instructions to the radio strength
measuring section 503 to measure the receivable radio strength levels from
all the base stations including the plurality of base stations 513, 514,
515 (similarly, measuring the radio strength levels from the mobile station
B). After the measurements, the radio strength measuring section 503
transmits the measured reception radio strength levels from the plurality
of base stations and the positional information on the measuring points
through the transmission and reception section 506 to the base station 513
which caused the highest reception radio strength level, while the base
station 513 communicates these data to the control station 516. In the
control station 5l6, the communication control section 518 receives these
data, whereas the control section 517 judges the kind of data and conveys
these data to the position learning processing section 519. With this
process, the data for the learning of the neural network are collected in
the position learning   46 processing section 519. The operation of the
position learning processing section 519 subsequently conducted is the same
as those of the position learning processing sections of the 



radiocommunication systems according to the first and second embodiments.
Secondly, the description proceeds to an operation in an estimation mode.
In this instance, let it be assumed that the user of the mobile station
A501 tries to find its own position or the position of the mobile station
B507 being a different mobile station. The user of the mobile station A 501
first) when wanting its own position, gives instructions therefor to the
position inquiry section 505 and, when wanting the position of the other
mobile station B, inputs the identification number (telephone number or the
like) for the mobile station B to make an inquiry. In the case of giving
instructions for the inquiry on its own position, the position inquiry
section 505 asks the mobile station control section 502 to give
instructions to the radio strength measuring section 503 to measure the
reception radio strength levels from a11 the base stations. After the
measurements, the radio strength measuring section 503 conveys the
measurement results through the base station 513 to the control station
516. In the control station S16, the communication control section 518
receives the measurement results and passes them to the position estimation
processing section 521. The position estimation processing section 521
inputs the reception radio strength levels on   47 the plurality of base
stations reported from the mobile station - A501 to the neural network
which already completed the learning in the position learning processing
section 519 to obtain the corresponding position coordinates. The position
coordinates thus 



obtained are delivered to the communication control section 518 to be
transmitted through the base station 513 to the mobile station S01, so that
the mobile station A501 can find its own present location. On the other
hand, in the case that in the mobile station A the instructions for the
position of the mobile station B, together with the identification number
of the mobile station B, are given) the position inquiry section S05 gives
instructions to the transmission and reception section S06 to transmit the
inquiry request and the identification number of the target mobile station
through the base station 513 to the control station 516. In the control
station 516, the communication control section 518 receives these
information and the control section 517 analyzes the reception data to make
a decision to that it is an inquiry request for the position of the mobile
station B and hands the data over to the radio strength report requesting
section 520. When receiving the data, i.e., the identification number of
the mobile station B and the inquiry request for the position thereof, the
radio strength report requesting section S20 issues a radio strength report
request on the mobile station B to the communication control section ~ 18.
The communication control section 518, which performs the movement   48
managements (the functions provided in the standards for the - portable
telephones or PHSs) on the position registration of the mobilestations)
retrieves thegeneral calling area (an areacomprising theradio zones ofa
plurality of base stations for thegeneralcalling,which allowsthe
transmission to the mobile station)for themobilestation B507and transmits
the radio strength reportrequestto themobile stationB507. When the mobile
station B507 receives the radio strength report request) the radio strength
measuring section 509 measures 



the reception radio strength levels from all the base stations receivable
and reports them through the control station 516. In response from the
mobile station B507, in the estimation processing section 515 obi station
B517 and the communication it to the mobile station A501. Thus, an
appropriate base station to to the radio strength report control station
516 the position :ains the position of the mobile control section 518
transmits the mobile station A501 can find the location of the mobile
station B507. In any case, a method of displaying to the user its own or
different mobile station position coordinate data is not limited, and
methods are available to display the data as values and display the data in
the manner of plotting them on a map image. Fourth Embodiment Furthermore,
a description will be taken hereinbelow of a position detection method of a
radio mobile station according to a fourth embodiment of this invention.
The radio mobile station   49 position detection method according to the
fourth embodiment is for improving the accuracy of the position detection
in a manner of 



doing the measurements over again when the estimation result shows a low
reliability. In a radiocommunication system introducing this detection
method) as shown in Fig. 6 a control station 608 includes a control station
control section 609 for controlling the operation of the control station
608, a communication control section 610 for controlling the communication
with base stations, a position input section 611 for accepting the position
of a measuring point, a position learning processing section 612 for
learning, through a neural network, the correlation between the position of
a mobile station and reception radio strength levels at that position and
further for storing the correlation therebetween, a position estimation
processing section 613 for estimating the position of the mobile station on
the basis of the measured radio strength levels through the use of the
correlation there between, a radio strength report requesting section 614
for making a request for the report on the radio strength levels to the
mobile station, a position accumulation section 615 for accumulating the
past position coordinates of the mobile station, and a history decision
section 616 for deciding, on the basis of the past positions, whether the
estimated present position of the mobile station is appropriate or not. The
arrangements of a mobile station 601 and each of mobile stations 605, 606,
607 are the same as those in the first embodiment (see Fig. 1 ).   50 The
operation of this system in the learning mode is the same as that in the
first embodiment, whereas in the estimation mode the system operates as
follows. That is, in the control station 608) the position accumulation
section 61~ stores the position coordinates of all the mobile stations
obtained by the position estimation processing section 6l3 in the past as
time series data at every mobile station, together with the time stamp.
When the mobile station 601 reports the reception radio strength levels
from a plurality of base stations measured by the radio strength measuring
section 603 through the base station 605 to the control station 608 in some
occasion) the communication control section 610 of the control station 608
receives this report, and the control section 609 decides the kind of data
and conveys it to the position estimation processing section 613. The
position estimation processing section 613 obtains the position coordinates
of the mobile station 601 on the basis of the reported reception radio
strength levels due to the plurality of base stations through the arse of
the neural network which completed the learning in the position learning
processing section 612 and passes them to the history decision section 616.
The history decision section 616 refers to the past position coordinates of
the mobile station 616 accumulated in the position accumulation section 6l5
to decide whether the present position of the mobile station 610 estimated
in the position estimation processin; section 613 is proper or not. For the
decision criterion) various ways can be   51 taken. For e;cample) a method
is available to calculate the moving - speed on the basis of the position
obtained through the last estimation and the time of the estimation and the
present position and the present time to decide whether or not the
calculated speed is appropriate for the user carrying the mobile station or
to draw the locus of the past position history to decide the
appropriateness on the basis of the degree (an angle of a moving vector or
the like) of the deviation in the moving direction indicated by the locus.
However) this embodiment is not limited to these methods. If appropriate)
this coordinates is determined as the present position of the mobile
station 601 and outputted from the position estimation processing section
613 (the destination may be a display unit of the control station, the
mobile station 601 ) a different 



mobile station or the like). On the other hand, if not appropriate, the
history decision section 616 gives instructions to the radio strength
report requesting section 614 to issue a radio strength report request
toward the mobile station 601. The radio strength report requesting section
614 transmits the radio strength report request to the mobile station 601
so that the mobile station 601 again measures the receivable radio strength
levels from a11 the base stations and reports the measurement results. When
receiving this request through the base station 60~, in the mobile station
601 the radio strength measuring section 603 measures the receivable radio
strength levels from all the base stations and reports the measurement
results to the control station 608, In the control   52 station 608) the
position estimation processing section 613 finds the - location of the
mobile station 601 and the history decision section 616 judges the
appropriateness of the coordinate values. If not appropriate, the
above-mentioned procedure is repeated. However) in this instance, it is
necessary to determine the upper limit on the number of times of repetition
of the radio strength report request to the mobile station 601 in advance.
In the case that the decision of no appropriateness continues, the
estimation of the position resumes the limited number of times of the
repetition and then stops. In this case, the position is determined in such
a way that the most appropriate value is adopted or the values estimated so
far are averaged. As described above, in the position detection method
according to this embodiment, in cases where, for example, a great
variation of the electric field distribution in the base stations of a
radiocommunication system or the learning accuracy is insufficient so that
the reliability of the accuracy of position of the mobile station obtained
in the position estimation processing section is expected to be low, the
measurement in the mobile station resumes to repeatedly conduct the
position estimation, with the result that the accuracy and reliability of
the position detection can improve. In addition) it is also appropriate
that in this system a measurement interval measuring section is provided in
the mobile station 601, and the radio strength measuring section 603
measures the radio strength levels from a plurality of base stations at a 



53 constant time interval measured by the measurement interval measuring
section to report the measurement results through the base station to the
control station 608. In this instance, since it is possible to establish
the history on the position of the mobile station at the constant time
interval) and hence it is possible to more accurately judge the
appropriateness of the estimated position coordinates of the mobile
station. Fifth Embodiment Still further) a description will be taken
hereinbelow of a position detection method of a radio mobile station
according to a fifth embodiment of this invention. This radio mobile
station position detection method according to the fifth embodiment is made
such that the radio strength levels measured is converted into the distance
between the mobile station and the base stations and the neural network
learns on the basis of the distance therebetween. In a radiocommunication
system conducting this detection method, as shown in Fig. 7 a control
station 708 is provided with a control station control section 709 for
taking charge of the control of the control station 708, a communication
control section 710 for controlling the communication with base stations, a
position input section 711 for accepting the input of the positions of
measuring points, a position learning processing section 7l2 for learning,
through a neural network, the correlation between the position of a mobile
station and the reception radio strength levels at that   54 position and
further for storing the correlation therebetween) a - position estimation
processing section 713 for estimating the position of the mobile station on
the basis of the measured reception radio strength levels through the use
of the correlation therebetween, and a distance calculation section 714 for
theoretically calculating the distance between the mobile station and the
base stations. In this system) the arrangements of a mobile station 701 and
each of base stations 705, 706) 707 are the same as those in the first
embodiment (see Fig. 1 ). In this system, the distance calculation section
714 of the control station 708 stares a theoretical radio distance
characteristic 



(this signifies the relationship between the distance from the base station
and the radio strength level therefrom and under an ideal condition the
radio strength attenuates in inverse proportion to the square of distance
therefrom) of the base station and calculates the theoretical distances
between the mobile station 701 and the plurality of base stations 70~, 706,
707 on the basis of the reception radio strength levels due to the base
stations 705) 706) 707 reported from the mobile station 701 through the use
of the stored radio distance characteristic. Further, the distance
calculation section 714 outputs the distance to the position learning
processing section 712 in the learning mode and outputs it to the position
estimation processing section 713 in the estimation mode (if the
theoretical distance coincides with the actual distance) the specification
of the position of the mobile station is possible with   55 only a
geometric calculation. However) in fact they hardly coincide - with each
other because of the influence from the reflection waves or noises. Thus,
the position learning processing section 712 is required to learn the
deviation from the theoretical distance). In the learning mode, the
position learning processing section 712 learns, through a neural network,
the correlation between the theoretical distance from the mobile station
701 to each of the base stations, conveyed from the distance calculation
section 714) and the learning measuring point position coordinates of the
mobile station 701 inputted through the position input section 71l as well
as the first embodiment and communicates the connection weights of the
neural network being the learning results to the position estimation
processing section 713 which in turn, stores them. On the other hand, in
the estimation mode, the position estimation processing section 713 inputs
the theoretical distance from each of the base stations to the mobile
station 701 conveyed from the distance calculation section 714 to a network
constructed using the connection weights undergoing the learning to obtain
the position coordinates of the mobile station 701 as an output. Thus, the
theoretical knowledge is introduced for the learning in the position
learning processing section 713, and as compared with the first embodiment,
the learning processing conducted through the neural network becomes easier
and the learning accuracy more improves. As described before) in the mobile
station position detection method according to this embodiment, the
theoretical distance 



56 between the mobile station and each of the base stations is - calculated
as a function of the reception radio strength levels from the plurality of
base stations measured in the mobile station) and the correlation between
the theoretical distance and the position of the mobile station is learned
through the neural network, thus estimating the position of the mobile
station through the use of the correlation. With this operation, the
position estimation with a higher accuracy is possible as compared with the
first embodiment. Furthermore, the embodiments described above can
appropriately accept the changes. For example, in cases where the mobile
station outputs the measurement results on the reception radio strength
levels, it is also appropriate that the measurement is made plural times at
the same point so that the single value obtained through the statistical
processing of the measurement values is outputted as the final measurement
value. This statistical processing permits the sharp improvement of the
measurement accuracy. Still further, it is also possible that two frequency
synthesizers are provided in the mobile station so that) even if one of the
frequency synthesizers is in the synchronized condition during a call) the
measurement of the radio strength levels from a plurality of base stations
is possible through the use of the other frequency synthesizer. In
addition, it is also possible that the mobile station sends the measurement
results on the reception radio strength levels to the control station at a
constant time interval for the measurements   57 by the measurement
interval measuring section so that the control station periodically detects
and manages the position of the mobile station on the basis of the
measurement results. A similar system can also be realized in such a manner
that the radio strength report requesting section of the control station
periodically requests for the report on the reception radio strength levels
from the mobile station. These systems allow the position accumulation
section of the control station to be usable for the position management of
the mobile station. Sixth Embodiment 



