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GLOBAL POSITIONING METHOD, TERMINAL, 
AND SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a Global Position 
ing System and a Global Positioning method for precisely 
determining a location by receiving GPS signals from sat 
ellites. 

[0003] 2. Description of Related Art 

[0004] Many satellites orbit the earth, and continuously 
transmit radio Waves at a carrier frequency of 1575.42 GHZ. 
The radio Waves are phase modulated by pseudo-random 
sequences, and a unique pattern is assigned to each satellite 
so that the different radio Waves can be easily identi?ed. As 
a typical pseudo-random sequence, is knoWn a regularly 
modulated code pattern called a C/A code (clear and acqui 
sition code) available to the public. Furthermore, the radio 
Waves carry navigation data necessary for users to perform 
positioning, such as satellite orbit information, satellite 
correction data, correction coef?cients of the ionosphere, 
etc. The navigation data are transmitted by means of polarity 
inversions in the C/A code sequence. 

[0005] FIG. 13 is a diagram shoWing the C/A code 
sequence. As shoWn in FIG. 13, the C/A code sequence is 
a regularly arranged code sequence With its data bit con 
sisting of 20 PN frames, each of Which consists of 1023 bits 
of one millisecond long. Thus, the navigation data is a 50 
BPS signal consisting of 1000 PN frames per second. The 
polarity of the C/A code sequence is reversed in accordance 
With the polarity of the bits of the navigation data. 

[0006] FIG. 14 is a block diagram shoWing a con?gura 
tion of a conventional Global Positioning System disclosed 
in US. Pat. No. 5,663,734. In this ?gure, the reference 
numeral 101 designates a base station having a GPS receiv 
ing antenna 102 and a transmitting and receiving antenna 
103. The reference numeral 104 designates a remote unit. 

[0007] The remote unit 104 comprises an RF (radio fre 
quency) to IF (intermediate frequency) converter 106 With a 
GPS receiving antenna 105; an A/D converter 107 for 
converting the analog signal from the converter 106 to a 
digital signal; a memory (digital snapshot memory) 108 for 
recording the output of the A/D converter 107; and a general 
purpose programmable digital signal processor 109 (called 
DSP from noW on) for processing the signal fed from the 
memory 108. 

[0008] The remote unit 104 further comprises a program 
EPROM 110 connected to the DSP 109, a frequency syn 
thesiZer 111, a poWer regulator 112, a Write address circuit 
113, a microprocessor 114, a RAM (memory) 115, an 
EEPROM 116, and a modem 118 Which has a transmitting 
and receiving antenna 117, and is connected to the micro 
processor 114. 

[0009] Next, the operation of the conventional GPS Will 
be described. 

[0010] The base station 101 commands the remote unit 
104 to perform measurement via a message transmitted over 
a data communication link 119. The base station 101 also 
sends Within this message Doppler information for the 
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satellites in vieW, Which is a form of satellite data informa 
tion. This Doppler information typically is in the format of 
frequency information, and the message Will specify an 
identi?cation of the particular satellites in vieW. This mes 
sage is received by the modem 118 in the remote unit 104, 
and is stored in the memory 108 connected to the micro 
processor 114. 

[0011] The microprocessor 114 handles data information 
transfer betWeen the modem 118 and the DSP 109 and Write 
address circuit 113, and controls the poWer management 
functions in the remote unit 104. 

[0012] Once the remote unit 104 receives a command 
(e.g., from the base station 101) for GPS processing together 
With the Doppler information, the microprocessor 114 acti 
vates the RF to IF converter 106, A/D converter 107 and 
memory 108 via the poWer regulator 112 and controlled 
poWer lines 120a 120d, thereby providing full poWer to 
these components. This causes the signal from the GPS 
satellite Which is received by the antenna 105 to be doWn 
converted to an IF frequency, folloWed by conversion to 
digital data. 

[0013] A contiguous set of such data, typically corre 
sponding to a duration of 100 milliseconds to one second (or 
even longer), is stored in the memory 108. 

[0014] Pseudo range calculation is eXecuted by the DSP 
109 that uses a fast Fourier transform (FFT) algorithm, 
Which permits very rapid computation of the pseudo ranges 
by performing quickly a large number of correlation opera 
tions betWeen a locally generated reference and the received 
signals. The fast Fourier transform-algorithm permits a 
simultaneous and parallel search of all positions, thus speed 
ing up the required computation process. 

[0015] Once the DSP 109 completes its computation of the 
pseudo ranges for each of the in vieW satellites, it transmits 
this information to the microprocessor 114 through an 
interconnect bus 122. 

