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(57) ABSTRACT 

A reception high-frequency unit receives a GPS signal 
transmitted from a satellite configuring GPS. A signal gen 
eration unit generates a plurality of pseudo random noise 
codes that are used for the positioning operation by a 
positioning apparatus for implementing a positioning opera 
tion based on the GPS signal and that are in the same form 
as that of the GPS signal. A transmission high-frequency unit 
generates and transmits based on the pseudo random noise 
codes, a positioning signal in the same form as that of the 
GPS signal. A transmission control unit controls the trans 
mission high-frequency unit in Such a way that a time 
difference based on the GPS signal received by the reception 
high-frequency unit is assigned to each positioning signal 
and the thus-assigned positioning signal is transmitted. 
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POSITONING SIGNAL TRANSMISSION 
APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention is related to a technology of 
positioning a position using a radio signal. Especially, it is 
related to a technology of improving the convenience when 
the position of a mobile station is positioned using a global 
positioning system (GPS) 

0003 2. Description of the Related Art 
0004 Recently, an apparatus with a position-positioning 
function using GPS has become more and more widespread. 

0005) A GPS receiver (GPS positioning apparatus) for the 
position-positioning using a radio signal (hereinafter, 
referred to as “GPS signal') that is transmitted from a 
satellite configuring the GPS has a system for the position 
positioning at two or more dimensions with high accuracy 
using signals transmitted from, for example, three or more 
satellites from among the signals transmitted from about 
twenty-four satellites circulating around the earth. This GPS 
technology is also used in car navigation systems and PDAS 
(Personal Digital Assistant: portable type information com 
munication devices for individual users). According to this 
technology, the position-positioning of a mobile station or a 
user is implemented. 

0006 Since the GPS receiver implements the position 
positioning using a GPS signal, preferable position-position 
ing cannot be theoretically implemented in Such an envi 
ronment where the line-of-sight between a satellite and a 
mobile station (GPS receiver) is interfered. Accordingly, a 
mobile station cannot position its own position in a space 
which is not exposed to the sky, for example, indoors, in cars 
or the like and where a GPS signal cannot be directly 
received (hereinafter, referred to as a GPS signal non-receipt 
area) in a mobile station. Here, the sky indicates a range of 
about +90 degrees to the Zenith of a mobile station. Fur 
thermore, the fact that a satellite exists in the sky indicates 
that the satellite exists (can be seen) in about +90 degrees to 
the Zenith of a mobile station if there is no obstacle in the 
way. 

0007 Regarding this technology, Japanese patent appli 
cation laid-open publication No. 2000-11 1648 (hereinafter, 
referred to as document 1) discloses a technology such that 
a position ID oscillator for emitting infrared rays signal 
including position ID is provided indoors and a mobile 
station is configured to receive the radio wave from a 
satellite outdoors while it receives the infrared rays signal 
indoors, thereby enabling the position-positioning of a 
mobile station irrespective of whether the mobile station is 
indoors or outdoors. 

0008. In Japanese patent application laid-open publica 
tion No. 2003-57330 (hereinafter, referred to as document 
2) discloses a technology of specifying the present position 
of a mobile station that is moving in a GPS signal non 
receipt area by re-radiating a GPS signal to the GPS signal 
non-receipt area indoors, etc. and by radiating the pre-stored 
latitude and longitude data to this area using a position data 
transmission apparatus. 
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0009. The following is the explanation of the outline of 
the positioning method using a GPS receiver. 

0010 A GPS receiver receives a GPS signal that is 
transmitted from a plurality of satellites with the same 
frequency. Each satellite generates a GPS signal based on a 
diffuse spectrum communication system using a pseudo 
random noise code having different code arrays. Therefore, 
the GPS receiver can receive and process with the same 
frequency the GPS signals that are transmitted from a 
plurality of satellites. Then, the GPS receiver calculates the 
attainment time of a signal from each satellite on the basis 
of the time when this pseudo random noise code is received. 
Meanwhile, the pseudo random noise code includes a C/A 
cord and a P cord (Y cord) that is kept confidential in order 
to restrict a user. The code that is generally disclosed is only 
C/A cord. 

0011 Furthermore, the GPS signal includes a navigation 
message in which the orbit information (ephemeris), the 
calendar (almanac), etc. of the satellite is shown together 
with the pseudo random noise code. 

0012. The almanac indicates orbit information about the 
outlines of all the satellites other than its own satellite that 
configure GPS, that is, the timetable of satellites. Accord 
ingly, this information is used for determining a satellite that 
can be acquired by the GPS receiver. On the other hand, the 
ephemeris shows the exact position of its own satellite and 
it is this important information that is needed to calculate the 
position of a mobile station. The GPS receiver calculates the 
distance from each satellite using the attainment time of the 
signal from each satellite and then calculates the own 
position using those distances (at least three distances) and 
the orbit information about the satellites. 

0013 Furthermore, before receiving the GPS signal and 
starting the position-positioning, the GPS receiver selects 
the satellite that can be acquired during that period of time 
on the basis of the almanac received in the past. Subse 
quently, the GPS receiver implements a search operation for 
acquiring the signal from a satellite while Subtly changing 
the clock frequency of the GPS receiver. This search opera 
tion usually requires several to several tens of seconds. 
However, in the case where the received almanac becomes 
old since the GPS receiver has not been used for a long time 
or in the case where the GPS receive is moved from the 
position where the positioning operation is previously 
implemented to the position that is far from the previous 
position, it takes a longer time since the GPS receiver 
automatically implements operations for acquiring all the 
satellites (it takes longer than twelve minutes and thirty 
seconds to receive all the almanacs). 
0014. Accordingly, in the case where the power of the 
GPS receiver is on and the almanac is kept old and not 
updated since the GPS receiver is positioned in a GPS signal 
non-receipt area for a long time, the initial positioning time 
requires a long time when the mobile station comes into a 
position where the GPS signal can be directly received. 

0.015 Similarly, in the case where the power of the GPS 
receiver is on in the GPS signal non-receipt area and the 
ephemeris is kept old and not updated since the GPS receiver 
stays in the GPS signal non-receipt area for a long time, etc., 
the accuracy sometimes deteriorates at the time of the initial 
positioning. 
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0016 Regarding this point, for example, Japanese patent 
application laid-open publication No. 7-280917 (hereinafter, 
referred to as document 3) discloses a technology of 
re-transmitting a GPS signal to a GPS signal non-receipt 
area so that the mobile station that moves in the GPS signal 
non-receipt area can be promptly positioned when the 
mobile station comes into a position where the GPS signal 
can be directly received. Additionally, this article discloses 
another technology of implementing maintenance, inspec 
tion, repair, etc. of the GPS receiver even indoors where the 
GPS signal cannot be received. 
0017. Meanwhile, the latest car navigation systems offer 
an apparatus for continuing the positioning of the own 
apparatus using a gyrocompass, a direction sensor, a dis 
tance sensor, etc. even in the position where such a GPS 
signal cannot be received. 
0018. The positioning method using a GPS receiver is 
described in detail, for example, in the following document. 
Jun Tsuchiya and Hiroshi Tsuji: “Foundation of new GPS 
measurement, Japan Association of Surveyors, Sep. 30. 
2002 

0019. In the technology that is disclosed in the document 
1, a reception unit for receiving the infrared rays signal 
including position ID is required so that the hard Scale of a 
mobile station increases. Furthermore, position ID is 
required to be set up for each position ID oscillator and at the 
same time, a position coordinate should be stored in advance 
for each position ID of the mobile station. Since almanac 
and ephemeris are not updated while a mobile station stays 
indoors, the initial positioning time is delayed when the 
mobile station comes outdoors and can directly receive a 
GPS signal. 

0020. According to the above-mentioned technology dis 
closed in the document 2, it is necessary to store in advance 
the latitude and longitude data about the position of a 
transmission apparatus in this apparatus. Additionally, a 
receiver that can receive both the GPS signal and the latitude 
and longitude data in the mobile station is required. In the 
case where a GPS signal is received or the latitude and 
longitude data is received, the processing becomes compli 
cated by adding a procedure for determining whether the 
position positioned by the GPS signal or the latitude and 
longitude data should be used. Furthermore, in the case 
where the position-positioning is implemented using the 
GPS signal that is re-transmitted, the GPS signal is not 
propagated through the original propagation path but 
through the re-transmission apparatus. Consequently, the 
accuracies of the positioning results sometimes become low 
since an error occurs on the attainment time of the GPS 
signal. 

