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(57) ABSTRACT 

Amethod is provided for detecting the position of a moving 
body in Which the position of a moving body such as a 
vehicle can be detected With a high degree of precision. It is 
possible to perform at least data communication using radio 
Waves betWeen radio base stations and a vehicle capable of 
movement. Precise positions are stored in advance in the 
radio base stations and radio Wave clocks that keep a 
common time are provided in the radio base stations. The 
radio base stations transmit radio Waves containing this time 
information. The vehicle receives these radio Waves and 
determines the difference betWeen the received time infor 
mation and a clock provided in the vehicle in order to detect 
the current position of the vehicle by calculating the dis 
tances betWeen the vehicle and each of the radio base 
stations. 
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METHOD FOR DETECTING THE POSITION OF A 
MOVING BODY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
detecting the position of a moving body and, in particular, to 
a method for detecting the position of a moving body in 
Which the position of a moving body can be detected With a 
high degree of accuracy. 

[0003] 2. Description of the Related Art 

[0004] Conventional methods for detecting the position of 
a moving body are the method used in GPS (Global Posi 
tioning Systems) and those used in PHS (Personal Handy 
phone Systems) and the like. 

[0005] In the method used in GPS, the distance (i.e. the 
pseudo range) betWeen GPS satellites and a moving body is 
calculated using the radio Wave propagation time betWeen 
the GPS satellites and the moving body. Respective spheres 
that take the calculated pseudo range betWeen the moving 
body and each of four GPS satellites as the radiuses thereof 
are determined, and the intersect point of these spheres is 
used as the position of the moving body. 

[0006] In the method used in PHS, the fact that the area 
from Which a signal can be received of a base station capable 
of receiving radio Waves transmitted from a PHS terminal is 
limited is used effectively, and the position of the person 
holding the PHS terminal is detected from the position of the 
base station receiving the radio Waves from the PHS termi 
nal. 

[0007] HoWever, among the above conventional moving 
body position detecting methods, in the method used in 
GPS, the draWback exists that, if it is not possible to pick up 
four or more GPS satellites simultaneously, then it is not 
possible to detect the position of the moving body. In the 
method used in PHS, although it is possible to pinpoint the 
position of the holder of the PHS terminal as being Within 
the area covered by the base station (Within 100 to 300 
meters), the draWback exists that it is dif?cult to detect this 
position With a high degree of accuracy. 

SUMMARY OF THE INVENTION 

[0008] Therefore, an object of the present invention is to 
provide a method for detecting the position of a moving 
body in Which the position of the moving body can be 
detected With a high degree of accuracy. 

[0009] In order to achieve the above object, the present 
invention provides a moving body position detection 
method for detecting a current position of a mobile station 
(for example, the vehicle 1 in the embodiment) capable of 
movement and also capable of data communication betWeen 
itself and at least ?xed stations (for example, the radio base 
stations 3 in the embodiment) using radio Waves, Wherein 
precise positions of the ?xed stations are stored in advance 
in the mobile station, clocks (for example, the radio Wave 
clocks 10 in the embodiment) are provided for keeping a 
common time respectively in the ?xed stations and the ?xed 
stations send radio Waves containing time information of the 
clocks, the mobile station receives the radio Waves sent by 
the ?xed stations and calculates distances betWeen the 
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mobile station and the ?xed stations by determining differ 
ences betWeen a clock (for example, the clock 15 in the 
embodiment) provided in the mobile station and the time 
information contained in the radio Waves, and the mobile 
station calculates the position of the mobile station from the 
calculated distances and from the precise positions of the 
?xed stations that Were stored in advance. By employing this 
type of structure, it is possible to determine the precise 
position of the mobile station by calculating the distances 
betWeen the mobile station and three or more ?xed stations. 
Accordingly, even in a location Where conventional GPS 
satellites cannot be used, it is still possible to accurately 
determine the position of the mobile station. 

[0010] Furthermore, in the present invention, it is also 
possible for the position of the mobile station to be calcu 
lated using a combination of information from the ?xed 
station and information from GPS satellites (for example, 
the GPS satellites 8 in the embodiment). By employing this 
type of structure, it is possible to calculate the position of the 
mobile station even When it is not possible to calculate the 
position of the mobile station using the ?xed stations alone 
or GPS satellites alone. Therefore, it is possible to ?nd the 
position of the mobile station more accurately than When a 
conventional method is used. 

[0011] Furthermore, in the present invention, it is prefer 
able if the mobile station performs communication With the 
?xed stations using the same transmission method as is used 
in the GPS satellites. 