Furthermore) a description will be made hereinbelow of a position detection
method according to a sixth embodiment of this invention. The detection
method according to the sixth embodiment is designed to detect an area with
an expansion, such as a room or district a radio mobile station exists.
According to this detection method, a position learning processing section
of a control station constructs a neural network as shown in Fig. 8. In
Fig. 8, numeral 1001 represents an input layer) 1002 designates an
intermediate layer) and numeral l003 stands for an output layer) and the
difference from the neural network (see Fig. 3) in the first embodiment is
the output layer 1003. In this embodiment, the position of the mobile
station is expressed with the name or symbol of a place representative of
that address, for example, a room name or room number in the case of an
indoor place and a dwelling, place number or the like in the outdoor place.
The number of nodes of   58 the output layer 1003 is set to coincide with
the number of spots (the number of rooms) the number of districts in the
same dwelling, or the like) included in the area being an object under
position detection, and the neural network is constructed so that the
respective nodes of the output layer 1003 are in one-to-one correspondence
relation to the respective spots. Fig. 8 shows the case that each of the
nodes of the output layer 1003 corresponds to a room. Each of the output
values of the output layer can assume a continuous value within a constant
range such as 0 to 1 or assume any one of two predetermined values such as
0 or 1. This output configuration depends upon the selection way of the
input and output function of the output layer nodes. If the sigmoid
function (f(x) = 1/ { 1 + exp (-ax) } ) a : constant) is used as the input
and output function, the output configuration is expressed with the former
format. On the other hand, if the threshold function (when x < 8, f(x) = 0,
when x >_ A, f(x) = 1) B : a constant) or the like is employed) it is
expresed with the latter format. The following description will be made in
terms of the case that the output configuration is expressed with the
former format. First) in the learning mode, in the neural network thus
constructed, when the electric field strength levels from a plurality of
base stations measured by a mobile station at a predetermined measuring
point are inputted into the nodes of the input layer respectively
corresponding to the base stations, the learning is 



59 made such that the node of the output layer corresponding to the spot (a
room, a district or the like) including that measuring point outputs 1 and
the other nodes of the same output layer output 0. In this instance) in one
place a plurality of measuring points can also be set in accordance with
its extent. Further) if the place is relatively small, one measuring point
can represent that place (or the average of the measurement values at a
plurality of measuring points set can be used for the learning). On the
other hand) if the region is wide) it is preferable that a plurality of
measuring points are set to uniformly exist within the region. At this
time, unlike the neural network which outputs the coordinate values from
its output layer, a severe strictness in the specification of the measuring
points is not necessary as long as exiting within the region. Secondly, in
the estimation mode, when the mobile station inputs the radio strength
levels from a plurality of base stations it measures, to the neural network
which completed the learning) the respective nodes of the output layer 1003
output values between 0 to 1. If the position of the mobile station is
specified to one place) the place) i.e., a room or district)
coi-~-esponding to one node from which a value closest to 1 is outputted is
detected as the position of the mobile station. Further, in cases where the
specification of the place is unnecessary and it is satisfied to show
several candidates for the places, it is also possible to show a plurality
of places corresponding to a plurality of nodes whose outputs are
relatively large (close to 1). Moreover) since there is a correlation
between   60 the magnitude of the output value and the probability of the
actual existence of the mobile station at the place corresponding to that
node, it is possible to present the position detection result as a
existence probability to express the degree of the probability that the
mobile station exists at some place. 



As described above, in the position detection method according to this
embodiment, the respective nodes of the output layer of the neural network
are made corresponding to the places, with the result that the position
detection of the mobile station can be done in units of regions with an
extension, such as a room or a district. This position detection method can
be employed for the systems in the above-described embodiments, and the
operations other than the above description will be made according to the
operations taken in the embodiments. Seventh Embodiment Moreover, a
description will be made hereinbelow of a radio mobile station position
detection method according to a seventh embodiment of this i~ivention. The
position detection method according to this embodiment allows that a mobile
station finds its own present position through its internal processing. In
a radiocommunication system based upon this detection method) as shown in
Fig. 9 a mobile station 901 comprises a mobile station control section 902
for taking charge of the control of the operation of the mobile station
901, a radio strength measuring section 903 for measuring the radio
strength levels from base stations) a mobile   61 station transmission and
reception section 904 for carrying out the transmission and reception of a
signal to and from a base station 907, a learning result storage section
90~ for storing parameters of a learning-completed neural network
transmitted from a control station 913, and a position calculation section
906 for constructing a neural network using the parameters stored in the
learning result storage section 905 to calculate its own position. The
arrangements of base stations 907, 911, 912 and the control station 913 are
the same as those in the first embodiment (see Fig. 1). Secondly) a
description will be taken hereinbelow of the operation of this system. A
position learning processing section 917 of the control station 913 learns,
through a neural network, the correlation between the reception radio
strength levels due to a plurality of base stations measured by the mobile
station 901 at a plurality of measuring points and the positions of the
measuring points. The processes up to this are the same as those in the
first embodiment. The parameters, i.e.) the weights on connections between
the nodes and others) expressing the neural network which completed the
learning in the position learning processing section 917 of the control
station 913 are transferred through some means to the mobile station 90l
and stored in the learning result storage section 90~ of the mobile station
901. As a method to transfer the parameter data expressing the
learning-completed neural network) there is an on-line method in which the
data is radio-transmitted through the base station 907 to   



62 the mobile station 901 through the use of a communication line of the
radio communication system to to be communicated to the learning result
storage section 90~ or an off-line method in which, in the case that the
mobile station 901 is equipped with an interface made with a recording
medium interface such as a CDROM, a floppy disc and an IC card (for
example) a portable information terminal with a communication function or a
notebook-size personal computer incorporating a radio communication modem),
the parameter data is once stored in the recording medium which in turn, is
given to the user who uses the mobile station 901 so that the parameter
data is taken out from the recording medium to the learning result storage
section 90~ of the mobile station 901. However, the parameter transferring
method in this embodiment is not limited to these methods. When the user
carrying the mobile station 901 gives instructions through some input means
(a command due to a button, or the like) to the mobile station control
section 902 for the request for the detectibn of its own position, the
mobile station control section 902 gives instructions to the radio strength
measuring section 903 to measure the receivable radio strength levels from
all the base stations) and hence the radio strength measuring section 903
conveys the measurement results to the position calculation section 906
according to the instructions. The position calculation section 906
constructs a neural network by using the data stored in the learning result
storage section 905 and   63 inputs the measurement results conveyed from
the radio strength measuring section 903 to the neural network to obtain
the position of the mobile station 901. Thus, in this system according to
this embodiment, the learning result obtained in the position learning
processing section of the control station is held in the mobile station in
advance, and in the case that the user carrying the mobile station wants to
know his own position, his own position is detectable through the internal
processing of the mobile station without the inquiry to the control station
through the communication each time. Eighth Embodiment Furthermore) a
description will be made hereinbelow of a 



position detection method according to an eighth embodiment of this
invention. the position detection method according to this embodiment is
made such that a plurality of base stations measure the radio wave emitted
from a mobile station to detect the position of the mobile station on the
basis of the measurement results. In a radiocomrnunication s$~stem adopting
this detection method) as shown in Fig. 10, a mobile station 1101 comprises
a mobile station control section 110? for controlling the operation of the
mobile station 1101 and a mobile station transmission and reception section
1l03 and a base station l104 comprises a base station control section 110
for controlling the operation of the base station 1104, a base station
transmission and reception section I106 for carrying out the transmission
and reception of a signal to and from   64 the mobile station 1101, a base
station input and output section 1l07 for performing the transmission and
reception of a signal through a wire circuit to and from a control station
1111 ) and a radio strength measuring section 1108 for measuring the radio
strength level of a signal from the mobile station. The arrangement of the
control station 1111 is the same as that in the first embodiment (see Fig.
1 ). Secondly, a description will be made hereinbelow of the operation of
this system. In the learning mode of this system) the mobile station 1101
issues a radio wave (an upstream control signal such as a calling response
signal and a calling signal) at a point set in advance, while the base
station 1104 receives this radio wave and the radio strength measuring
section 1108 of the base station 1104 measures the radio strength level and
reports the measurement result through the base station input and output
section 1107 to the control station 111l. At this time, in a similar way
the other base stations 1109, 1110 receive and measure the same radio wave
emitted from the mobile station 1101 and report the measurement results to
the control station 1111. That is, the measurement of the strength of the
radio wave emitted from the mobile station are done at a plurality of
points set in advance. In the control station 1111, a communication control
section 1113 receives the electric field strength data related to the
mobile station 1101 reported from the respective base stations and passes
the data to a position learning processing section 1l15. The   65 position
learning processing section 1115 once stores these data and constructs a
neural neural network which receives) through its input layer nodes, the
measurement results of the respective base stations with respect to the
radio wave from the mobile station l101 and outputs the position of the
mobile station 1101 at that time. Further) the position learning processing
section 1115 learns the correlation between the reception radio strength
levels on the radio wave from the mobile station 1101, measured by the
plurality of base stations) and the position of the mobile station 1101 at
the measuring time. (The positional information on a plurality of measuring
points set in advance is inputted through a position input section 1114
into the position learning processing section 111 as well as the first
embodiment, and the corresponding relationship between the measurement
result data at the base stations and the positional information is
established in the same way as in the first embodiment.) 



On the other hand) in the estimation mode) the base stations 1104, 1109)
11l0 receive and measure any radio signal (control signal) emitted from the
mobile station 1101 at an arbitrary point and report the measurement
results to the control station 1111. In the control station 1111, the
communication control section 1113 receives the electric field strength
data of the radio wave from the mobile station 1101, reported from the
respective base stations) and hands them over to a position estimation
processing section 1116. The position estimation processing section 1116
once collects   66 these electric field strength data and inputs these
electric field strength data to the neural network which completed the
learning in the position learning processing section 111a thus obtaining
the position of the mobile station 110l as its output. Thus, in the system
according to this embodiment can detect the position of the mobile station
in a manner that the plurality of base stations measure the radio wave
emitted from the mobile station. Tn a radiocommunication system for land
mobile radiotelephones, a plurality of base stations measure the radio wave
emitted from a mobile station at the time of determining the existence area
of the mobile station to specify as the existence area the radio zone of a
base station which shows the highest radio strength level, and the system
according to this embodiment can exhibit the compatibility with a
radiocommunication system based upon such a way and particularly effective
thereto. Although in the above description a plurality of base stations
measure the radio wave emitted from the mobile station and the reception
radio strength levels measured are directly inputted to the neural network,
in order to eliminate the detection error resulting from the variation of
the strength of the transmission radio wave from the mobile station) it is
also appropriate that the ratio of the reception radio strength levels
measured by the respective base stations is used as the input value to the
neural network. Further, although for the description only the same mobile
station 1101 is used in the learning mode and the   67 estimation mode) in
fact there is no need to use the same mobile station in both the modes, as
well as the first embodiment. As obvious from the above description, with
the radio mobile 



station position detection methods according to this invention, the data on
the measuring points are used for the learning to obtain the position of
the mobile station. Accordingly, these method can remove the need for
previously drawing the electric field strength map at every base station
and further allows the position detection of the mobile station only in
such a manner that the reception radio strength levels in the mobile
station at several measuring points are measured in advance. Besides, even
if the variation of the electric field strength occurs, it is possible to
quickly cope with this variation. Further) in the position detection method
where the positions of the measuring points are determined in advance, the
position input of the measuring points necessary for the learning becomes
easy. Still further) with the position detection method in which the
positions of the chargers are set as the measuring points, the reception
radio sttength measurement is possible during the charging of the mobile
stations, and hence it is possible to automatically collect the reception
radio strength data related to a plurality of base stations for the
learning) and since the positions of the chargers are the measuring points,
the position input of the measuring points becomes easy. Furthermore,
according to the position detection method in which the positional data of
the measuring points are inputted from   68 the mobile station, the
reception radio strength level at an arbitrary position can be used as the
learning data without fixing the measuring points in advance. In addition)
with the position detection method in which the value obtained after the
statistical processing of the plural measurement results is outputted as a
measurement value) even if the the measurement error of the reception radio
strength due to the occurrence of noises or the like greatly occurs, the
position detection can improve in accuracy. Further, in the mobile station,
it is possible to find its own present position or the present position of
a person carrying a different mobile station. Still further, with the
position detection method made to store the position history of the mobile
station, the appropriateness of the presently detected position is judged
using the position history, with the result that the reliability of the
position detection can improve. Moreover, with the position detection
method in which the mobile station periodically reports the measurement
result of the reception radio strength levels to the control station at a
constant time interval) it is possible to construct a system which detects
the position of the mobile station at a regular interval and manages the
position thereof. In addition, according to the position detection method
where the reception radio strength is converted into a theoretical distance
for the learning) not only the learning accuracy in the neural network can
heighten but also the position estimation accuracy can improve. Further,
with the position detection method   69 in which the result of the position
detection is shown with an area with an expansion such as a room and a
district) in the case of being applied to the management of the whereabouts
of persons carrying a mobile station in the indoor place) the detection
result can be indicated to be easier to understand as compared with the
numeric coordinates. In addition, it is also possible to present a
plurality of places as the candidates for the whereabouts, whereby the
position detection with a higher reliability is possible as compared with
the presentation of a specific position. Furthermore, with the position
detection method in which the learning-completed neural network is held in
the interior of the mobile station) since the mobile station can implement
the detection processing of its own position) there is no need for the
inquiry through communications to the control station, with the result that
the communication resource is savable and the response necessary until
obtaining the detection result becomes shortened. 