0021 Even in the technology disclosed in either docu 
ment 1 or 2, the latitude and longitude data that is stored in 
advance is transmitted to the mobile station in a GPS signal 
non-receipt area. Therefore, in the case where the GPS 
signal non-receipt area itself moves, for example, in the case 
where the GPS signal non-receipt area is an area in a car, a 
ship, an airplane, etc. and the terminal possessed by a person 
who is in the car, etc., is a mobile station, this technology 
cannot be used. 

0022. In the technology that is disclosed in the above 
mentioned document 3, a mobile station can be promptly 

Apr. 6, 2006 

positioned when it comes into a position where the GPS 
signal can be directly received. However, in the case where 
the position-positioning is implemented using the GPS sig 
nal that is re-transmitted, the GPS signal is not propagated 
through the original propagation path but through the re 
transmission apparatus. Consequently, the accuracies of the 
positioning results become low since an error occurs on the 
attainment time of the GPS signal. 
0023. In an apparatus for continuing a positioning opera 
tion for the own position in the GPS signal non-receipt area 
among the car navigation system, etc. using a gyrocompass, 
a direction sensor, a distance sensor, etc., the outputs of 
various kinds of sensors include errors so that the accuracies 
of the positioning results become low. Especially, in the case 
where the terminal possessed by a person is a mobile station, 
the output errors of such various kinds of sensors increase in 
accordance with the attitude and movement of the person So 
that the accuracies of the positioning results might further 
decrease. 

SUMMARY OF THE INVENTION 

0024. The subject of the present invention is to imple 
ment the highly-accurate position-positioning using a GPS 
positioning apparatus in a GPS signal non-receipt area and 
also to direct the GPS positioning apparatus to be promptly 
positioned when this apparatus comes into a position where 
the GPS signal can be directly received, thereby increasing 
the positioning accuracy. 

0025. A positioning signal transmitting apparatus accord 
ing to one of the preferred embodiments of the present 
invention comprises a reception unit for receiving a GPS 
signal transmitted from a satellite configuring a global 
positioning system (GPS); a signal generation unit for 
generating a plurality of positioning signals that are used for 
the positioning by a positioning apparatus for implementing 
the positioning based on the GPS signal and that are in a 
same form as that of the GPS signal; a transmission unit for 
transmitting the positioning signals; and a transmission 
control unit for controlling the transmission unit in Such a 
way that this unit assigns a time difference based on the GPS 
signal received by the reception unit to each of the posi 
tioning signals and transmits the assigned positioning sig 
nals. 

0026. According to this configuration, since the position 
ing signal that is in the same form as that of a GPS signal is 
transmitted, the positioning apparatus need not be provided 
with a means for receiving the information other than a GPS 
signal so that the position-positioning can be implemented 
even in a GPS signal non-receipt area by receiving this 
positioning signal. Furthermore, a time difference based on 
the GPS signal that is received by the reception unit is 
assigned to each of the positioning signals to be transmitted. 
Therefore, the time difference of the transmission timing of 
positioning signals can be corrected with a high degree of 
accuracy by receiving the GPS signals from a plurality of 
satellites by the reception unit. Consequently, the position 
ing apparatus can implement the highly-accurate positioning 
based on this corrected positioning signal. 

0027 Meanwhile, in a positioning signal transmission 
apparatus according to the present invention, the signal 
generation unit can be configured to generate at least three 
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kinds of positioning signals showing that transmission 
sources are different to each other. 

0028. In this way, the position-positioning at least at the 
two dimensions can be implemented by the positioning 
apparatus. 

0029 Furthermore, in the positioning apparatus accord 
ing to the present invention, the signal generation unit can be 
configured to generate a positioning signal based on a 
navigation message shown in the GPS signal received by the 
reception unit. 
0030 Then, a positioning signal in a same form as that of 
the GPS signal that is not received by the reception unit can 
be generated. 

0031. Meanwhile, the transmission control unit can be 
configured to implement a control based on the navigation 
message shown in the GPS signal. 
0032 Thus, a positioning signal in a same form as that of 
the GPS signal that is not received by the reception unit can 
be controlled. 

0033. Furthermore, in the positioning signal transmission 
apparatus of the present invention, the signal generation unit 
can be configured to generate at least three kinds of posi 
tioning signals showing that the transmission sources are 
different to each other by configuring this unit to generate 
the positioning signal using pseudo random noise codes with 
different patterns. 
0034) Furthermore, in the positioning signal transmission 
apparatus of the present invention, the transmission unit can 
be configured to transmit the positioning signal including the 
navigation message shown in the GPS signal received by the 
reception unit. 
0035) In this way, when the reception unit comes into a 
position where the GPS signal can be directly received, this 
unit can be promptly positioned and the positioning accu 
racy is increased. 
0.036 Furthermore, in the positioning signal transmission 
apparatus, the reception unit can be mounted in a position 
where the GPS signal is preferably received in comparison 
with the positioning apparatus. 
0037 Thus, the accuracy of the positioning apparatus is 
enhanced by receiving GPS signals from a plurality of 
satellites. 

0038. In the positioning signal transmission apparatus of 
the present invention, the transmission unit can be config 
ured to direct a transmission direction of the positioning 
signal to have a directivity. 
0039. In this way, the interference of the positioning 
signals is Suppressed in the case where the positioning signal 
transmission apparatuses are adjacently mounted, thereby 
decreasing the effect of the positioning signal that is trans 
mitted from the adjacently mounted positioning signal trans 
mission apparatus and is not used for the position-position 
ing, on the position-positioning performed at the positioning 
apparatus. 

0040. Furthermore, in the positioning signal transmission 
apparatus of the present invention, the signal generation unit 
can be configured to generate the positioning signal in a 
same form as that of the GPS signal transmitted by the 

Apr. 6, 2006 

satellite that is present in the sky when the positioning signal 
is generated, which is shown in the navigation message in 
the GPS signal received by the reception unit. 
0041. In this way, the positioning apparatus for imple 
menting the search of a signal based on the navigation 
message can easily acquire the positioning signal transmit 
ted from the positioning signal transmission apparatus. 
0042. Furthermore, in the positioning signal transmission 
apparatus of the present invention, the transmission control 
unit can be configured to implement the control So as to 
assign to each positioning signal a time difference according 
to a propagation time of the GPS signal from the satellite to 
the reception unit, thereby transmitting the assigned posi 
tioning signal. 
0043 Regarding the propagation time, the calculation 
accuracy can be enhanced by receiving GPS signals from a 
plurality of satellites So that the accuracy of the position 
positioning by the positioning apparatus based on a posi 
tioning signal is also enhanced by implementing the above 
mentioned operations. 
0044) At this time, the transmission control unit can be 
configured to calculate a propagation time of the GPS signal 
based on a position of the satellite shown in both a naviga 
tion message of the GPS signal and a position of the 
reception unit positioned based on the GPS signal. 
0045. In this way, positioning signals generated for the 
satellites of transmission sources of the GPS signals that are 
not fully received by the reception unit can be controlled. 
0046. At this time, the transmission control unit can be 
configured to calculate a propagation time of the GPS signal 
based on an altitude difference between a position of the 
reception unit and that of a positioning apparatus for receiv 
ing a positioning signal transmitted by the transmission unit. 
0047. In the case where the height of a mounting position 
of the reception unit and that of the positioning apparatus are 
too high to be ignored, the accuracy of the position-posi 
tioning performed by the positioning apparatus based on 
positioning signals can be enhanced. 
0048. Furthermore, in the positioning signal transmission 
apparatus, a detection unit for detecting the approach of a 
mobile station into a predetermined area is further provided 
and the transmission control unit can be configured to 
control the transmission unit in Such a way that this unit 
transmits the positioning signal according to a detection of 
the approach. 
0049 According to this configuration, the electric power 
of the positioning signal transmission apparatus can be 
decreased and at the same time, in the case where the 
position signal transmission apparatuses are adjacently 
mounted, the interference between positioning signals can 
be prevented. 