[0012] Furthermore, in the present invention, it is also 
possible for the clocks in the ?xed stations to be set based 
on time information from the GPS satellites By employ 
ing this type of structure, it is possible to obtain accurate 
time information from the GPS satellites that are provided 
With atomic clocks. Therefore, for example, accurate time is 
guaranteed even When it is not possible to receive radio 
Waves from a radio Wave clock. 

[0013] Furthermore, in the present invention, it is also 
possible for the clocks in the ?xed stations to be set based 
on time information sent by a radio Wave clock base station 
(12) as Well as on the positions of the ?xed stations and the 
radio Wave clock base station. 

[0014] Furthermore, in the present invention, it is also 
possible, When information cannot be obtained from a 
predetermined number of ?xed stations, for the mobile 
station to calculate the position of the mobile station by 
substituting information from the GPS satellites for the 
information that should have been obtained from the ?xed 
stations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a vieW of the structure of a system for 
deciding a position using radio and GPS of the embodiment 
of the present invention. 

[0016] FIG. 2 is an overall structural vieW shoWing the 
relationships betWeen the radio base station, the GPS satel 
lites, and the moving body in the embodiment of the present 
invention. 

[0017] FIG. 3 is a How chart shoWing the How of the 
calculation by the moving body position calculation section 
of the embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] The embodiment of the present invention Will noW 
be described together With the drawings. 

[0019] FIG. 1 is a vieW of the structure of a system for 
deciding a position that uses radio and GPS. FIG. 2 is an 
overall structural vieW shoWing the relationships betWeen 
the radio base station, the GPS satellites, and a vehicle. 

[0020] FIG. 2, the symbol 1 shoWs a vehicle serving as a 
mobile station or a moving body. The vehicle 1 is able to 
pick up GPS satellites 8 using a GPS antenna described 
beloW. The vehicle 1 is able to ?nd the current position of the 
vehicle 1 by picking up four or more GPS satellites 8. 

[0021] The symbol 3 shoWs a radio base station. Each 
radio base station 3 receives reference clock signals trans 
mitted from a radio Wave clock base station 12. Each radio 
base station 3 stores in advance precise positions for itself 
and for the radio Wave clock base station 12. Based on the 
data for these positions, each radio base station 3 precisely 
calculates the distance betWeen itself and the radio Wave 
clock base station 12 and, by dividing this distance by the 
velocity of light, is able to calculate the radio Wave propa 
gation time until the reference clock signals transmitted 
from the radio Wave clock base station 12 are received by 
each radio base station 3. Therefore, by subtracting this 
calculated time from the time information of the received 
reference clock signals in each radio base station 3, each 
radio base station’s oWn reference clock signal is synchro 
niZed With the clock of the radio Wave clock base station 12. 
Moreover, each radio base station 3 sends out radio Waves 
containing identi?cation signals (identi?cation numbers) 
indicating each radio base station 3 as Well as the reference 
clock signals that have been synchroniZed With the clock of 
the radio Wave clock base station 12. The vehicle 1 receives 
these radio Waves. 

[0022] More speci?cally, the vehicle 1 receives the radio 
Waves transmitted by each of the radio base stations 3 in 
three locations, determines the difference betWeen the clock 
15 provided in the vehicle 1 and the time information 
indicated by the reference clock signals transmitted from 
each radio base station 3, and calculates the distance 
betWeen the vehicle 1 and the radio base stations 3. The 
vehicle 1 stores in advance the precise positions of each 
radio base station 3 and, based on the identi?cation numbers 
transmitted from each radio base station 3, identi?es the 
positions of the radio base stations 3 that transmitted the 
radio Waves that include these identi?cation numbers. The 
position of the vehicle 1 is then found based on the position 
of the radio base station 3 and the distances betWeen the 
radio base station 3 and the vehicle 1 Which are calculated 
for each of the radio base stations 3 in the three locations. 

[0023] More speci?cally, as is shoWn in FIG. 1, a moving 
body radio set 2 is mounted in the vehicle 1. This moving 
body radio set 2 transmits radio Waves using a spread 
spectrum method, Which is the same as the method used in 
GPS. For eXample, the moving body radio set 2 may use the 
CDMA (Code Division Multiple Access) method. This mov 
ing body radio set 2 performs tWo-Way communication 
using the spread spectrum method With a ?Xed radio set 4 
installed in each Wireless base station 3. Here, by the term 
spread spectrum method is meant a method Which, for 
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eXample, multiplexes the sound signal of each user to a 
Wider frequency bandWidth than the bandWidth of the user 
signal. 