Particularly) in the case that a radiocommunication system to which the
position detection 'method according to this invention is applied is
constructed using a public wireless network, the communication charge
imposed on the user at the position detection becomes unnecessary.
Ivloreover) the position detection where a plurality of base stations
measures the radio wave from a mobile station so that the position of the
mobile station is detected on the basis of the measurement results is
applicable to a radiocommunication system such as a land mobile
radiotelephone which has a mechanism that a   70 plurality of base stations
measures the radio wave from a mobile station. The position of a motor
vehicle or the like is detectable on the basis of the measurement results
of a plurality of base stations. In addition, the wireless
radiocommunication system according to this invention can conduct the
above-mentioned position detection methods. In the wireless
radiocommunication system including a Learning data collector, it is
possible to collect the learning data in a fixed point observation way and
in a continuous way, and even if the system is in an operating condition)
the learning accuracy can improve and the position detection accuracy can
heighten. Further, in the system having a control station equipped with a
radio strength report requesting means) the control station issues a radio
strength report request to a mobile station so that the mobile station
measures the reception radio strength levels from a plurality of base
stations and reports the measurement results, with the result that the
present position of the mobile station at an arbitrary time can be found in
response to the request from the dontrol station side. Moreover, in the
system having a mobile station provided with a plurality of synthesizers,
the measurement of the reception radio strength levels for the learning and
the position estimation is done even during the conversation, so that the
learning and the estimation of the position become possible even during the
call. Ninth Embodiment   71 Still further) a description will be made
hereinbelow of an operation of a radiocommunication system based upon a
detection method (or system) of a position of a radio mobile station
according to a ninth embodiment of this invention. Fig. 11 is a block
diagram schematically showing an arrangement of a radiocommunication system
adopting a position detection method according to the ninth embodiment,
Fig. 12 is an illustration of an example of an arrangement of a position
detection unit in Fig. 11) and Fig. 13 shows an image of this system. In
Fig. 11, numeral 1151 represents a mobile station, numeral 11S2 designates
a radio strength measuring section for measuring radio strength levels from
a base station, numeral I153 denotes a control section for issuing
measurement instructions to the radio strength measuring section 1152 and
further for controlling radiocommunications) numeral 1l54 depicts a mobile
station transmission and reception section for taking charge of
transmission and reception in radiocommunications, numerals 1l55, 1156,
1157 stand for base stations, numeral 1158' indicates a communication
control section for controlling communication with the plurality of base
stations 1155) 11S6, 1157) numeral 1159 signifies a transmission and
reception section for transmission and reception in radiocommunications)
numeral 1160 represents a control section for controlling communications
between the mobile station 1151 and the communication control section I158)
numeral 116l designates an input and output section for communications with
the   72 



communication control section l158) numeral l162 denotes a network, numeral
1163 depicts a position information center, numeral 1164 signifies a
communication control section for performing transmission and reception to
and from the network l162 to control a position detection processing, and
numeral 1165 stands for a position detection unit for detecting a position
controlled through the communication control section 1164. Furthermore, in
Fig. 12) numeral 1201 represents the position detection unit in Fig. 11)
numeral 1202 designates a radio strength data storage section for retaining
position information expressible with continuous values and obtained at a
plurality of measuring points and radio strength data comprising reception
radio strength levels from a plurality of base stations obtained in a
mobile station, numeral 1203 denotes a position detection section for
comparing the radio strength data in the radio strength data storage
section 1202 with radio strength levels at a position detecting goint to
estimate the position of the mobile station, and numeral l204 signifies an
error radid strength data storage section for holding a plurality of radio
strength data not involving a large error. Still further) in Fig. 13,
numeral 1301 represents a mobile station) numerals 1302, 1303 ) l304
designate base stations) numerals 1305 1306, 1307 denote radio zones of the
respective base stations 1302) 1303, 1304, numeral 1308 denotes a control
station, numeral 1309 depicts a position detection section) and numeral
l310 stands for a radio strength data storage section.   73 In a
radiocommunication system according to this embodiment) in cases where as
shown in Fig. 13 the mobile station 1301 simultaneously stands within the
respective radio zones 1300 1306, 1307 of the plurality of base stations
1302) 1303, 1304) the position detection section 1309 and the radio
strength data storage section l310 of the control station 1308 detect the
position of the mobile station 1301 on the basis of the strength levels of
radio signals of the base stations 1302, l303 ) 1304 measured by the mobile
station 1301. The operation of the radiocommunication system according to
this embodiment is divided into a preparation for inputting the positional
information of a plurality of measuring points within a service area and
the radio strength data comprising reception radio strength levels from a
plurality of base stations into the radio strength data storage section
1202 in advance and a detection process for estimating the position of a
mobile station on the basis of the stored radio strength data. As the way
to input the data in the preparation, methods are available to communicate
and input the reception radio strength levels from a plurality of base
stations measured by a mobile station, together with the positional
information) in real time or to together input the reception radio strength
data from base stations measured in an online way through a wire
connection. However, in this instance) the radio strength data is already
inputted into radio strength data storage section) and the description of
the inputting way is omitted for brevity.   74 RefetTing to a flow chart of
Fig. 14A, a description will be made hereinbelow of an open ation taken
until the present position of a mobile station is estimated after the
mobile station issues a position detection request. The control section
1153 of the mobile station 1l51 waits for a position detection request
(step 401), the position detection request being arbitrarily made at a
timing according to an input command from the user at an arbitrary point)
at a timing on a system operation or at a constant time interval. In
response to the position detection request, the control section 1153 gives
instructions for radio strength measurement, and the radio strength
measuring section 1l52 measures the radio strength levels from or due to a
plurality of base stations (step 402). Because the radio strength is
unstable due to the presence of the external factors such as the fading
caused by the mufti-pass and the environmental variations, for the
measurement thereof) there are employed various ways based upon statistical
processing) for example, the measurement of the radio strength is conducted
at a given time interval or' plural times so that the measurement results
are averaged, the weighted mean thereof is calculated or the maximum value
thereof is taken. The description of the radio strength measuring way in
this embodiment will be omitted here. 



After the measurement of the radio strength levels from the plurality of
base stations, the control section l153 selects) for example) the base
station 1153 producing the maximum radio strength level and transmits the
reception radio strength data   75 through the mobile station transmission
and reception section 1154 to the base station l153. In the base station
1155, the base station transmission and reception section 1159 receives the
reception radio strength data from the mobile station 1151 and the base
station control section 1160 judges the kind of data and then sends the
reception radio strength data through the input and output section 1161,
the communication control section 1158 and the network 1162 to the position
information center 1l63 (step 403). As the reception radio strength data to
be transmitted here) there are the radio strength levels from a11 the base
stations the mobile station can receive, the radio strength levels from a11
the base stations which exceeds a given value, and the radio strength
levels from a specified number of base stations which are taken in the
order of decreasing strength. For the illustration only) the description
will be made of an example of reporting the higher four base station radio
strength levels. When receiving the reception radio strength data) the
position information center 1163 passes the reception radio strength data
to the communication control section 1164 and the communication control
section 1164 then conveys it to the position detection unit 1l65 to
estimate the position of the mobile station l151 to obtain the estimation
result (step 404). The estimation result obtained in the position detection
unit 1165 returns through the network 1162) the communication control
section 1158 and the base station 1l55 to the mobile station 1151 (step
405).   76 Furthermore) referring to Fig. 14B) a description will be made
hereinbelow of the position detection method in the step 404 conducted in
the position detection unit 1165. In Fig. 12, the position detection unit
1201 corresponding to the position detection unit 1165 in Fig. 11 accepts
the reception radio strength data ((B1, E1)) (B2, E2), (B3, E3)) (B4, E4))
based upon the radio strength levels E1) E2, E3, E4 from the base stations
B1, B2) B3) B4 (step 411). The radio strength data storage section 1202
retains radio strength data comprising the positional information on a
plurality of measuring points and the reception radio strength levels from
a plurality of base stations at the plurality of measuring points, and the
position detection section 1203 compares the reception radio strength
levels with the radio strength levels from the base stations at each point
retained in the radio strength data storage section 1202 (step 412). In the
comparison in radio strength levels, a mathematical distance, i.e.) an
arbitrary distance function p satisfying the following conditions are used
for the calculation to judge the distance on the basis of the resultant
error b. The real number p which is not negative singly corresponds to
given binary values x and y in a set X to satisfy the following conditions.



1) p (x, x) = 0, on the other hand, if p (x, y) = 0) x = y 2) P (x~ y) = P
(Y, X) 3) In terms of arbitrary three points x, y and z, p (x, z) <_ P (x~
y) + P (Y, z).   77 A distance calculating method will be described
hereinbelow in the case of) for e:cample, using the Euclidean distance
involving the concept of a general distance. The position detection unit
1201 receives the radio strength levels E1) E2) E3 and E4 from the four
base stations B1, B2, B3 and B4 producing the higher radio strength levels.
In the case that the distance between the received radio strength data
((B1) E1), (B2, E2), (B3) E3), (B4, E4)) and the jth radio strength data
((BSjl) Ejl), (BSj2, Ej2), (BSj3) Ej3), (BSj4, Ej4)) retained in the radio
strength data storage section 1202 (where BSjl, BSj2, BSj3 and BSj4
respectively represent the four base stations producing the higher
reception radio strength levels when received at the jth radio strength
measuring point (Xi) Yi), and Ejl) Ej2, Ej3 and Ej4 respectively designate
the reception radio strength levels from these base stations) is calculated
using the following equation in cases where the base stations undergoing
the comparison all coincide with each other, that is) Bl = BSjl, B2 = BSj2,
B3 = BSj3 and B4 = BSj4. (Ey - Ei)2 + (E;2 - E2)2 + (E;3 - E3)2 + (E,;~ -
E2)2 Even if the base stations undergoing the comparison do not all
coincide with each other, the calculation of the distance, i.e.) the error)
is easily possible in a manner that the radio strength levels from the base
stations which are in no coincidence relation to each other are set to 0
and added.   With the decision result of the magnitude of the error thus
calculated) a plurality of errors selected from the calculated errors S in
the order of increasing voltage and the position coordinates at that time
are stored in the error radio strength data storage section 1204, whereas
the position detection section 1203 stores the position coordinates (x) y)
at that point and the calculated errors 8 in the error radio strength data
storage section l204 (step 414) until the number of data retained in the
error radio strength data storage section 1204 reaches k (k: an integer
being 2 or more) (step 413). When the number of radio strength data
retained in the error radio strength data storage section 1204 reaches k
(step 413), the k errors 8m ( 1 <= m <= k) retained in the error radio
strength data storage section 1204 and the position coordinates at that
time are set as follows and arranged in the order of increasing error.
((xm, ym), 8m ) (1 <= m <= k) The position detection section 1203 compares
the calculated error b with the largest 8k of the k errors 8m (1 <= m <= k)
stored in the error radio strength data storage section 1204. If 8 is
smaller than 8k, the radio strength data ((xk, yk), 8k) having the maximum
error in the error r adio strength data storage section 1204 is replaced
with the radio strength data based on 8 and the coordinates at that time.
The k radio strength data including the replaced radio strength data are
compared in the magnitude of error with each other and rearranged in the
order of increasing  



79 error) so that the k radio strength data are newly produced as follows
(step 415). ((xm) ym)) 8m ) (1 <= m <= k) This operation is repeated till
the completion of the comparison of all the data (step 416). After the
comparison decision of a11 the data held in the radio strength data storage
section 1202, the position detection section 1203 estimates the position on
the basis of the k radio strength data stored in the error radio strength
data storage section 1204. As the estimation method, for example)
statistical ways are available to average the k radio strength data and to
calculate the weighted mean using the values of the errors 8 or the radio
strength levels from the base stations. Although the above description has
been made of the method of performing the comparison and decision of all
the data retained in the radio strength data storage section 1202, it is
easy to consider a method of narrowing down the comparison data with the
base station IDs or the' like to speed up the processing. In addition,
although in the above description the number k is fixed as being a specific
value (an integer being 2 or more), a description will be made hereinbelow
of a method to set the maximum number of radio strength data retained in
the error radio strength data storage section 1204 to m and to vary the
number k in accordance with the degree of the error. In the case of k = 5,
let it be assumed that the error radio strength data storage section   80
1204 retains the following 5 sets of coordinate data and errors which are
arranged in the order of increasing error. 1. ((33, 24)) 2.57) 



2. ((31) 22), 4.61) 3. ((34, 22)) 4.78) 4. ((31, 57)) 16.12) 5. ((34, 59))
18.34) The differences between the errors of these 5 sets of radio strength
data are as follows.Error1-22.042-30.173-411.344-52.22 As obvious from
this) the difference between the errors of the third and fourth sets is
large. In this instance) the fourth and following sets of data involve a
large error and can be considered to be low in reliability. For example,
let it be assumed that, when the error difference is 5 or more, the
following data are not treated as the data, the number k is set to k = 3 so
that the estimation of the position is made on the basis of the 3 radio
strength data) thus promoting the position detection accuracy. As described
above) the position detection section makes a comparison between the radio
strength data in the radio strength data storage section and the reception
radio strength levels for the   81 position detection to detect the
position on the basis of a plurality of radio strength data involving a
small error, retained in the error radio strength data storage section)
with the result that the estimated position is not limited to the actual
measuring point but the position estimation is possible within a range
smaller than the interval between the measuring points. Furthermore, it is
also possible that, in terms of the plurality of radio strength data in the
error radio strength data storage section, the number of radio strength
data is changed in accordance with the degree of the error to enhance the
position detection accuracy. The accuracy of the position detection depends
upon the interval between the measuring points in the preparation, and in
general, increasing the number of measuring points or increasing the number
of times of measurement at the same measuring point permits the improvement
of the accuracy. 