0050. Furthermore, the positioning signal transmission 
apparatus is configured in Such a way that the reception unit 
and the transmission unit are separately mounted and the 
transmission of a signal from the reception unit to the 
transmission unit is implemented through a signal cable. 
0051. In this way, it becomes easy to mount the reception 
unit in, for example, a position where the GPS signal 
preferably comes, separately from the transmission unit. 
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0052. In the positioning signal transmission apparatus of 
the present invention, the reception unit and the transmission 
unit are separately mounted and the transmission of a signal 
from the reception unit to the transmission unit is imple 
mented through a radio transmission path. 
0053. In this way, it becomes easy to mount the reception 
unit in, for example, a position where the GPS signal 
preferably comes, separately from the transmission unit. 
0054 Meanwhile, in the positioning signal transmission 
apparatus of the present invention, the signal transmission 
unit can be configured to generate the positioning signal in 
a same form as that of a GPS signal transmitted by the 
satellite that is present in the sky at a time of generating the 
positioning signal, which is shown in the navigation mes 
sage but that cannot be used for the positioning in a position 
of the reception unit when generating the positioning signal. 
0.055 Thus, it becomes possible to direct the positioning 
apparatus that receives the positioning signal to recognize 
that the positioning signal being received is not from the 
satellite but from the positioning signal transmission appa 
ratuS. 

0056. The positioning signal transmission apparatus of 
the present invention can be configured in Such a way that 
the transmission unit includes a transmission antenna for 
transmitting the positioning signal, the reception unit 
includes a reception antenna for receiving the GPS signal, 
the transmission antenna and the reception antenna are 
separately mounted and the transmission control unit imple 
ments a control based on a difference between a position of 
the transmission antenna and that of the reception antenna. 
0057. In this way, the deterioration of an accuracy of the 
position-positioning by the positioning apparatus in which 
the transmission antenna and the reception antenna are 
separately mounted can be Suppressed. 
0.058 According to the method of transmitting a posi 
tioning signal of another preferred embodiment of the 
present invention comprises steps of generating a plurality 
of positioning signals that are used for a positioning opera 
tion by a positioning apparatus for implementing a position 
ing operation based on a GPS signal transmitted from a 
satellite configuring a global positioning system (GPS) and 
that are in a same form as a form of the GPS signal and 
assigning a time difference based on the received GPS signal 
to each positioning signal, thereby transmitting the assigned 
positioning signals. 

0059 By the above-mentioned method, the operation 
identical to that of the above-mentioned positioning signal 
transmission apparatus of the present invention can be also 
obtained. 

0060 A positioning apparatus of another preferred 
embodiment of the present invention is used in a positioning 
system including a positioning apparatus for implementing 
the positioning based on a GPS signal transmitted from the 
satellite configuring a global positioning system (GPS) and 
a positioning signal transmission apparatus for transmitting 
a positioning signal that is used for the positioning by the 
positioning apparatus and that is in a same form as that of the 
GPS signal. The positioning signal transmission apparatus 
comprises a reception unit for receiving the GPS signal; a 
signal generation unit for generating a plurality of position 
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ing signals; a transmission unit for transmitting the gener 
ated positioning signal by the signal generation unit; a 
transmission control unit for controlling the transmission 
unit in Such a way that this unit assigns a time difference 
based on a GPS signal received by the reception unit to each 
positioning signal and transmits the assigned positioning 
signal. The transmission unit transmits the positioning signal 
including a navigation message shown in the GPS signal 
received by the reception unit. The positioning apparatus 
comprises a signal reception unit for receiving a signal used 
for the positioning; a determination unit for determining, 
based on the navigation message included in the signal, 
whether or not a signal received by the signal reception unit 
is transmitted by the positioning signal transmission appa 
ratus; and a notification unit for notifying the determination 
results. 

0061. By the above-mentioned positioning apparatus, the 
operation of the positioning apparatus of the present inven 
tion can be obtained. Furthermore, it can be recognized 
whether or not the positioning signal being received is from 
a satellite or the positioning signal transmission apparatus, 
thereby notifying the recognition results to a user of the 
positioning apparatus. 
0062. In the positioning apparatus of the present inven 
tion, the signal generation unit can be configured to generate 
the positioning signal in a same form as that of a signal 
transmitted by the satellite that is not present in the sky, 
which is shown in the navigation message. The determina 
tion unit can be also configured to determine that the 
positioning signal is transmitted by the positioning signal 
transmission apparatus in the case where the signal reception 
unit receives the positioning signal in a same form as that of 
a signal transmitted by the satellite that is not present in the 
sky, which is shown in the navigation message. 
0063. In this way, it can be determined by the determi 
nation unit based on the navigation message whether or not 
the signal received using the signal reception unit is trans 
mitted by the positioning signal transmission apparatus. 
0064 Consequently, the present invention can realize the 
precise position-positioning using a GPS positioning appa 
ratus in a GPS signal non-receipt area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0065. The present invention will be more apparent from 
the following detailed description when the accompanying 
drawings are referenced to. 
0066 FIG. 1 shows the first mounting example of a 
positioning signal transmission apparatus for implementing 
the present invention; 
0067 FIG. 2 shows the second mounting example of a 
positioning signal transmission apparatus for implementing 
the present invention; 
0068 FIG. 3 is a block diagram showing the configura 
tion of the positioning signal transmission apparatus for 
implementing the present invention; 
0069 FIG. 4 shows one example of the relation between 
the arrangement of satellites in the sky and the reception 
situation of GPS signals: 
0070 FIG. 5 shows acquisition timing of the pseudo 
random noise codes that are obtained from the GPS signals 
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of respective satellites, which are received by a positioning 
signal transmission apparatus in the case of FIG. 4; 
0071 FIG. 6 shows transmission timing of the pseudo 
random noise codes that are transmitted by the positioning 
signal transmission apparatus in the case of FIG. 4 (No.1); 
0072 FIG. 7 shows transmission timing of the pseudo 
random noise codes that are transmitted by the positioning 
signal transmission apparatus in the case of FIG. 4 (No.2): 
0.073 FIG. 8 shows the configuration example of the 
positioning apparatus; 
0074 FIG. 9 is the block diagram showing the substan 

tial part of the transformation example of a configuration of 
the positioning signal transmission apparatus shown in FIG. 
3: 
0075 FIG. 10 shows the first mounting example such 
that components of the positioning signal transmission appa 
ratus shown in FIG. 3 are separated to be mounted; and 
0.076 FIG. 11 shows the second mounting example such 
that components of the positioning signal transmission appa 
ratus shown in FIG. 3 are separated to be mounted. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0077. The following is the explanation of the preferred 
embodiments of the present invention in reference to the 
drawings. 

0078 FIG. 1 shows the first mounting example of a 
positioning signal transmission apparatus for implementing 
the present invention and especially it shows an example of 
mounting a positioning signal transmission apparatus 2 in a 
vehicle 5. 

0079. In FIG. 1, a mobile station provided with a posi 
tioning apparatus 3 that can implement the positioning on 
the basis of a GPS signal is a person 4. The positioning 
apparatus 3 is attached to the person 4 or the person 4 carries 
the positioning apparatus 3. 
0080 A reception antenna 7 of the positioning signal 
transmission apparatus 2 is mounted outside etc. a vehicle 5 
where a radio wave (that is, a GPS signal 10) from a satellite 
1 configuring GPS comes more preferably than at the 
present position of the positioning apparatus 3, which is 
apparent. 

0081. A transmission antenna 8 is mounted for enabling 
a positioning signal 11 that is the output of the positioning 
signal transmission apparatus 2 to reach to the positioning 
apparatus 3 in the vehicle 5. In the present embodiment, the 
transmission apparatus 2 outputs at least three kinds of the 
positioning signals 11 So that at least three transmission 
antennas 8 are mounted. Furthermore, the positioning result 
of the positioning apparatus 3 shows the position of the 
reception antenna 7. Therefore, an antenna that has the 
directivity, for example, an array antenna, etc. is used as the 
transmission antenna 8 so that an attainment range 9 of the 
positioning signal 11 is restricted as occasion demands. 
0082 The positioning signal transmission apparatus 2 
receives the GPS signal 10 from the satellite 1 and positions 
its own position. Then, the apparatus generates at least three 
pseudo random noise codes based on this positioned position 
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and the navigation message that is shown in the received 
GPS signal 10 and assigns a time difference to each pseudo 
random noise code by delaying the code, thereby transmit 
ting these codes as the positioning signals 11 from the 
transmission antenna 8. Furthermore, the form (carrier wave 
frequency, radio wave form, modulation method, informa 
tion storage form, etc.) of the positioning signal 11 is the 
same as that of the GPS signal 10. That is, the form of the 
positioning signal 11 is such that the positioning apparatus 
3 that receives the positioning signal 11 can easily imple 
ment the position-positioning based on the positioning sig 
nal 11. 