[0016] Then, the microprocessor 114 utiliZes the modem 
118 to transmit the pseudo range data over the data link 119 
to the base station 101 for ?nal position computation. 

[0017] In addition to the pseudo data, a time lag may 
simultaneously be transmitted to the base station 101 that 
indicates the elapsed time from the initial data collection in 
the memory 108 to the time of transmission over the data 
link 119. This time lag improves the capability of the base 
station 101 to perform position calculation, since it alloWs 
the computation of the GPS satellite positions at the time of 
data collection. 

[0018] The modem 118 utiliZes a separate transmitting and 
receiving antenna 117 to transmit and receive messages over 
the data link 119. The modem 118 includes a communication 
receiver and a communication transmitter, Which are alter 
nately connected to the transmitting and receiving antenna 
117. Similarly, the base station 101 may use a separate 
antenna 103 to transmit and receive data link messages, thus 
alloWing continuous reception of GPS signals via the GPS 
receiving antenna 102 at the base station 101. 

[0019] It is eXpected that the position calculations in the 
DSP 109 Will require less than a feW seconds of time, 
depending upon the amount of the data stored the memory 
108 and the speed of the DSP 109 or several DSPs. 
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[0020] As described above, the memory 108 captures a 
record corresponding to a relatively long period of time. The 
ef?cient processing of this large block of data using fast 
convolution methods contributes to the ability to process 
signals at loW received levels such as When reception is poor 
due to partial blockage from buildings, trees etc. 

[0021] All pseudo ranges for visible GPS satellites are 
computed using the same buffered data. This provides 
improved performance relative to continuous tracking GPS 
receivers in situations such as urban blockage conditions in 
Which the signal amplitude is rapidly changing. 

[0022] The signal processing carried out by the DSP 109 
Will noW be described With reference to FIG. 13. The 
objective of the processing is to determine the timing of the 
received Waveform With respect to a locally generated 
Waveform. Furthermore, in order to achieve high sensitivity, 
a very long portion of such a Waveform, typically 100 
milliseconds to one second, is processed. 

[0023] The received GPS signal (C/A mode) is constructed 
from a high rate (1 MHZ) repetitive pseudo random (PN) 
pattern (PN frame) of 1023 symbols, and successive PN 
frames are added to one another. For example, there are 1000 
PN frames over a period of one second. The ?rst such frame 
is coherently added to the next frame, the result added to the 
third frame, folloWed by the additions as shoWn in FIGS. 
15(A)-15(E). The result is a signal having a duration of one 
PN frame (=1023 chips). The phase of this sequence is 
compared to a local reference sequence to determine the 
relative timing betWeen the tWo, thus establishing the 
pseudo range. 

[0024] With the foregoing con?guration, the conventional 
Global Positioning System carries out preprocessing opera 
tion Which precedes the correlation calculations, and Which 
is called “preliminary integration of the received GPS sig 
nal” to implement high sensitivity. In this process, the 
preliminary integration is carried out for 5-10 PN frames to 
avoid reduction in the integrals due to polarity inversions in 
the navigation data. 

[0025] The C/A code sequence in the GPS received signal 
can change its phases, that is, have polarity inversions at the 
transitions of the bits of the navigation. Therefore, the signal 
components (chips) may cancel out each other in the inte 
gration (cumulative summing) process because of the polar 
ity inversions at the bits of the navigation data in the C/A 
code sequence, hindering suf?cient improvement in the 
sensitivity (S/N ratio). 

[0026] In other Words, the conventional system does not 
detect the polarity inversions in the navigation data. 

[0027] This limits the theoretical number of data to be 
integrated, and hence presents a problem of providing only 
insuf?cient improvement in the sensitivity (S/N ratio). 

[0028] In addition, every time it determines its position 
(called “positioning” from noW on), the remote unit func 
tioning as a terminal collects Doppler information from the 
base station, calculates pseudo ranges to the visible satel 
lites, and determines its position by transmitting the distance 
information to the server. Thus, the positioning alWays 
requires communication With the server, offering a problem 
of entailing communication cost. 
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SUMMARY OF THE INVENTION 

[0029] The present invention is implemented to solve the 
foregoing problems. It is therefore an object of the present 
invention to provide a highly sensitive Global Positioning 
System and Global Positioning method that can reduce the 
communication cost by limiting communications With a 
server only to a case Where the receiving sensitivity is 
insufficient, and that can achieve stable reception inside 
buildings or in the blockage therefrom. 