Various ways are available to issue the position detection request. For
example, when the user wants to know his own position, the position
detection request is issued from the mobile station, and when the position
managing center manages the position of the user, the position managing
center issues the position detection request or the wire or radio user
issues the request through the network 1162. Further, although in the above
description the position detection unit located in the position information
center detects the position of the mobile station, it is also possible to
place the position detection unit in the mobile   82 station or in the base
station or to situate it in the wire or radio user side using the network
1162. These arrangements are easily practicable as well as the arrangement
in this embodiment. Tenth Embodiment Referring now to Fig. 15, a
description will be made hereinbelow of an operation of a
radioconlmunication system based upon a position detection method of a
mobile station according to a tenth embodiment of this invention. In Fig.
15) numeral 1501 signifies the position detection unit in the ninth
embodiment in Fig. 11, numeral 1502 denotes a radio strength data storage
section for retaining radio strength data comprising positional information
on a plurality of measuring points) expressible with continuous values) and
reception radio strength levels from a plurality of base stations) numeral
1503 depicts a position detection section having means to compare the radio
strength data in the radio strength data storage section 1502 with the
radio strength levels at a position detecting point to estimate the
position of a mobile station) numeral 1504 represents an error radio
strength data storage section for holding a plurality of radio strength
data involving a small error, and numeral 1S05 indicates a position
detection knowledge section having a knowledge on a person using a radio
mobile station, an action rule and a schedule of that person and others.
For the radiocommunication system adopting the position detection method
according to this embodiment) a description will be taken hereinbelow of
the radio strength data storage section   83 1502 and an example in which
the positions expressible with continuous values such as coordinates
temporarily stored in the error radio strength data storage section 1504
are applied to positions expressible with discrete values such as a region
name, a room number and a room name. The other basic arrangements of this
system are the same as those in the ninth embodiment) and the operational
flow is the same as that shown in Figs. 14A and 14B. An operation for
detecting the position expressible with a discrete value will be described
hereinbelow with reference to Fig. 15 in addition to the flow charts of
Figs. 14A and 14B. In this case) a room number is taken as the position
expressible with the discrete value. Further) of the operation of the flow
charts of Figs. 14A and 14B, the operation up to the step 403 is the same
as that in the ninth embodiment. As in the case of the ninth embodiment,
the position detection 



section 1503 successively compares the reception radio strength data with
the radio strength data at each point, retained in the radio strength data
storage section 1502) and makes a decision on the calculated errors to
store the room number at that time and the calculated error 8 in the error
radio strength data storage section 1504. The position detection section
1503 keeps the room number at that point and the calculated error 8 in the
error radio strength data storage section l504 (step 414) until the number
of data in the error radio strength data storage section 1504 reaches a
specific number k (k: an integer being 2 or more) (step 4l3). On the other
84 hand) when the number of data in tile error radio strength data -
storage section 1504 reaches k (step 413), the position detection section
1503 compares the calculated error 8 with the k radio strength data held in
the error radio strength data storage section 1504 and, if 8 is smaller,
replaces the radio strength data involving the maximum error in the error
radio strength data storage section l5044 with the room number at that time
and the error 8 (step 415). This operation is repeated till the completion
of the comparison of all the data (step 416). After the comparison and
decision of all the data in the radio strength data storage section 1502,
the position detection section 1503 estimates the position of the mobile
station on the basis of the k radio strength data retained in the error
radio strength data storage section 1504. For example) as the estimation
method, a method can be taken to simply make a majority decision, while it
is possible to further estimate the degree of the reliability of the
estimation result as a function of the rate of the estimated position to
the k radio strength 'data. For example, when k = 5, if a11 the five data
in the error radio strength data storage section 1504 show one room number
"room 20l ", the decision can be made to that the detected position must
almost be "room 201 ". Assuming that 3 data of the 5 data signify "room 201
and 2 data thereof show "room 202", the "room 201" constitutes 60% while
the "room 202" occupies 40A0. Accordingly, the decision is made to that
probably the mobile   85 station exists in the "room 201") but there is a
possibility that it stands in the "room 202". In addition, the detection
accuracy can further improve in a manner of using, at the position
estimation) the knowledge on the person carrying the mobile station and the
action rule and schedule of that person retained in the position detection
knowledge section 1505. Fig. 16 shows an example of the layout of rooms and
the following table shows a knowledge on the connections of persons
carrying mobile stations to each of the rooms shown in Fig. 16. A
description will be taken hereinbelow of a method to estimate the position
of the mobile station using the knowledge in the position detection
knowledge section 1506 with reference to the following 



table. Ta a Room No Room Name Tanaka izuki Yoshida
room201receptionAACroomroom202first
councilBBBroomroom203presidentACCroomroom204secondBBBcouncil
roomroom20SdevelopmentBCAand manage-ment
divisionroom206businessBABdepartment   86 room 207 computer C C A room room
208 copying room A A A In the table , symbols A) B and C signify the
degrees of the connections to persons and the meanings of the symbols A, B
and C are as follows. A : room used frequently B : room used sometimes C :
inhibition of entry or room seldom used For detecting the position of one
person, for example Mr Yoshida, in the case of k = 5, assuming that as a
result of the detection processing) of the k radio strength data in the
error radio strength data storage section 1504, 3 data show "room 20l"
while 2 data show "room 202", judging from the knowledge table it can be
considered that Mr. Yoshida seldom uses the room 20l" being a reception
room, and therefore it is possible to estimate that the 



detected position is the "room 202" being a first council room.
Furthermore, it is also possible to employ a method for estimating the
position of a mobile station in cooperation with a different system such as
a council room reservation system and an individual or group schedule
managing system which is used as the position detection knowledge section
1506. An estimation method will be described in the case of employing) as
one example, a council room reservation system shown in Fig. 17. In this
case) let   87 it be assumed that the layout of the rooms to be detected is
the same as that shown in Fig. 16 and the council room reservation system
has data on the reservation status of the respective council rooms as shown
in Fig. 17. In the case of detecting the position of Mr. Yoshida at about
two in the afternoon) let it be assumed that) when k = 5) as a result of
the detection, 3 radio strength data of the radio strength data in the
error radio strength data storage section 1504 show "room 204" while 2
radio strength data thereof show "room 202". The position detection
knowledge section 1506 connected with the council room reservation system
manages the time period of the use of the council rooms under reservation
and persons or groups who use the council rooms during the time period
under reservation at every council room. Mr. Yoshida is scheduled to join a
system specification study meeting in the first council room. From this
knowledge, an estimation is made to that the position of Mr. Yoshida is
within the first council room being "room 202". Moreover) with ~'eference
to a neighboring room graph shown in Fig. 18, a description will be taken
of an estimation method to estimate the position using, as the position
detection knowledge section 1505, the knowledge on the relationship between
a plurality of positions expressible with discrete values. In this
instance, the layout of rooms to be detected is the same as that shown in
Fig. 16, and Fig. 18 shows an example of a neighboring room graph based on
the rooms shown in Fig. 16. In terms of the   88 neighboring relationship)
the connection between the rooms, i.e.) the ease of radio wave
transmission) varies due to the magnitudes of the contact area between the
rooms and the wall thicknesses. Although the neighboring relationship
between the rooms can involve the connection relationship in the
neighboring length, the distance from the center of the room and others)
for the simplicity the description will be taken of an example graphed on
the assumption that the connecting relationship is present if the rooms
other than corridors are in neighboring relation to each other. In the case
of detecting the position of one person, for example Mr. Yoshida, assuming
that, when k = 5) as a result of the detection processing, 3 data of the
radio strength data in the error radio strength data storage section 1504
show "room 205", one data shows "room 206" and one data shows "room 202",
from the Fig. 18 neighboring room graph it is supposed that, because the
"room 202" indicated by one data in the error radio strength data storage
section 1S04 is not adjacent to the other "room 205" and "room 206" ) the
data correspbnding to the "room 202" is incorrect. Whereupon, it is
presumed that probably NIr. Yoshida may exist in the "room 205" or may
stand in the vicinity of the "room 206" adjacent to the "room 205". As
described above, at the position detection the radio strength data in the
radio strength data storage section are compared with the reception radio
strength levels for a position detection, and the position detection
control section estimates the 



89 position using a statistical method on the basis of a plurality of radio
strength data involving a comparison error which are retained in the error
radio strength data storage section and estimate the degree of the
reliability of the position detection result through the use of a
statistical method using, for example the occupying rate of the estimated
position to the plurality. In addition, if using the knowledge on a person
and the action rule and schedule of that person) the data with a low entry
possibility such as the inhibition of entry is removable) whereas the data
with a high entry possibility can be selected) thus developing the position
detection accuracy. Furthermore, when using the knowledge on the mutual
relationship between a plurality of positions expressible with discrete
values, it is possible to remove the data remote in connection from a
plurality of radio strength data held in the error radio strength data
storage section, and it is possible to decide whether or not the position
is in the vicinity of the boundary between the rooms) which can improve the
position detection accuracy. The position detection accuracy depends upon
the interval between the measuring point in the preparation, and in
general) if increasing the number of measuring points in the preparation or
increasing the number of times of measurement at the same measuring point,
the accuracy heightens. Although for the simplicity in the above
description the comparison and decision are made to all the data retained
in the   90 radio strength data storage section 1202) as well as the ninth
embodiment it is easily possible to employ a method to narrow down the
comparison data using the base station IDs to speed up the processing.
Eleventh Embodiment Referring to Fig. 19) a description will be made
hereinbelow of an operation of a radiocommunication system based upon a
radio mobile station position detection method according to an eleventh
embodiment of this invention. In Fig. 19, numeral 1701 stands for the
position detection unit of Fig. 11 in the ninth embodiment, numeral l702
designates a radio strength data storage section for retaining radio
strength data comprising positional information of a plurality of measuring
points expressible with continuous values and reception radio strength
levels from a plurality of base stations) numeral 1703 represents a
position detection section having means to compare the radio strength data
in the radio strength data storage section 1702 with radio strength levels
at a position detecting point to estimate the position of a mobile station)
numeral 1704 denotes an error radio strength data storage section for
retaining a plurality of radio strength data involving a small error,
numeral 170 depicts a position accumulation section for accumulating the
positions estimated in the past, and numeral 1706 signifies a history
decision section for deciding a position on the basis of the data in the
position accumulation section 170.   



91 A radiocommunication system adopting a position detection - method
according to this embodiment is characterised by including the position
accumulation section l705 and the history decision section l706 in the
position detection unit 1201 or 1501 ) in addition to the arrangement of
the ninth or tenth embodiment. The basic arrangement of this system is the
same as that of the ninth or tenth embodiment, besides the operational flow
is the same as that shown in the flow charts of Figs. 14A and 14B.
Referring to Fig. 19, a description will be made hereinbelow of a position
detecting operation in the case of the method of detecting the position
coordinates in the ninth embodiment. As in the case of the ninth
embodiment) the position detection section 1703 successively compares the
reception radio strength data with the radio strength data at the
respective points retained in the error radio strength data storage section
1702, and after the completion of the comparison and decision of all the
data, the position detection section 1703 estimates the position on the
basis of the k radio strength data (k: an integer being 2 or more) held in
the error radio strength data storage section 1704. In the position
detection unit 1701, the position accumulation section 1705 stores,
together with a time stamp, all the position coordinates of the mobile
station obtained by the position detection section 1703 in the past as time
series data at every mobile station. The position detection section 1703
obtains the position coordinates of the mobile station on the basis of the
k coordinate data stored in   92 the error radio strength data storage
section l704 and hands over - the position coordinates to the history
decision section 1706. The history detection section 1706 refers to the
past position history of the mobile station accumulated in the position
accumulation section 1705 to check whether the coordinates of the present
position of the mobile station estimated in the position detection section
1703 are appropriate or not. Various ways can be taken as the decision
criterion. For 