0083. The time difference that is assigned to the posi 
tioning signal 11 at this time is controlled in Such a way that 
the positioned position becomes the same as that of the 
positioning signal transmission apparatus 2 in the case 
where the positioning apparatus 3 for receiving the posi 
tioning signal 11 implements the position-positioning. 
According to this control, the positioned position of the 
positioning apparatus 3 is the same as that of the positioning 
signal transmission apparatus 2 as long as the positioning 
apparatus 3 receives the positioning signal 11. Accordingly, 
the positioning apparatus 3 can continue the positioning 
without directly receiving the GPS signal 10. 
0084. Furthermore, the navigation message that is shown 
in the received GPS signal 10 is included in the positioning 
signal 11 in accordance with the signal form of the GPS 
signal 10. In this way, the positioning apparatus 3 can 
sequentially update the navigation message without directly 
receiving the GPS signal 10 since it receives the positioning 
signal 11. Consequently, the apparatus 3 can be promptly 
conditioned when it comes out of the vehicle 5 where the 
GPS signal 10 can be directly received. 
0085. The following is the explanation of FIG. 2. FIG. 2 
shows the second mounting example of the positioning 
signal transmission apparatus for realizing the present inven 
tion and especially shows an example of mounting the 
positioning signal transmission apparatus 2 on a building 6 
that is built on the ground. 

0086). In FIG. 2, a mobile station provided with the 
positioning apparatus 3 for implementing the positioning on 
the basis of the GPS signal is the person 4. The positioning 
apparatus 3 is attached to the person 4 or the person 4 carries 
the positioning apparatus 3. 

0087. The reception antenna 7 of the positioning signal 
transmission apparatus 2 is mounted on the roof, etc. outside 
the building 6 where a radio wave (that is, the GPS signal 
10) from the satellite 1 configuring GPS comes more pref 
erably than in the present position of the positioning appa 
ratus 3, which is apparent. 

0088. The transmission antenna 8 is mounted for 
enabling the positioning signal 11 that is the output of the 
positioning signal transmission apparatus 2 to reach to the 
positioning apparatus 3 inside the building 6. In the present 
preferred embodiment, the positioning signal transmission 
apparatus 2 outputs at least three kinds of the positioning 
signals 11 so that at least three transmission antennas 8 are 
mounted for each positioning signal transmission apparatus 
2. The positioning result of the positioning apparatus 3 
shows the position of the reception antenna 7so that an 
antenna having the directivity, for example, an array 



US 2006/007 1852 A1 

antenna, etc. is used as the transmission antenna 8. As 
occasion demands, the attainment range 9of the positioning 
signal 11 is restricted. 
0089. In FIG. 2, three positioning signal transmission 
apparatuses 2 are mounted on the building 6 but the number 
of these apparatuses mounted on the building 6 can be 
changed according to the accuracy that is required for the 
positioning in the building 6 using the positioning apparatus 
3 or the width of the building 6. 

0090. Furthermore, in the case where a plurality of the 
positioning signal transmission apparatuses 2 is mounted on 
the building 6, the attainment range 9 of the positioning 
signal 11 is narrowly restricted by sharpening the directivity 
of the transmission antenna 8 of the positioning signal 
transmission apparatus 2. Accordingly, the influence (inter 
ference etc. of the positioning signal 11) of adjacently 
mounted positioning signal transmission apparatus 2 on the 
positioning of the positioning apparatus 3 can be prevented. 
Here, if the number of the positioning signal transmission 
apparatuses 2 mounted on the building 6 increases and the 
attainment range 9 for each positioning signal transmission 
apparatus 2 is narrowed, the relative position relation 
between the positioning apparatus 3 for implementing the 
positioning based on the positioning signal 11 and the signal 
transmission apparatus 2 for outputting the positioning sig 
nal 11 become closer by the narrowed amount. Conse 
quently, the accuracy of the positioning using the positioning 
apparatus 3 improves. 

0091. Furthermore, also in the mounting example shown 
in FIG. 2 like that shown in FIG. 1, the navigation message 
that is shown in the received GPS signal 10 is included in the 
positioning signal 11 in accordance with the signal form of 
the GPS signal 10. In this way, the positioning apparatus 3 
can sequentially update the navigation message without 
directly receiving the GPS signal 10 since it receives the 
positioning signal 11. Consequently, the apparatus 3 can be 
promptly conditioned when it comes out of the building 6 
where the GPS signal 10 can be directly received. 
0092. The following is the explanation of FIG. 3. FIG. 3 

is a block diagram showing the configuration of the posi 
tioning signal transmission apparatus 2 for realizing the 
present invention. In FIG. 3, the reception antenna 7, a 
reception high-frequency unit 21, a reception signal pro 
cessing unit 22 and a positioning computation unit 26 
function in the same way as those of the units mounted on 
the well-known GPS receiver. 

0093. The reception antenna 7 receives a radio wave from 
the satellite 1 configuring GPS, that is, the GPS signal 10. 
The reception antenna 7 is mounted in the position where the 
radio wave from the satellite 1 comes preferably. For 
example, the reception antenna 7 is mounted Sufficiently far 
from the transmission antenna 8. Otherwise, an electromag 
netic wave shield should be mounted between the reception 
antenna 7 and the transmission antenna 8 or the like to 
prevent the reception antenna 7 from receiving the position 
ing signal 11 that is transmitted from the transmission 
antenna 8. 

0094. The reception high-frequency unit 21 amplifies the 
GPS signal 10 that is received by the reception antenna 7 up 
to a predetermined signal level and at the same time it 
analogue-digital converts the amplified signal. 
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0095 The reception signal processing unit 22 calculates 
a pseudo range 23 from each satellite 1 on the basis of the 
GPS signal 10 that is converted into digital data and at the 
same time it takes out a navigation message 24 from the GPS 
signal 10 to be Supplied to the positioning computation unit 
26. Furthermore, in order to offer the high positioning 
accuracy, it is possible to obtain a carrier wave phase 25 and 
Supply the obtained phase to the positioning computation 
unit 26. 

0096. The following is the explanation of the pseudo 
range 23. 

0097. The pseudo range 23 is a pseudo range between the 
satellite 1 and the positioning signal transmission apparatus 
2 (reception antenna 7) and this range can be calculated by 
an equation Such as (pseudo propagation delay time)x(light 
Velocity). Here, this pseudo propagation delay time includes 
a difference between the time indicated by a clock possessed 
by the satellite 1 and the time indicted by a clock possessed 
by the signal processing unit 22. Accordingly, the pseudo 
range 23 is an algebraic Sum of the real distance from the 
satellite 1 to the positioning signal transmission apparatus 2 
and the distance error based on the clock error. 

0098. In the case of the two-dimensional positioning for 
positioning only a position on the Surface of earth without 
positioning a position in a height direction, the real distance 
is obtained from a total of three unknowns of this clock error 
and two-dimensional coordinate so that at least three pseudo 
ranges 23 from satellites 1 are required. 
0099 Thus, at least three pseudo rages are required in the 
case of two-dimensional positioning and accordingly at least 
three reception signal processing units 22 are also required. 
Furthermore, in a usual GPS receiver, eight or eighteen 
reception signal processing units 22 are sometimes mounted 
by reason of enabling the three-dimensional positioning for 
positioning the position in a height direction, by reason of 
enhancing the positioning accuracy by obtaining the 
unknowns using a least-square method on the basis of the 
pseudo ranges 23 from many satellites 1, or the like. 
0.100 The positioning computation unit 26 calculates a 
positioned position 27 etc. of the positioning signal trans 
mission apparatus 2 (reception antenna 7) on the basis of at 
least three pseudo ranges 23, the navigation message 24 and 
the carrier wave phase 25 that are supplied from the recep 
tion signal processing unit 22. Then, the unit 26 Supplies the 
calculated positioned position 27 etc. to a transmission 
control unit 30 and at the same time it Supplies the naviga 
tion message 24 to a signal generation unit 28 and the 
transmission control unit 30. 