[0030] According to a ?rst aspect of the present invention, 
there is provided a Global Positioning System including an 
external system that receives a GPS signal from a satellite 
and extracts navigation data and Doppler information from 
the GPS signal, and a GPS terminal that is connected to the 
external system through a communication medium and 
receives the GPS signal from the satellite, Wherein each bit 
of the navigation data consists of a plurality of PN frames 
each of Which consists of many chips arranged in a pre 
scribed pattern, the GPS terminal comprising: a frequency 
converter for converting a frequency of the GPS signal 
received by the GPS terminal; an A/D converter for con 
verting the GPS signal passing through the frequency con 
version into corresponding GPS data; a memory for storing 
the GPS data for a predetermined time interval; a Doppler 
correction section for performing Doppler correction of the 
stored GPS data using Doppler information one of the GPS 
terminal and the external system obtains; means for sequen 
tially dividing the GPS data subjected to the Doppler cor 
rection into a plurality of data blocks With a length of a 
navigation data bit in accordance With navigation data 
supplied from one of the GPS terminal and the external 
system; means for calculating in each of the data blocks a 
cumulative sum of chips at corresponding positions in 
individual PN frames in the data block; means for multi 
plying each cumulative sum by a corresponding navigation 
data bit, and for outputting a plurality of products; means for 
summing up the plurality of products at respective chip 
positions; and means for computing correlation betWeen a 
set of sums of the products and a PN code sequence 
generated in the GPS terminal, and for calculating a pseudo 
range betWeen the GPS terminal and the satellite from a 
correlation peak position at Which the correlation becomes 
maximum. 

[0031] Here, the Global Positioning System may further 
comprise means for shifting divisions of the data blocks if 
the correlation peak is less than a prescribed level, and for 
supplying neW data blocks to the means for calculating a 
cumulative sum. 

[0032] The means for shifting divisions of the data blocks 
may further shift the divisions to maximiZe the correlation, 
and the means for computing correlation may determine the 
pseudo range from the correlation peak position. 
[0033] The Global Positioning System may further com 
prise a received electric ?eld detector for detecting intensity 
of a received electric ?eld, Wherein the means for sequen 
tially dividing the GPS data may divide, When the received 
electric ?eld is greater than a predetermined level, the GPS 
data passing through the Doppler correction into the data 
blocks in accordance With the navigation data obtained from 
the GPS signal received by the GPS terminal, and may 
divide, When the received electric ?eld is less than the 
predetermined level, the GPS data in accordance With the 
navigation data supplied from the external system. 
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[0034] The Global Positioning System may further com 
prise a position determining section for determining a posi 
tion of the GPS terminal from the pseudo ranges and the 
navigation data Which is extracted from the GPS signal 
received by the GPS terminal When the received electric 
?eld is greater than a prescribed level, and Which is supplied 
from the external system When the received electric ?eld is 
less than the prescribed level. 

[0035] The GPS terminal may further comprise a position 
determining section for determining a position of the GPS 
terminal from the pseudo ranges obtained by the GPS 
terminal and the navigation data received by the external 
system. 

[0036] The means for shifting divisions of the data blocks 
may shift the divisions of the data blocks by a predetermined 
amount if the correlation peak value is less than a prescribed 
level to enable detection of the correlation peak position. 

[0037] The means for shifting divisions of the data blocks 
may shift the divisions of the data blocks roughly at a ?rst 
step, and then slightly at a second step to converge to the 
correlation peak value. 

[0038] The Doppler correction section may carry out the 
Doppler correction of the C/A code sequence in the GPS 
signal received by the GPS terminal using the Doppler 
information obtained from the navigation data supplied by 
one of the GUS terminal and the external system. 

[0039] The Doppler correction section may carry out the 
Doppler correction of the C/A code sequence by performing 
the Doppler correction on the GPS signal received by the 
GPS terminal. 

[0040] The received electric ?eld detector may change a 
correlation calculation interval in response to the electric 
?eld level detected. 

[0041] The received electric ?eld detector may change a 
summation interval in response to the electric ?eld level 
detected. 