example, the decision can bemade by checking whether themovingspeed
calculated on the basisofthe estimated position immediatelybefore, the time
of the estimation and the present position,the timeis appropriate or not
for the usercarrying the mobile station.Or,the appropriateness is
judgedonthe basis of the degree (ananglemade by a moving vector, orthelike)
of the deviation fromthemoving direction indicated byadrawn past position
historylocus. Furthermore, in the case that the method of deciding the
appropriateness of the position using the past position history is applied
to the detection of the position expressible with a discrete value in the
tenth embodiment, the history information such as the time stamps and the
room numbers accumulated in the position accumulation section 1705 can be
considered to be accumulated in a state with being divided into a
short-term history accumulating the position estimated immediately before
and the time and a longterm history, for e:cample a relatively long term of
approximately 6 months) accumulating the past e:cperiences such as the
places to   93 which the mobile station has moved in the past and the
frequencies of the movements on the basis of the short-term histories. The
short-term history can be used for the decision of the appropriateness of
the position estimated from the moving speed or the locus as described
above, while the long-term history can be used such that, judging from the
long-term history whether or not there have been experiences of movement
thereto, of the k radio strength data in the error radio strength data
storage section 1704, the radio strength data indicative of the positional
information with a low rate to the whole is left out of consideration as
being the data with almost no possibility of movement, thus enhancing the
detection accuracy. If the decision is made to that a11 the k data are not
appropriate) for example) the position detection section 1703 again issues
the radio strength report request to resume the position detection.
Accordingly, even if a large variation of the electric field distribution
of a base Station occurs, the radio communication system based upon the
position detection method according to this embodiment can judge the
appropriateness of the estimated position by calculating the moving speed,
the locus or the like on the basis of the short-term history. Further,
using the long-term history) the judgment of the appropriateness of the
estimated position is possible on the basis of the possibility of movement
on the past experience. Nevertheless, if the reliability in the accuracy
94 of the position detection of the mobile station obtained in the position
estimation processing section is expected to be low) the 



position measurement in the mobile station is again done to repeatedly
carry out the position estimation so that the accuracy and reliability of
the position detection improve. With the position detection method
according to this invention) in the first place, in the case of detecting
the position expressible with continuous values such as coordinates, the
position detection section compares the radio strength data in the radio
strength data storage section with the reception radio strength levels for
the position detection to detect the position on the basis of a plurality
of radio strength data involving a small error retained in the error radio
strength data storage section) with the result that the estimated position
is not limited to the actual measuring points and the estimation of the
position is possible within a range smaller than the interval of the
measuring points. In the next place, a plurality of radio strength data of
the reception radio strengCh levels from the plurality of base stations
measured in the mobile station are used for the position detection) with
the result that it is possible to detect the position such as a room
expressible with a discrete value and further to estimate the degree of the
reliability of the estimated position. Furthermore, by using the knowledge
on a person and the action rule or schedule of that person at the position
estimation, it is possible to leave the data with a low possibility of
movement,   95 such as the inhibition of entry to a room, out of
consideration whereas it is possible to select the data with a high
possibility of movement) thus improving the position detection accuracy.
Still further) by using the knowledge ~on the mutual relationship between a
plurality of positions expressible with discrete values, the data remote in
connection are removable from a plurality of radio strength data stored in
the error radio strength data storage section) and it is possible to decide
whether or not the position is in the vicinity of the boundary between
rooms) which can improve the position detection accuracy. Moreover) the
number of a plurality of radio strength data in the error radio strength
data storage section is changed in accordance with the magnitude of the
error, thereby improving the position detection accuracy. Further, the
moving speed or the locus is calculated from a short-term history to decide
the appropriateness of the estimated position, with the result that the
improvement of the position detection accuracy is possible. Further, using
a long-term history) the appropriateness of the estimated position is
judged on the basis of the moving possibility on the past experience. It
should be understood that the foregoing relates to only preferred
embodiments of the present invention, and that it is intended to cover all
changes and modifications of the embodiments of the invention herein used
for the purposes of the disclosure, which do not constitute departures from
the spirit and scope of the invention.   



Substitute Sheet - 15 April 2003 -96 THE CLAIMS: 1. A method of detecting a
position of a mobile station in a wireless radiocommunication system
including said mobile station, a plurality of base stations and a control
station, S said method comprising the steps of: making said mobile station
communicate a measurement result, obtained by measuring reception radio
strength levels from said plurality of base stations at a measuring point,
through said base station to said control station; 10 making said control
station learn, through a neural network, a correlation between said
reception radio strength levels and the position of said mobile station on
the basis of said measurement results at a plurality of measuring points
and position data of said measuring points; 15 making said mobile station
convey measurement results of reception radio strength levels form said
plurality of base stations, measured at an arbitrary point, through said
base station to said control station; and making said control station
estimate a position of said 20 mobile station, producing said measurement
results, on the basis of said correlation between reception radio strength
levels and a position of said mobile station attained through the learning;
wherein said measuring points are spots at which 25 chargers are located to
charge said mobile station. 2. A position detection method as defined in
claim l, wherein said measuring points are determined in advance and each
of mobile stations measures reception radio strengt h 30 levels from said
plurality of base stations at its own corresponding measuring point.
Substitute Sheet - 15 April 2003 _97_ 



- 3. A position detection method as defined in claim 1, wherein said mobile
station conveys positional data of said measuring point and said reception
radio strength levels from said plurality of base stations, measured at
said 5 measuring point, through said base station to said control station.
4. A position detection method as defined in any one of claims 1 to 3,
wherein said mobile station measures 10 reception radio strength levels
from said plurality of base stations plural times at one of the same
measuring point and an arbitrary point and statistically processes a
plurality of resultant measurement values to obtain a single value and
outputs it as a final measurement result. 15 5. A position detection method
as defined in any one of claims 1 to 4, wherein said mobile station
measures reception radio strength levels due to said plurality of base
stations at an arbitrary point and communicates the 20 measurement results
through said base station to said control station, while in response to the
communication from said mobile station said control station estimates a
position of said mobile station producing said measurement results on the
basis of the correlation between reception 25 radio strength levels and a
position of said mobile station obtained through the learning. 6. A
position detection method as defined in any one of claims 1 to 4, wherein,
when said mobile station inquires to 30 said control station for a position
of a different mobile station, said control station gives instructions to
said different mobile station to measure and report reception   Substitute
Sheet - 15 April 2003 -98 - radio strength levels due to said plurality of
base stations and estimates a position of said different mobile station on
the basis of the reported measurement results to convey the estimation
result to said mobile station. 5 



7. A position detection method as defined in any one of claims 1 to 6,
wherein said control station successively stores the estimation results on
the position of said mobile station and estimates a position of said mobile
station on 10 the basis of new measurement results and further decides, on
the basis of the past positions of said mobile station, whether the
estimated position of said mobile station is appropriate or not, and, if
not appropriate, gives instructions to said mobile station to again perform
the 15 measurement. 8. A position detection method as defined in claim 7,
wherein said mobile station measures reception radio strength levels from
said plurality of base stations at a 20 constant time interval and conveys
the measurement results through said base station to said control station.
9. A position detection method as defined in any one of claims 1 to 8,
wherein said Control station converts said 25 reception radio strength
levels conveyed from said mobile station into a theoretical distance
between said base station and said mobile station and learns, through said
neural network, a correlation between said theoretical distance and the
position of said mobile station. 30 10. A method of detecting a position of
a mobile station in a wireless radiocommunication system including said
mobile   Substitute Sheet - 15 April 2003 -99 station, a plurality of base
stations and a control station, said method comprising: a step in which
said mobile station measures reception radio strength levels from said
plurality of base stations 5 at a measuring point to communicate the
measurement results through said base station to said control station; a
step in which said control station learns, through a neural network, a
correlation between said reception radio strength levels and a position of
said mobile station on the 



10 basis of said measurement results at a plurality of measuring points and
positional data of said measuring points and conveys parameters of said
neural network, obtained through the learning, to said mobile station; and
a step in which said mobile station constructs a neural 15 network using
said parameters to detect its own position on the basis of reception radio
strength levels from said plurality of base stations measured at an
arbitrary point through the use of the constructed neural network. 20 11. A
position detection method as defined in any one of claims 1 to 10, wherein
Said control station learns, through said neural network, a correlation
between said reception radio strength levels and a region with an expansion
including a room or a district said mobile station exists. 25 12. A
wireless radiocommunication system comprising a mobile station, a plurality
of base stations and a control station, with said control station detecting
a position of said mobile station, wherein said mobile station includes 30
radio strength measuring means for measuring reception radio strength
levels from said plurality of base stations, and said control station
includes:   Substitute Sheet - 15 April 2003 - 100  - position input means
for input of positions of a plurality of measuring points; position
learning processing means for learning, through a neural network, a
correlation between said 5 reception radio strength levels measured by said
mobile station at said plurality of measuring points and the positions of
said plurality of measuring points inputted through said position input
means; and position estimation processing means for estimating, on 10 the
basis of reception radio strength levels from said plurality of base
stations measured by said mobile station at an arbitrary point, a position
of said mobile station at the measurement time through the use of said
correlation said position learning processing means learns; 15 wherein a
charger for charging said mobile station is placed at the position of said
measuring point. 13. A wireless radiocommunication system comprising a
mobile station, a plurality of base stations and a control 



20 station, with said control station detecting a position of said mobile
station, wherein said mobile station includes radio strength measuring
means for measuring reception radio strength levels from said plurality of
base stations, and said control station includes: 25 position storage means
for storing a position of each of measuring points and an identifier of
said mobile station made corresponding to said measuring point; position
learning processing means for learning, through a neural network, a
correlation between said 30 reception radio strength levels said mobile
station corresponding to said measuring point measures at said measuring
point and the position of said measuring point   Substitute Sheet - 15
April 2003 - l01  - stored in said position storage means; and position
estimation processing means for estimating, on the basis of reception radio
strength levels from said plurality of base stations measured by said
mobile station 5 at an arbitrary point, a position of said mobile station
at the measurement time through the use of said correlation said position
learning processing means learns; wherein a charger for charging said
mobile station is placed at the position of said measuring point. 10 14. A
mobile station radiocommunication system as defined in claim 12 or 13,
wherein a learning data collector is located at the position of said
measuring point, said learning data collector being equipped with radio
strength 15 measuring means for measuring reception radio strength levels
from said plurality of base stations and transmission and reception means
for reporting said reception radio strength levels through said base
station to said control station and further for receiving a control signal
from said 20 control station. 15. A wireless radiocommunication system as
defined in any one of claims 12 to 14, wherein said control station further
includes radio strength report requesting means for 



25 transmitting a radio strength report requesting message to said mobile
station so that said mobile station measures radio strength levels from
said plurality of base stations and reports the measurement results. 30 16.
A wireless radiocommunication system as defined in any one of claims 12 to
15, wherein said mobile station is provided with a self mobile station
position inquiring means   Substitute Sheet - 15 April 2003 - l02  J' - for
issuing a radio strength measurement request to said radio strength
measuring means, and when receiving reception radio strength levels
measured by said radio strength measuring means, said control station
estimates a position 5 of said mobile station and reports the estimation
result to said mobile station. 17. A wireless radiocommunication system as
defined in claim 15, wherein said mobile station is equipped with a 10
different mobile station position inquiring means for transmitting a
request for inquiry for a position of a different mobile station to said
control station, and when said control stationer receives said request
therefrom, said radio strength report requesting means transmits said radio
15 strength reporting requesting message to said different mobile station
undergoing the position inquiry, and in response to a report of measurement
results on radio strength levels from said different mobile station, said
control station estimates a position of said different 20 mobile station on
the basis of the reported measurement results and reports the estimation
result to said mobile station that makes said inquiry. 18. A wireless
radiocommunication system as defined in any 25 one of claims 15 to 17,
wherein said control station includes position accumulation means for
accumulating information on positions of said mobile station, estimated by
said position estimation processing means, in time series and history
decision means for deciding, on the basis of a 30 transition of the
position of said mobile station accumulated in said position accumulation
means with time, whether the position of said mobile station estimated by 



Substitute Sheet - 15 April 2003 -103 said position estimation processing
means is appropriate or not, and when said history decision means makes a
decision to that it is not appropriate, said radio strength report
requesting means issues a radio strength report requesting 5 message to
said mobile station. 19. A wireless radiocommunication system as defined in
any one of claims 12 to 18, wherein said mobile station is equipped with at
least two frequency synthesisers so that, 10 even if one frequency
synthesiser is in a synchronised condition with a communication carrier at
a call, said radio strength measuring means uses the other frequency
synthesiser to measure radio strength levels from said plurality of base
stations. 15 20. A wireless radiocommunication system as defined in any one
of claims 12 to 19, wherein said control station is equipped with distance
calculation means for calculating a distance between said mobile station
and each of said base 20 stations on the basis of reception radio strength
levels from said plurality of base stations measured by said mobile station
through the use of a theoretical electric field strength distance
characteristic attained by outputs and frequencies of said base stations,
and said position 25 learning processing means learns, through a neural
network, a correlation between the calculated distance and the position of
said measuring point. 21. A wireless radiocommunication system as defined
in any 30 one of claims 12 to 14, wherein said mobile station comprises
learning result storage means for storing parameters of a neural network
conveyed from said control   