0101 The signal generation unit 28 selects the satellite 1 
that exists in the sky at that point in reference to the 
navigation message 24 and generates the pseudo random 
noise code 29 (C/A cord: Clear and Acquisition Code or 
Coarse and Access Code) regarding the selected satellite 1, 
thereby transmitting the generated code to the transmission 
control unit 30. In order to enable the two-dimensional 
positioning using the positioning apparatus 3, the signal 
generation unit 28 selects at least three satellites that exist in 
the sky at that point and generates the pseudo random noise 
code 29 for each of the selected satellites 1. Consequently, 
at least three kinds of pseudo random noise codes 29 are 
generated. 
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0102) The pseudo random noise code 29 is a cord that is 
individually assigned to each of the satellites 1 configuring 
GPS and this code is used for the GPS receiver to specify 
from which satellite the received signal is transmitted. 
Namely, the signal generation unit 28 generates the pseudo 
random noise code 29that is the same as the code of the GPS 
signal 10 transmitted from the satellite 1. 
0103) The transmission control unit 30 calculates the 
distance to each satellite 1 that is selected by the signal 
generation unit 28 according to the positioned position 27 
and the orbit information about the satellite 1 that is shown 
in the navigation message 24. Furthermore, the unit 30 
calculates a time (propagation time) required when a radio 
wave propagates each calculated distance. Then, the unit 
calculates the difference among the calculated propagation 
times with regard to the respective satellites 1 and assigns 
the propagation time differences to the codes by individually 
delaying the respective pseudo random noise codes 29. 
thereby Supplying the assigned codes to a transmission 
high-frequency unit 31. In order to delay the pseudo random 
noise code 29, the generated pseudo random noise code 29 
is stored once in a semiconductor memory and the generated 
pseudo random noise code 29 is read out from the memory 
at a timing based on the above-mentioned time difference. 
0104 Furthermore, the signal generation unit 30 includes 
the navigation message 24 that is obtained from the satellite 
1 in the pseudo random noise code 29 that is generated to 
belong to the satellite 1. Then, the thus-processed pseudo 
random noise code 29 is Supplied to the transmission control 
unit 30. As a method of including the navigation message 24 
in the pseudo random noise code 29, a method that is 
publicly-known in the field of the GPS can be used as it is. 
0105 The transmission high-frequency unit 31 PSK 
modulates (Phase Shift Keying) using the pseudo random 
noise code 29 the carrier wave having a frequency same as 
that used in a GPS satellite in accordance with the publicly 
known diffuse spectrum communication system that is used 
in a GPS satellite. Then, the unit 31 amplifies the obtained 
modulation signal up to a specified signal level so as to 
obtain the positioning signal 11. Then, the obtained posi 
tioning signal 11 is Supplied to the transmission antenna 8 to 
be transmitted. In this way, the positioning signal 11 is 
identical to the GPS signal 10 in the form of a signal such 
as a carrier wave frequency, a radio wave form, a modulation 
form, an information storage form, etc. Therefore, if the 
positioning apparatus 3 can implement the positioning on 
the basis of the GPS signal 10, this apparatus can also 
implement the positioning based on the positioning signal 
11. 

0106 Furthermore, at least three kinds of the pseudo 
random noise codes 29 are generated as mentioned above. 
Therefore, at least three transmission high-frequency units 
31 are mounted to correspond one-to-one with the codes. 
Then, the generated three kinds of pseudo random noise 
codes 29 are Supplied to the respective transmission high 
frequency units 31 for each kind and the positioning signal 
11 is transmitted in accordance with the time difference that 
is assigned to the pseudo random noise code 29 using the 
transmission control unit 30. 

0107 Furthermore, it is assumed in FIG.3 that the signal 
generation unit 28 generates three kinds of the pseudo 
random noise codes 29 and consequently three kinds of the 
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transmission high-frequency units 31 are also mounted. 
Here, in the case where the three-dimensional positioning is 
implemented by the positioning apparatus 3, the signal 
generation unit 28 generates four kinds of the pseudo 
random noise codes 29 and four kinds of the transmission 
high-frequency units 31 are also mounted. 
0.108 For the transmission antenna 8, an antenna that has 
the directivity, for example, an array antenna, etc. is used 
and the attainment range 9 of the positioning signal 11 is 
restricted as occasion demands. Furthermore, the above 
mentioned action is taken to prevent the positioning signal 
11 that is transmitted from the transmission antenna 8 from 
being received by the reception antenna 7. 
0.109 The following is further explanation of a delay 
processing of the pseudo random noise code 29 by the signal 
generation unit 30. 
0110 FIG. 4 shows one example of the relation between 
the arrangement of satellites in the sky and the reception 
situation of GPS signals. 
0111. In the example of FIG. 4, it is assumed that the 
positioning signal transmission apparatus 2 mounted outside 
the vehicle 5 recognizes that eight satellites from SV1 to 
SV8 exist in the sky at present based on the contents of the 
navigation message included in the previously-received 
GPS signal 10. It is further assumed that the GPS signals 10 
from the respective satellites from SV2 to SV6 each having 
the comparatively high angle of elevation among the satel 
lites can be actually received at a sufficient signal level. On 
the other hand, the respective signal levels regarding the 
GPS signals 10 from the respective satellites such as SV1, 
SV7 and SV8 each having the comparatively low angle of 
elevation are not sufficient so that these signals cannot be 
used for the position-positioning. Furthermore, it is assumed 
that the positioning signal transmission apparatus 2 has at 
least five reception signal processing units 22. 
0112 Here, FIG. 5 is explained. FIG. 5 shows the 
acquisition timings of the pseudo random noise codes that 
are obtained from the GPS signals 10 of the respective 
satellites, which are received using the positioning signal 
transmission apparatus 2 in FIG. 4. 
0113. In the following explanation, for the simplification 
of the explanation, it is assumed that the correction rate of 
a clock possessed by each satellite included in a navigation 
message is already reflected and the times of clocks of the 
respective satellites are in Synchronization with a standard 
time. In addition, the pseudo random noise codes are repeat 
edly received in cycles of 1 ms but here FIG. 5 shows the 
reception timings of the pseudo random noise code that 
assigns the realistic positioning Solution in the neighborhood 
of the surface of earth. 

0114. In FIG. 4, it is assumed that the time of the clock 
possessed by the positioning signal transmission apparatus 2 
is delayed by only Te regarding the standard time of a 
satellite. Accordingly, the propagation delay time of the 
pseudo random noise code transmitted from, for example, 
the satellite SV2 is observed by the positioning signal 
transmission apparatus 2 as the total time (Te+T2) that is 
obtained by adding a delay time Te from the standard time 
and a real propagation delay time T2 of the GPS signal from 
the satellite SV2. This total time becomes the above-men 
tioned pseudo delay time regarding the satellite SV2. Same 
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applies to the propagation delay time of the GPS signal with 
regard to each of other satellite SV3 to SV6. 

0115. As mentioned before, in the case of the two 
dimensional positioning of only a position on the Surface of 
earth, a total of three unknowns such as an error Te and a 
two-dimensional coordinate of this clock (for example, the 
coordinate (X,Y)) should be obtained. In order to obtain the 
unknowns, the simultaneous equation including three equa 
tions using the coordinate of at least three satellites and the 
attainment time of the GPS signals 10 from these satellites 
should be solved. Here, the positioning computation unit 26 
calculates the pseudo range 23 of each of a total of five 
satellites from SV2 to SV6 that receive GPS signals at the 
reception signal level greater than the standard value. Then, 
the unit solves five equations obtained using the thus 
obtained pseudo ranges 23 and the coordinate value that 
shows the position of each satellite and is obtained from the 
navigation message, according to a least-square method. 
Consequently, the unit 26 enhances the accuracy of the 
calculation results of the unknowns. 