[0024] The vehicle 1 is also provided With a GPS antenna 
5, a correction information receiving device 6 for receiving 
signals used for correcting signals transmitted from the GPS 
satellites 8, and a GPS signal processing section 7 for 
receiving signals from the GPS antenna 5 and the correction 
information receiving device 6. As described above, the GPS 
antenna 5 receives radio Waves from four GPS satellites 8 
and the vehicle 1 ?nds its oWn position based on the received 
radio Waves. The transmission method used in this case is 
the spread spectrum method. 

[0025] A communication control section 9 that controls 
communication betWeen the moving body and the radio base 
station is connected to the moving body radio set 2 and this 
moving body—radio base station communication control 
section 9 performs signal processing on reference clock 
signals transmitted from the radio base stations 3. A moving 
body position calculation section 11 is connected to the GPS 
signal processing section 7 and to the moving body—radio 
base station communication control section 9. This moving 
body position calculation section 11 calculates the position 
of the vehicle 1 from the three signals from radio base 
stations 3 in three locations, or from a combination of three 
signals from the radio base stations 3 and the GPS satellites 
8, or from the four signals from four GPS satellites 8. In 
other Words, the position of the vehicle 1 is found by 
obtaining at least three signals from the radio base stations 
3 and the GPS, Which use a common transmission method. 
Namely, as described above, by the vehicle 1 receiving radio 
Waves and the difference betWeen the time indicated by the 
clock 15 mounted in the vehicle 1 and the time obtained 
from the transmitted radio Waves being determined, the 
distance betWeen the vehicle 1 and the radio base stations 3 
or the distance betWeen the vehicle 1 and the GPS satellites 
8 can be calculated. The position of the vehicle 1 is then 
found, based on the calculated distance betWeen the vehicle 
1 and the radio base stations 3 or the calculated distance 
betWeen the vehicle 1 and the GPS satellites 8 

[0026] As is shoWn in FIG. 2, each radio base station 3 
receives ground based reference clock signals from the radio 
Wave clock base station 12 and sets these in the radio Wave 
clock 10 shoWn in FIG. 1. Moreover, the radio base stations 
3 are provided With a GPS antenna 5, a correction informa 
tion receiving device 6, and a GPS calculation section 13 for 
obtaining clock signals from the signals obtained by the GPS 
antenna 5 and the correction information receiving device 6. 
Note that, because the GPS satellites 8 are time controlled by 
an atomic (cesium) clock, the radio base stations 3 receive 
ground based reference clock signals from the radio Wave 
clock (atomic clock) provided in the radio Wave clock base 
station 12 in order that signals that have identical properties 
to the clock signals obtained from the GPS satellites 8 can 
be obtained. 

[0027] Each radio Wave base station 3 is provided With a 
reference clock generating device 14 for obtaining reference 
clock signals based on ground based reference clock signals 
from the radio Wave clock base station 12 or on clock signals 
obtained by the GPS calculation section 13. Because it is 
possible, in this Way, for reference clock signals to be 
obtained from either the GPS satellites 8 or the radio Wave 
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clock provided in the radio Wave clock base station 12, even 
if one of these becomes unusable, the radio Wave base 
station 3 is still able to send reference clock signals to the 
vehicle 1. The ?xed radio set 4 that is able to perform 
tWo-Way communication With the moving body radio set 2 
is connected to the reference clock generating device 14. 

[0028] Next, the calculation processing performed by the 
moving body position calculation section 11 Will be 
described based on the How chart shoWn in FIG. 3. 

[0029] In step S1, it is determined Whether the moving 
body position calculation section 11 recogniZes a radio base 
station. If the result of this determination is YES and a radio 
base station is being recogniZed, the moving body position 
calculation section 11 proceeds to the processing of step S2. 
If, hoWever, the result of the determination is NO and no 
radio station is being recogniZed, then the position ?nding is 
performed using only GPS, therefore, the moving body 
position calculation section 11 proceeds to the processing of 
step S11. In step S2, it is determined Whether the moving 
body position calculation section 11 is recogniZing three or 
more radio base stations. If the result of this determination 
is YES and three or more radio base stations are being 
recogniZed, the moving body position calculation section 11 
proceeds to the processing of step S3. If, hoWever, the result 
of the determination in step S2 is NO and three or more radio 
base stations are not being recogniZed, the moving body 
position calculation section 11 moves to the processing of 
step S6. 