Substitute Sheet - 15 Apri! 2003 - 104  station and a position calculation
means for constructing a neural network using said parameters stored in
said learning result storage means to detect, through the constructed
neural network its own position on the basis of reception 5 radio strength
levels from said plurality of base stations measured at an arbitrary point.
22. A wireless radiocommunication system as defined in any one of claims 12
to 21, wherein said control station uses 10 said neural network having an
input layer whose nodes accept reception radio strength levels from said
plurality of base stations and an output layer with nodes corresponding in
number to areas defining a range under detection such as a room and a
district to learn a correlation between said 15 reception radio strength
levels and said areas in which said mobile station stands. .A.y.A3 ,.A
,.A3.AF.AF?.A!.AH.A?.A[.A.A[.A?.AR.A [.An.A.A3n.A3n,.A3[?.A.AR.AR.A?.A,.A
.A3.An,.A.A r-.Ae.A l .Ae.A .A R.A3R.AFe.Ay.AFR.AA3,.AY.A 3?.A3.AlR.A .A
l.A3e.AF?.A3l?.A[YR.A3e.Ah3e.AF?.AY,.AUF,.AUF?.A.
e.A3?.A3l.AFl.AY,.AYl.AYY.Al.A3.A.AY,.AFF.A.Al.A.A.A.A.Al.AF.AYh.A.A.A.A.A;
.A3{.A{.A3{.A%.Al.A.A..A .A.AFA.A
l.A.AY{.Aly.An.Al.A,.AY.Al.AH,.A[,.A!.A@TE}>uEGzupkfa\W]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]c
Ra]caU]c a!Ga!c!''',,,g---b...4353P5q5u55577;
;$<E<J<<<>C|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca!C5C:CCDDHHRJSJeJfJkJJJQQQT
T%V&VXXXYY\\@]]]]_}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!___fgg^nnnqqlumuuuuwwz
zzz|}}2SXTU}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!IjoS)JO}xrmhc^Y]]ca]ca]ca]ca]
ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca![+n X,J Io
A{.o}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!?~
^j!4o9v1[)^.}xsnid_Y]]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!.hx{d8BECg1ps-!`|wrmhc^Y]]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]c^a]ca]ca!`@C#5-0t*JM^vy
^!a!!!''(Z((({vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca!((,,--&.i....
/f/23U3333$4f444)5k555579::O::}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:;
<C<<^=>D>>=?O???
@@P@@ANFQFILLLMNORSGSSTU%V|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!%VhVV@XzXXXBY
EYZ[]__`__Oaaacdreueee?fffgEgYkkkk|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!kl^lm
nFqqqrr;
tLttxxaxxx_yyyy(z|#}-~0~q~~|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!L1!4pDEJ#&
#dFI{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca!Iv}4q 



TWv'|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Yr+mp'mp
#1S}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Sh|H V47|
WZ{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!jp  Y
A!"#C#$$,)**q-113zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca!3777798<<=R=>?AAC"CdCC
DEF$GmHzI}I`MkOnOOOPSUU|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca!UVZ[[[[
ab7b<bfcddOgvhhh~iikl9n<nnnnrssmuuux}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!x|7|
?|#~&~H(0QWCe}x}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caTfH*@Y10%g&'()- &
10%g&'()-  `10%g&'()-L10%g&'()- ys10%  &'()- 10%g&'()-Fy`10%g&'()-M&E}iK-$
10%g&'()-"10%g&'()-   s10%g&'()- f!10%g&'()-@f!10%g&'()-@
`G10%g&'()-F@10%g&'()->yncD$ 10%g&3F10%&'()-F 10g 10g 



10g!S;10%g&'()-,'!10%g&'()-G ( 10%g&'()-&10%g&'()-udE:/ 10
10S9*&!10%&'()-`SF(10%&'()-f!10%&'()-sy10%&'()-l!10%&'()-4y 10%&'()-buV7/
10,  10%m&'()-`!10%m&'()-!!10%UCUC&'()-`!10%m&'()-`!10%m&'()-` 10%m&'()-
10y~_= 10!!10%gg&'()-%!10%4|&'()-%310%4|&'()- 10m 10m 10my,!10%m&'()-  !,
10%m]m]&'()-BCDEGZ _@ 10!F"!10% h&'()-f!s!10%hh&'()-s!10% h&'()-F10% h&'()-
104| 104| 104|l. 10%4|&'()-T ^!_!`!a!c!9%'''uVK@! 104 



104!10%4&'()-1!10%4|&'()-1F10%4|&'()- 10 h h 10 h h 10 h h!F"!10% h
h&'()-f''''()*,rP.VK!sZ%10%BB&'()-#!(sZ%10%"B"B&'()-#!1csZ%10%+B+B&'()-#!;
sZ%10%5B5B&'()-#&10%B&'()--10%B&'()- 104,,,,g--_.`.}[9+V 10BB!@5
%10%BB&'()-l!@5 %10%BB&'()-l!0/ %10%BB&'()-. 10%B&'()-
9-10%B&'()-!#sZ%10%BB&'()-#`.a.b...h/0[1a?V
10BB!!6m%10%j|j|&'()-3!6mm%10%j|j|&'()-3!Im%10%}|}|&'()-3910%4|&'()-,10%4|&
'()- 10BB 10BB[1]2234M5N5O5wUG9V 10BB 10`|`|
10`|`|!,m%10%`|`|&'()-3!1m%10%e|e|&'()-3!m%10%4|4|&'()-3!m%10%4|4|&'()-3!m%
10%4|4|&'()-3O5P5q5u5Q6k789oM+V!(s4%10%\|\|&'()-3!s4%10%R|R|&'()-3!(ls4%10%
\|\|&'()-3!6s4%10%j|j|&'()-310%4|&'()-,10%4|&'()- 



10`|`|9^9n::~;
;!<zX6+V!(!s4%10%,|,|&'()-3!,s4%10%`|`|&'()-3!s4%10%M|M|&'()-3s4%10%4&'()-3
!s4%10%H|H|&'()-3!s4%10%M|M|&'()-3!<"<#<$<E<J<z<=>uS1(!ry$10%hh&'()-
!y$10%hh&'()- !y$10%&'()- `10% h&'()--10% h&'()- 10,|,| 10,|,|
10,|,|>>[??NAA_BwU3uS1(!!#s3%10%ChCh&'()-M$!#s3%10%ChCh&'()-M$!s3%10% h
h&'()-M$!(s3%10%HhHh&'()-M$!s3%10% h
h&'()-M$!1s3%10%QhQh&'()-M$_BCCCC5C:CCgDuV4(!!!3%10%&'()-4.#10%G&'()-
f910%G&'()-@10%G&'()- 10HhHh 10HhHh
10HhHh!(s3%10%HhHh&'()-M$gDLEEF}GHIwU3uV4(!!3%10%ee&'()-4.!3%10%``&'()-4.!(
3%10%oo&'()-4.!3%10%GG&'()-4.!#3%10%jj&'()-4.!#3%10%jj&'()-4.I2JhJiJjJkJJJy
KrS1(!@Z%10%t|t|&'()-&3910%4|&'()-@10%4|&'()- 10RR 10RR
10RR!3%10%RR&'()-4.!#3%10%jj&'()-4.yKLM>NNOPwU3rS1(!!#Z%10%W|W|&'()-&3!#Z%1
0%W|W|&'()-&3!Z%10%4|4|&'()-&3!(Z%10%\|\|&'()-&3!1Z%10%e|e|&'()-&3!;
hZ%10%o|o|&'()-&3PQQQQQQ
RRuS1(!|`3%10%&'()-&3!D`3%10%&'()-&3S&10%G&'()-@10%G&'()- 10e|e| 10e|e| 



10e|e|!1Z%10%e|e|&'()-&3RuSTUVWXwU3uS1(!!`3%10%ee&'()-&3!`3%10%``&'()-&3!`3
%10%[[&'()-&3!`3%10%``&'()-&3!`3%10%ee&'()-&3!#`3%10%jj&'()-&3XXXXXXYYZxY7(
!!!, %10%&'()- @310%Z&'()-s#10%Z&'()-S910%Z&'()-@10%Z&'()- 10ee 10ee
10eeZ[\@]]__wU3xY7(!!#+$10%}}&'()-!+$10%ss&'()-!#+$10%}}&'()-!, %10%&'()- !
%10%xx&'()- ! %10%xx&'()- ______X`aauS1(! )10%((&'()-'3!c )10%C(C(&'()-'3!
)10%((&'()-'3`10%(&'()--10%(&'()- 10}} 10}} 10}}ac'ddOe9ffwU3uS1(!!
)10%((&'()-'3! )10%((&'()-'3! )10%((&'()-'3! )10%((&'()-'3! )10%((&'()-'3!
)10%((&'()-'3ffffgggi?juS1(!G%10%R|R|&'()-'3!G%10%||&'()-'3!6G%10%j|j|&'()-
'3f910%4|&'()-@10%4|&'()- 10(( 10(( 10((?jbkllm[n\n]nwUG91(! 10R|R|
10R|R|!G%10%R|R|&'()-'3!(G%10%\|\|&'()-'3!G%10%4|4|&'()-'3!G%10%M|M|&'()-'3
!G%10%R|R|&'()-'3]n^nnnhopqroM+1!Y%10%&'()-&3!(Y%10%&'()-&3!,mY%10%&'()-&3!
DY%10%&'()-&3@910%&'()-@10%&'()- 



10R|R|r'sstuuuuwi[M1!Y%10%&'()-&3 10 10
10!Y%10%&'()-&3!Y%10%&'()-&3!Y%10%&'()-&3!,Y%10%&'()-&3uuuvwxy}[9M1!Y%!3(10
%hh&'()-'3!3(10%{{&'()-'3!q3(10%&'()-'3!03(10%&'()-'3yL10%&'()-@10%&'()-yzM
{8|||||wi[M1!Y%!3(10% 10^^ 10^^
10^^!3(10%^^&'()-'3!3(10%cc&'()-'3!3(10%NN&'()-'3!3(10%cc&'()-'3|}}}'1}[9M1
!Y%!3s(10%&'()-&3!3s(10%&'()-&3!h3s(10%&'()-&3!3s(10%&'()-&3y&10%&'()--10%&
'()-1Rn/012wi[M1!Y%!3s(10% 10 10
10!3s(10%&'()-&3!3s(10%&'()-&3!3s(10%&'()-&3!3s(10%&'()-&32SX?`}[9M1!Y%!3`(
10%&'()-&3!3`(10%&'()-&3!r3`(10%&'()-&3!3`(10%&'()-&310%&'()--10%&'()-wi[M1
!Y%!3`(10% 10 10
10!3`(10%&'()-&3!3`(10%&'()-&3!3`(10%&'()-&3!3`(10%&'()-&3Y}[9M1!Y%!(F%10%&
'()-3!F%10%ZZ&'()-3!6rF%10%&'()-3!NF%10%&'()-3f910%Z&'()-y-10%Z&'()-}oP1S10
%G&'()-@10%G&'()- 10 10
10!@F%10%&'()-3!(F%10%&'()-3!(F%10%&'()-3z(7wU3oP1!L3%10%``&'()-'3!L3%10%``
&'()-'3!L3%10%GG&'()-'3!,L3%10%ss&'()-'3!#qL3%10%jj&'()-'3!@L3%10%&'()-'37=
rS1!#L3%10%}}&'()-'3@10%Z&'()-f-10%Z&'()- 



10oo 10oo
10oo!(L3%10%oo&'()-'3!L3%10%[[&'()-'3!@uFwU3rS1!!(L3%10%&'()-'3!L3%10%xx&'(
)-'3!L3%10%ZZ&'()-'3!L3%10%ss&'()-'3!L3%10%nn&'()-'3!hL3%10%xx&'()-'3FGHIjo
ZzuS1!s %10%9h9h&'()-3!rs %10%>h>h&'()-3!(s %10%HhHh&'()-310% h&'()-y-10%
h&'()- 10 10 10wi[M1!s %10%9h9h&' 10>h>h 10>h>h 10>h>h!s %10%>h>h&'()-3!s
%10%4h4h&'()-3!s %10%+h+h&'()-3!s %10%4h4h&'()-3S}[9M1!!( %10%\|\|&'()-'!(
%10%\|\|&'()-'!mSs$10%||&'()- !Ss$10%||&'()-
y&10%4|&'()-,10%4|&'()-32zXJ<1!! 10R|R| 10R|R|! %10%R|R|&'()-'!
%10%H|H|&'()-'! %10%H|H|&'()-' %10%4&'()-'! %10%D|D|&'()-')KoM+1!
(10%c(c(&'()-:3! (10%q(q(&'()-:3!| (10%((&'()-:3!
(10%((&'()-:3@`10%(&'()-y-10%(&'()- 10R|R|K\q&'()JO}oP1f910%&'()-,10%&'()-
10h(h( 



10h(h( 10h(h(! (10%h(h(&'()-:3! (10%c(c(&'()-:3!
(10%c(c(&'()-:3O4T~6wU3oP1!3(10%XX&'()-'3!3(10%hh&'()-'3!3(10%hh&'()-'3!3(1
0%mm&'()-'3!m3(10%vv&'()-'3!3(10%&'()-'3urS1!;
sG%10%o|o|&'()-&3f&10%4|&'()--10%4|&'()- 10mm 10mm
10mm!3(10%mm&'()-'3!3(10%mm&'()-'3uwU3rS1!!sG%10%M|M|&'()-&3!sG%10%D|D|&'()
-&3!sG%10%D|D|&'()-&3!sG%10%M|M|&'()-&3!sG%10%R|R|&'()-&3!,msG%10%`|`|&'()-
&3uS1!,Y%10%&'()-'3!1mY%10%&'()-'3!DY%10%&'()-'3SL10%m&'()-f-10%m&'()-
10M|M| 10M|M| 10M|M|!xVH:1!, 10mm 10mm!Y%10%mm&'()-'3
Y%10%+&'()-'3!Y%10%&'()-'3!Y%10%&'()-'3!Y%10%mm&'()-'3oaSE!, 10mm 10(( 10((
10((!h (10%((&'()- ! (10%((&'()- &10%(&'()-,10%(&'()- 