0116. Then, FIG. 6 is explained. FIG. 6 shows the 
transmission timings of the pseudo random noise codes 
transmitted by the positioning signal transmission apparatus 
2 in FIG. 4. 

0117 First of all, from among the satellites that transmit 
the received GPS signals 10, the signal generation unit 28 
selects three satellites each having a preferable geometrical 
arrangement relation between the unit and the positioning 
signal transmission apparatus 2, for example, satellites hav 
ing significantly different directions from the positioning 
signal transmission apparatus 2 on the basis of the naviga 
tion message 24. Then, the unit 28 generates the pseudo 
random noise codes 29 with regard to the selected satellites 
and Supplies the generated codes to the transmission control 
unit 30. 

0118. The transmission control unit 30 calculates the 
distance to each satellite that is selected using the signal 
generation unit 28 according to the positioned position 27 
and the orbit information about the satellite that is shown in 
the navigation message 24. Furthermore, the unit calculates 
a time (propagation time) required when a radio wave 
propagates each calculated distance. Then, the unit 30 cal 
culates a difference among the calculated propagation times 
with regard to the respective satellites and assigns the time 
difference to each of the codes by delaying the respective 
pseudo random noise codes 29 that are supplied from the 
signal generation unit 28. Then, the unit 30 supplies the 
assigned code to the transmission high-frequency unit 31. 
Lastly, the unit 31 transmits the code as the positioning 
signal 11. 

0119). In FIG. 4, it is assumed that the signal generation 
unit 28 selects the satellites SV2, SV3 and SV6 at this time. 
The transmission timing (Supply timing from the signal 
generation unit 28 to the transmission high-frequency unit 
31) of the pseudo random noise code 29 with regard to the 
satellite SV2 in this case is explained in reference to FIG. 
6. 

0120) The transmission timing of the pseudo random 
noise code 29 with regard to the satellite SV2 in this case is 
the algebraic Sum of the above-mentioned propagation delay 
time Te--T2 with regard to the satellite SV2 that is observed 
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by the positioning signal transmission apparatus 2, a cor 
rection value AT2 for improving the accuracy of T2 that is 
obtained by the calculation by the positioning computation 
unit 26 using a least-square method and a correction value 
ATh2 reflecting the difference between the positioning sig 
nal transmission apparatus 2 and the positioning apparatus 3 
regarding the position in a height direction. Here, ATh2 is set 
according to the altitude difference between the altitude of a 
place where the reception antenna 7 of the positioning 
position transmission apparatus 2 is mounted and that of the 
positioning apparatus 3. In the case where this difference is 
Small enough to be ignored, this correction value need not be 
Set. 

0121 The time difference assigned to the pseudo random 
noise code 29 that is generated by the signal generation unit 
28 is corrected using the correction value such as AT2 or 
ATh2. Therefore, the position-positioning with a high accu 
racy becomes possible using the positioning apparatus 3 in 
comparison with a relay apparatus (for example, the appa 
ratus that is disclosed in the above-mentioned document 3) 
for simply re-transmitting the received GPS signal 10 to a 
GPS signal non-receipt area. 
0.122 The transmission timing of the pseudo random 
noise codes 29 of other satellites SV3 and SV6 are set like 
the timing of the satellite SV2. Then, the transmission 
control unit 30 assigns the time differences to the codes by 
delaying the respective pseudo random noise codes 29 so as 
to reflect these transmission timing. Then, the unit 30 
Supplies the assigned codes to the high-frequency unit 31. 
Consequently, the unit 30 directs the unit 31 to transmit the 
assigned codes as the positioning signals 11. 
0123. In this way, the positioning apparatus 3 can imple 
ment the position-positioning with high accuracy even if it 
is located in the vehicle 5 that is the non-receipt area of the 
GPS signal 10 in FIG. 4. 
0.124. The following is the variant example of the present 
invention. 

0.125 First of all, FIG. 7 is explained. FIG. 7 shows the 
transmission timings of the pseudo random noise code that 
is transmitted by the positioning signal transmission appa 
ratus 2 in the case of FIG. 4 like FIG. 6. 

0.126 In this variant example, the signal generation unit 
28 further selects a satellite from which the GPS signal 10 
is not actually received although the navigation message 24 
shows a fact such that the satellite exists in the sky at that 
point, and the unit 28 further generates the pseudo random 
noise code 29 with regard to the selected satellite. 
0127. The ones matching with the above-mentioned con 
dition in the case of FIG. 4 are satellites SV1, SV7 and SV8 
each having the low angle of elevation which is seen from 
the positioning signal transmission apparatus 2. The signal 
generation unit 28 further selects these satellites and gener 
ates the pseudo random noise codes 29 that are the same as 
those used by the selected satellites. 
0128. The transmission control unit 30 calculates the 
distance to the positioning signal transmission apparatus 2 
from each of the satellites SV1, SV7 and SV8 based on the 
positioned position 27 and the present position of each of the 
satellites SV1, SV7 and SV8, which is obtained from the 
navigation message 24. Then, the unit 30 divides the cal 
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culated distance by the velocity of light, thereby calculating 
the propagation time required in the case where the GPS 
signal 10 propagates the distance from each of the satellites 
SV1, SV7 and SV8 to the positioning signal transmission 
apparatus 2. After this, the unit 30 sets the transmission 
timing (Supply timing from the signal generation unit 28 to 
the transmission high-frequency unit 31) of the pseudo 
random noise code 29 of each of the satellites SV1, SV7 and 
SV8 on the basis of this calculation result. 

0129. For example, in FIG. 7, the transmission timing 
T1' of the pseudo random noise code 29 with regard to the 
satellite SV1 is the algebraic sum of a propagation time T1 
required in the case where the GPS signal 10 propagates the 
distance from the satellite SV1 to the positioning signal 
transmission apparatus 2, the above-mentioned difference Te 
from the standard time calculated using the positioning 
computation unit 26 and the correction value ATh1 reflect 
ing the position difference in height between the positioning 
signal transmission apparatus 2 and the positioning appara 
tus 3. Here, ATh1 need not be set in the case where the 
altitude difference between the place of mounting the recep 
tion antenna 7 of the positioning signal transmission appa 
ratus 2 and that of the positioning apparatus 3 is Small 
enough to be ignored. 
0130. Furthermore, the transmission timing T7 and T8 
of the respective pseudo random noise codes 29 of other 
satellites SV7 and SV8 are also set in the same way as in the 
satellite SV1. Then, the transmission control unit 30 assigns 
the timing difference to the code in such a way that a 
difference time between the transmission timing can be 
reflected by individually delaying each pseudo random noise 
code 29. 

0131 Then, the unit 30 supplies this assigned code to the 
transmission high-frequency unit 31 to be transmitted as the 
positioning signal 11. 
0.132. In this way, the positioning signal transmission 
apparatus 2 also transmits the pseudo random noise code 29 
with regard to the satellite that cannot receive the GPS signal 
10. Meanwhile, by being configured as shown in FIG. 8, the 
positioning apparatus 3 can specify whether a signal that is 
the foundation of the position-positioning is received 
directly from a satellite or received from the positioning 
signal transmission apparatus 2. 
0133. In the configuration example of the positioning 
apparatus 3 shown in FIG. 8, the reception antenna 7, the 
reception high-frequency unit 21, the reception signal pro 
cessing unit 22 and the positioning computation unit 26 
function in the same way as those provided in the position 
ing signal transmission apparatus 2, that is, those provided 
in the publicly-known GPS receiver. The reception signal 
processing unit 22 Supplies the information (reception sat 
ellite information 41) that shows to which satellite the 
pseudo range 23 Supplied to the positioning computation 
unit 26 belong, is Supplied to a determination processing unit 
42. 