[0030] In step S3, it is determined Whether the moving 
body position calculation section 11 is receiving reference 
clock signals from the radio Wave base stations 3. If it is not 
receiving reference clock signals, this is because the distance 
calculation in the processing described beloW is not pos 
sible. If the result of the determination in step S3 is YES and 
reference clock signals are being received, the moving body 
position calculation section 11 proceeds to the processing of 
step S4 and calculates the positions of the radio Wave base 
stations 3 using the radio Waves sent from the radio Wave 
base stations 3. In the neXt step S5, the position of the 
vehicle 1 is determined and the control is ended. If, hoWever, 
the result of the determination in step S3 is NO and reference 
clock signals are not being received, the moving body 
position calculation section 11 ends the control. In this Way, 
When at least three radio base stations are recogniZed, it is 
possible to ?nd the position of the vehicle 1 based on the 
radio Waves sent from these radio base stations. 

[0031] In step S6, the moving body position calculation 
section 11 determines Whether to substitute GPS information 
for the information that should be acquired from the radio 
Waves transmitted from the radio base stations. This is 
because, When three or more radio base stations are not 
being recogniZed, the position of the vehicle cannot be found 
if the GPS information is not used. If the result of the 
determination in step S6 is YES and GPS information Will 
be substituted for the information, the moving body position 
calculation section 11 moves to the processing of step S7. If, 
hoWever, the result of the determination in step S6 is NO and 
GPS information is not to be substituted for the information, 
the moving body position calculation section 11 moves to 
the processing of step S11. 

[0032] In step S7, the moving body position calculation 
section 11 determines Whether a combined total of three or 
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more GPS satellites and radio base stations are being rec 
ogniZed. If the result of the determination is YES and a 
combined total of three or more GPS satellites and radio 
base stations are being recogniZed, the moving body posi 
tion calculation section 11 moves to the processing in step 
S8. This is because position ?nding is not possible if three 
or more signals are not being received. If the result of the 
determination in step S7 is NO and a combined total of three 
or more GPS satellites and radio base stations are not being 
recogniZed, the moving body position calculation section 11 
ends the control. 

[0033] In step S8, the moving body position calculation 
section 11 determines Whether reference clock signals from 
the recogniZed radio base stations 3 or clock signals from the 
recogniZed GPS satellites 8 are being received. If the result 
of this determination is YES and either of these signals is 
being received, the moving body position calculation section 
11 moves to the processing of step S9 Where the position is 
calculated using the radio Waves from the GPS satellites 8 
and the radio base stations 3. In the neXt step S10, the 
position of the vehicle 1 is determined and the control is 
ended. If the result of the determination in step S8 is NO and 
neither of these signals is being received, then the moving 
body position calculation section 11 also ends the control. In 
this Way, When three or more radio base stations are not 
recogniZed and GPS information is substituted for the infor 
mation, then if it is possible to receive three radio Waves 
from a combination of GPS satellites 8 and radio base 
stations 3, it is possible to ?nd the position of the vehicle 1. 

[0034] In step S11, the moving body position calculation 
section 11 determines Whether radio Waves from the GPS 
satellites 8 are being received. If the result of the determi 
nation is YES and radio Waves are being received from the 
GPS satellites 8, the moving body position calculation 
section 11 move to the processing of step S12. If, hoWever, 
the result of the determination in step S11 is NO and GPS 
radio Waves are not being received, the moving body posi 
tion calculation section 11 ends the control. In this Way, if 
the radio base stations cannot be recogniZed and the GPS 
satellites cannot be picked up either, then the position of the 
vehicle cannot be found. 

[0035] In step S12, the moving body position calculation 
section 11 determines Whether four or more GPS satellites 
are recogniZed. If the result of this determination is YES and 
four or more GPS satellites are recogniZed, the moving body 
position calculation section 11 moves to the processing of 
step S13 Where the position is calculated using radio Waves 
from the GPS satellites. In the neXt step S14, the position of 
the vehicle 1 is determined and the control is ended. If the 
result of the determination in step S12 is NO and four or 
more GPS satellites are not recogniZed, the moving body 
position calculation section 11 also ends the control. In this 
Way, When the radio base stations are not being recogniZed, 
the position of the vehicle 1 can be found in the conventional 
Way using radio Waves from four GPS satellites. 

[0036] Consequently, according to this embodiment, if the 
vehicle 1 is able to recogniZe three or more radio base 
stations 3, the position of the vehicle 1 can be accurately 
found. Namely, in the same Way as in the case of determin 
ing the distance betWeen the vehicle 1 and the GPS satellites 
8, the distance betWeen the vehicle 1 and the radio base 
stations 3 is obtained by determining the propagation time 
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between tWo points of a radio signal and multiplying this by 
the velocity of light. If three or more distances betWeen the 
vehicle 1 and radio base stations 3, namely, the distances 
betWeen the vehicle 1 and at least three separate radio base 
stations 3 that have been determined in this Way are calcu 
lated, the intersect point of spheres that have the respective 
radio base stations 3 at their center and the distances 
betWeen the respective base stations 3 and the vehicle 1 as 
their radius is determined as the position of the vehicle 1. In 
particular, unlike the GPS satellites 8, because there is no 
intentional error contained in the radio Waves from the radio 
base stations 3, it is possible to determine the position of the 
vehicle 1 With a greater degree of accuracy. 