[0042] According to a second aspect of the present inven 
tion, there is provided a GPS terminal connected through a 
communication medium to an external system that receives 
a GPS signal from a satellite and extracts navigation data 
and Doppler information from the GPS signal, Wherein the 
GPS terminal receives the GPS signal from the satellite, and 
each bit of the navigation data consists of a plurality of PN 
frames each of Which consists of many chips arranged in a 
prescribed pattern, the GPS terminal comprising: a fre 
quency converter for converting a frequency of the GPS 
signal received by the GPS terminal; an A/D converter for 
converting the GPS signal passing through the frequency 
conversion into corresponding GPS data; a memory for 
storing the GPS data for a predetermined time interval; a 
Doppler correction section for performing Doppler correc 
tion of the stored GPS data using Doppler information one 
of the GPS terminal and the external system obtains; means 
for sequentially dividing the GPS data subjected to the 
Doppler correction into a plurality of data blocks With a 
length of a navigation data bit in accordance With navigation 
data supplied from one of the GPS terminal and the external 
system; means for calculating in each of the data blocks a 
cumulative sum of chips at corresponding positions in 
individual PN frames in the data block; means for multi 
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plying each cumulative sum by a corresponding navigation 
data bit, and for outputting a plurality of products; means for 
summing up the plurality of products at respective chip 
positions; and means for computing correlation betWeen a 
set of sums of the products and a PN code sequence 
generated in the GPS terminal, and for calculating a pseudo 
range betWeen the GPS terminal and the satellite from a 
correlation peak position at Which the correlation becomes 
maximum. 

[0043] According to a third aspect of the present inven 
tion, there is provided a Global Positioning method in a 
system including an external system that receives a GPS 
signal from a satellite and extracts navigation data and 
Doppler information from the GPS signal, and a GPS 
terminal that is connected to the external system through a 
communication medium and receives the GPS signal from 
the satellite, Wherein each bit of the navigation data consists 
of a plurality of PN frames each of Which consists of many 
chips arranged in a prescribed pattern, the Global Position 
ing method comprising the steps of: converting a frequency 
of the GPS signal received by the GPS terminal; carrying out 
A/D conversion of the GPS signal passing through the 
frequency conversion into corresponding GPS data; storing 
the GPS data for a predetermined time interval; performing 
Doppler correction of the stored GPS data using Doppler 
information one of the GPS terminal and the external system 
obtains; sequentially dividing the GPS data subjected to the 
Doppler correction into a plurality of data blocks With a 
length of a navigation data bit in accordance With navigation 
data supplied from one of the GPS terminal and the external 
system; calculating in each of the data blocks a cumulative 
sum of chips at corresponding positions in individual PN 
frames in the data block; multiplying each cumulative sum 
by a corresponding navigation data bit, and for outputting a 
plurality of products; summing up the plurality of products 
at respective chip positions; computing correlation betWeen 
a set of sums of the products and a PN code sequence 
generated in the GPS terminal; and calculating a pseudo 
range betWeen the GPS terminal and the satellite from a 
correlation peak position at Which the correlation becomes 
maximum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is a block diagram shoWing an outline of the 
operation of an embodiment 1 of the Global Positioning 
System and Global Positioning method in accordance With 
the present invention; 

[0045] FIG. 2 is a block diagram shoWing a concrete 
con?guration of a terminal 4 as shoWn in FIG. 1; 

[0046] FIG. 3 is a block diagram shoWing a con?guration 
of the terminal 4 as shoWn in FIG. 2 in more detail; 

[0047] FIG. 4 is a ?oWchart illustrating the operation of a 
central server; 

[0048] FIG. 5 is a ?oWchart illustrating the operation of a 
CPU 26 in the Global Positioning System and Global 
Positioning method; 
[0049] FIG. 6 is a ?oWchart illustrating the operation of a 
CPU 27 in the Global Positioning System and Global 
Positioning method; 
[0050] FIG. 7 is a ?oWchart illustrating the operation of a 
CPU 28 in the Global Positioning System and Global 
Positioning method; 
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[0051] FIG. 8 is a diagram showing a structure of a GPS 
signal (C/A code sequence); 
[0052] FIG. 9 is a diagram shoWing a data structure of the 
GPS signal (C/A code sequence); 

[0053] FIG. 10 is a diagram illustrating a method of 
detecting polarity-inversions in navigation data; 

[0054] FIG. 11 is a ?owchart illustrating a method of 
detecting polarity inversions in navigation data; 

[0055] FIGS. 12A-12C are diagrams illustrating process 
ings of a correlation result (correlation peak data) betWeen 
secondary sum result and C/A code sequence; 

[0056] FIG. 13 is a diagram illustrating a C/A code 
sequence; 

[0057] FIG. 14 is a block diagram shoWing a con?gura 
tion of a conventional Global Positioning System; and 

[0058] FIG. 15 is a diagram illustrating a method of 
detecting a C/A code sequence in the conventional Global 
Positioning System. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0059] The invention Will noW be described With reference 
to the accompanying draWings. 

EMBODIMENT 1 

[0060] FIG. 1 is a block diagram shoWing an outline of the 
operation of an embodiment 1 of the Global Positioning 
System and Global Positioning method in accordance With 
the present invention. In this ?gure, the reference numeral 1 
designates a satellite in vieW; 2 designates a central server as 
an external system; and 4 designates a terminal connected to 
the central server 2 via a Wire or Wireless communication 
medium 5. The central server 2 has a receiving antenna 3 
installed in a vantage location for receiving a GPS signal 
from the satellite in vieW 1, and extracts navigation data and 
Doppler data from the GPS signal. The terminal 4 comprises 
a receiving antenna 6 for receiving the GPS signal from the 
satellite 1. 