0134) The positioning apparatus 3 searches for the signal 
that can be received on the basis of the navigation message 
24 So that the apparatus can easily acquire the positioning 
signal 11 with regard to the satellite that exists in the sky at 
the point, which is shown in the navigation message 24. 
0135 When the determination processing unit 42 
receives the positioned position 27 and the navigation mes 
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sage 24 that are Supplied from the positioning computation 
unit 26, the unit 42 determines whether or not there is a 
satellite that calculates the pseudo range 23 and obtains the 
reception level greater than a predetermined level although 
it is shown in the navigation message 24 that the satellite 
originally exists in the present position of the positioning 
apparatus 3 where the signal level becomes low, from among 
satellites shown in reception satellite information 41 that is 
Supplied from the reception high-frequency unit 21 and 
include both the number of the satellite that receives signals 
and the levels of the signals. Here, if such a satellite exists, 
it is assumed that the positioning apparatus 3 receives the 
signal set as the foundation of the position-positioning not 
from the satellite but from the positioning signal transmis 
sion apparatus 2 (in other words, the position-positioning is 
implemented on the basis of the positioning signal 11). On 
the other hand, in the case where such a satellite does not 
exist, the positioning apparatus 3 receives the signal set as 
the foundation of the position-positioning directly from the 
satellite (in other words, the position-positioning is imple 
mented on the basis of GPS signal 10). 
0.136 A determination report unit 43 receives the deter 
mination result using a determination processing unit 42 and 
outputs this result in a form of character display and diagram 
display, by Sound, etc., thereby notifying this report to the 
person 4 that carries the positioning apparatus 3. Further 
more, this unit notifies the result as data to another appara 
tus. In a center notified a fact by radio transmission, for 
example, a fact that the data include the positioning result 
from the positioning apparatus 3 and the signal received 
from the positioning signal transmission apparatus 2, it is 
understood that the positioning result measured by the 
positioning apparatus 3 is positioned using the positioning 
signal transmitted by the positioning signal transmission 
apparatus 2 using the positioning signal transmitted when 
displaying the position of the positioning apparatus 3 on the 
map of a screen used by an operator of the center. 
0.137 As mentioned above, the positioning signal trans 
mission apparatus 2 is configured to transmit the pseudo 
random noise code 29 with regard to the satellite that cannot 
receive the GPS signal 10 and the positioning apparatus 3 is 
configured like the one shown in FIG. 8. Consequently, the 
person 4 can recognize whether the signal set as the foun 
dation of the position-positioning is received directly from a 
satellite or from the positioning signal transmission appa 
ratus 2. 

0.138. The following is the explanation of another variant 
example of the poisoning signal transmission apparatus 2 
shown in FIG. 3. 

0.139. As shown in FIG. 9, a mobile body approach 
detection unit 51 is added to the positioning signal trans 
mission apparatus 2 and the detection output is Supplied to 
the transmission control unit 30. 

0140. The mobile body approach detection unit 51 is 
configured using a sensor, for example, an infrared rays 
sensor, a photoelectric sensor, etc. This unit 51 detects a fact 
that a mobile body moves in the attainment range 9 of the 
positioning signal 11 that is transmitted from the transmis 
sion antenna 8 and then it supplies the detection result to the 
transmission control unit 30. The transmission control unit 
30 controls the transmission high-frequency unit 31 based 
on this detection result in such a way that the unit 31 
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transmits the positioning signal 11 from the transmission 
antenna 8 only while the mobile body is moving in the 
attainment range 9 of the positioning signal 11 or only in a 
predetermined time period since the approach of the mobile 
body in the attainment range 9 is detected. 
0141. In this way, by providing the mobile body approach 
detection unit 51 with the positioning signal transmission 
apparatus 2, the transmission of the positioning signal 11 
does not constantly continue so that the low consumption 
electric power of the positioning signal transmission appa 
ratus 2 can be realized. At the same time, the interference 
among the positioning signals 11 can be prevented in the 
case where a plurality of positioning signal transmission 
apparatuses 2 are adjacently mounted in the building 6 as 
shown in FIG. 2. 

0142. The following is the explanation of a mounting 
example of separately mounting the constituent elements of 
the positioning signal transmission apparatus 2 shown in 
FG, 3. 

0143. In the mounting example shown in 10, among the 
constituent elements of the positioning signal transmission 
apparatus 2 shown in FIG. 3, the reception antenna 7, the 
reception high-frequency unit 21, the reception signal pro 
cessing unit 22 and the positioning computation unit 26 are 
set as a reception positioning block 61 to be packed in one 
case and then this case is mounted on the roof of the building 
6 or the like. On the other hand, the signal generation unit 
28, the transmission control unit 30, the transmission high 
frequency unit 31 and the transmission antenna 8 are set as 
a transmission block 62 to be packed in one case. This case 
is separately mounted on the ceiling, etc. inside the building 
6 that is far from the reception positioning block 61. Then, 
the reception positioning block 61 and the transmission 
block 62 are connected via a signal cable 63 and a signal that 
shows the positioned position 27 and the navigation message 
24 is supplied from the reception positioning block 61 to the 
transmission block 62. Here, since the position of the 
reception antenna 7 becomes identical to the positioned 
position of the positioning apparatus 3 at the two-dimen 
sional positioning, the transmission block 62 is mounted 
directly below the reception positioning block 61 by elon 
gating the signal cable 63 and then the directivity of the 
transmission antenna 8 is turned in the direction right under 
the transmission block 62. According to this configuration, 
an opening for penetrating the positioning signal transmis 
sion apparatus 2 need not be made in the ceiling of the 
building 6. 

0144. Instead of using the signal cable 63 for supplying 
a signal that shows the positioned position 27 and the 
navigation message 24, from the reception positioning block 
61 to the transmission block 62 that are separately mounted, 
a radio transmission path can be used. 
0145 Namely, a radio transmission apparatus 64 is con 
nected to the reception positioning block 61 and at the same 
time, a radio reception apparatus 65 is connected to the 
transmission block 62, as shown in FIG. 11. Then, the 
navigation message 24 that is outputted from the reception 
positioning block 61 and a signal that shows the positioned 
position 27 are inputted into the radio transmission appara 
tus 64 and the electromagnetic wave that is modulated by the 
signal is transmitted. This electromagnetic wave that is 
transmitted via a radio transmission path is received using 
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the radio reception apparatus 65 and this wave is demodu 
lated into the original signal. Then, a signal that shows the 
demodulated positioned position 27 and the navigation 
message 24 are Supplied to the transmission block 62. Thus, 
an opening for penetrating the positioning signal transmis 
sion apparatus 2 need not be made in the ceiling of the 
building 6. 
0146 Meanwhile, it is preferable that the frequency of 
the electromagnetic wave that is transmitted from the radio 
transmission apparatus 64 and that is received at the radio 
reception apparatus 65 is significantly different from those 
of the GPS signal 10 and positioning signal 11. In this way, 
the influence of this electromagnetic wave on the position 
positioning performed by the positioning apparatus 3 can be 
reduced. In addition, the attenuation of an electromagnetic 
wave can be reduce by the electromagnetic wave shield that 
is mounted to prevent the positioning signal 11 that is 
transmitted from the transmission antenna 8 from being 
received by the reception antenna 7. 
0147 When the reception antenna 7 is mounted far from 
the transmission antenna 8 like the above-mentioned 
example, it is preferable to adjust the transmission timing of 
the pseudo range code 29 in consideration of this position 
difference. In this way, the deterioration of the accuracy of 
the position-positioning using the positioning apparatus 3. 
which is caused by separately mounting the reception 
antenna 7 and the transmission antenna 8 can be reduced. 

0148. The present invention is not limited to the above 
mentioned preferred embodiments and the various improve 
ments/changes may be made without departing from the 
Scope of the main purpose of the present invention. 
0.149 For example, according to the configuration of the 
positioning signal transmission apparatus 2 as shown in 
FIG. 3, the transmission control unit 30 assigns a specified 
time difference to each of pseudo random noise codes 29 
Supplied from the signal generation unit 28. Then, the unit 
30 Supplies the assigned codes to the separate transmission 
high-frequency units 31 to be transmitted from the separate 
transmission antennas 8. Instead, the pseudo random noise 
codes 29 each of which is assigned a specified time differ 
ence are combined into one signal using the transmission 
control unit 30. After this, the combined signal is supplied to 
the transmission high-frequency unit 31 to be transmitted 
from the transmission antenna 8. In this way, the number of 
the transmission high-frequency units 31 and the transmis 
sion antennas 8 that are mounted on the positioning signal 
transmission apparatus 2 can be reduced. 