[0037] Moreover, if the number of communications that 
are established betWeen the vehicle 1 and the radio base 
stations 3 does not reach three, or if it is not possible for the 
vehicle 1 to pick up four or more GPS satellites 8 because 
of buildings or the like obstructing the radio Waves, then by 
using a combination of distances betWeen the vehicle 1 and 
the radio base stations 3 and from the GPS satellites 8 to the 
vehicle 1, the three or more distances that are necessary for 
calculating the position of the vehicle are acquired. Using 
such a combination of distances, the intersect point of the 
spheres that have the three distances as their radius is 
obtained as the position of the vehicle 1. Accordingly, even 
When the GPS satellites 8 cannot be picked up because of 
obstructing buildings or the like, and even When the number 
of radio base stations 3 that can be recogniZed is insuf?cient, 
it is still possible to precisely determine the position of the 
vehicle 1. 

[0038] Of course, the fact that the position of the vehicle 
1 can be found When four or more GPS satellites 8 can be 
picked up is the same as in the conventional method. 

[0039] It should be noted that the present invention is not 
limited to the above embodiment. For example, in the How 
chart shoWn in FIG. 3, it is determined at the start Whether 
radio base stations 3 are being recogniZed, hoWever, it is also 
possible to determine Whether the radio base stations 3 are 
being recogniZed after it has been determined Whether radio 
Waves from the GPS satellites 8 are being received. In other 
Words, When it is not possible to accurately determine a 
position using just one of the GPS satellites 8 and the radio 
base stations 3, then the position may be found by supple 
menting the information from one of either the GPS satel 
lites 8 and the radio base stations 3 With the information 
from the other of the GPS satellites 8 and the radio base 
stations 3. 

[0040] Furthermore, the moving body radio set 2 in the 
above described embodiment may be a radio set that is 
mounted in the vehicle 1 or may be a portable telephone 
carried by the creW of the vehicle. In addition, the mobile 
station is not limited to a vehicle. 
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[0041] It is necessary to synchroniZe the clock 15 mounted 
in the vehicle 1 With the reference clock signals transmitted 
from the radio Wave clock base station 12 or With the clock 
signals obtained from the GPS satellites 8. This synchroni 
Zation can be achieved by correcting the clock 15, using the 
result obtained from the comparison of the clock signals 
transmitted from the four GPS satellites 8. 

What is claimed is: 
1. A moving body position detection method for detecting 

a current position of a mobile station capable of movement 
and also capable of data communication betWeen itself and 
at least ?xed stations using radio Waves, Wherein 

precise positions of the ?xed stations are stored in 
advance in the mobile station, 

clocks are provided for keeping a common time respec 
tively in the ?xed stations and the ?xed stations send 
radio Waves containing time information of the clocks, 

the mobile station receives the radio Waves sent by the 
?xed stations and calculates distances betWeen the 
mobile station and the ?xed stations by determining 
differences betWeen a clock provided in the mobile 
station and the time information contained in the radio 
Waves, and 

the mobile station calculates the position of the mobile 
station from the calculated distances and from the 
precise positions of the ?xed stations that Were stored 
in advance. 

2. The moving body position detection method according 
to claim 1, Wherein the position of the mobile station is 
calculated using a combination of information from the ?xed 
station and information from GPS satellites. 

3. The moving body position detection method according 
to claim 2, Wherein, When information cannot be obtained 
from a predetermined number of ?xed stations, the mobile 
station calculates the position of the mobile station by 
substituting information from the GPS satellites for the 
information that should have been obtained from the ?xed 
stations. 

4. The moving body position detection method according 
to claim 2, Wherein the mobile station performs communi 
cation With the ?xed stations using the same transmission 
method as is used in the GPS satellites. 

5. The moving body position detection method according 
to claim 1, Wherein the clocks in the ?xed stations are set 
based on time information from the GPS satellites. 

6. The moving body position detection method according 
to claim 1, Wherein the clocks in the ?xed stations are set 
based on time information sent by a radio Wave clock base 
station as Well as on the positions of the ?xed stations and 
the radio Wave clock base station. 

* * * * * 