10mm[+dEaSE!, 10mm310% h&'()- , 10% h&'()-,f10% h&'()- @`10% h&'()-,YM10%
h&'()- 10% h&'()-+n XdEaSE!, 10mm 310% h&'()- 10% h&'()-`10% h&'()- 310%
h&'()- ,10% h&'()-,:!10% h&'()-X,JdEaSE!, 10mm  (10% h&'()-&10% h&'()-$10%
h&'()- ! 10% h&'()- 10% h&'()-F10% h&'()-  IodEaSE!, 10mm Y410% h&'()- 



@210% h&'()-9010% h&'()-  3.310% h&'()- ,10% h&'()-&*`!10% h&'()- A{bC!,
10ms10% h&'()-  YM10% h&'()-  10% h&'()- 10 h 10 h 10 hf810% h&'()-`610%
h&'()-{.odEbC!, 10m 10% h&'()-  &10% h&'()-  10% h&'()-!10% h&'()-  



910% h&'()-y10% h&'()- ?~ dEbC!, 10m "&10% h&'()-  410% h&'()- 10%
h&'()-10% h&'()-  10% h&'()-M10% h&'()- ^j!4dEbC!, 10mF.f10% h&'()-@,&!10%
h&'()-9* 10% h&'()- 3(:10% h&'()-,&s10% h&'()-$`10% h&'()- 4oxmbC!, 10m 10%
h&'()- 10 h 10 h 10 hs610% h&'()-l410% h&'()-f2s!10% h&'()- 90-10% h&'()-
9v1[dEmbC!, 



10m10% h&'()- 10% h&'()- l &10% h&'()- f10% h&'()- `10% h&'()- 310% h&'()-
[)^dEmbC!, 10mf10% h&'()-  910% h&'()- 10% h&'()-10% h&'()-  10% h&'()-
910% h&'()- .hdEmbC!, 10m*10% &'()-(10% h&'()- 



&10% h&'()- $10% h&'()-!S10% h&'()-  :10% h&'()-uvwx{bC!, 10mL'10%b&'()-
310%b&'()-  10%b&'()- 10 h 10 h 10 h .!10% h&'()-@ ,10% h&'()- ,<b@!,
10!F!10%4|4|&'()-!F!10%4|&'()-!  10%4|&'()- 10b 10b 



10bS!10%b&'()-+S!10%b&'()-+)~_@!, 10Y!10% U&'()-Y!10% U&'()-3 10% U&'()-
104| 104| 104|*!10%4|&'()-`!F!10%%2%2&'()-!)d8?@ABE~_@!, 10F3%10%&'()-
310%&'()- 10 U 10 U 10 US2 10% 



U&'()- $!10% U&'()-  !Y!10%55&'()-CgaB~_@!, 10@!10%&'()-!@10%&'()-
f-10%&'()- fl  10%&'()- fSz 10%&'()- !.F`%10%&'()-1mnops b@!, 10! !10% U
U&'()-,2 !10% U&'()-,2 10% U&'()- 10 



10 10,f810%&'()-,`6T10%&'()--!`xV7!, `10%<&'()-
!ly!10%<<&'()-``z#10%<&'()-Y!10%<&'()- F 10%<&'()- 10 U U 10 U U 10 U
U`=>_@5 10G!10%G&'()-)!l 10%//&'()- l 10%G-&'()- 



3 10%G&'()- 10< 10< 10<!10%<&'()-s>?@C#5*+gH=5 10G
10/F(`!10%/&'()-f!,!10%&'()-,!10%&'()-!,!10%//&'()-Y 10%/&'()- 10G
10G+,-0t*mN/M!10%(&'()-g-10%(&'()-,!10%(&'()-: (10%(&'()-@l 10%(&'()-
310%(&'()- 10/ 10/GHIJMX%bCM!10%!10% &'()-!!10% U&'()-!3 10% U&'()- 10( 10(



10(8 10%(&'()-s610%(&'()- %^stuvy ~_=M!!!10%BB&'()-1!10%B&'()-1l 10%B&'()-
10 U 10 U 10 U`*`!10% U&'()-`!!10%!!&'()-!
[!\!]!^!a!!!uV7L(10%b&'()-3!10%b&'()-  310%b&'()- 10 10
10!!10%&'()-1!10%&'()-1!'''''(Z((bCL!10%(&'()- Y(10%(&'()-!10%(&'()- ll
10%(&'()- 10b 10b 



10bS!10%b&'()--(((,,----dYNCL 10( 10( 10(y2`!10%(&'()-3
s010%(&'()-!10%(&'()-z 10%(&'()-  M10%(&'()---&.i....aBYNC,10%&'()-l
10%&'()- ,f:10%&'()- !3L(10%&'()- ,310%&'()- 310%&'()-.
/f/23U33dEYNCL6L!10%&'()- F410%&'()-
@210%&'()-!10%&'()-M!10%&'()-10%&'()-333333$4f44bCfyz10%&'()-
s'10%&'()-yY10%&'()- 



F 10%&'()- 10 10 10S8s!10%&'()- 44)5k5555dEbCSs10%&'()-f 10%&'()-fM10%&'()-
fS 10%&'()-f:!10%&'()-f  10%&'()-579: ::::O:bCf10%&'()-l 10%&'()- 10 10
10@y8!10%&'()- @ (!10%&'()-&S&!10%&'()-
O::::::::iE+CS!10%&'()-9#3YN!S!10%&'()-9S!10%&'()-9S!10%&'()-9S!10%&'()-93@
&10%&'()- :::;
;;';eF+CS!10%&'()-9#S!10%&'()-9S!10%&'()-9#3YN!S!10%&'()-9S!10%&'()-9S!10%&
'()-9';4;\;];e;l;y;
eF+CS!10%&'()-9#S!10%&'()-9S!10%&'()-9S!10%&'()-9#3YN!S!10%&'()-9S!10%&'()-
9y;
;;;;;;eF+CS!10%&'()-9#S!10%&'()-9S!10%&'()-9S!10%&'()-9S!10%&'()-9#3YN!S!10
%&'()-9;;;<C<<^=`?+CS!10%&' 3\10%h(&'()-( F10%h(&'()-  3S!10%h(&'()-
3@l10%h(&'()-S!10%&'()-9#3YN!^==>D>>=?O?|[:+CS!10% 3@f,9!10%&'()- (
3@f,9!10%h(&'()- ( 3,L*Z10%h(&'()- ( 3SY(`10%h(&'()-( 3I10%h(&'()-
3I10%h(&'()-O??? @@@ 



@@P@vU4S! 3l 10%'&'()-  3Y 10%'&'()-10h(10h(10h(( 3S810%h(&'()-( 3S6@
10%h(&'()-  3,4m10%h(&'()- P@@AKFLFMFNFQFIvU4S! 3F!10%@!@&'()- 33
10%@!@&'()-10'10'10'( 3!10%'&'()-%( 3yF10%'&'()-  SsZ(10%'&'()-
IILLLLLLMvU4S! 3&$10%s(s&'()-  3l 10%s(s&'()-  3
310%s(s&'()-10@!@10@!@10@!@( 3%!10%@!@&'()-m F!10%&'()-MNOORRRRS|obU4S! 3FF
10%`(`&'()-10s(s10s(s10s(s3 3!10%s(s&'()-g 3!10%s(s&'()-g( 3 10%s(s&'()-
39!10%s(s&'()-3 SGSSTU%VhV|[:bU4S! 3 3" 10%`(`&'()-  3  10%`(`&'()-3 3
10%`(`&'()-9 3!10%`(`&'()-( 3ss'10%`(`&'()-  3l!10%`(`&'()-
hVV@XzXXX?Y@Y|[:-410`(`3 3y8M10%`(`&'()-  3`6!10%`(`&'()-3 3l4 10%`(`&'()-
3 S210%`(`&'()- 



( 3&`!10%`(`&'()-@ 3$@ 10%`(`&'()-@YAYBYEYZ[\]bA410`(`3 3  10% &'()-! 3
10%"&'()-! 3 10%U &'()-! 3 10%"&'()-! 3YY
10%"&'()-10`(`10`(`]_____`__OavU410 3!10%(&'()-Y  3$10%(&'()-  3G10%(&'()-
33F 10%(&'()-10"10"10" 3L*`!10%"&'()-MOaaacdoepeqere|[NA41010(10(10(3
3s0L!10%(&'()-&3 3F( 10%(&'()-3 39!10%(&'()- 39!10%(&'()- 3
F10%(&'()-reueee?fff|[:NA41010 3 `10%'('&'()-3 3 `10%'('&'()- 3
310%'('&'()- 3 3'10%'('&'()- 3l&!10%'('&'()-  3YF
10%'('&'()-fgEgYkkkkkk|[NA41010'('10'('10'('3 3810%'('&'()-3 3
s610%'('&'()- 3 3'!10%'('&'()- 3L!10%'('&'()- 3 10%'('&'()-
kkl^lmnFq|[:NA41010 3`!10%:(:&'()-m3 3 10%:(:&'()-3 3L!10%:(:&'()-T3
3'10%:(:&'()- 3l10%:(:&'()- 3l  10%:(:&'()-Fqqqr rrrr;tvU410 3!10%-!-&'()-
33 10%-!-&'()-10:(:10:(:10:(:3 3y8!10%:(:&'()- 36g 10%:(:&'()- 3
l410%:(:&'()- 



;tLttxxxxxaxtS210 3, 10%h(&'()- - 3l 10%h(&'()--10-!-10-!-10-!-
3s!10%-!-&'()-s- $!10%G&'()--!3!10%- - &'()-axxx_yyyy|[:tS210 3
3F10%h(&'()- 3M!10%h(&'()- - 3 10%h(&'()- 3 10%h(&'()- 3,10%h(&'()-
13(10%h(&'()- y(z|#}*~+~,~-~0~|obU410  3l 10%U(&'()-10h(10h(10h(-
32&!10%h(&'()-  3 010%h(&'()- 3 10%h(&'()-s 3 10%h(&'()- 0~q~~|[NA410
10U(10U(10U( 3s$t!10%U(&'()-M- 3 Y"10%U(&'()-  3!10%U(&'()- F:'10%U(&'()-
3S 10%U(&'()- L|[:NA410 10 3f 10%(&'()- 3f  10%(&'()- - 3f10%(&'()- 



'&10%(&'()-  3y:!10%(&'()-  3Y 10%(&'()-1!4p|[NA410 10(10(10(
3@Y(s!10%(&'()-@- 3,@&10%(&'()- 3@9!10%u&'()-f 3@9!10%(&'()-f 3@10%(&'()-
DEC|[:NA410 10 33!10%B(&'()- @!10%%&'()-`- 3@!10%B(&'()-` 'Y&10%B(&'()-
3S!10%B(&'()-  3l10%B(&'()-CJvU410  3,!10%R'&'()- Y%10%B(&'()- 3@
10%B(&'()-  3Y 10%B(&'()-10&10&10& 33!10%&&'()-g !"#&|obU410  3l
10%!&'()-10B(10B(10B(3 3S&:!10%B(&'()-Y3 !10%#&'()-` 3!10%B(&'()-`
3,!10%B(&'()-&|[:bU410  3 3,@ '!10%!&'()- ),!10%&&'()-`3 3,!10%&'()-`3
3,!10%!&'()-` S!10%&'()-3 3S!10%!&'()-3 #dvU410  3!10%h(&'()-S
,3%10%h(&'()-  310%h(&'()- 3 10%h(&'()-10!10!10! 3s*!10%!&'()-MACDEFIvU410
3!10%!&'()-! 310%!&'()-10'10'10'3 3&!10%'&'()-! 3&!10%h(&'()-!
!10%=%&'()-S9vNvU410  3,'!10%!&'()-` 3Y 10%!&'()-10!10!10!3 3`*s!10%!&'()-L
3!10%J &'()-! 3!10%!&'()-!N}9|obU410  3F 10%U(&'()-10!10!10! 3L*g
10%!&'()-M3 3M!10%!&'()-- 3M!10%!&'()-- ,'!10%&'()-`4q|[:-410U(3
38!10%U(&'()-  3 610%U(&'()-  3 !10%U(&'()-'3 3 910%U(&'()- F#10%U(&'()-
310%U(&'()- QRbA41010M"M 3(t!10%M"M&'()-S A &!10%[![&'()-y 3 &!10%M"M&'()-y
3!10%M"M&'()- 3 10%M"M&'()-10U(10U(RSTW\bA41010/" 3!10%/"&'()-z
3!10%/"&'()-z .l,!10%/"&'()-m 3l,!10%/"&'()-m 3
10%/"&'()-10M"M10M"MvbA41010 3F!10%&'()-' 3F!10%"&'()-' `!10%&'()-
3`!10%"&'()-  3 10%"&'()-10/"10/"vi\;10 3s310%'('&'()-10z z10z z10z z 3
"10%z z&'()-2 3 "10%z!z&'()-2 3Y10%z!z&'()-1010'[|[NA4;10'('310'('10'('
3L!10%'('&'()-! )!10%(&'()-@ 3!10%'''&'()-@  M$10%(&'()- 310%'('&'()-YvU4;
3!10%"&'()-  3Z10%"&'()- 3`l310%"&'()-10:":10:":10:": 3,!10%:":&'()-1 3`
10%:":&'()-r+jk|[:-410"3 3810%"&'()- 