[0061] Next, an outline of the operation of the present 
embodiment 1 Will be described. 

[0062] First, receiving the GPS signal from the receiving 
antenna 3 installed in a vantage location, the central server 
2 makes a decision as to Whether the S/N ratio is good or not 
(step ST1), calculates Doppler data (step ST2) and calculates 
GPS navigation data (step ST3). 

[0063] On the other hand, the terminal 4 detects the 
intensity of the electric ?eld received by the receiving 
antenna 6 (step ST4), and makes a decision as to Whether the 
received electric ?eld is good or not (step ST5). If the 
decision result is positive (YES), the terminal 4 extracts 
navigation data and Doppler data on the terminal side (step 
ST6), Whereas if the decision result is negative (NO), the 
terminal 4 collects required navigation data and Doppler 
data from the central server 2 (step ST7). Subsequently, the 
terminal 4 determines a memory interval and a calculation 
interval in accordance With the received electric ?eld inten 
sity, and stores the received GPS signal in the memory (step 
ST8). 

Oct. 11, 2001 

[0064] After that, the terminal 4 makes the Doppler cor 
rection of the received GPS signal (step ST9), divides the 
data by the navigation data bit length, detects points at Which 
a correlation value takes maximum value by a correlation 
peak position detector (step ST10), and obtains a pseudo 
range from the peak position. The terminal 4 carries out the 
position computation using the pseudo ranges and the pre 
viously extracted navigation data (step ST14). 

[0065] As described above, the present embodiment 1 
makes a decision as to Whether the received electric ?eld is 
good or not, and communicates With the central server 2 
only When the received electric ?eld is bad. This makes it 
possible to sharply reduce the communication cost. 

[0066] FIG. 2 is a block diagram shoWing a concrete 
con?guration of the terminal 4 as shoWn in FIG. 1. In FIG. 
2, the reference numeral 7 designates a receiving section; 8 
and 9 designates an analog-to-digital converter (called “A/D 
converter” from noW on); 11 designates a received electric 
?eld intensity detector; 12 designates a memory (DRAM); 
13 designates a processing section; 14 designates an antenna 
mounted on a radio unit 15 for exchanging data With the 
central server 2 by radio; 16 designates a modem (or 
terminal adapter) connected to the radio unit 15; and 17 
designates an I/O (input/output) circuit interposed betWeen 
the modem 16 and a bus 18. 

[0067] The receiving section 7 comprises a doWn con 
verter 20 With bandpass ?lters 19 and 24 connected to its 
input and output terminals; a reference oscillator 21; a 
frequency synthesiZer 22; a frequency divider 23 for divid 
ing the output frequency of the frequency synthesiZer 22 to 
generate a clock signal; and an I/O converter 25. The 
processing section 13 comprises CPUs 26, 27 and 28 con 
nected to the bus 18; a memory (RAM) 29 connected to the 
bus 18; and a DSP 30 connected to the CPU 27. The CPUs 
26-28 are connected With memories (ROM) 26a-28a, 
respectively. 

[0068] FIG. 3 is a block diagram shoWing the terminal 4 
as shoWn in FIG. 2 in more detail in connection With the 
central server 2, in Which the same reference numerals 
designate the same or like portions to those of FIG. 2, and 
the description thereof is omitted here. The central server 2 
comprises a GPS reference receiving section 31, a naviga 
tion data extracting section 32 for extracting navigation data 
contained in the GPS data, a Doppler information computing 
section 33, a signal combiner 36 and a signal transmitter and 
receiver 37. 

[0069] The terminal 4 comprises an interval determining 
section 41 for determining an interval of the memory space 
and that of the correlation calculation in response to the 
output of the received electric ?eld intensity detector 11; a 
navigation data extracting section 43 connected to the 
memory area S; a data transmitting and receiving section 48 
connected to the communication medium 5 via a sWitch 47; 
a Doppler information extracting section 45 connected to the 
output of the navigation data extracting section 43 and to the 
output of the data transmitting and receiving section 48; a 
Doppler correction section 46 connected to the memory area 
H; a navigation data extracting section 49 connected to the 
output of the data transmitting and receiving section 48; and 
a position determining section for determining the position 
from the pseudo ranges and the navigation data fed from the 
memory area V. The pseudo ranges are obtained by detecting 