1. An apparatus for transmitting a positioning signal, 
comprising: 

a reception unit for receiving a GPS signal transmitted 
from a satellite configuring a global positioning system 
(GPS); 

a signal generation unit for generating a plurality of 
positioning signals that are used for the positioning 
operation by a positioning apparatus for implementing 
a positioning operation based on the GPS signal and 
that are in a same form as that of the GPS signal; 

a transmission unit for transmitting the positioning sig 
nals; and 
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a transmission control unit for controlling the transmis 
sion unit in Such a way that assigns a time difference 
based on the GPS signal received by the reception unit 
to each positioning signal and transmits the assigned 
positioning signals. 

2. The apparatus according to claim 1, wherein the signal 
generation unit generates at least three kinds of the posi 
tioning signals showing that transmission Sources are dif 
ferent to each other. 

3. The apparatus according to claim 1, wherein the signal 
generation unit generates the positioning signal based on a 
navigation message shown in the GPS signal received by the 
reception unit. 

4. The apparatus according to claim 3, wherein the 
transmission control unit implements the control based on 
the navigation message shown in the GPS signal. 

5. The apparatus according to claim 2, wherein the signal 
generation unit generates the positioning signal using 
pseudo random noise codes having different patterns. 

6. The apparatus according to claim 1, wherein the 
transmission unit transmits the positioning signal including 
the navigation message shown in the GPS signal received by 
the reception unit. 

7. The apparatus according to claim 1, wherein the 
reception unit is mounted in a position where the GPS signal 
preferably arrives in comparison with the positioning appa 
ratuS. 

8. The apparatus according to claim 1, wherein the 
transmission unit directs a transmission direction of the 
positioning signal to have a directivity. 

9. The apparatus according to claim 3, wherein the signal 
generation unit generates the positioning signal in a same 
form as a form of the GPS signal transmitted by the satellite 
that is present in the sky when the positioning signal is 
generated, which is shown by the navigation message. 

10. The apparatus according to claim 1, wherein the 
transmission control unit implements the control So as to 
assign to each positioning signal a time difference according 
to a propagation time of the GPS signal from the satellite to 
the reception unit, thereby transmitting the assigned posi 
tioning signal. 

11. The apparatus according to claim 10, wherein the 
transmission control unit calculates a propagation time of 
the GPS signal based on both a position of the satellite 
shown in a navigation message of the GPS signal and a 
position of the reception unit positioned based on the GPS 
signal. 

12. The apparatus according to claim 10, wherein the 
transmission control unit calculates a propagation time of 
the GPS signal based on an altitude difference between a 
position of the reception unit and a position of a positioning 
apparatus for receiving a positioning signal transmitted by 
the transmission unit. 

13. The apparatus according to claim 1, further compris 
ing a detection unit for detecting an approach of a mobile 
body in a predetermined area, wherein 

the transmission control unit controls the transmission 
unit in Such a way that transmits the positioning signal 
according to a detection of the approach. 

14. The apparatus according to claim 1, wherein: 

the reception unit and the transmission unit are separately 
mounted; and 
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transmission of a signal from the reception unit to the 
transmission unit is implemented through a signal 
cable. 

15. The apparatus according to claim 1, wherein: 

the reception unit and the transmission unit are separately 
mounted; and 

transmission of a signal from the reception unit 
16. The apparatus according to claim 3, wherein the signal 

transmission unit generates the positioning signal in a same 
form as a form of a GPS signal transmitted by the satellite 
that is present in the sky at a time of generation of the 
positioning signal, which is shown in the navigation mes 
sage, and that cannot be used for a positioning operation in 
a position of the reception unit when generating the posi 
tioning signal. 

17. The apparatus according to claim 1, wherein: 
the transmission unit includes a transmission antenna for 

transmitting the positioning signal; 

the reception unit includes a reception antenna for receiv 
ing the GPS signal; 

the transmission antenna and the reception antenna are 
separately mounted; and 

the transmission control unit implements the control 
based on a difference between a position where the 
transmission antenna is mounted and a position where 
the reception antenna is mounted. 

18. A method of transmitting a positioning signal, com 
prising: 

generating a plurality of positioning signals that are used 
for a positioning operation by a positioning apparatus 
for implementing a positioning operation based on a 
GPS signal transmitted from a satellite configuring a 
global positioning system (GPS) and that are in a same 
form as a form of the GPS signal; and 

assigning a time difference based on the received GPS 
signal to each positioning signal, thereby transmitting 
the assigned positioning signals. 

19. The positioning apparatus used in a positioning sys 
tem including a positioning apparatus for implementing a 
positioning operation based on a GPS signal transmitted 
from a satellite configuring a global positioning system 
(GPS) and a positioning signal transmission apparatus for 
transmitting a positioning signal that is used for the posi 
tioning operation by the positioning apparatus and that is in 
a same form as a form of the GPS signal, wherein 

the positioning signal transmission apparatus comprises: 

a reception unit for receiving the GPS signal; 

plurality of the positioning signals; 

a transmission unit for transmitting the generated posi 
tioning signals by the signal generation unit; and 

a transmission control unit controlling the transmission 
unit in Such a way that assigns a time difference 
based on a GPS signal received by the reception unit 
to each positioning signal and transmits the assigned 
positioning signals, 
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the transmission unit transmits the positioning signal 
including a navigation message shown in the GPS 
signal received by the reception unit, and 

the positioning apparatus comprises: 
a signal reception unit for receiving a signal used for the 

positioning operation; 

a determination unit for determining, based on the navi 
gation message included in the signal, whether or not a 
signal received by the signal reception unit is transmit 
ted by the positioning signal transmission apparatus; 
and 

a notification unit for notifying the determination results. 
20. The positioning apparatus according to claim 19, 

wherein 

the signal generation unit generates the positioning signal 
in a same form as a form of the positioning signal 
transmitted by the satellite that is not present in the sky, 
which is shown in the navigation message; and 

in the case where the signal reception unit receives the 
positioning signal in a same form as a form of the 
positioning transmitted by the satellite that is not 
present in the sky, which is shown in the navigation 
message, the determination unit determines that the 
positioning signal is transmitted by the positioning 
signal transmission apparatus. 

21. An apparatus for transmitting a positioning signal, 
comprising: 

reception means for receiving a GPS signal transmitted 
from a satellite configuring a global positioning system 
(GPS); 

signal generation means for generating a plurality of 
positioning signals that are used for the positioning 
operation by a positioning apparatus for implementing 
a positioning operation based on the GPS signal and 
that are in a same form as that of the GPS signal; 

transmission means for transmitting the positioning sig 
nals; and 

transmission control means for controlling the transmis 
sion means in Such a way that assigns a time difference 
based on the GPS signal received by the reception 
means to each positioning signal and transmits the 
assigned positioning signals. 

22. The positioning apparatus used in a positioning sys 
tem including a positioning apparatus for implementing a 
positioning operation based on a GPS signal transmitted 
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from a satellite configuring a global positioning system 
(GPS) and a positioning signal transmission apparatus for 
transmitting a positioning signal that is used for the posi 
tioning operation by the positioning apparatus and that is in 
a same form as a form of the GPS signal, wherein 

the positioning signal transmission apparatus comprises: 
reception means for receiving the GPS signal; 
signal generation means for generating a plurality of 

positioning signals; 
transmission means for transmitting the generated posi 

tioning signals by the signal generation means; and 
transmission control means for controlling the trans 

mission means in Such a way that assigns a time 
difference based on a GPS signal received by the 
reception means to each positioning signal and trans 
mits the assigned positioning signals, 

the transmission means transmits the positioning signal 
including a navigation message shown in the GPS 
signal received by the reception means, and 

the positioning apparatus comprises: 
signal reception means for receiving a signal used for 

the positioning operation; 
determination means for determining, based on the 

navigation message included in the signal, whether 
or not a signal received by the signal reception 
means is transmitted by the positioning signal trans 
mission apparatus; and 

notification means for notifying the determination 
results. 

23. An apparatus for transmitting a positioning signal, 
wherein the apparatus includes a code? signal processor to 
process code and signals, the code? signal processor com 
prising: 

a signal generator to generate a plurality of positioning 
signals used to implement a positioning operation 
based on a received global positioning system (GPS) 
signal transmitted from a GPS satellite and, wherein the 
positioning signals are in a same form as a form of the 
GPS signal; and 

an assignment generator to assign a time difference based 
on the received GPS signal to each positioning signal to 
provide assigned positioning signals. 
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