3 3610%"&'()-3 34`10%"&'()-  3210%"&'()- 3 !10%"&'()-#
310%"&'()-klmpg'bA410"3 3 3&!10%U(&'()-! 3&!10%U(&'()-! F '10%U(&'()-
3!10%U(&'()-  3 10%U(&'()-10"10"'jvU410 34Y!10%&'()-0 cY!10%  &'()-0
3Y!10%B"&'()-0 3 10%B"&'()-10U(10U(10U( 3 .!10%U(&'()-,jklmpvU410
30!10%`"`&'()- 6+@10%c"c&'()- 3@s!10%`"`&'()-` 3!10%`"`&'()-, 3
10%`"`&'()-101010vUH; 310M"M10M"M 3 (!10%M"M&'()-M T!10%n!n&'()-
T!10%nn&'()- 3!10%M"M&'()-10`"`10`"`10`"` #v1oN-UH 3S`!10%`!`&'()-`
3!10%`"`&'()-S 3!10%`u`&'()-S .!10%[[&'()-S 3!10%``&'()-S 3
10%`"`&'()-10M"MS|obU43 3s310%`"`&'()-10`"`10`"`10`"` 3.!10%`"`&'()-,
$!10%H"H&'()-' 3$!10%`"`&'()-' $S`!10%Q"Q&'()-`h||[:bU43 3 3910%`"`&'()-
3910%``&'()- 3 910%`"`&'()- $ 10%Q`Q&'()- 7  10%d"d&'()- 310%`"`&'()-"oW;43
3 L 10%`"`&'()- L 10%`"`&'()-L 10%`"`&'()- L 10%`"`&'()-L 



10%`"`&'()-"'(,126<sW743 L 10%`"`&'()-L 10%`"`&'()- L 10%`"`&'()-L
10%`"`&'()- L 10%`"`&'()-<=AFGHIyX743  &!10%!&'()-Z $10%!&'()-L 10%`"`&'()-
L 10%`"`&'()-L 10%`"`&'()- I  VvU43 '!10%x'&'()-9 '10%x'&'()-   10%x'&'()- 



L 10%x'&'()-10k 10k 10k  &!10%k &'()-Z12347|obU43  10%>'&'()-10x'10x'10x'
(:!10%x'&'()-@ Ys!10%U%&'()-@ Ys!10%x'&'()-@ '!10%x'&'()-97|  TU|[:-410#&
!!10%#&&'()-- !10%%&'()-- !10%>'&'()-- !10%"&'()-- 3&10%>'&'()-
10%>'&'()-UVWZbA41010x! F.!10%x!&'()-- 3&!10% &'()-  !10% x! &'()-
!10%x!&'()-  10%x!&'()-10#&10#&bA41010x!  S:10%>'&'()-  M!10%>'&'()-Y
3%10%>'&'()-  10%>'&'()-  10%>'&'()-10x!10x!vT310 !10%!&'()-s!!10%[[&'()-s
10%!&'()-   10%!&'()-10>'10>'10>' 3Y!10%>'&'()-}]=vT310
&10%!&'()-&10%!&'()-&10%!&'()- F%10%!&'()- ll"10%!&'()- f 10%!&'()-oS7vT310
&10%!&'()-&10%!&'()-/Ky }&10%!&'()-&10%!&'()-&10%!&'()-[;vT310
&10%!&'()-/Ky }&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-_/vT3/Ky
}&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()- pTvT3/Ky 



}&10%!&'()-%&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-
!&*468pP0vT3/&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-/Ky }8:;
<=BCwW;vT3/&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-/Ky
}&10%!&'()-CDEFKOVxX8vT3/&10%!&'()-&10%!&'()-&10%!&'()-/Ky
}&10%!&'()-&10%!&'()-VXZ\]^_oS7vT3/&10%!&'()-&10%!&'()-/Ky
}&10%!&'()-&10%!&'()-&10%!&'()-_lmnopu[;vT3/&10%!&'()-/Ky
}&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-uy_/vT3/Ky
}&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-pTvT3/Ky
}&10%!&'()-%&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-x\@vT3/Ky
}&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-&&10%!&'()-/Ky
}tT4vT3/&10%!&'()-&10%!&'()-&10%!&'()-&10%!&'()-/Ky
}&10%!&'()-sW7vT3/&10%!&'()-&10%!&'()-&10%!&'()-/Ky
}y&10%!&'()-&10%!&'()-|aTG:/10!10!)10!&10%!&'()-/Ky
}&10%!&'()-&10%!&'()-&10%!&'()-  Y   |[:TG:/  10%,!&'()- M!10%,!&'()-
10%,!&'()- `ll10%,!&'()- ll10%,!&'()-(  10%,!&'()-  !A!"#C#|[:TG:/
-&10%,!&'()-  3*s10%,!&'()-Y  !10%,!&'()-@  



10%,!&'()-3  10%Y&'()-3(  10%&'()-3C#$$$$$(,)*vU4/ Fy, 10%{ &'()-G
!10%,!&'()-# !10%,!&'()-#  10%,!&'()-10,!10,!10,!(
3,/s!10%,!&'()--*****8-q-01vU4/ !l!10%ff&'()- l!10%f f&'()- !10%yy&'()-Z
!10%f f&'()-Z  10%f f&'()-10{ 10{ 10{ 111113367vU4/ 3@ 9!10%o&'()- 3@
9!10%!&'()-  !10%&'()-z  !10%!&'()-z  10%!&'()-10ff10ff10ff777777798<uT3/
,!10%,!&'()-# !10%,!&'()-@!!10%4 4 &'()-@ !10%n&'()-@
s310%,!&'()-10o10o10o<<<<<=R==>vU4/  3!10%&&'()-@ 3!10%$&'()-@ FM'10%&&'()-
10%&&'()-  10%&&'()-10,!10,!10,!>?AACCCC"C|obU4/  l 10%'&'()-10&10&10&
0!10%&&'()- Y .10%&&'()- YS!10%&&'()-Y 3 L10%&&'()-"CdCCDE&ECE|\<bU4/
&!10%'&'()-F  &!10%'&'()-F    10%'&'()- !10%'&'()-'  f&10%'&'()-  10%'&'()-
CEDEKELEjEmEEdDbU4/   &!10%'&'()-F 



&!10%'&'()-F  &!10%'&'()-F #3)! &!10%'&'()-F  &!10%'&'()-F EEEEEEEhHbU4/
&!10%'&'()-F  &!10%'&'()-F  &!10%'&'()-F  &!10%'&'()-F #3)! &!10%'&'()-F
EEEEF F!Fd@bU4/  #3)! &!10%'&'()-F  &!10%'&'()-F  &!10%'&'()-F
&!10%'&'()-F #3)!!F?FBF^FdFeFF`DbU4/  # &!10%'&'()-F #3)! &!10%'&'()-F
&!10%'&'()-F 



&!10%'&'()-F  &!10%'&'()-F FFFFFFF{_?bU4/   &!10%'&'()-F  &!10%'&'()-F #3)!
&!10%'&'()-F  &!10%'&'()-F  &!10%'&'()-F FFFFF$GmH_>bU4/    Fl(`!10%'&'()-
S&10%'&'()-  &!10%'&'()-F #3)! &!10%'&'()-F  &!10%'&'()-F
mHwIxIyIzI}I]L#M`MvU4/  T!10%9&'()-!  !10%y!&'()-!  !10%"&'()-!  L
10%"&'()-10'10'10'  F2!10%'&'()-4`MhOiOjOkOnOOOPvU4/   3 10%R'&'()-3 Y
m%10%R'&'()-  F:10%R'&'()-    10%R'&'()-10"10"10"
*9!10%"&'()-:PPjSSTUUUU|[NA4/ 10R'10R'10R'  l* 10%R'&'()-:   l* 10%R'&'()-:
.F,!10%$&'()-t  F,!10%R'&'()-t $3 10%#&'()-3UUqVVrZZ[[|[:-410:!:
`0!10%:!:&'()- 3!10%MM&'()-   !10%:!:&'()-    10%::&'()-3   10%:!:&'()-3
Ll 10%:!:&'()-[[[[[[\\bA410:!:    



3%10%&'()-,& i 3%10%#&'()-,&   L10%@#@&'()-  y10%@#@&'()-
-10%@#@&'()-10:!:10:!:\]^_` aa|[:A410:!: 0`3$10%P#P&'()-l   3%10%@#@&'()-,&
3%10%@#@&'()-,& C 3%10%c#c&'()-,& C 3%10%c#c&'()-,& L
3%10%l#l&'()-,&abbbb7b<b cfcvU410 clm(10%?'&'()- lm(10%?'&'()-
@910%?'&'()-  f-10%?'&'()-10Y#Y10Y#Y10Y#Y 9`3$10%Y#Y&'()-lfccddefOg|[:vU410
C! %10%?'&'()- 9! %10%?'&'()-  >! %10%?'&'()-   f 10%?'&'()- &$10%?'&'()-
0$10%?'&'()- Oggshthuhvhhh~ivU410 `(10%+'&'()-l  f&10%+'&'()-
f-10%+'&'()-10?'10?'10?' 4@5$10%?'&'()-l 4@5$10%?'&'()-l~iiijkAll$mzY8vU410
4-$10%+'&'()-  9#$10%+'&'()-G 4#$10%+'&'()-G   %10%+'&'()-s 9
%10%+'&'()-s-!`(10%nn&'()-l$m9n<nnnnnnnvU410  @10%R'&'()-
S-10%R'&'()-10+'10+''10+'   :"10%+'&'()-y  810%+'&'()- 0-$10%+'&'()-
n1ooppqr|[:vU410   Y9m(10%0R'0&'()-   Y9m(10%(R'(&'()- Y9m(10%7R'7&'()-
Y9m(10%E E&'()- {Y9m(10%R'&'()- Y9m(10%JR'J&'()-rsstjukulumuu|obU410
f-10%?'&'()-10R'10R'10R' 41$10%R'&'()-m 



&1$10%R'&'()-m    ($10%1&'()- 9 ($10%R'&'()-uuuv!wyxx|[:bU410
ls(10%?'&'()-m ls(10%"?'"&'()-m ls(10%$?'$&'()-m |ls(10%?'&'()-m
ls(10%2?'2&'()-m  &10%?'&'()-xSyaz{{|||||[NA41010?'10?'10?' 93%$10%?'&'()-y
3%$10%?'&'()-y 43%$10%?'&'()-y >3%$10%?'&'()-y
43%$10%?'&'()-y|7|?|l|}}#~|[:NA41010 `(10%'&'()- Y`(10%'&'()- `(10%'&'()-
`(10%zz&'()-  f10%z'z&'()-  -10%z'z&'()-#~&~H}~|[:-410' 9f8$10%'&'()-3
>l+$10%'&'()-  0l+$10%'&'()-    %10%z'z&'()-` Q %10%'&'()-`
910%z'z&'()-~a@410' 9 Um(10%&&'()-> xm(10%&&'()-0! m(10%g)g)&'()-
S&10%g&g&'()-  -10%g&g&'()-10'10'X|(|[:@410' H.%10%&&'()-   6.%10%g&g&'()-
L3%10%&&'()-z >3%10%&&'()-z H3%10%&&'()-z L3%10%&&'()-z-./0QWCevU410
310%&&'()- d0Z(10%^&^&'()-s  y&10%&&'()-  ,10%&&'()-10&10&10& L.%10%&&'()-
e|[:vU410   >! %10%8&8&'()-d L! %10%F&F&'()-  C! %10%=&=&'()-   ,S
10%&&'()- ,F %10%&&'()-M 0,F %10%*&*&'()-M"vU410 @(10%Yk&Y&'()-  10%k&&'()-
&-10%k&&'()-10.&.10.&.10.&. 46$10%.&.&'()-  6$10%&&'()-y|[vU410
@(10%Yk&Y&'()-   $10%k&&'()-   &$10%k&&'()-  0$10%k&&'()-   S10%k&&'()-
@(10%k&&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93]c"A "Default Paragraph
FontD`$a+O2#9@jGNU\c]kry1H(wAo?,Iu]$*07=MCIOAV\qbhou,{"ESll3V!'.49@yFjLRX_u
eklry/  "$&(*,.02468:<>@BDFHJLNPRTVXZ\^`bdGC_.`(:%VkIS3Ux
',`.[1O59!<>_BgDIyKPRXZ_af?j]nruy|127FKOu+X{ 4[)`>+% !(-.345O::';y;
;^=O?P@IMShV@Y]OarefkFq;taxy0~C&NRk'j"<I7U 8CV_u
C#*17<>"CCEEE!FFFmH`MPU[\afcOg~i$mnrux|#~~e   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument%
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~  



!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 




